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WRITE FOR Detailed Technical 'Rating and Data Sheets. 

Industrial and communication engineers are invited to 

consult with the Amperes Applicorion Engineering De 

partment on oll tube, circuit and related problems. 

Amperes designs and engineers a complete line of 

power tubes: Communication, Rectification, Industrial, 

Electro -Medical, Special Purpose. 

AMPEREX 
ELE[TROIIHHI [ORPORRTIO11 - 25 Washington Street, Brooklyn 1, N. Y Cables: "ARLAB 

In Canodo and Newfoundland: Rogers Majestic Limited, 

622 fleet Street West, Toronto 28, Canaria 
RFIIDEREX 

i 

"0' 
DOUBLES OUTPUT 

Hof AMPEREX 234 AR 

POWER TUBE SPEC) 

NO GAS -POISONING WORRIES: Pure Tungsten 

Filament protects against reduced emis- 

sion due to gas evolution and eliminates 

grid contamination thus insuring more 

dependable operation and longer life. 

MAXIMUM RATINGS AND TYPICAL OPERATING CONDITIONS 

R.F. Power Amplifier and Oscillator Class C - 
Industrial, FM and Telegraphy 

Maximum Rating Typical Operation 

per Tube One Tube Two Tubes 

Operating Frequency (mc) 110 200 '27 110 

Filament Voltage 15.0 15.0 15.0 15.0 

D.C. Plate Voltage 3500 2000 3500 3500 

D.C. Grid Voltage -450 -250 -330 -275 

Peak RF Grid Voltage - - 830 675 

D.C. Plate Current (amps) .900 .800 .860 1.43 

Plate Input (walls) 3000 1600 3000 S000 

Plate Dissipation (watts) 1000 1000 . 1000 1700 

D.C. Grid Current (ma) (approx.) 200 160 110 220 

Driving Power (watts) (approx.) - - 87 140 

Plate Power Output (watts) - - 2000 3300 

'Based on air flow data. 

ALISTS SINCE 1 9 2,g 
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 "The impossible takes a little longer" ... this is one way of saying that the 

draftsman lets no out -worn conceptions restrict his creative ideas. Yet without 

his specialized technique for expressing ideas on paper, the designs he creates 

could scarcely be turned into substance. As the draftsman relies on his own hands 

and eyes, he calls likewise on his drafting instruments to serve him functionally. 

So integral a part of his technique do they become, they are virtually his partners 

in creating. 
For 78 years Keuffel & Esser drafting equipment and materials have been 

partners, in this sense, in creating the greatness of America, in making possible 

our fleets of ships, our skyscrapers, our overwhelming weight of armor on the 

battlefield ...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 

"drafting partners"? 
Because of their balance, smooth action and responsiveness to your hand, 

you will find that using MINUSA* Drawing Instruments is almost as natural as 

breathing. ,their legs are round and ta- 

u rt n e rs i pn c re a ti ng pered, without the harsh feel of sharp cor- 

ners. Joints are firm, snugly fitted, and 

satin -smooth in operation. Yet these instru- 

ments are strong and durable, for their 

precision will outlast years of continuous use. For complete data on MINUSA* 

Drawing Instruments, write on your letterhead to Keuffel & Esser Co., Hoboken, N. J. 

*REO.IU. 6. PAT. OFF. 

Drafting, Reproduction, 
Surveying Equipment 

and Materials, 
Slide Runt, 

Measuring Tapes. 
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1920 Loop ante 

meter o- h 

receivers. Its des 

measurements o - field strength. 

1934 on. of the first directional 
antenna arrays for broadcasting. D.- 
sign.d for WOR to concentrate signals 

in service area, eliminate radiation 

over ocean. 

T 

.p. 

IS TEAM IS 

A`- 

929 Curtain antennas 
beam short-wave radio 
meting s to Eu epapnd South 

..Improve merca p. 

ttitü..'.F:I 
MI '_-- 

1938 Coaxial antenna for ultra high 
frequency communications, designed 
by Bell Laboratories, goys increased 
signal strength. Widely used In police 
radio systems. 

1946 New 54A CLOVER -LEAF FM broadcast 
antenna has high efficiency and a circular 
azimuth pattern; is simple to install and main- 
tain. May be used for any power level up to 
and including 50 KW. 

1. . 

1931 awe .Nrticet radiater, 
now 1 sneral use, was developed 
Into Oacliegt form. It greatly hallway a 

.t:gnol,sutpul of broad asl Roar". 

1941 Polyrod radar antenna was an 

Important war contribution... h.lpad 
sink many lap ships. Its exceptionally 
narrow beam and rapid scanning 
gave high accuracy to big Novy guns. 

4 
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ON ANTENNAS 

v.v.. - - ..hornbic (diamond -shaped( 
ante a for 14-60 ntete wn 
wide frewmatrge without ad- jtm nt. Still standard for this band. 

As pioneers and leaders in radio, Bell Telephone Laboratories 
and Western i ectric have been vitally concerned with the 
development of improved antennas for more than 30 years. 

From'the' long -wave days of radio's youth, right through to 
today with its microwaves, this team has been responsible for 

much of the progress in antenna design. 

Progress based on Research 
Following their long-established method of attack, Bell Lab- 
oratories scientists are continually observing, investigating and 
measuring the action of'radio waves ii space. Their research 
has covered wave lengths ranging from hundreds of meters to 
a fraction of a centimeter. In over a quartet -century of intensive 

d , e have learned how radio waves behave, day and 
night, under a st weatherconditions. 

Out of this undamental res r have come such outstanding 
developmen0 as the rhombic ante r musa antenna, vertical 
half -wave ra 'a.or,--curter- e eta, directiynal array, the 
po yÍrod and her improved radar antennas, the: metal lens for 
microwaves d the new CLOVER -LEAF é9ixtenna for FM 
broadcasting. 

matins means to YOU 

Whether you are interested in AM or FM equipment for 
- broadcasting, point-to-point, aviation, mobil or marine use- 

------tiere'b-t'°Q..tbiqg.to remember. Every ite of radio apparatus 
designed by'i3ell Laboraton tt t e by Western Electric 
is backed byljust such thorou r . lentific research as has been 
given to an nnas. It'- igned right and made right to give ~7 -ea; g r quality, efficient, trouble -free service. 

1944 Metal I , another Bell lab- 
oratories development. focus micro- 

waves like light. One type has a beans 

width of only 0.1°-or less than that 
of o big searchlight. 

BELL TELEPHONE LABORATORIES 
World's largest organization devoted e.rrlusiveiv to research 

,and development in all phases of electrical tuntrrlrnieations. 

Electric Western 
i Ianiifacturing unit of the Bell Slstem and 1(e nation's largest 

producer of communications equipment. 

ELECTRONICS - June 1946 
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FILTERETTES 
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FILTERETTE 
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Tobe ..Filterettes . have, _for -"more than 'twenty , 

years, ,provided, -the criterion.'for, judging 'radio 
noise suppression devices: In fact, specifications'= 
for radio iriterferérice eliminating systems ,were 
customarily written "'shall consist of Tobe Filterett'e 
131, or equivalent." This'was common practise until - - 

military -requirement's revealed an imperative need ° 

for radio noise suppression systems of greater'ef- 
fiéiency, broader frequency 'coverage, and lower 
cost than had :heretofore kbeen available. Tobe 
Filterette 1107 -"was the answer to this demand. 

This "mysterious black box" - demonstrated to 
Signal Corps engineers in early 1940 - set a new - 

standard for efficiency 'and provided the'founda= 
tion for the entire vehicular noise suppression pró- - ' 

gram of. the, United States Army. In a -single step, 
it made' obsolete the; bulky, costly, and relatively 
inefficient -methods' then in -use and made. practic 
able -the elimination of radio interference in, all 
military vehicles. - - - 

Judged by'forxñer_standards; the --performance óf 
Filter^ette 1107 was impossible. Its voltage drop 
was só slight as, to be negligible;: it, carried sus- 
tained overloads without excessive heating; it suc- 
cessfully withstood direct short-circuiting across -a 
heavy-duty'. storage battery' and - it provided 7 

broadband .attenuation beyond the ability' of exist-. 
ing instruments to determine the amount of. inter- 
ference remaining after the Filtérette was installed.. 
The consensus'was, "There must be a trick to it." 

There was, indeed, a -trick - the trick - of -fully - 

utilizing all properties of every component so that 
utmost '-efficiency might be obtained - and thé- 
trick of insisting that the Filterette be correctly in- 
stalled so that its inherent high efficiency might 
be realized. When the "trick" was revealed ás 
merely good, engineering carried to logical ' ex- 
tremes, ^ the performance characteristics of -Filter- 
etté 1107 became the basis of the Signal .Córps 

-specifications governing vehicular noise 'suppres- 
sion. - 

The principles first demonstrated iá Tobe Filtérette 
1.107 are now embodied .in commercial and ma: 
rine type Filterettes, for `every requirement. These 
units make available, at low cost, the efficiency;_ 
convenience, and dependability proved under 
stress of_ war and guaranteed in time of peace. 

1 . 

TOE DEUTS.CNMANN' TC-OR"PORATION 
C A.N'T.O-N , M A SS A.0 H U S E TT S'° 
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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 
arc 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, 
os als and rectangles. Notching 
and group dies to order. In addi- 
tion to mighty attractive say- 
ings in original die costs there 

;: 
wttsntR ... ... 
...:;: :..-... 

A typical set-up for notching and piercing. 

Pierced and notched with Whistler multi -use 
adjustable dies. 

. .e' 
I;OS . ,.g. 

e i 

. . 
is this important advantage of eliminating weeks of 
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 ui its 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. 

WHISTLER uibil BLE PERFORATING DIES 
ELECTRONICS-Jun, 1946 
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DUMONT 

H -EAT -PR OfiF 

Dumont condenser ends 
are sealed with bakelite 
resinoid to withstand 350° 
F. continuous operation. 

1/4" OD x '/4" LONG 
AT 600 VOLTS 

Compact ... solves space prob- 

lems 

11011TIMEPROF 

UP TO 100% HUMIDITY 
Sealed under vacuum. No air 

voids to cause entry of mois- 

ture 

LIFE 
NO HIGH TEMPERATURE 

OR HIGH PRESSURE 
Used in the manufacture of these 

condensers . . . thus assuring 
long life and High Surge Rat- 
ing to these units. 

PAPER 

E 

3.4 

CAPACITORS 

, 

: 
, 

.t, 

DUMONT . 

TYPE P2 

I 

DUMONT 

I 

TYPE 

t; 

r 

Sealed with DUMONT 

BAKELITE 
Se 

REST NOID 

T 

C*1 
R P 

R1 CC° 
R' S 

OFRÉCVIREMENT Y. 
OR vita,/ YpQK 

CAPACITORS 
F 

NuOERT 
StQEE? 

e June 1946 - ELECTRONICS 



NOW -e 

V 

ectronic .heat right where you want it! 

New RCA 

15=kw electronic 

power generator 

. , r". . 

... Y 

w ..-:.' - 
, 

New RCA 

applicator unit 

(or kit of parts) 

Separate applicator unit simplifies application to soldering, 
brazing, welding, hardening, and heat -treating jobs 

With this versatile, easily applied 
equipment you can quickly realize the 
economies of time- and money -saving 
electronic heat. It is medium powered 
(15 kw, 400 kc) for medium-sized 
induction heating jobs. 

Preliminary adjustments are preset 
at the generator. The proper time cycle 
and final power adjustment are selected 
at the applicator. Output control is 
stepless; timing is accurate to within 
1/30 of a second-thus assuring un- 
varying heat cycles, uniform work. 

The applicator can be set for automatic 
or manualoperation.Whenon "automatic" 
a foot switch is used to start the heat cycle; 
shutoff is automatic. Thus the operator 
has free use of both hands: during this 
period. 

New settings can be rapidly made at the 
applicator as work pieces change. "ON - 
OFF" push buttons provide control for 
manual operation. 

This equipment combines sturdiness, 
ease of operation, and accessibility. Maxi- 
mum safety to the operator is provided by 
extensive shielding, interlock switches, 

ELECTRONIC NEAT/NB 

RADIO CORPORATION 
of AMERICA 

ENGINEERING PRODUCTS DEPARTMENT, 
CAMDEN. N. J., 

and low voltage output coils. Air-cooled 
tubes used in the generator contribute to 
long life and low maintenance. Water ii 
not required at the generator proper. 

To take the place of the applicator-for 
specialized conveyor operations-a com- 
plete kit of components with wiring dia- 
grams is available for easy assembly of 
your own work unit. 

Installation supervision and operator 
training is provided by a staff of experi- 
enced laboratory and field engineers at 
no extra cost to you. 

III[iR1 FOR QUICK FACTS USE THE COUPON - t, 
I Radio Corporation of America 

Electronic Apparatus Section 
Dept. 30-F, Camden, N. J. 
We are interested in the application of money -saving electronic 
heat for high-speed processing of the following product. Please 
send me free information on RCA equipment. 

Product 

Name 

Company 

I Address 

City Zone State 

ELECTRONICS - June 1946 
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Less QRM---Phone or CW 

. 

.UP.,..O 

When the bands are active it only takes one 

minute to find that you need Hammarlund's patented 

variable crystal filter to have a successful QSO-either 

phone or CW. 

Look to the future! When the number 

of Hams doubles or trebles you will need 

the crystal filter that weeds -out the 

QRM ... If you can't hear 'em, ,. 

you can't work 'em! 

F 

y%. 

ESUUUSMED 1910 

21A 

Price (SP -400-X) 

$342.00 
Including Speaker 

THE HAMMARLUND MFG. CO., INC., 460 W. 34" ST., NEW YORK 1, N.Y. 
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT 

10 June 1946 - ELECTRONICS 



Need something SPECIAL for VIBRATION CONTROL? 

3 EXAMPLES OF SPECIAL 

MB -ENGINEERED DESIGNS 

ISOMODE (passenger seat) 

. .... 

.. 
. >;. 

AIRPLANE ENGINE MOUNT 

\` '.§St r ,7 
1 - 

\` '1 . 

ISOMODE (industrial) 

THE 

MB 
MANUFACTURING COMPANY, INC. 
Vibration Division . 

327 East Street, New Haven 11, Conn. 

AN IDEAL VIBRATION CONTROL SYSTEM is best pre- 
pared in the design stage of your product. But often 
the problem is one of developing more efficient isola- 
tion for finished mechanisms. Highly qualified by 

background and experience, MB vibration specialists 
can handle any phase for you and come through with 
uniquely effective designs. 

Take the MB passenger seat Isomode, for instance. 
It was developed for double duty. Loaded, it has one 
spring rate to isolate passengers from vibratory dis- 
turbances ... unloaded, another to control vibration - 
induced noises. 

Or again, the MB aircraft engine mount, designed 
to give unusual isolation at specified mounting 
points. High strength -weight ratio, inbuilt damper 
that doesn't reduce isolation, and simplicity-are all 
MB extras of design. 

On the other hand, the MB Isomode-a compres- 
sion -type mount-is specially designed for positive 
vibration control for many applications. It has the 
same soft spring rate in all directions ... isolates all 
modes of motion. 

Why not find out what MB can do for your vibra- 
tion troubles? Write for this free 16 -page book. It 
shows you why and how vibration affects a product, 
and points the way to simpler solutions. 

THE MB MANUFACTURING COMPANY, INC. 
Vibration Division. 

327 E\ST STREET. NEW HAVEN 11, CONN. ' 

Please send me a copy of the booklet on vibration. 

Natnc Position 

Company 

Address 

1 

L 
VIBRATION ISOLATOR UNITS AND MOUNTINGS SPECIAL VIBRATION TEST EQUIPMENT 

ELECTRONICS - June 1946 
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complete plastic production... 

all under one roof 

Case History 

No. 2 

radio dials and windows 

plastic materials. Here are two 

covers all 
fabrication P 

of 
Vinylre and 

covers typesdialuc 
Lucite. Complete lete 

anex dles_a silk-screen ved from 
an edge -lit dial engraved course. 

supervision 
by Printloid 

_;.. 

1 

Fi1 d9 N°, rn 

FORMING 
Radio Dial windows aré a Print- 
loid specialty, and we have made 
millions for the country's largest 
radio manufacturers. Printloid 
has worked for 
every industry, 
producing fin- 
ished products 
as well as sub- 
assemblies. 

MACHINING 
Printloid is ex- 
perienced in pre- 
cision work to 
.001" in all ma- 
chining and finishing operations. 
Typical of our complete facilities 
is 2% inch through spindle lathe 
capacity for machining. 

Printloid is a four -in -one out- 

fit that brings you complete 

plastic fabrication in one 
plant. Experts handle your 
job from the initial design 
through final assembly. 

Results? No shopping 
around, no wasted time. .I i-'' 
stead, better design, uniform - 

control and lower costs with 
Printloid engineering super- 

vision at every step of the job. 

>C 

PRINTING AND DIE CUTTING 
Limitless possibilities of print- 
ing, from line cuts to four color 
process printing, are yours at 
Printloid. Die Cutting facili- 

ties range from 
steel rule dies 
to hydraulic 
presses for 
heavy plastic 
sheets. 

DESIGN AND 
ASSEMBLY 
Printloid ex- 
perts work to 
your specifica- 

tions or execute your original de- 
signs. Displays have been created 
for leading national advertisers. 
Our engineers invite you to con- 
sult them on your problems. 

The new Printloid catalog tells the 
story of complete plastic production un 

der one roof. Includes a useful Plastics 
Glossary. Write for your copy. 

PLASTIC FABRICATION 

12 June 1946 - ELECTRONICS 
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Greatly 
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virtually concoct 
efficiency ' ' dback and 

acoustical fe 
seduces self_induc_ 
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resistancemarkedly increases 

com- 

pletely 
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strengtth °d 
shielded' 

SINGLE -UNIT 
PRESSURE CAST 

STATOR 

(Actual Size) - 

(PATENTS 
PENDING) 

COMPLETELY SHIELDED 

AND SEALED 

by Cover (not shown) 

am -Rotor 
variable fluid condenser 
A revolution in condenser design ... at last making 

attainable many improved efficiencies sought by 

every quality radio maker. Study these advanced 

new features. 

/f/L.- 11 

SPECIAL SYNTHETIC FLUID DIELECTRIC 

with an exceptionally high dielectric con- 
stant, is introduced into the clearance area 
between rotors and stator. The fluid remains 
permanently stable, without breakdown 
or viscosity change when subjected to tem- 
perature extremes and when used through- 
out a lifetime of service. The fluid dielectric, 
together with the inherent characteristics of 
the cam-rótor design, greatly reduce contact 
resistance and produce an improved electrical 
efficiency up to nearly twice that of air -gap 
multiple -plate -condensers. Strength of signal 
and sensitivity are correspondingly increased. 

NOTICE: 
Available now in 420-162 two -stage capac- 
ity; other capacities produced to order. 
Production facilities are being expanded .. . 

attractive delivery schedules will be possi- 
ble in the near future. Advance orders will 
of course receive priority. 

PRESSURE CAST 
SOLID CAM ROTORS 
of scientifically -developed 'areas and 
contour. Separated from stator by fixed 
increments of clearance. The relatively 
large, balanced cam -rotor masses-with 
only one moving part per stage-and 
the absence of vibrating plates (present 
in multiple plate construction), remove 
the chief causes of acoústical feed- 
back. Self-inductance is minimized. 
Passage of much higher frequencies 
and volume is permitted. 

LOW -LOSS PLASTIC SHAFT 
of calculated rigidity, contributes impor- 
tantly to the increased efficiency. 

SEALED -IN CONSTRUCTION 
Dust -proof, moisture -proof, mold -proof. Enclosing 
a permanent, accurately -positioned lifetime assem- 
bly that cannot be damaged or jarred out of adjust- 
ment during assembling of the radio set or its 
transportation. 

COMPLETELY INTERCHANGEABLE 
Mounting' dimensions, shaft location, and overall 
size conform to RMA standards, making it com- 
pletely interchangeable with variable air condensers.. 

TIMING INSTRUMENT CO., INC.I 
Electric Time Standards 
Watch Rate Timers 

106 Spring Street 

Timing Switches 
Radio and Electronic Devices 

New York 12, N. Y. 
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Í ELECTRONICS 

LECTROFILM ata 91aowe 

Lectrofilm is the name of a new synthetic -resin 
dielectric developed by General Electric Laboratories 
which combines a greater number of desirable mechan- 
ical and electrical properties than any other single 
capacitor dielectric material. It is admirably suited for 
use in dry -type, high -voltage capacitors because it - 
1. Withstands high and low ambient temperatures 

2. Has low power factor and its power 

factor decreases as temperature rises 

3. Has high dielectric strength and constant 

4. Is chemically stable 

5. Is strong and flexible 

6. Has uniform characteristics 

7. Is moisture resistant 

GENERAL 

O!EfI/ Nigh-Voltage 

CAPACITORS for TELEVISION 

Pulse Rectifiers 
To smooth out the rectified high -voltage power 

supply in television and similar electronic applica- 
tions, G.E. has developed a new line of small, 
light -weight, high -voltage capacitors. These new 
components are specially designed to meet the 
exacting restrictions in size and weight made 
necessary by the compact design of modern 
television receivers. 

Currently available in two widely usable designs -flat cylindrical and long cylindrical-these Lec- 
trofilm* units are equipped with prong -type 
terminals, designed to meet the special mounting 
requirements of modern television receivers. 

Constructed of thoroughly tested and proved 
materials, these new Lectrofilm capacitors make 
available to the television engineer the high quality 
and reliability demanded by today's television 
applications. Write for Bulletin GEA-4558. 

G -E Lectrofilm capacitors, for use in television 
pulse rectifiers, are now available in the ratings 
given in the following table. (Other ratings and 
designs will be available on request.) 

RATINGS AND DATA 
Capacitance ratings: all sizes .0005 Mu -f. Capacitance tolerance; plus 
35 per cent, minus 0 per cent. 

Peak 
Working 
Voltage 

Cal. No. 

Maximum R -F Current 
(Milliamperes) 

at frequencies of 

20 Kc. 1100 Kc. 1300 Kc. 

FLAT CYLIN AICAL UNITS, with Terminals on Axis 
5000 
7500 

10,000 
16,000 

29F201 15 50 150 29F200 20 75 200 29F196 25 100 I 300 29F206 30 120 350 
LONG MIN AIM UNIT , with Terminals on Axis 

5000 

11/216,000 

29F203 10 40 100 7500 
10,000 

29F204 10 40 100 29F202 
29F205 

10 
15 

I 

I 

40 
SO 

100 
125 

Nol 
WI. 

in Ox. 

Yo 

4'h 

r 

1 

3 
* General Electric's new synthetic -resin dielectric 

Approx Dimen- 
sions in Inches 

Diam- 
eter 

Length 
(Inc. 

termi- 
nals) 

1{s 
1 si 

2114 

1{t 

154 3t 

2'h 
3 
4 
5 
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TIMELY HIGHLIGHTS 

TIGHT, FAST JOINTS 

Ge5iss udit tiza ide.4i# atas 
With the new line of G -E soldering irons, operators 

can solder just as fast as the nature of the job per- 
mits. Tips stay hot during constant use. The Calrod 
heating element close to the tip gives a short, low - 
loss heat path to the work. 

Sturdy construction prevents work interruptions 
due to iron failure. Repairs are infrequent, even 
under severe conditions. Available in five sizes and 
types, from 75 to 300 watts, 115 volt or 230 volt. 
Write for Bulletin GEA-4519. 

\ ON GE. COMPONENTS 

MORE MAGNET tede. dpace 

G -E alnico magnets are the ans4er to many a tough problem in 

design, where coercive force must be large, and the magnet small. 

They are formed by the cast as well as the sintered process which 

makes possible rapid, large-scale, close -tolerance manufacture of both 

complex and simple shapes. Compact, with uniform flux distribution 
and great stability, these mighty midgets facilitate the design of 

small devices of high precision. Write for Bulletin GEA-3682A. 

EVER NEED a ##taot_i4tewi ? 

Frequently, electronic designers need a non-linear resistance to 
protect against voltage surges, to stabilize power voltages or to control 
voltage -selective circuits. In Thyrite*, General Electric's silicon -carbide 
resistance material, current varies as a power of the applied voltage. 
That is, I varies as E". 

For example, with a Thyrite resistor whose exponent is 4, doubling 
the voltage multiplies the current by 24 or 16, whereas doubling the 
voltage applied to a wire -wound resistor merely doubles the current. 

Thyrite resistors are supplied in discs or rods, in diameters from 
.0.25 in. to 6.0 in. Write for Bulletin GEA-4138A. 
* Trade -mark Reg. U. S. Pat. Off. 

IJ 

u 

REMOTE CONTROLS that d ady üi die? 
G -E selsyns stay synchronized; that 

is why they are so widely used for 
remote control and indication applica- 
tions with single and multiple receivers. 

Three sizes of high -accuracy selsyns 
give operation to within plus or minus 
1 degree. Where plus or minus 5 de- 
grees is close enough, use lower cost 
general-purpose selsyns. 

Accuracy values are for 60 cycle, 
110 volt operation. Write for Bulletin 
GEA-2176A. 

A LOT OF INSTRUMENT 

in a space 
These thin, internal -pivot panel 

instruments have high torque, 
good damping, and a lightweight 
moving element that withstands 
vibration. They respond rapidly 
and accurately. They give you 
more instrument in less space, because the internal -pivot 
construction makes the entire element assembly 20 per 
cent thinner than most outside -pivoted types. Ask for 
details of the Type DW voltmeter or ammeter-milli, 
micro, or radio frequency. Bulletin GEA-4064. 

4011Z se NIra Ea =mum tafaam 
t 
I 
I 
I 
I 
I 
1 Name 

I 

I 
I 
, 

General Electric Company, Sec. 642-11 
Apparatus Dept., Schenectady 5, N. Y. 

Please send me 

GEA-4558 (Lectrofllm capacitors) GEA-4138A (Thyrite) 
GEA-3682A (Sintered alnico magnets) GEA-4519 (Soldering irons) 
GEA-4064 (Panel Instruments) ._...GEA-2176A (Selsyns) 

NOTE more data available in Sweets' File for Product Designers 

Company 

Address 

City State 
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3. 

lihat ate they ? 

Why xe they better? 

their uSes D 
mat ate 

For wartime uses, design engineers asked these three ques- 
tions. 

In peacetime, as design engineers plan for peacetime equip- 
ment, the same questions are asked. 

"What are they?" 

G.A.F. Carbonyl Iron Powders are obtained by thermal 
decomposition of iron penta-carbonyl. There are five differ- 
ent grades in production, designated as "L," "C," "E," "TH," 
and "SF" Powder. Each of these five types of iron powder is 
obtained by special processing methods and has its special 
field of application. 

The particles making up the powders "E," "TH," and "SF" 
are spherical with a characteristic structure of concentric 
shells. The particles of "L" and "C" are made up of homo- 
geneous spheres and agglomerates. 

Their weight -average diameter, their total iron contents, 
and their carbon contents are given in the table at upper 
right. 

"Why are they better?" 

Carbonyl Iron Powders are better because of their unique 
spherical shape, shell structure, particle size distribution, 
high degree of purity and freedom from stress. 

Their stability against magnetic shock, temperature 
changes, and time (aging) is of the highest order. 

Permeabilities range up to 70 with low eddy -current losses. 
Q values are the highest obtainable because of extremely 
small eddy -current and hysteresis losses. 

Carbonyl Iron Powders are better as electromagnetic mate- 
rial over the entire communicatión frequency spectrum. 

A set of relative Q values for the five powder grades is 
given in the graph on the other page to show the conventional 
frequency range for each grade. 

"What are their uses?" 
Carbonyl Iron Powders are used for electromagnetic cores 
and structures for widely different purposes. Five typical 
applications are shown on the chart at bottom of other page. 

"L" and "C" powders are also used as powder metal- 
lurgical material because of their low sintering temperatures, 
high tensile strengths, and other very desirable qualities. 
Sintering begins below 500°C and tensile strengths reach 
150,000 psi.Compactscan be made having regular pronounced porosity to function as a spongy mass. Compacts can also be made of highest density for excellent magnetic properties. 

Further information can be obtained from the Special Products Sales Dept., General Aniline & Film Corporation, 270 Park Avenue, New York 17, N. Y. 
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Diameters and Chemical Composition 

of the 5 Carbonyl Iron Powder Grades 

Carbonyl Weight -Average Total Fe 

Iron Grade Diameter Microns Content % 

L 20 

C 10 

E 8 

TH 5 

SF 3 

4 

"L" Type Powder used 
in cores for permeabil- 
ity tuning. 

99.7-99.9 
99.5-99.8 

97.9-98.3 

98.1-98.5 

98.0-98.3 

Total Carbon 

Content % 

0.005-0.03 
0.03 -0.12 

0.65 -0.80 

0.5 -0.6 

0.5 -0.6 

RELATIVE Q VALUES OF THE 5 CARBONYL IRON POWDER GRADES 
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"C" Type Powder for 
E -cores in filter coils. 

01 0.3 1 3 10 

FREQUENCY 

30 Soo MC 

For antenna coils, "E" "TH" Type Powder is One use of "SF" Type 
Type Powder used in employed for cup Powder is in high fre- 
cores. shields in coils. quency choice cores 

(with sealed -in leads). 

CARBONYL /RON POWDERS 
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Large increases in machining equipment 

for Formica electrical parts installed to 

meet the demands of war, now make it 

possible for Formica to handle the ma- 

chining of a much greater volume of 

parts, and to provide prompt service. 

.. 

_-'-- ---. 
i 
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If you are intereste'd in a steady flow of 
high quality laminated plastic insulating 
parts, send your blue prints for quotations. 

The Formica Insulation Co. 
4648 Spring Grove Ave. 

Cincinnati 32, Ohio 
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A pent-up river stampedes through the races 

at Norris Dam ... a rotor turns ... and a 

hundred miles away a happy light twinkles 

in the window of a lonesome farm house. 

Live, snorting. steam is corralled and re- 

leased again to plunge headlong against the 

whirling blades of a turbine ... and, silently, 

a bank of many -colored lights creates a scene 

from fairyland on a stage on Broadway. 

Up on an Aleutian outpost a jeep engine 
whines in unison with a small generator .. . 

and a homesick G. I. hears a friendly 

"Hello" from his girl as she speaks a half a 

hemisphere away. And on and on. 

Magic? No, it is electrical wire that turns 
the trick. Wire generates and harnesses the 
wild horsepower. Wire guides it across the 
miles to make it useful. This "power delivery 
service" is but one phase of the wiremakers' 
contribution to industry and better living. 

WIREMAKER FOR INDUSTRY 

ELECTRONICS-June 1946 
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COMMUNICATIONS 

These popular Ociand many other CHAVIET" electrical features 
rectifiers can be suppliccliirá Urn."-'..s.tock to 

meet immediate needs. Because CHATHAM 
production is devoted exclusively to producing 
vacuum, mercury vapor and inert gas rectifiers, 

these tubes embody many special mechanical and 

that lengthen life and improve 
performance. As a result of specialized rectifier 
engineering and production, this plus factor in 
design and construction involves no price pre- 
mium. For complete details on CHATHAM 
rectifiers and thyratrons, call or write today. 

CHATHAM ELECTRONICS 
475 WASHINGTON STREET, NEWARK 2, NEW JERSEY 
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WHAT IS CORNING METALLIZING? 

NoTTH/S i N PT 

It isn't like the metallic 
decoration on tableware 
... an art known even to 

the ancient Egyptians. 

CORNING metallizing is a per- 
manent union of metal to glass 

so strong it will withstand a pull 
of 2000 pounds per square inch! 
This kind of metallizing permits a 

glass part to be permanently sol- 
dered into place. And that means 
fewer parts, faster assemblies, 
hermetic seals, better products! 

When you think of Corning metal- 
lizing, forget about metal that's just 
painted on-or cemented on-or 
cast on. This is something entirely, 
different, a development of Corning 

Research, which is doing a real 
job in a dozen different industries. 
Corning metallized glass parts are 
available in virtually any shape or 
size or glass formula. To get the 
complete story, write today for 
bulletin EL -Z -Z10. Or if you have 
an immediate problem you think 
Corning metallizing might solve, 
one of our engineers will call at 
your convenience. Electronics Sales 
DepartmentE-6,Technical Products 
Division, Corning Glass Works, 
Corning, N. Y. 

. HOW MUCH DOES IT COST t 
Without knowing exactly 
what you want, that's hard to 
say. But this glass tube %" in 
diameter by 1%" long with 
%" metallized bands on each 
end, in lots of 100,000 to 
1,000,000, costs from 2c to 5c 
each, depending on the glass 
and tolerances required. 

CORNING E means : 

Ilesearch in Glass 
PYREX", VYCOR" and CORNING" are registered trade -marks and indicate nrnnga mare by Corning Glas. Works. Corning, N. Y. 
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to meet the inexpensive 
demand for general-purpose an 

mstrunrent 

TL- r 

r 
oxEDUENCIES ANALYIEs 

le II"' SHOWS CIRCUIT 
FUNCI100 

In engineering the new Du Mont Type 274 Oscillo- 
graph, the emphasis has been on "quality at a price" 
-and not price alone. The result: the finest laboratory 
instrument ever offered for less than one hundred 
dollars. Available soon-and it's worth wailing for! 

e ALI.CN B. DU MONT LABONATONICS. INC 

ALLEN B. PASSAIC,. NEW JERSEY CABLE ADDRESS: 

$9950 

ALBEEDU, PASSAIC, N. J., 
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!FRACTIONAL HOR ~F 

...a.. . . .. . 

Every gage or measuring device. known to the science 
of small gear production is.employed in the manufacture 
and inspection of G.S. small gears. In fact, so precise 
are the manufacturing standards established in our plant, 
that rejections have been reduced to the vanishing point. 
Devices and equipment in which G:S. Fractional Horse- 
power Gears are used function more smoothly, quietly 
and dependably. If the quantity production of better, more 
uniform custom-made small gears is a matter of interest 
to you, won't you share your problems with a highly 
trained specialist in this field ... a G.S. engineer? 

pecinities 
Spurs Spirals Helicals Bevels Internals Worm Gearing Racks Thread Grinding 

2635 WEST MEDILL AVENUE CHICAGO 47, ILLINOIS 

W.ORE,D'S LA:R;G.EST :EXCUSIVE :MÁN.UfACTU.;R_ERS :.OF; FRACT.IONAI HOR_SEPOWUR G.EARs 0 
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CATHODES 
SEAMLESS 

and 
LO C K S EAM 

SUPERIOR TUBE CO. 
NORRISTOWN, PENNSYLVANIA 

"THE BIG NAME IN SMALL TUBING" 
Maximum OD 5/e" 
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HOW THE HYTRON 12SK7GT IS QUALITY CHECKED 

r .'. 

\. 1 

This standardized Hytron production tester is composed of three 

units: preheater, characteristics tester, noise tester. To permit a 

better view of the equipment, only one of three operators is shown. 

i 

IShorts 
Bose shell connection 
Hearer current. 
Plate torrentwent 

Screen current. 
end current 
Transcondactance 

1 Suppressor action' 
Emission. 
Heater -cathode leakage , 

' R -f noise 
Transconductance cutoff. 
Vibration 
Insulation resistance. 
Input capacitance 

'f Output capacitance . 

- Grid -plate capacitance 
Grid emission . 

Immersion (basing cement). 
Life 

Overall length, 
Mechanical , . 

Test 
100% 

Production 
T st 

sy 

Central duality 
Inspection laboratory 
Sampling Sampling 

a 

a 

A 

X a 
a 

X 
°Mechanical tests are covered by a muttlpage specification. Typical inspection is conducted visually 
and/or by gages for the following: pin solder, etching, getter flash, diameter, bosebulb alignment, bent 

t 

base pins, gloss defects, and rigidify of internal elements, bases, and base pins. 

100% 
Test at 

Packing 

AGAIN HYTRON'S LONG EXPERIENCE 

GIVES YOU THE -BEST... 

FOR your protection Hytron tubes are quadruple - 
checked. On the production floor, each tube is first 

tested for significant characteristics. In the central 
inspection department, a random sampling is next 
taken for statistical control of the production testing- 
to assure quality within acceptance limits. Failure at 
this point demands -100% retest. 

Daily a smaller random sampling is subjected to a 
searching design check of characteristics such as inter- 
electrode capacitances, grid emission, and transconduct- 
ance cutoff. These characteristics can be controlled by 
the smaller sampling, and their testing requires labora- 
tory precision. Simultaneously production tests are 
again repeated for further statistical control. Again 
failure to meet acceptance limits demands 100% retest 
-even for design characteristics not production -tested. 

a 

a 

^S 
.. 

Extreme accuracy and Flexibility of this Hytron master 
test station particularly lit it for quality control. 

Finally each tube is once more short -tested and mech- 
anically inspected just before packing. 

This painstaking quadruple -checking ensures that 
specification failures of tubes actually shipped will be a 
practically irreducible minimum. When you buy a 
Hytron tube, you can be certain that every ounce of 
Hytron know-how on quality control-reinforced by 
wartime experience-has been in there punching to 
give you only the best. 

OLDEST MANUFACTURER SPECIALIZING IN RADIO RECEIVING TUBES 

ILO It 
° a sis Q ANO Eir.lwsOOWIts tOR,. 

4. c ° 

MAIN OFFICE: SALEM, MASSACHUSETTS 
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THE LICRO SWI 'CND 

Available In Varied Constructions{ 

Precision Performance 

Is Based On These Features 

By Micro Switch 

o 

Here Are the Reasons for Micro Switch 
Precision Performance 

1 Hard, stainless steel plunger pin. Ground 
to true diameter with rounded edge: flat 
area on top. 

2 
Positive stop which limits overtravel of 
plunger and prevents extra strain on three - 
blade spring. 

3 
Heavy brass anchor with patented groove 
in which accurately broached pivot edges 
of the spring operate, assuring uniform 
switch performance. 

A 
Perfectly formed and heat treated, three - 
bladed beryllium alloy spring of high 
electrical conductivity. Spring bends in 
normal manner-in same direction as 
plunger-providing lightning fast action. 
Lock of reverse bends insures long flexure 
life. 

SFirmly locked -on cover. Carefully checked 
for size and flatness. 

6 
Heavy, scientifically designed contacts of 
99.95% fine silver. Large stationary con- 

- tact and rivet type movable contact-no 
overheating, and ample overload capac- 
ity. 

TMovable contact on spring always moves 
in same direction as plunger-clean break. 
Overtravel features hold contacts firm- 
proof against cross action. 

Add to these features scientific manufactur- 
ing methods and rigid inspection of finished 
products and you have further proof of 
Micro Switch leadership. 

'- 

Many manufacturers think of Micro Switch snap -action as a small, precis 
enclosed switch. This is not literally true, as the Micro Switch principle 
precise snap -action can be furnished in a wide variety of constructions t 

shown. Its use is adaptable to a surprising number of applications 

A characteristic feature of the Micro Switch snap -action principle is preci 
repeat action, which results in accurate duplication of operating point. 
assures high vibration resistance. High contact pressure is maintained, rapi 
.contact separation is achieved irrespective of speed of actuation. 

MscPo s µ J 

1 

THIS TRADE MARK 5 IS A SIGN OF GENUINE PRECISION 



LIAP-ACTIO PRINCIPLE 
`or Many 'Different Applications 
N To Switch products can be used singly or ganged, and are made with many 

is of housings and varied actuating arrangements, depending upon the 

uirements to be met. They have high electrical capacity, long life, and 

!ormity of characteristics. 

iew the group of varied constructions shown here, then think in terms of 

r own products. Let us show you where you can use the Micro Switch snap - 

m principle in your product. 

rr, 

- Si 

NAP.ACTION SWITCHES MADE BY 

5.. 

Uses Unlimited 

"Uses unlimited" describes, in principle, a few 
of the wide uses for Micro Switch Snap - 

Action Switches as incorporated parts in 

equipment. 

PRESSURE ACTUATED 

SF©Q 

ELECTRO MAGNET RELAY 

STRAIGHT CAM CONTROL 

COIN 

©y 

ACTUATED 

BIMETAL THERMOSTAT DIAPHRAGM PRESSURE 
ACTUATED 

STRAIGHT CAM CONTROL 

II 

COUNTER FOR 
ARTICLES ON 

BELT CONVEYOR 

rag 

CONTROL OF 
WEIGHT 

DISC d CAM 
ACTUATED 

MICRCms MARK 

TRADR W I T C H 
A DIVISION OF FIRST INDUSTRIAL CORPORATION 

FREEPORT, ILLINOIS, .U. S: A. 
" Sales Offices in 'Principal Cities 
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IT is Revere copper that makes possible the unusual Franklin 
Airloop antenna. This is die -stamped out of .005" sheet, 

a single operation on automatic machines forming the loop 
and locking it into the backboard. The result is superior rug- 
gedness, less distributed capacity, higher "Q," and lower cost. 

Thus copper once again proves that its unique qualities make 
it "The Metal of Invention." Easy workability, high electrical 
and heat conductivity, corrosion resistance, availability in a 

variety of tempers and in sheet, strip, plate, bar and rod-copper 
by Revere serves the radio industry in many different ways. 

Revere also offers copper alloys, aluminum and magnesium, 
and electric welded steel tube. Selection of the proper metal 
or alloy may at times be a matter for careful study; Revere is 

always glad to cooperate with engineers, designers and pro- 
duction men in working out the most economical and efficient 

applications. 

6 

4 

The Franklin Airloop Corp., 175 
Varick St., New York 14. N. Y., 
makes this unique antenna to set 
manufacturers' specifications. 

REVERE PRODUCTS INCLUDE 
Copper and Copper Alloys in sheet and plate, rolls 
and strip, rod and bar, tube and pipe, extruded 
shapes, forgings. 

Aluminum Alloys in tubing, extruded shapes, 
forgings. 

Magnesium Alloys in sheet and plate, rod and 
bar, tubing, extruded shapes, forgings. 

Electric Welded Steel Tube in straight lengths or 
semi -fabricated to your designs. 

L 

REMERE 

1 

COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, New York 
ill ills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.: 

New Bedjord,'hlass.; Rome, N. Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 

Listen to Exploring the Unknown on the Mutual Net- work every Sunday evening, 9 to 9:30 p.m., EDST. 
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ONSE TO 

RE CHANGE* 

A thermostat should have a short heat transfer path - to pro- 

vide direct and rapid temperature control. The temperature - 

sensitive outer shell of FENWAL Thermoswitch expands and 

contracts with changes in temperature, directly actuating the 

switch element within. The Thermoswitch does not require heat 

penetration of an outside barrier, as is common in other types 

of thermostats. 

TYPE 1- 
TYPE 2 

FENWAL 

HEAT FLOW PATH _ 

C. , \ <:,o 

o. y 
' V,ie E: 

osti 
. 

, ';c2 u 
. O 

At9 1. 

Chart shows the short heat flow path of the 

FENWAL Thermoswitch compared to Type 1 and 
Type 2 thermostats: This means minimal heat gra- 
dient effects reducing warming -up and cooling -off 

time of the thermostat unit. 

Short heat transfer path and all the other 
FENWAL features make the Thermoswitch the ideal 

thermostat for all applications. Study the Thermotechnics Book- 

let - which includes the Fourteen Facts in Fenwal's Favor. 
Send for your copy today. 

FOURTEEN FACTS IN 
FENWAL'S FAVOR 

T. -retest reaction Hme 
2.-Large beat sensitive area. small 

beet storage 
3.-Short beat transfer pptb 
4.-SmPil temperature di*ereatial 
5.-Saint-la temperature autIcipaHea 
4.-Euclesed assembly 
7.-Minimal vibration elects 
A.-Directly responsive to radio,. 

beat 
1.-Ragged construction 

10.-Adjustable ever, wide temp, 
attire range 

11.-Minimum size 
12.=Tamperproof and sealed 
13.-Uniform sensitivity ever adjest. 

. able temperature range 
14.-Readily Installed 

*#3 of the "Fourteen Facts in Fenwal's Favor". 

FENWAL INCORPORATED 
43 PLEASANT STREET 

ASHLAND MASSACHUSETTS 
THERMOTECHNICS FOR COMPLETE TEMPERATURE REGULATION 
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.\\1401 Milwaukee, Wis., ordered this new Federal 
WTMJ-The Milwaukee Journal Station, 

8 Square -Loop Antenna with a 540 foot self- 
supporting tower, for immediate delivery. di' __.t 

PARTIAL TECHNICAL DATA 

Engineered for FM broadcast sta- 

tions operating on an 88 to 108 mc. 

carrier. 

, Loops are approximately 41/2 feet 
square. 

Coaxially-fed loops concentrate ra- 
diated power in every direction of the 
horizontal plane. 

8 loops are spaced 9 feet 3 inches 

apart on square supporting tower. 

R Lattice -type. steel supporting tower 
is two -feet square, and 74 feet high. 
It mounts a standard aviation safety 
beacon on top. 

Pyramidal, bridge -construction steel 

base optional to height desired. 

Designed to handle 10KW, 20KW 
and 50KW transmitters with effec- 
tive radiated power outputs of 90KW, 
180KW and 450KW respectively. 

. í+ 

Federal 
Export Distributor: 
International Standard Electric Corporation 

-41 

O. 
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ANTENNA WITH NOMINAL POWER GAIN OF 9! 
fEDERAL's S SQUARE -LOOP ANTENNA PROVIDES 

90KW EFFECTIVE POWER OUTPUT WITH A 10KW TRANSMITTER ... 
180KW WITH A 20KW TRANSMITTER ... 450KW WITH A 50KW TRANSMITTER! 

HERE IS STILL ANOTHER EXAMPLE of Federal's 
leadership in the entire field of FM ... an 8 -loop an- 

tenna with the highest power gain ever available in the 
FM broadcast service. 

It radiates horizontally polarized waves so highly direc- 
tive that very little energy is lost to useless ground or 
sky wave. Thus, with a power gain of 9, you can now get 
an effective power output of 90KW with a 10KW trans- 
mitter; 180KW with a 20KW transmitter and 450KW 
with a 50KW transmitter! This not only means a great 
saving on the cost of original equipment, but important 
economies of operation as well. 

Be prepared for future FCC action increasing 
the effective radiated power ! 

One antenna is built for use over the entire FM range ... 

F . RADIATION ,PATTERN 

.OF FEDERAL FM ANTENNA 

Linear ortciy-8 loops 
werticáNy stocked. 

5) 

)1 

,+ 

o 

88 to 108 megacycles. Only one predetermined stub ad- 
justment per loop changes it for any frequency in this 
band. Also, antenna array may be fed in two sections 
with separate coaxial lines to allow for emergency auxil- 
iary operation. 

Structurally, the tower is designed not to disturb the cir- 
cular pattern of the antenna's radiation ... is supported 
on a rugged, pyramidal base. The entire unit withstands 
high wind velocities and heavy icing loads. 

Coming at a time when the FCC has given the green 
light to FM station construction, this remarkable new 
antenna is another contribution to the advancement of 
FM transmission ... part of the "completely_ packaged 
service" which Federal now makes available. A Federal 
engineer will be glad to give you full details. 

Shown at right is a square loop an- 
tenna in operation at the Federal lab- 
oratories. Design is similar to the 8 
square -loop antenna. 

" 

Telephone and Radio Corporation 
Newark 1, New Jersey 
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Input Impedance: 70 ohms. 
Output Impedance: 500 ohms, 
center -tapped. 
Power. 110 V.A.C., 50-60 cy- 
cles, 60 watts. 
Output Power: Choice of 50 
milliwatts or 1.25 watts. 
Sensitivity: 1 microvolt at 2/1 
SN ratio. 
Spurious Frequency Response: 
80 D. B. 

A.V. C.: 3 DB variation from 10 
microvolts to 1.5 volts. 
Selectivity: 2X-2 Kc. wide. 

10X-4 Kc. wide. 
100X-7 Kc. wide. 
1000X-11 Kc. wide 

Size: 31/2" H. x 19" W. x 1151" D. 

Detailed information on request. 
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A new fixed frequency receiver to meet the present 
and future requirements of aeronautical ground -air, 

or point-to-point radio communications. 
With increased traffic and new services taxing the 

already over -crowded 2-20 Mc communication fre- 
quencies, the Wilcox Electric Co. Type 255A Receiver 
has been especially engineered to minimize adjacent 
channel interference, and to maintain good intelligi. 
bility on telephone reception. 

The Type 255A occupies only 3'/2 inches of rack 
space, making it readily adaptable to the replacement 
of existing receivers. 

.0.maw Mg». 

rT 

Use of miniature tubes permits the building of each 
stage of the receiver complete within its own shield 
can, which in turn, plugs into an octal tube socket 
on the chassis. 

Thus, each stage is instantly removable for main. 
tenance, and may be checked in a test set similar to 
those used for vacuum tubes. Maintenance may then be 
accomplished on the bench, or a spare stage plugged 
in, and the stage returned to a maintenance base. 

WILCOX ELECTRIC 
COMPANY, INC. 

Manufacturers of Radio Equipment 
FOURTEENTH AND CHESTNUT 

KANSAS CITY, MISSOURI 
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1. Overall frequency range-. 
540 kilocycles to 32 mega- 
cycles in 4 bands. 

Band 1-540 to 1650 kc. 
Band 2-1.65 to 5 Mc. 
Band 3-5 to 14.5 Mc. 
Band 4-13.5 to 32 Mc. 

Adequate overlap is provided 
at the ends of all bands. 
2. Main tuning dial accurately 
calibrated. 
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THE NEW 

S38 s 
4 Bands -540 kc. to 32 Mc. 
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The Model S-38 meets the demand for a truly competent communications 
receiver in the loss price field. Styled in the post-war Hallicrafters pattern 
and incorporating many of the features found in more expensive models, 
the S-38 offers performance and appearance far above anything hereto- 
fore available in its class. Four tuning bands, C\V pitch control adjust- 
able from the front panel, automatic noise limiter, self-contained PM 
dynamic speaker and "Airodized" steel grille, all mark the S-38 as the 
new leader among inexpensive communications receivers. 

FEATURES 
3. Separate electrical band 
spread dial. 

4. Beat frequency oscillator. 
pitch adjustable from front 
panel. 

5. AM/CWswitch.Alsoturns 
on automatic volume control 
in AM position. 

6. Standby/receive switch. 

7. Automatic noise limiter, 

111 

9. Maximum audio output - 
1.6 watts. 
9. Internal PM dynamic 
speaker mounted in top. 
10, Controls arranged for 
maximum ease of operation. 
11. 105-125 volt AC/DC op- 
eration. Resistor line cord for 
210-250 volt operation avail- 
able. 

12. Speaker/phones switch. 
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CONTROLS: SPEAKER/PIIONES, AM/CW, NOISE 
LIMITER, TUNING, CW PITCH, BAND SELEC- 
TOR, VOLUME, BAND SPREAD, RECEIVE/ 
STANDBY. 

EXTERNAL CONNECTIONS: Antenna terminals for 
doublet or single wire antenna. Ground terminal. 
Tip jacks for headphones. 
PHYSICAL CHARACTERISTICS: Housed in a sturdy 
steel cabinet. Speaker grille in top is of airodized 
steel. Chassis cadmium plated. 

SIX TUBES: 1-12SA7 converter; 1-12SK7 IF ampli- 
fier; 1-12SQ7 second detector, AVC, first audio am- 
plifier; 1-12SQ7 beat frequency oscillator, automatic 
noise limiter; 1-35L6GT second audio amplifier; 
1-35Z5GT rectifier. 

OPERATING DATA: The Model S-38 is designed to 
operate on 105-125 volts AC or DC. A special exter- 
nal resistance line cord can be supplied for operation 
on 210 to 250 volts AC ór DC. Power consumption 
on 117 volts is 29 watts. 

hallicrafters RADIO 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO 
AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
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The Record Changer 
That Gives You Everything! 

Wire Recorder 
Sound on a wire as thin as a 

hair! The new Seeburg, Wire 

Recorder permits perfect home 

recording of speeches, plays, 

music-it takes radio programs 

off the air. One simple control 

knob makes anyone a skilled 

sound technician. 
A new de- 

velopment everyone will want 

in tomorrow's 
phonograph. 

It Will Be Necessary 

for radio manufacturers 
to make 

provision in their circuits to ac- 

commodate 
the Seeburg Wire Re. 

corder. We invite inquiries from 

radio manufacturers. 
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FRICTION '.SILENT LONG' LIFE 
. r. ` ' . ' , .. . 
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CONSTANT 

° 

SPEED TROUgLÉ FREE OPERATION 

What do you want in a record changer? Long life 

-silent operation - constant speed - freedom 

from trouble. 

The Seeburg Record Changer gives you all these 

plus a fine regard for precious discs that makes 

friends of phonograph 
owners. Long recognized 

for dependability 
and simplicity, the newly engi- 

neered line of Seeburg Record Changers brings 

marked improvements 
in design and construction. 

The finest is now finer still. 

RECORD CHANGERS 
* 
.f i11, I 

WIRE RECORDERS 

.I. P. SEEBURG CORPORATION 

1500 N. DAYTON ST. CHICAGO, 72 

:: 
4.t _r.\1:/ .5.' 
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TYPE 

GL -9C24 . 

TRANSMITTING 

TUBE 

r.. 
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RATINGS 
Filament voltage 6.3 v 
Filament current 250 amp 
Grid -plate transconductance 11,000 micromhos 
Interelectrode capacitances: II 

Grid -filament 23 micromicrofarads 
Grid -plate 15 micromicrofarads 
Plate -filament 0.7 micromicrofarads 

Type of cooling water and forced air 
Plate ratings per tube, Class B r -f power ampli- 
fier (video service, synchronizing peak conditions): 

Max voltage 5,000 y 
Max current 2 amp 
Max input 10 kw 
Max dissipation 5 kw 

* Useful power output, typical 
operation (at 4,000 y and 1.7 
amp, band width 5mc) 3.4 kw 

Plate ratings per tube, Class C r -f power am- 
plifier (key -down conditions without modulation): 

Max voltage 6,500 y 
Max current 2 amp 
Max Input 12 kw 
Max dissipation 5 kw 

* Useful power output, typical 
operation (at 6,000 y and 1.3 
amp) 6.4 kw 

"'Includes power transferred from driver to out- 
put of grounded -grid amplifier. 

f power triode 
M and TELEVISION 

Frequency up to 220 megacycles .at 

maximum plate input. 

High power output-see ratings! 

All the electrical characteristics of 

ultra -modern h-ftube design_. 

Sturdy and COMPACT, for close side - 

by -side tube mounting. 

G -E RING -SEAL construction ... gives 

generous terminal -contact areas. 

GENERAL ELECTRIC'S great 
new power tube for FM and 

television-Type GL-9C24-com- 
bines high power output at very - 
high frequencies with unexcelled 
advantages of design. Tisis is the 
tube you want and need, for the 
power amplifier stages of new 
transmitters now on your drawing - 
boards! 

In FM use, a pair of GL-9C24's, 
operating conservatively, will put 
out more than 10 kw of power. In 
television, broad -band tests prove 
that a pair easily will deliver in 
excess of 5 kw at synchronizing 
peak level. 

No neutralization is required when 
GL-9C24's are employed in a prop- 
erly designed line or cavity type of 

GENERAL 
FIRST AND GREATEST 

g rounded -grid amplifier-the cir- 
cuit to which this tube is particu- 
larly adapted. Other features:.. 
Lead inductance is 'extremely lbw. 
All external metal parts are silver~ 
plated, to reduce r -f losses and pro- 
vide better electrical contact sur- 
faces. Fernico metal -to -glass bonds 
are used .throughout. Ring -seal 
design gives large terminal -contact 
areas, with correspondingly im- 
proved efficiency. 

G -E tube engineers are ready to 
work closely with you on the ap- 
plication of this new v -h -f tube to 
your new FM and television trans- 
mitters. Phone your nearest G -E 
office, or write the Electronics 
Department, General Electric Com- 
pany, Schenectady 5, New York. 

ELECTRIC 
ICI -ES -se 150 

NAME IN ELECTRONICS 
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FOR VHF CIRCUITS 
YOU WANT THIS 
RESISTOR... 

Ward Leonard Non -Inductive Bulletin 21 

Resistors were designed especially to meet 

the exacting requirement of high -frequency 

applications. The unique design of the Ward 

Leonard Refractory accurately fixes the 

points at which the Ayrton Perry Windings 

cross. This reduces inductance and distrib- 

uted capacitance to an absolute minimum. 

Bulletin 21 Resistors are Vitrohm Resistors 

5 

with the desirable characteristics of all 
Ward Leonard Vitrohm Resistors. 

* * * * 

Available in a wide range of sizes and 
resistance values, with ferrule or tab termi- 
nals. For further information see Bulletin 21. 

Write for Bulletin 21 today 

WARP LEONARD 
RELAYS RESISTORS RHEOSTATS 

Electric control 
. 

devices since 1892 

WARD LEONARD ELECTRIC COMPANY 
32 SOUTH STREET, MOUNT VERNON, N.Y. OFFICES IN PRINCIPAL CITIES 
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I/ A new 10 -inch magnetic focus and deflection cathode- 
ray tube suitable for television applications requiring 
excellent performance at low price. In addition to the 
ball -terminal snap connector, other outstanding features 
include ion -trap gun to insure long screen life, new high - 
efficiency screen, essentially flat face, external conduc- 
tive coating which can be used for power supply filter 
capacitor, and new standard duodecal television base. 

NOW AVAILABLE IN PRODUCTION QUANTITIES! 

'Registered trade-ma:k 

al 

. 

TYPICAL 
OPERATION 

Neater voltage 

Anode voltage (Eb)' 
. 6.3 v. 

Second grid voltage (Ec2) 
6'000 v, 

Neor tiv grid voltage (Ed;' 250 v. 

m c+tof! 
. 45 v. 

Ace.) 
-I-25. -20 v,) 

Grid drive (at ob-200 
38 v. max. 

O ALLEN 0. DUMONT LABORATORIES. INC. 

ALLEN B. DUMONT LABORATORIES, INC., PASSAIC; NEWJERSEY ! CABLE ADDRESS: ALBEEDU, PASSAIC, N. J U. S. A. 
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PERMANENT MAGNETS MAY D O 
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IT BETTER 

Helpful Reference Data 
for Use of 'PACKAGED ENERGY" 

Of special interest to engineers and product designers-here are two 
helpful reference charts, shown in reduced size above, on the energy product and physical characteristics of permanent magnets featured in the latest "Permanent Magnet Manual", prepared by Indiana Steel Products Company. This manual contains valuable technical data on uses and applications of permanent magnets; modern materials and methods of fabrication- including complete information on the facilities of the Indiana Steel Prod- ucts Co., the world's largest producer of "Packaged Energy". Ready for prompt mailing to any firm or individual considering commercial magnet application, this manual is available without cost. 

More than 24,000 applications of "Packaged Energy" have been developed by our engineers. They are intimately acquainted with all grades of permanent magnet materials and problems of design and appli- cation. You are invited to consult with them without obligation. 
Write for your free copy of 

"Permanent Magnet Manual No. 3" today! 
Producers of Packaged Energy 

* TIME INDIANA STEEL 
6 NORTH MICHIGAN AVENUE, CHICAGO, 2 ILLINOIS 

Wi 
PRODUCTS COMPANY * 

Cop,. If K. Tn. Indian. steel Products Co. SPECIALISTS IN PERMANENT MAGNETS SINCE 1910 

ry'Wig01 
' 

** 
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LAB"OR'ATORY INSTRUMENTS F.OR.SPEED AND.A000RACY 

BASIC EQUIPMENT 
FOR AUDIO 

MEASUREMENTS 

o 

/ // 

- , `'- 1_ 
tit . . 

RESISTANCE TUNED OSCILLATORS 

Available in 7 models; frequency ranges 
between 2 cpsand 200 kc. No zero setting. 

Constant output. Low distortion. 

Wherever audio -frequency and supersonic measurements 

are made, whether in an electronics laboratory, a broad- 

cast station, or on a production line, -hp- equipment will 

speed the job and guarantee the accuracy of the results. 

Measurements of frequency response, gain, power, and voltage 

level throughout the audio -frequency and supersonic range can 

be made with -hp- Resistance Tuned Oscillators, Audio Signal 

Generators, and Vacuum Tube Voltmeters. Total distortion, hum, 

and noise are conveniently measured with -hp- Distortion 
Analyzers, and individual components of complex waves may 

be studied with the -hp- Model 300A Wave Analyzer. Frequency 

measurements are readily. made with the Model 100B Secondary 

Frequency Standard or the Model 500A Electronic Frequency 

Meter. For more data on -hp- measurement equipment, write 

direct to factory. 

HEWLETT-PACKARD COMPANY 
BOX 1222A STATION A PALO ALTO, CALIFORNIA 

Audio Frequency Oscillators Signal Generators Vacuum Tube Voltmeters 

Noise and Distortion Analyzers Wave Analyzers Frequency Meters 

Square Wove Generators Frequency Standards Attenuators Electronic Tachometers 

...w ., 
, .r. 
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VACUUM TUBE VOLTMETER 
(MODEL 400A) 
Fullscale sensitivity from .03 volts to 300 

volts in 9 ranges. Input impedance 1 

megohm in parallel with 16 mmf. Fre- 

quency response -10 cps to 1 mc. 

161 

AUDIO,SIGNAL GENERATOR 
(MODEL 205AG) 
Frequency range 20 cps to 20 kc. 5 wotts 

output with less than 1X distortion. Output 
impedances of 50, 200, 500, and 5000 ohms, 

centertapped. Output attenuator provides 
110 db attenuation in 1 db steps. 

HARMONIC ANALYZER 
(MODEL 300A) 
Measures individual components of a 
complex wave. Frequency ronge 30 cps 
to 16 kc. Variable selectivity. Full-scale 
sensitivity from 1 millivolt to 500 volts. 

ELECTRONICS-June 1946 
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AMERTRAN TRANSFORMERS 
"Take a Bow" in the -.=New, Compact 
PRESS WIRELESS 

THE new series Press Wireless Trans- 
mitters are trim, powerful, and clean. 

as a hound's tooth. This batch is for Naval 
use (40 to 50 K.W.) built by Press Wire- 
less Manufacturing Corporation at their 
Hicksville, Long Island factory. As the 
photos prove, AmerTran transformers and 
reactors sort of "steal the show" in these 
units. There's a reason. Press Wireless, Inc., 
the communications part of the Press Wire- 
less organization, have been using Amer - 
Trans for many years - in the powerful 
stations they operate for world-wide radio 
coverage. They like the characteristics and 
"endurance of AmerTrans, and are kind 
enough to say so. 

AmerTran Transformers are designed by 
authorities in electronic energy transform- 
ation. They are built in a plant devoted 
exclusively to the production of transform- 
ers and allied products. The entire Amer- 
Tran organization is available to help you 
get the most up-to-date, efficient perfor- 
mance for your transformer dollar. That is 
why AmerTran products are built-in com- 
ponents in the best-known communications 
and industrial -electronic assemblies now in 
operation. 

Bulletin "G". shows the wide 
scope of AmerTran products. 

We'll be glad to send you a copy. 

AMERICAN TRANSFORMER CO. 
178 EMMET ST., NEWARK 5, N. 1. 

Pioneer Manufacturers of Transformers, Reactors and 

Rectifiers for Electronics and Power Transmission 

AMER RAN 
MANUSACTUi1NO SINCE 51a1' AT NEWAeK, N. J.. 

IL 

TRANSMITTERS 
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41 
Rear of 40 KW rectifier sec - 

4 lion. AmerTran "W5" Fila- 
ment transformers on upper 
rack. AmerTran high voltage 

IT Plate Transformer in tank 
at left. 

OM 1/ k 

.. 

Final amplifier power unit- 
S0 K.W., using AmerTran Trans- 
mitter Components throughout. 
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Front panel view, rectifier section, showing AmerTran 
Filament Transformers. 

An Amer-Tran develop- 
ment-The Type "WS" in- 
tegral Filament Transformer. 
Used by leading transmitter 
manufacturers. Short leads, 
space -saving design. 

AmerTran 8,000 V. Plate Trans- 
former. "WS" Filament Trans. 
formers visible at right. 

S - r 
4v 
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CORDS - 
that pay their 
own way 

Now YOU CAN HAVE THEM . light- 
weight, flexible cords that are prac- 

tically non -aging. They're protected 
with VINYLITE plastic insulation and 
establish new highs in safety. service 
life, and long -run economy. Drag and 
yank these cords over concrete floors- 
around mach Ines and equipment.Their 
modern insulation stands the gaff, for 
it's remarkably tough and abrasion -re- 

sistant. Smear them with water, oils, 
grease, or most common solvents-ex- 
pose them to alkalies and sunlight-the 
insulation retains its high dielectric 
strength. Further, VINYLITE plastics are 
inherently slow -burning, and non-flam- 
mable types are available when desired. 

Unsurpassed on cords for portable 
tools and household appliances, 
VINYLITE plastic insulation is bringing 
new ease of installation, new reliability 
and safety to wires and cables in the 
public utility, communications, indus- 
trial, and construction fields, and for 
marine, radio, and aircraft applica- 
tions. Its thin -wall construction permits 
more wires in existing conduits. It can 

' be made in many colors. 
Write Department 18-C for Booklet 

\V-.1, "VINYLITE Plastics for \Vire and 
Cable Insulation." And call on Bake- 
lite engineers at any time for help in 
applying VINYLITE plastic insulation, 
technically and economically, to your 
own requirements. 

d . 

, ., 

ti d111. 

5 Í 
' 11 

` A/ "1t7 % 

, J 
. .-< 

-- - . - 

tis 

ti 
)! I. 

^'l 

INYLITE 
TRADE -MARK PLASTIC S 

, 

BAKELITE CORPORATION, Unit of Union Carbide and Carbon Carpi; p ® 30 EAST '42ND STREET, NEW YORK 17, NEW YORK 
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.14 THORDARSON 

MEISSNER 

RADIART 
FOR SUPERIOR QUALITY 
ELECTRONIC PRODUCTS0 
FASTER, BETTER-MORE'COMPLETE SERVI'CE 

I 

.- 
Customers everywhere are applauding the decision of Maguire Industries, Inc. to sell these three groups of out- 
standing electronic products from a single sales source. They like the convenience, the new high in speedy, 
reliable service. Try it and you will like it too. For full information, write to the address below ... today! 

THORDARSON 
TRANSFORMERS 

TRU-FIDELITY AMPLIFIERS 

RIM" 

THORDARSON TRANSFORMERS 

Precision -built transformers for all re- 

quirements ... replacement, com- 

munication, sound amplifier, industrial, 

experimental and amateur. Tru-Fidelity 

Amplifiers with all modern features 
and improvements. 

42 

MEISSNER 
COMPONENTS 

SERVICE INSTRUMENTS 

High quality components including 
antenna, R. F. and oscillator coils; 
standard,plastic and Ferrocart trans- 
formers; windings,coils, chokes and 
accessories. Service Instruments in- 
cluding the famous Meissner Analyst 
and Meissner Signal Calibrator. 

04. Jc : 

MEISSNER ANALYST 

RADIART 
VIBRATORS 

VIBRATOR POWER PACKS 
RUST -PROOF AERIALS 

1 :ú ru 
. 

. ,, ... 

RADIART VIBRATORS 
Exact duplicate Vibrators designed 
for long life, minimum R. F. inter- 
ference, low noise level and proper 
starting. Vibrator Power Packs .. . 

efficient, economical and depend- 
able plate power. Rust -Proof Aerials 
newly designed to fit all cars; cowl, 
hood and under hood types. 

ILECTRONIC DJISTRIBUTOR AND INDUSTRIAL SALES DEPARTMENT O1 
MAGUIIRE INDUSTRIES, INCORPORATZD 
936 NORTH MrCHIGAN AVENUE, CHICAGO 11, ILLINOIS 

C. BL 'MAGINDUS 
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Electronic Parts: ENGINEERING AND PRODUCTION 

The gadget above is a junction box for a co -axial gas - 
filled transmission line. It is one of a series of cou- 
pling units, end seals and other fittings for high - 
frequency transmission-designed and built by Lapp. 

To this type of construction, Lapp brings several 
innovations and improvements. For example, such a 
line from Lapp parts is genuinely leak -proof. Every 
gasket is under spring loading, so there's no leakage 
created by vibration or thermal change. 

Whether or not you're interested in gas -filled 
transmission lines, you ought to know about Lapp. 
Here is an organization of engineers and manufac- 
turers with broad basic knowledge of ceramics and 
their application. With experience in hundreds upon 
hundreds of special-purpose electronic parts, we 
have been able countless times to improve perform- 
ance, or reduce costs, or cut production time through 

the application of our specialized skills to design aria 
manufacture of parts involving porcelain or steatite 
and associated metal parts. 

For quick and efficient assistance on a war produc- 
tion subcontract-or for the competitive advantage 
Lapp -designed and Lapp -built parts will give to you 
in the postwar battle-an inquiry to Lapp now may 
pay you dividends. Lapp InsulatorCo.. Inc.. LeRoy, N.Y. 

17 a 
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VACUUM COATING - a Jield to Explore 

The `World of Hiigb "Vacuum is a vast new area. ?go one knows 
its extent or its resources. No one can say what opportunities are 
there for your industry, hut National Research Corporation can 

help you find out as it has helped many others. 71 can, for instance, 
give you expert guidance in the new technique of Vacuum 
Evaporated Coating. 

Back in 1892 Dennis Taylor, Englishman, noticed that the 
light transmission of optical lenses was improved by the tarnish 
that they acquired with age. Nearly half a century later Cart- 
wright and Turner at M. I. T., John Strong at Cal Tech and 
Katherine Blodgett of G. E., working independently, put 
Taylor's discovery on a scientific basis, and the industrial tech- 
nique of lens coating was born. A considerable amount of 
publicity followed, and the public added a new term, "invisible 
glass", to its quasi -scientific vocabulary. 

Lens coating is the deposition of a film on the surface of 
optical glass to improve either transmission or reflection. Dr. 
Blodgett applied a soap film which, when adjusted to proper 
refractive index, gave excellent results, but had little durability. 
The Cartwright and Turner method was to deposit vaporized 
Calcium Fluoride or Magnesium Fluoride on the glass in a 
vacuum. There are other methods, but the vacuum deposition 
of Magnesium Fluoride seems to be the most satisfactory. 

Even the most precisely polished optics reflect from 4% to 
6% of light per surface. Coating reduces this reflection to as 
little as one-half of 1%. While this im- 
provement in transmission may be 
ignored in a single lens, it adds up 
to an impressive total in optical systems 
having many components. In fact the 

NATI O NA 

Dillu s;a., Pomp 

wo 

Potassium 

e,/yei¡Tlrr 
TkVcuum 

t a - 
relative improvement in a system of 10 components is about 
100% and with 20, as much as 279%. 

Commercial lens coating is a high vacuum process, and our 
specialization in high vacuum technique led us naturally into 
lens coating during 1940. By 1941 we had ironed out the 
wrinkles in the process, done the first commercial lens coating 
and sold our first coating machinery. Then came the War. 

World War II was a war of instruments-a war in which 
the last 1% of advantage in instrumentation was decisive. Six 
months after Pearl Harbor the call came to us from the Navy. 
Periscope optics must be coated! 

Fortunately we were ready. Two weeks after we received our 
orders our men and our equipment were coating lenses at 
Pearl Harbor. Ultimately we built lens coating equipment for 
Navy repair ships all over the world, and a majority of all the 
lenses coated for our armed forces were done with NRC 
equipment. 

The coating of optics for both low and high reflection will 
probably become standard practice. And the other commercial 
possibilities of vacuum evaporated coating on plastics, fabrics, metals, 
for protection or ornament, are tremendous. lt'bat the process may 
lead to in your industry we cannot say, but we believe that you 
should explore the New `World of 71igh Vrcurun before it becomes 
crowded, and we believe that you would do well to choose as your 
guides those who have the experience and knowledge-theoretical, 

4^ 
_ experimental, and industrial- to help 

you quickly and economically o your 
ctn)w objective. NATIONAL RESEARCH 

CORPORATION, Boston 15, Mass. 

We engineer plant installations and manufacture high 'Vacuum gauges, Valves, Seals, Diffusion Pmnps, Stills. Furnaces, Coaling Equipment and Dehydration Equipment. 

HIGH VACUUM FOR INDUSTRY 

SEARCH CORPORATION 
WT1111l11E1" II1111r 

44 
June 1946- ELECTRONICS 



1! 

F 
y . 

P - 
4s, 

//J 
\'1" U 

Z 

/ 
+f 

7{1,1 t 

1 
!' 

; 

I"' 
- ti - 

r ;1 

KARP solves peacetime 
housing problems 

All our extensive sheet metal fabricating 
facilities are now ready to help you speed pro- 
duction of your peacetime products. 

Because our specialty in both peace and was 
years has been a custom-built service at ready- 
made economy, we have no reconversion wor- 
ries or delays. We can serve you 
immediately-whatever your needs 
may be in sheet metal cabinets, 
boxes, enclosures or housings . . . 

KA R 
01~~1,; , 

METAL PRODUCTS CO.,.INC. 
124 -30th Street. Brooklyn 32., N. Y. 

racks, panels, chassis for electrical or mechani- 
cal apparatus. 

Our vast variety of stock dies is at your service 
to save your time and money ... thanks to the 
fact that our production has never been stand- 
ardized or restricted to any particular items. 

Tell us your needs. Get quotations. 

ANY SIZE ANY FINISH 
ANY GAUGE ANY METAL 

ti -eeet tAlitird, 
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Model A-81 Cabinet )c 

, . . 

tl 

REPRODUCERS IN NEW, 
BETTER -THAN -EVER. DESIGNS 

True high-fidelity reproducers with the famous 
and exclusive Jensen Bass Reflex principle of 

design are now available in improved postwar 
cabinets. Jensen Bass Reflex reproducers give 
crisp, extended range reproduction ... no back- 
side radiation ... full bass with no boom. 

Bass Reflex Reproducers are widely used in 
broadcast monitoring and in recording work. 
They are ideal for ham shack use and are in 

much demand for phonographs, FM reception, 
and general sound reinforcement applications. 

Jensen Bass Reflex Reproducers are available 
in sizes for 8 -inch, 12 -inch and 15 -inch loud 
speakers and are designed for floor pr wall in- 

stallation. The 15 -inch cabinet is designed for 
both Type J and Type H Jensen Coaxial Speak- 
ers and for single -radiator 15 -inch speakers. 

Write for complete literature. 

Trade Mark Registered 

enen 
SPEAKERS 

WITH 

401169 5 

- 

ly 

Model A-151 Cal 

e 

-1 la ."- i 
s h .13, 

rs 

o. . 
The Jensen exhibit ill.be in Booth 68 at the 
.1946 Radio Parts Show in Chicago's St 
H Itel, May 13th through 15th. Old and new 
friisnds alike are cordially.lnvited to see the 
1946 line of J fine acoustilequipment. 

JENSEN RADIO MANUFACTURING COMPANY 
6607 SOUTH LARAMIE AVENUE . CHICAGO 38, ILLINOIS 
In Canada: Copper Wire Products, Ltd., 137 Oxford Street, Guelph, Ontario 

ertecraGárs in gpJi» rrnde./ffrrnerbelrr?e rnP sl/care,sl/c 011e91f 

d .j 
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skilled hands at Callite 
HELP UNITED ELECTRONICS MAKE FINE TUBES... 

Callite, pioneer in tungsten metallurgy and in 
the processing of metallurgical components, 
keeps pace with the exacting requirements of 
famous tube -makers like United Electronics 
Company. The United Type 813 beam power 
amplifier is only one of many types manufac- 
tured by this company with Callite components. 

The Type 813 is a four -element tube for which 
Callite supplies a multiplicity of welds in the 
base, a Callite weld throughout the top for the 
plate electrode, a Callite thoriated tungsten fila- 

nióc co4rpareirr 

48 

ment and Callite filament tension springs. 

Cooperating with leading tube manufacturers, 
Callite concentrates on assignments calling for 
high skill and precision in working with metals. 
If you are striving for new highs -in tube per- 
formance or developing new types, investigate 
our specialized abilities and complete facilities 
for all kinds of metallurgical components. Write 
Callite Tungsten Corporation, 544 Thirty-ninth 
Street, Union City, New Jersey. Branch Offices: 
Chicago, Illinois; Cleveland, Ohio. 

1550r 

.:..- 
_ . 

Hord gloss leods, welds, tungsten and molybdenum wire, rod and sheet, formed parts and other com- ponents for electron tubes and incandescent lamps. 

CALITI 
TUN6)TIM 

'IiNf,CTiGPr 
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Sweet music-the kind that makes satisfied customers-is 
yours when Alliance phonomotors drive your turntables, 
record changers and recorders. 

Manufacturers, retailers and servicé shops everywhere' like 
to "make 'em move" with Alliance. That's because Alliance is 

the recognized leader when it comes to turning out little 
motors in large quantities at low cost. 

For original equipment or replacement the years have proved 
that Alliance assures trouble -free performance and long life! 

- -Li- 
--` 

WHEN YOU DESIGN ... KEEP 

alliance IN MIND 

THE NEW MODEL 80 "Even -speed" 
phonomotor is smooth, cool running and 
quiet. Larger bearings with ample oil 
reservoirs prolong life. New shock 
mountings almost eliminate vibration of 
motor and idler plate. Equipped with 
60 cycle friction rim -type drive. 

NEW USES-For automatic and non- 
automatic electronic control devices and 
the power sources to actuate mechanical 
or push-button controls, Alliance motors 
offer the most practical engineering 
economy in advanced designs. 

4 

ALLIANCE MANUFACTURING COMPANY ALLIANCE; OHIO 
ALLIANCE TOOL AND MOTOR, LTD., TORONTO 14, CANADA 

ELECTRONICS - June 1946 
49 



Your No.1 ectifier choice for 
dust -precipitation circuits! 

,7 

PRECIPITATION 

PLATES 

Provides high d -c kiióvoltage 

DESIGNERS of equipment for re- 
moving dust and smoke from air 

by electrical precipitation, look on 
General Electric's Type GL -8020 as the 
ideal medium -size rectifier tube, chang- 
ing a -c power to high -voltage d -c effi- 
ciently and economically. 

A high -vacuum tube, Type GL -8020 
provides greater rectified voltages than 
do corresponding gas or vapor -filled 
types. This is a key advantage in elec- 
trical precipitation work, where high 
d -c potentials are necessary in order to 
ionize the dust or smoke particles. 

The GL -8020 kenotron is proved-not 
alone in industrial use, but as an impor- 
tant component of wartime radio. 

t 
A -C SUPPLY 

Scores of thousands met the test of 
tough military service in all theatres. 
Due to high -vacuum design, this tube 
is not affected by external changes in 
temperature, which means increased 
reliability and utility. 

General Electric builds kenotrons 
with peak inverse voltages up to 
150,000 v, offering a wide choice to 
meet your application needs. G -E tube 
engineers are glad to work closely with 
you, to establish and supply the right 
kenotron or other tube for any circuit. 
Telephone your nearest G -E office, or 
communicate with Electronics Depart- 
ment, General Electric Company, Sche- 
nectady 5, N. Y. 

lFCT e q/r 

l 
Type GL -8020 if -` K E'N O T.R O N 

r 
RATINGS OF TYPE GL -8020 

(for rectifier service) 

Filament voltage . . - . 5 v 
Filament current . . . . 6 amp 
Max anode ratings: 

peak inverse voltage . 40,000 v 
peak current . 750 ma 
avg current 100 má 

Since electrical precipitation calls for 
a relatively high d -c voltage with low 
current drain, the GL -8020's liberal 
peak ratings make it practical to use 
voltage -doubling circuits - thus 
achieving economy through a mini- 
mum tube investment. 

GENERAL ELECTRIC 
let-[e.eeeo 

FIRST AND- GREATEST NAME IN ELECTRONICS 
50 
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STRAIGHT 

DOWN 

THE 

ALLEY.. . to your problems ! 

If the pedett.en nd meintenencif problems of the bloc - 

Geld were pins en a bowling alley, you'd find many 

yew tet.ld topple with one boll- ̀ dag^ colloidal graphite. 
The five obis." ere typical 

Veer problems, tee, might topple to that unique combino - 

t ^n eF properties which gives 'dice' colloidal graphite 
*froth versatility slippery, finely divided soft, resistant to 

hilh te...peroteres, chemically inert, puns, opaque, o good 

conductor, and capable of permanent adsorption on metal 
surfaces. 

All you need do to probe your possibilities for problem - 
solving with "daft" colloidal graphite is check below the 
bulletins which ore "down your alley"-or ask for a call 
from on Acheson technical man. 

I dcolloidal 
products 

ACHESON COLLOIDS CORPORATION, Port Huron, Michigan 

years he Mee eJing 

I i 460 I A 4.5. sod r.te.eee. ~legrreerdleg del r1 flees seed tie .itberl Mdiptiw, a toy el sae d 1e wlltlios (Udell 

NO. 14 
.e aid. ,r..Ale..;/+rwe. Nti spplie U pry* psrt/y 1n.esreMd 

Pew.* .A,,., **de e ^ teile:d.1 yeel.5es 
ee. sit east INO AND euNNINO-IN 
1NOINis AND MACHINIST. 

TA . et 

coloidal IjtaQhi4é 

L 

I.ere.e.e en 'mI^ e.11e.del orop1.N. is 

C4211 

L ... .ii r. oboe. dR Relt.:dsl s..p_. 
.. . PILOTING 00sIO{IND, 

ft.r.. s.w "d ew!eadel ..pA.. 
L4231 «e HIGH W6eKANI 

F..r sbew d.I re11..d.1 ee- .-. 
J11 e. s.. INPUT ONA/ION AND U.M. 

tACT COATINGS 

I 432 -e. .eti die^ r 0.0.4 ps,. is M.. rutD 
l Or ttKTsaNKS 

ACHESON COUOIDS CORPORATION 
rosy NutoN, MICHIGAN DEPT. if -S 

NAME 

POSITION 

FIRM 

ADDRESS 

ZONE No _ STATE 

OUR PRESENT OIL SUPPLIER IS 

IL..bríconh containing "dot" colloidal graphite ore 
available hem motor oil componles.l 

lelwr 1 1 

iLIZ? ION:Cá-Jew INM 
1 



The Compact Instrumént 

of Broad Utility 
WESTON (MODEL 785). 

INDUSTRIAL CIRCUIT. TESTER 

s. 1 

_ 

d - 

+ 

;a; 

...d - ,w 
' w,.+... 

r_='-'.. 

Provides ,27 carefully selected AC and DC voltage, 
'current and resistance ranges on long legible scales. 
A versatile instrument for servicing, plant main- 
tenance or laboratory needs ... rugged and moder- 
ately priced. Details from your local WESTON 
representative, or direct -from .. . 

Weston ac 

(20,000 Ohms per volt -DC) 
(1,000 Ohms per volt -AC) 

far 
s 

et- 

'for measurements in 

Electronic .. . Communication . . . 

Sensitive Relay . . . Aircraft . . . 

Lighting"..,.. Motor ... and Indus- 
trial Control Circuits. - 

Convenient Accessories: 

Weston Socket Selectors, Model 666. 
Weston lelevrter for 5,000 or 
10,000 Volts DC, Model 766 

Weston Electrical Instrument Corp., 618 Frelinghuysen Ave., Newark 5, New Jersey. 

Albany.Atlanta .Boston . Buffalo. Chicago'Cincinnati . Cleveland -Dallas. Denver. Detroit JacksonvilleKnoxvilleLos AngelesMeridenMinneapolisNewarkNew1 
OrleansNewYorkPhiladelphiaPhoenixPittsburghRochesterSanFranciscoSeattleSt. LouisSyracuseInCanada,NorthernElectricCo.,Ltd., PowerliteDevices,Ltd., 
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LITTLE COMPONENT* 

HUGE SUCCESS 

\: 

. 
J 

. THANKS TO 

MYCALEX 
THE "PERFECT" LOW LOSS INSULATION 

A 1 

The problem was to mold insulating material of 

exceptionally low loss factor and high dielectric 

strength into a closely integrated bond with a metal 

insert of high conductivity. The difficulty was acute, 

for both materials had to have virtually the same 

coefficient of expansion in order to insure an effi- 

cient electrical and mechanical seal. High resistance 

to arcing in the insulator was also imperative. It had 

to be moisture -proof and heat -resistant. 

MYCALEX 410 (Molded Mycalex) proved to be the 

only solution after many other insulators had been 

tested and rejected ... because MYCALEX has the 

ideal combination of electrical and mechanical 

properties for today's high frequency applications. 

Have you a problem involving the sealing of high- 
est type insulation with metal? Are your specifica- 
tions particularly exacting? More than 25 years of 
leadership in solving the toughest high frequency 
insulating problems make MYCALEX a "natural"' 
to solve yours. Our engineers will be pleased 
to cooperate. 

PANEL JACK 

1¡JCE '1 

ilky 
91 

. 

tOLEt YLVt G[G. Y. L PAT. OR 

MYCALEX ::.CORPORATION OF AMERICA 
"Owners: of 'MYCALEX.' Patents" - 

Plant and General Offices, CLIFTON,. N. J. Executive Offices, 30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
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MANY FEATURES IN ONE 
INSTRUMENT! 

METER 

TYPE /60-A 

A dependable test and 
measuring instrument 
that should be included' 
in your new equipment 
plans. 

00000 

129 

® 

SIMPLIFIED LAYOUT AND SCHEMATIC OF THE /60-A Q -METER 

For many years the Q -Meter has been an outstanding -con- 
tribution to the field of radio frequency measuring equipment. 
It is an indispensible instrument to engineers, manufacturers; 
research laboratories and to the whole radio and electronics 
industry.._ Because of_its simplicity _and' ease of operation, it 
replaces many costly pieces of apparatus with which the radio 
laboratory is' customarily equipped. More than one radio 
engineer has told. us that "The Q -Meter is the most valuable 
instrument that we have in our laboratory". 

A FEW USES OF THE 160 -A -0 -METER, 

'O and inductance measurement of coils. 
O and capacitance measurement of capacitors. 
Dielectric and power factor measurements of ceramics, plcstits and 

other insulating materials. 
Measurement of circuit losses. 

lnterelectrode capacitance measurements. 
Measurement of input impedance of vacuum tubes? 
Measurement of high frequency cable characteristics., 
Measurement of characteristics of small antennae. 
Measurement of coefficient of coupling of R.F. Transformers.' 
Measurement of transmission line characteristics: 
The measurement of frequency with negligible loading on circuit under 

test (50 kc.-75 

Write for catalog and supplement.. 

BOONTO ADIO 
BOONTON HJ WW1. 

THE BASIC METHOD OF MEASUREMENT EMPLOYED 
IN THE 160-A O -METER 

An 8 range R.F: oscillator (E) supplies a heavy current (I) to 
an extremely low resistance load (R), the value of which 
is accurately known. The calibrated voltage thus developed 
across the load resistance (R) is coupled to a series circuit 
consisting of the inductance under test (L) and a calibrated 
variable air capacitor (Co), having a vernier section (Cr). 
When this series circuit is tuned to resonance by means of 
the capacitor (Co + C,), the "O" of the inductance under test 
is indicated directly by the vacuum tube voltmeter (V). Veda - 
lions of this basic method of measurement are used to measure 
inductance, capacitance and resistance. 

SPECIFICATIONS 

Oscillator Frequency Range: 50 kc. to 75 mc. in 8 ranges. 
Oscillator Frequency Accuracy: + 1%, 50 kc. - 50 Inc. 

{ 3%, 50 mc. - 75 mc. 
Q-Meosurement Range: Directly calibrated in 0, 20-250: "Mul- 
tiply -Q -By" Meter (I) calibrated In tenths from xl to x2, and 
also at x2.5; extending Q range to 625. 
GI -Measurement Accuracy: Approximately 5% for direct reading 
measurement, for frequencies up to 30 me. Accuracy less of 
higher frequencies. 

Capacitance Calibration Range: Main capacitor section (Co) 30-450 mmf accuracy 1% or 1 mmf whichever is greater. 
Vernier capacitor section (C,)+3 mmf, zero, -3 mmf, calibrated in 0.1 mmnf steps. Accuracy + 0.1 mmf. 

DESIGNERS AND MANUFACTURERS OF THE "0" METER ... QX-CHECKER . .. FREQUENCY MODULATED SIGtrAL GENERATOR . ; . BEAT FREQUENCY .GENERATOR ... AND OTHER DIRECT READING TEST°INSTRUMENTS 

54 
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135 Ohms 
3400 Turns 

#34 E.C. 
C.P. CLAREE 

e 

I.r Good Name is "Up for Grabs" 
very Time You Specify a Relay 

This New Stepping Switch is Typical 
of Clare's Forward -Looking Design 

Imes and products change. The need 

duality in esery component of elec- 
bIlly operated equipment is unchang- 

Fhat is why thousands of relay 
... among them the top names in 

ítrican industry... stake their good 
. on the precise performance and 

t)lute dependability of Clare Relays. 
r know a Clare Relay ss ill never be 

ettk link" in their "chain." 

II new Clare Stepping Su itch, like 

II lare Relays, is built for applications 
*require ... and get ... the hest relay 
)rmance ... performance that only 
nowt modern design, careful selec- 

3 of quality materials and precise 
iiibifacturing methods make possible. 

Ile "custom -building" provides a flex- 
t,ty of construction that gis es you a 

y exactly fined to your requirements, 

no matter how difficult and unusual they 
may appear; permits choice of a wide 
range of contact ratings ... innumerable 
contact arrangements ... wide variety 
of contact materials ... coil windings to 
match the circuit and application. 

For the tough job ... for relays that must 

operate reliably even under extreme con- 
ditions of temperature, humidity, atmos- 

pheric pressure or vibration ... join the 

thousands of design engineers that count 
on Clare "Custom -Built" Relays. 

Clare sales engineers are located in prin- 
cipal cities in order to cooperate with 
you closely on new and unusual designs. 

A fine new Clare Engineering Data Book 
awaits your order. Send for it today. 
Address: C. P. Clare tx Co., 4719 West 

Sunnyside Avenue, Chicago 30, Illinois. 
Cable address: CLARELAY. 

BLARE RELAYS 
'(tstom-Built" Multiple Contact Relays for Electrical and Industrial Use 

2110hms 
(275-900N1 
}C.P.CLAREb0I 

9 

;s' 

124 1/'j, #/(1) 
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TEN -POINT, DIRECT -DRIVE STEPPING SWITCH 

WITH RESET MAGNET 

A new Clare high speed multiple -contact switch 
for the selection of any of ten channels for 
electrical control purposes. 

Available with one, two, or three bank levels, 

Operating Voltage 
Nominal Maximum 

6 8 
12 16 
24 32 
48 58 

Standard Test Voltage 
1000 Volts 

Maximum Operating Speed 

35 steps per second on 48 -volt switch under 
ideal conditions. Maximum on lower voltages 
is lower. 

Release Time 

0.030 second 

Dimensions 
Overall height 41/2" 
Width 11/2" 
length (from mounting surface) 3W 

Net Weight 
13 to 19 ounces, depending upon the number of 
banks, off -normal springs, coil windings, etc. 

Standard Finish 
Cadmium 
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USE STANDARD PARTS SAVE TIME AND MONEY 

." 

1110 

For many years 
Automatic has manufactured 

Coils and Trimmers for manufacturers. 

Our mass -production methods 
will save you money and headaches. 

Order your Coils and Trimmers from 
people who "know how". 

J UTOMAT/C 
MANUFACTURING COR P O R A T ION 

MASS PRODUCTION COILS & MICA, TRIMMER CONDENSERS 
9 0 0 PASSAIC A V E. EAST NEWARK, N. J. 
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Communication TRANSMITTER. 

TEmC0mATIC- Frequency Selection 

and 11EWES-T TETRODE TUBES 

Designed for point-to-point commercial service the new Temco 

1000-J6 is conservatively rated at 1 K.W. output for phone and 

CW on 6 crystal controlled frequencies from 2 to 20 megacycles. 

Its most outstanding feature-TEMCOt ATIC Frequency Selection 

representing a major contribution to radio communication. 

This new, exclusive Temco..system combines and improves 

upon the best and most desirable features of several earlier 
automatic frequency selection systems. The operating 
mechanism is remarkably simple arid foolproof in its 

conception' bnd construction. By turning a selector 

switch to the pre-set frequency desired, switching is 

accomplished in a second or two-automatically and 

dependably. You turn the switch ... the transmitter 
does the rest. 

Paralleling this long sought for improvement is the 
use of the latest type tetrode tubes in the power am- 
plifier -2 type 4-250A's. The lower driving power 
characteristic of these new tubes permits great sim- 
plification,óf the preceeding exciter stages. 

Servicing, heretofore a serious and objectionable 
drawback, of other systems, has been reduced to a 

negligible minimum. The handsome, dignified appear- 
ance of the 1000-J6 reflects the excellence of its elec- 
trical design. Let us tell you more about this finer 
post-war transmitter that has everything. Write for 
Bulletin T-6 today. 

RADIO COMMUNICATION_ 
EOUIPMENT 

t 

a- 

TEMCO ENGINEERS 

COMPLETE INSTALLATIONS 
FROM -.TRANSMITTER TO CONSOLE ,: 

TRANSMITTER EQUIPMENT- MFG. CO., INC. 
345 HUDSON STREET NEW YORK 14; N. Y. 
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AUTOMATIC ELECTRIC'S CLASS "B" RELAY 
Not just 2, 3, or 4-but all 6 features in this one great relay! That's why 
Automatic's Class "B" relay is the choice of so many experts throughout 
America. That's why you can buy it with positive assurance that this 
relay will meet the most exacting requirements. 

Due to difficulties over which we have no control, we, like so many other 
manufacturers, cannot guarantee delivery in terms of our usual schedules. 
We believe, however, that you will decide to wait for this better relay. 

Independent twin contacts for dependable contact design for important savings in space and weight. 
closure ...efficient magnetic circuit for sensitivity and Made for coil voltages to 300 volts DC and 
high contact pressure ... unique armature bearing 230 volts AC, with capacities up to 28 springs; 
for long wear under severe conditions ... compact also with magnetic -shielding cover, when desired. 

The Class "B" relay, and many others, are shown in Catalog 4071. Write today for your copy. 

AUTOMATIC E E[TRI[ 
AUTOMATIC ELECTRIC SALES CORPORATION 
1033 WEST VAN BUREN STREET CHICAGO 7, ILLINOIS 
,n earsaáa: AUTOMATIC ELECTRIC (CANADA) LIMITED, TORONTO 

PARTS AND ASSEMBLIES FOR EVERY ELECTRICAL CONTROL NEED 

4 
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Q:K WASHER 
(-1'T COME OFF 

'IT IS FREE TO 

CATE! 

east 

1.) 
et2 

r 

Ard' 

et no need to waste time and 
e putting lock washers on 

SHAKEPROOF SEMS are 
pre -assembled! 

r 

,KPROOF SEMS are available 
Iltandard types and sizes of 

shers and screws. Specials on 
request. 

4 ei?` 
~ _!M r 

5 

teus today and ask for free 
TCIT No. 23! It contains a 

3,variety of SHAKEPROOF 
1f.or your own testing purposes. 

Reduce Ass 

osts with 

No lock washers are lost or wasted! 
Inventories stay balanced because 
lock washers and screws are de- 

livered as a single unit. 

The SHAKEPROOF LOCK WASHER 
fits close to the screw shank, pro- 
viding maximum tooth contact and 

greater locking power. 

- 
rr - 
ir II 1 tt 

-= al 
mark. _ : ; MIIIIN1 

t 

m 

SHAKEPROOF SEMS are easier to 
handle ... perfect for hard to reach 
places. May be power driven .. . 

no need to hold the lock washer. 

5HjKEP 

i 

SHAKEPROOF SEMS feed perfectly 
in hopper fed power drivers. Com- 
bine positive vibration protection 

with high speed production. 

i 
/CI CI F Inc. 

Division of ILLINOIS TOOL WORKS 
2501 North Keeler A , Chicago 39, Illinois 

633 South Labrea Ave., Los Angeles 36, Cal. 9595 E. Grand Blvd., Detroit 2. Mick. 
Plants at Chicago and Elgin, Illinois In Canada: Canada Illinois Tools, Ltd., Toronto.Ontnrto 



a 

,_ , . , 
eR 

«00 - S. .. 

e ar . ; 

of 
THE initials "CRL" in the diamond 

represent the research -laboratory and 
technical manufacturing facilities of 
Centralab .... a name outstanding for 
quality, precision and new develop- 
ments in the field of radio and electronics. 

Always Specify Centralab. 

Cen 
Division of GLOBE -UNION INC.,.Milwaukee 

PRODUCERS OF 

v 

_i1 

Ceramic Trimme 
Bulletin. 695 

Variable Resistors 
Bulletin 697 

,Ceramic High Voltage Capacitors 
Bulletin 814 

mt ; 

Tubular Ceramic Selector Switches 
Capacitors Bulletin 722 

Bulletins 630 and 586 
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brazing stainless to stainless 

Figure 1. Work coil for problem 1 (below, left). 

THREE TURNS I/. SOUARE 
COPPER TUBING SPACED 

Ih, INCH 

LEAD BROUGHT 
THROUGH CENTER 

Of COIL 

PIPE 

THREE TURN SOLENOID 
COMBINED WITH THREE 

TURN PANCAKE COIL 

II, SOUARE COPPER TUBING 

SPACED I/LT INCH 

LEAD BROUGHT 
THROUGH CENTER 

Of COIL 

PIPE 

Figure 2. Work coil for problem 2 (above, right), 

HERE'S FREE HELPFUL INFORMATION 

on both induction and dielectric heating . 

their principles and theories; where to use them; how to select them; 
actual case histories of their use. Write today for your copy, on your 
business letterhead, please. Ask for B-3620. 

2 3 
Your benefits from this unusual application hang 

directly on the fact that induction heating was able 

to uniformly heat both stainless steel and copper 

brazing material simultaneously. 
There were two problems: 
1. To copper -braze a stainless steel flange to 

stainless steel pipe (see Figure 1). 

2. To copper -braze a cast stainless steel flange to 
stainless steel pipe (see Figure 2). 

The trick in both cases is to find a coil to supply 
uniform heat. This is easier in the first problem than 
the second because of the varied thermal capacities 
of the flange, pipe and brazing material. The answer 
for problem 1: an internal coil (Figure 1) placed so 

the temperatures of both steel and copper reached 
the brazing point together. Actual heating time was 
only 23 seconds! 

The second problem (see Figure 2) was handled 
similarly by a coil partially in the pipe and pancaked 
over the end of the flange. Heating time: 30 to 35 
seconds. Both were done with a Westinghouse 
20 kw r.f. generator. 

This profitable use of r.f. heating is just one in the 
Westinghouse case book of applications for all types 
of heat -treating ... sintering, annealing, hardening, 
soldering, curing, drying and molding. Write today 
to your nearest Westinghouse office for all the facts. 
Westinghouse Electric Corporation, P. 0. Box 868, 
Pittsburgh 30, Pa. J-08162 

Westinghouse 
PLANTS IN 25 CITIES ... OFFICES EVERYWHERE 

aZ ri 
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J & H Retraction 
Motor Unit 
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J & H Aircraft 
Generators 
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J & H Fractional 
Horsepower Electric Motors - "! 
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J & H Electronic Gages 

J & H Inverters 

cision' is the new word that has been 

ed to our logotype, but Precision is not 

on our production lines. Our new name had 

igin in these production lines where skill 
i quantity and precision in volume set brand 

standards for the manufacture of high precision 

duction parts. 

, the word "Precision" is now in our name. "Pre - 

on" is guaranteed by the skilled Jack 6 Heintz . 

ociates on our production lines. And you'll find 

II'cision performance in all of these Jack & Heintz 

ducts...built precisely for the aircraft, automotive, 
chine tool, home appliance, marine, farm 'equip- 

nt and transportation industries. 

Pit ''i 
;114 

.4 H `t' 
1'craft Starters 

J & H Engines 
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PRECISION INDUSTRIES INC. 

Cleveland 1, Ohio 
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HEARING AID MICROPHONE 

Another step forward in the fight against deafness -Tibbetts' Industries 

new crystal microphone. Developgd especially for hearing aids, this 
improved unit features an outp> t more than 3 decibels greater than 
ever before. Half as much again! 

The new Diabow Alonobar Crystal Unit 
gives smooth, clear response with low 

harmonic distortion. Metal clad diabow 

construction gives superior ruggedness 
and excellent moisture proofing. It is de- 
signed to fit your present hearing aid. 

With the trend to compact, low voltage 
amplifiers and self-contained batteries, 
this microphone will keep the output 

level up to requirements. 

Model HA -24 TIBBETTS Hearing Aid Mi- 
crophone 1 " in diameter (1%" over flange), 

%" thick. 

Licensed under Tibbetts Laboratories, Inc. Patents 

64 

Not just "another microphone," 
it represents a gigantic stride 
forward in the hearing aid field 

-a truly superior product. 

TIBBETTS INDUSTRIES, INC. 
CAMDEN, MAINE 

MONOBAR 

Ille s CRYSTAL 
June 1946 - ELECTRONICS 
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Advertising isn't our game - or yours. 
But both of us know millions arc spent to put 
a name or a slogan across. Million dollar appro- 
priations help! But we know of a surer way -a 
way that costs a lot less - to sell a name. 

THE IDEA IS PRODUCT DEPENDABILITY 

Don't pass over those words lightly. It isn't a 

catch phrase. It gets your product's name re- 
peated, favorably, among housewives and busi- 
ness men - the people who buy. It gets the name 
repeated frequently, on order pads. It rings up 
cash registers. 

Product dependability starts at the bottom, It 
starts with the tiniest component. And that de- 
pendability is something we sell with every C -D 
capacitor. Why? Because we've been at it longer. 
Because we have produced more capacitors. Be- 
cause we have greater engineering and produc- 
tion facilities than anyone else in the field. Keep 
that in mind when your plans call for capacitors. 

CONSULT WITH OUR ENGINEERS 

Your requirements can be handled at C -D with 
'greater efficiency and speed. Cornell - Dubilier 
Electric Corporation, South Plainfield, New 
Jersey. Five other plants located in New Bedford, 
Providence, Brookline and Worcester. L 

1 

' 

world's largest o manufacturer of 

CAPACITORS. 
'MICA . oYKANOL PAM tRCTROL ncs 
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BEAM POWER PENTODE 
NOTE TO DESIGN ENGINEERS-With all the advan- 

vantages of the Lewis AT -257 (4E27) - enormous power 
gain, great circuit flexibility-the new AT -257C has a "plus" 
factor you will be interested in. The addition of Zirconium 
coating to the anode has enabled Lewis Electronics to re - 
announce this versatile 75 watt beam pentode in the 125 
watt class. 

By nearly doubling the plate dissipation of the 4E27, the 
usefulness of this already popular tube is further extended. 
May we recommend that you consider the use of the Lewis 
AT -257C in fixed or mobile radio equipment you are now 
designing? A note to Lewis Electronics, Los Gatos, Cali- 
fornia, will bring further particulars. 

Filament Voltage 5 Volts Plate Dissipation 125 Watts 

Filament Current 7.5 Amps. Jumbo 7 -pin Metal Sleeve Bayonet 

t J 

LEwis. ELECTRONICS e , 
41p 

ON MANUFAAING COPPOp4110N 

TYPE AT -257 C 
MADE IN U¡`+.A. 

I , 
, I,1 f 

ry 

Lewis Electronics at LosGatos, 
California,is prepared to build 
transmitting, rectifying, indus- 
trial or special purpose vacuum 
tubes to your specifications. 

LOS GATOS CALIFORNIA 
Subsidiary of A i r MANUFACTURING CORPORATION 
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NOW AVAILABLE IN : 

SIZES- UP = T0 500 MCM 

BURNDY ENGINEERING CO., INC., 1011 BRUCKNER BLVD., N. Y. 54, N. Y. 
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...when Adlake Relays are on the job! P 
YES ... with an Adlake Relay handling the control job, you can 
sit back and relax. Because Adlake Plunger -type Mercury Relays 

are dependable and tamper -proof! 

Control is fully automatic. No servicing or periodic cleaning needed. 

Contacts hermetically sealed in metal or glass cylinder-not affected 
by dust, moisture, or temperature! 

Mercury -to -mercury contact-no burning, pitting, or sticking. 
Positive, noiseless, chatterless, and arcless! 

Armored against impact and shock-use for either stationary or 
moving equipment! 

There's an Adlake Plunger -type Mercury Relay for every job! Send 
today for interesting, free bulletin. All types described in detail. 
No obligation. 

HOW ADLAKE 
ENERGIZED-Coil C pulls plunger P down into 
mercury M. Mercury thus displaced enters thim- 
ble T through orifice O. Inert gas in thimble 
gradually escapes through ceramic plug CP. 

RELAYS WORK 
Mercury now fills thimble T, is completely leveled 
off and mercury -to -mercury contact established 
between electrodes E and EE. Degree of porosity 
of ceramic plug CP determines time delay. 

\.y 

TilE AoAs & 1%ESTLA.KE O1IPAXY 
ESTABLISHED IN 1857 ELKHART, INDIANA. NEW YORK CHICAGO 

Manufacturers of Adlake Hermetically Sealed Mercury Relays for Timing, Load and Control Circuits 
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RADIO -ALLOYS 
For continued success° éo industry depends more on quality, 

precision and:constancy of metals used, than radio. Small' parts 

perform lmportant.<functions and if not mode of proper alloys 

that conform'to-rigid specifications the entire product is affected. 

Particularly is'this true in the manufacture and development of 

o Cathode,Ray,Tubes. 

'Since the inception of, radio Driver -Harris metallurgists have 

pioneered in developing and manufacturing special purpose al- 

,loys for this field. Today the_ leading manufacturers of Cathode - 

Ray -Tubes use D=H alloys to help develop longer life and clearer 

images. 

Driver -Harris makes alloys for every electronic tube require- 
ment-for filamei ts,, grids, plates, grid side rods, glass seals, 

cathode sleeves; socket prongs, filament 'support springs and 

mica straps. In addition there, are over 80 other electrical heat 
and corrosion -resistant -D -H alloys available for various elec- 

frank applications. 

If the alloy you need hasn't already been developed tell us 

about It. -Our engineers' with 46, -years "experience are at your 
service. 

'Famous D.H Radio Alloys: 

NICHROME* GRIDNIC NICKEL 'A', `D", "E', "Z` FILNIC 
14 ALLOY 42 ALLOY 52 ALLOY NILVAR 

Driver -Harris 
COMPANY 

Exclusive Manufacturers of Nichrome 

HARRISON, N. J. 
BRANCHES: Chicago Cleveland Detroit Los Angeles 

San Francisco Seattle 

VI 4 
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¿+; ` 
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RADAR 

'Trade Mork Reg. U. S. Pot. Off. 
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ELECTRO -WIC ASSEMBLIES 
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The Emerson Radio and Phonograph Corporation 
depends on quality insulating materials such as fur- 
nished by Mica Insulator Company, for dependable 
performance of components, and low maintenance. 

e 

+roma. 
u 

O 

. 
1 

You can best insure against premature fail- 
ures of capacitators, trimmer condensers, 
spaghetti tubing, laminated plastics for tube 
socket bases, and precision fabricated spacers 
for vacuum tubes by specifying the most 
suitable insulating materials. That is where 
experience enters in-the kind of experience 
Mica Insulator Company has gained after 
years of recommending and supplying insu- 
lation for electronic components. 

For example, vacuum tube performance depends largely on accurately punched fila- ment, grid and plate spacers. When neces- sary, hole sizes and spacings can be held to 
tolerances of +.00025. This means reduced rejects in manufacture and better, longer performance in the field. 

If you are making components that require the insulation to be sealed in, you can be sure that the Mica and Micanite we supply 

01531 \L4PiftØIbM.vffirril 
VddCtht 

an0119¢1 
SIAM 

_ 
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Electrolytic condens- 
er benefits from the 
exceptional insulating 
properties of mica and 
Lamicoid. 

0 I.. 

_ 0 ,,, , . 

Lamicoid combined with various grades L - 
á 

of rubber can be supplied for use as end Lamicoid laminated plastic can be used for racket 
seals on electrolytic capacitators. gear, contact spacers, and coil ends on such elec- 

tronic products as this adding and subtracting 
relay, made by Guardian Electric Mfg. Co. 

will be dependable. These materials have high 
dielectric strength, uniform dielectric con- 
stant, and do not readily deteriorate under 
heat and adverse climatic conditions. 

] 

For small terminal boards, tube sockets, s Oo i ̀  
ignition systems, switches, coil forms, etc., ,E,d 
you can obtain from us Lamicoid laminated - 

plastics of all types. Lamicoid is available in * lj 

sheet, rod, or tube forms for a wide variety 
of electrical and mechanical applications. L . d L 
Laminates and rubber combined are also o 
available for end seals on capacitors and " 
similar applications. 4a! it 

You can obtain from us unbiased sugges- 
tions for your insulating material require- 
ments because we carry a complete line of all 
types of materials. Recommendations are 
based on over 50 years practical experience. 

Trimmer condensers made by 
Underwood Electric Manufactur- 
ing Company utilize mica to in- 
sure dependable performance of 
tl:a finished electronic assemblies. 

MICA 40;f4eit COMPANY 
797 Broadway, Dept. 22, Schenectady 1, N.Y. 

SALES OFFICES: Boston: 285 Columbus Avenue Chicago: 600 West Van Buren Street Cincinnati: 3403 Hazelwood Avenue Cleveland: 1276 West 
3rd Street Detroit: Book Building Houston: Bakoring, Inc., 1020 Houston Avenue New York: 200 Varick Street St. Louis: 455 Paul Brown Building 

Triangle Pacific Company of Los Angeles: 340 Azusa Street San Francisco: 1045 Bryant Street 
FABRICATORS: Lamicold Fabricators, Inc., 3600 Potomac Avenue, Chicago, Ill. Iniuloting'Fabricalors, Inc., 69 Grove Street, Watertown, Moss. 

Insulating Fabricators, Inc., 12 East 12th Street, Now York City Bakoring, Inc., 1020 Houston Avenue, Houston 10, Texas 

i ¡OCtinitC j\1, V3J: 

U ._ = 
r ' - F.+ 

A new four -page bulletin on Mieanile and Super 

JUST OUT Mieanile insulation. Contains information on 
grades and suggested applications. Send coupon 
for your free copy. 

Mica Insulator Company, 
797 Broadway, Dept. 22, Schenectady 1, N. Y. 
Gentlemen: 

( ) Please rush my copy of your new four -page bulletin on Micanite 
Insulation. 

( ) Enclose price list. 
( ) Please have your application engineer see me when in my vicinity. 

Name 

Position 

Company 

Address 

City State 
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PUT OUT MORE PRODUCTION . . . WITH LESS WASTE 

shopmen to handle special steels 
well and speedily. Let us help you. dt your Service.... 

ALLEGHENY LUDLUM'S 

FILM LIBRARY 

Instructional films on tool and 
stainless steels-some in full 
color, all with sound-available 
for free showings on request. 
NEW-"Manufacture of Dies" 
16 mm, 400 ft. in length, re- 
quiring about 15 minutes to 
show,-in sound and full color. 

FOR DETAILS and BOOKINGS 

ADDRESS DEPT. E-42 

THE special high -alloy steels take 
more knowing than ordinary 

materials, that's sure. But they also 
give you more-so much more that 
their uses have taken one of the 
steepest upward climbs of any class 
of materials in recent years. 

Electric furnace steels are on the 
march. Our principal special steel 
products-corrosion and heat -re- 
sisting alloys, tool and die steels, 
electrical, valve and nitriding steels 
are products which offer you the 
greatest future promise. 

As pioneers and originators in 
these fields, we have the data your 
engineers and designers need, and 
the working information for your 

ALLEGHENY 
LUDLUM 

STEEL CORPORATION 
General Offices 

Pittsburgh 22, Penna. 
W & D 9332 F 
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FM RADIO 

HEATING 

CONTROLS 

CONSTANT VOLTAGE for home equipment made 
possible by this low-cost 

With this transformer maintaining op- 
erating voltage within r 1% of rated 
requirements, regardless of supply line 
fluctuations as great as 30%, trouble - 
free operation of your equipment be- 
comes a reality. 

Here is what can be accomplished by 
building this SOLA Constant Voltage 
Transformer into your equipment. 

1. Increased efficiency. 
2. Lowered cost to the user. 

3. Reduced maintenance expense. 

This Type 11 Sor.A Constant Voltage 
Transformer is designed specifically for 
such domestic applications as heating 
and ventilating controls, FM and tele. 
vision receivers, refrigeration and air 
conditioning controls and other similar 
products where stable voltages must he 
maintained. Like all SOLA Constant 
Voltage Transformers, regardless of size 
or capacity, it operates automatically, 

Constagol agrmer5 

transformer 
has no moving parts, and requires no 
supervision. 

Type 11 is just one of 31 standard 
types in capacities ranging from 10VA 
to 10,000VA that are available to manu- 
facturers of all types of electrically 
operated equipment. Special units can 
be built to your exact specifications. 
SOLA engineers are available for a dis- 
cussion of your problems. 

Write for new Handbook 
A complete treatise on the subject 
of voltage stabilization. It pro- 
vides the answer to a problem 
that confronts every manufac- 
turer or user of electrically op- 
erated or electronic equipment. 

Ask for Bulletin DCV-102 

Transformers fort Constant Voltage Cold Cathode Lighting Mercury Lamps Series Lighting Fluorescent Lighting X -Ray Equipment Luminous Tube Signs 
Oil Burner Ignition Radio Power Controls Signal Systems etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, Illinois 
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DESIGN 
pÓSSI8Itl 

... WITH THIS NEW LINE OF 

SMALLER, LIGHTER, ENERGY - 
STORAGE CAPACITORS 

High-speed flash photography, 

Light -metal welding, 

Electronic -timing 

- devices, etc. 

A complete new line of light -duty G -E 
Pyranol* capacitors is now available for flash pho. 
tography apparatus, light -metal welding, and similar 
applications requiring economical energy storage, 
fast discharge and service reliability. Their small size 
and light weight will help designers reduce the size 
of such equipment. 

The high dielectric constant of Pyranol and its 
high dielectric strength provide outstanding electrical 
characteristics. Ambient temperature operating limits, 
at rated voltage, range from 0 to 50 C and the capaci- 
tance tolerances, measured at 25 C, are t 10 per cent. 
The performance of these compact units has been 
thoroughly proved by several years of laboratory 
tests and actual operating experience in the field. 

G -E light -duty energy storage capacitors are made 
in a wide range of ratings to fit practically every 
requirement of high-speed flash photography as well as 

Max. 
D -C 
Volts Muf Watt/Sec 

T" 

'I` fi 

_ 

This flash photo was made 
possible by G -E capacitors. 

say 

home and industrial welders of light metals. Careful 
construction, quality materials, and skillful design 
contribute to long life and efficient operation. 

The accompanying table lists preferred ratings which 
can be promptly shipped. For urther information on 
these ratings or on designs for special operating 
conditions, advise us of your problem through Appara- 
tus Dept., General Electric Company, Schenectady 5, N. Y. 
1'vranol is G.E.'s trade name for askarcl, a noninflammable liquid dielectric. 

PREFERRED RATINGS 

Cot. No. Bose 

Cose 
Height 
in In. 

Height Over No. of 
Terminals Terml- Net WI. 

in In. nols lb. 
2000 
2000 
2500 
3000 
3350 
4000 

25 
40 
25.5 
60 
17.8 
25/50 

50 
80 
80 
270 
100 

200/400 

25F903 
25F910 
25F911 
14(312 
25(912 
14(309 

A 
A 
A 
B 

A 
B 

4 19/32 
7 
7 

131/8 
7 

13 1/8 

5 7/64 
81/4 
8 1/4 

151/8 
4 

151%8 

2 
1 

1 

2 
1 

3 

5.2 
7.8 
7.8 

26 
8 

26 4000 100 800 14(311 C 12 7/8 151/8 2 56 4500 10 100 26(872 A 5 1/2 6 3/4 1 6 5000 25/50 313/625 1 4F305 0 13 1/8 15 1/8 3 46 6600 55 1200 14(313 C 12 7/8 16 5/16 2 56 7000 25 613 14F314 B 131/8 16 5/16 2 26 
4 by 4 9/16 

GENERAL 
4 by 8 C5 1/8 by 13 1/2 D4 1/8 by 13 1/2 

ELECTRIC - 
. 401.101.5700 
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INDEPENDENT. INVESTIGATOR -:FINDS 

big money savings for 
hundreds of driver skids eliminated! 

- Hold better-... look ̀ better! 

"When we used slotted screws, we had plenty of trouble 
with drivers slipping and puncturing the pressed wood 
panels we use by the thousand for inside trim," a Pull- 
man assembly executive told the investigator. "This 
meant removing and discarding the panel, replacing and 

p11111~~--'- 
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Report No. 5 

ASSEMBLY 
SAVINGS 

WITH PHILLIPS SCREWS 
Company 

PULLIAN 
STAAc 6° 2]1 

CO. 

chs 

Products 

PHILLIPS x 

f- 

a- 
-*--- 
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Investigators from james O. Peek Co., 
industrial research authorities, are visiting 
a number of representative plants lo get 
authentic FACTS on assembly saving. 

Get the "INSIDE STORY" of successful 
assembly practice - read his (oct-tilled 
reports! 

hand -painting - to the tune of several dollars per skid. 

Phillips Screws ended driver skids. But that's only one 
way they pay off. 

"Where the heads show in the finish they look better. 
They don't have to be lined up, like slotted screws, which 
means they can be set up tighter to resist vibration. 

"Railroads like them because they can't be loosened 
by passengers with coins or nail files like slotted screws 
- to tear clothes and cause damage claims." 

REPORT TELLS MORE PHILLIPS ADVANTAGES 

The investigator asked Pullman the same questions 
you would ask about assembly methods. The report 
tells you the complete, revealing answers. 

It's one of a series of assembly studies covering all 
types of products - metal, plastics, wood - being made to 
show how the many Phillips Screw advantages add up 
big savings you can make in your assemblies. 

The reports now ready - and more to come - com- 
prise a practical manual of modern assembly methods - 
never -before -printed information - in- 
side facts you'd pay good money to get 
- and you can have them, now, FREE! 

PACKED WITH IDEAS FOR 

SAVINGS IN YOUR ASSEMBLIES 
Find out how industry's top-flight 
assemblers licked problems like 
your own! Get these reports! Don't 
wait-fill out and mail the coupon 
TODAY! 

Wood Screws Machine Screws Self -tapping Screws Stove Bolts 

American Strew Co. 
¡tlantic Strew Works 
Atlas Bolt & Screw Co. 
Central Screw Co. 
Chandler Products Corp. 
Continental Screw Co. 
Corbin Screw Div. of 

Amerltan Hdwe. Corp. 
The H. M. Harper Co. 
International Screw Co. 
Lamson & Sessions Co. 

Manufacturers Strew Products 
Milford Rivet and Machine Co. 
National Lock Co. 
National Screw & Mfg.Co. 
New England Screw Co. 
Parker -Salon Corporation 

Pawtucket Screw Co. 
Pheoll Manufacturing Co. 
Reading Screw Co. 
Russell Burdsall & Ward 

Bolt & Nut Co. 
Scovill Manufacturing Co. 
Shakeproof Inc. 
The Southington Hardware Mfg. Co. 

The Steel Company of Canada. Ltd. 
Sterling Bolt Co. 
Wolverine Bolt Company 

!I 

f - 

-1 

1 

' I 

11 01 !. s IN t . la 
PHILLIPS SCREW MFRS., 

SCREWS 
c/o Horton -Noyes 

2300 Industrial Trust Bldg., Providence, R. I. 

Please send me the reports on Assembly Savings 
with Phillips Screws 

5 

Name 

Company 

Address 

11I . . . . a . . a . . . . . a. I=I . . a. . .. .J 
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Send details of your requirements to 
DeJur. Our engineers will gladly ad- 
vise the correct instrument to meet 
your needs. 

The (»Jur Model 120 
Mlnlatvre (1 r/,'I Mere, 

oie. 

BUILDS GREAT LITTLE METERS 
The precision -built DeJur 
11/2" Meters are doing a 
man-sized job on many 
applications where space 
must be conserved. 

DeJur EXTERNAL 
Compact, Trouble -Free Modern Design 

.155C. 
re.rC- -11LxLL 

PIVOT construction gives 
maximum accuracy - re- 
duces pointer -rocking, and 
wear on bearing surfaces 
-greatly lengthening the 
life of the instrument. 

External Pivot Internal Pivot 
(As Used by DeJUR) (Not Used by DeJUR) 

' 

J 

DeJUR RHEOSTAT - POTENTIOMETERS 
ARE PRECISION BUILT... 

in a wide line of models for many 
electronic and general electrical ap- 
plications. They are electrically and 
mechanically engineered to meet 
the precise requirements of electri- 
cal manufacturers. 

The 11 Watt Model 275 (illus- 
trated) is typical of DeJur Poten- 
tiometers. Rugged yet light in 
weight, it is built to give outstand- 
ing service under the most severe 
operating conditions. 

WRITE FOR 

veJUR 
u.s. R. 

) 
I. 

THE LATEST DeJUR CATALOG 

DeJUR-AMSCO CORPORATION 
LONG ISLAND CITY 1, N. Y. 

AMMETERS . . VOLTMETERS . . .POTENTIOMETER S 

i. 

- 
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SILENT SENTINELS OF 

CONTINUOUS RESEARCH 

These bottles are but a small portion of the 4,632 

which have passed through our laboratory. Each 

represents a part of a continuous series of chemical 
research-responsible for attaining and maintaining 

the quality of Audiodiscs. 

* * * 
For the leadership of Audiodiscs is the result of 
exhaustive experimental work, plus the most exact- 

ing quality controls known to the recording industry. 

* * 
Recently, to add still further to our research facili- 

ties, we greatly expanded our laboratory. Today, 
our research engineers are constantly exploring new 
materials and methods, in order to further improve 
recording fidelity and broaden the field of sound 
reproduction. 

s - 
~ijeW.-- 

. .. fees.teai 
: 

I 

I 

`Cc=_ 

s 

^ f 

------ 

Audiodiscs are manufactured in the U.S.A. under Exclusive License from La Societé des Vernis Pyrolac-France., 

AUDIO DEVICES, INC., 444 Madison Ave., New York 22, N.Y. 
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GA IDGET CAPAC 1 T RS 
< < 

a 

Still twisting insulated wires together to 
form inefficient, makeshift "gimick" low 
value capacitors? 

Stackpole GA Capacitors cost no more in 
the long run. Even more important, they 
bring you outstanding advantages in terms of 
greater stability, higher Q, better insulation 
resistance and higher breakdown voltage. 

In addition, they are mechanically superior 

and eliminate the undesirable inductive char- 

acteristic common to twisted wires. Sturdily 

molded, with leads securely anchored and 

tinned, they are widely used in circuits 

similar to those illustrated. Standard capac- 

itors include 0.68; 1.0; 1.5; 2.2; 3.3 

and 4.7 mmfd. with tolerances of ± 20%. 

Electronic Components Division 

STACKPOLE CARBON COMPANY, St. 

r 

GA 
STAGKPOLE 

GRIb 
PLATE 

BEAT 

FREQUENCY 
OSCILLATOR 

GA STACKPOLE r- 

to 

it 
SHIELD 

I. F. TRANS. 

E0 

GRID 
PLATE 

,SHIELD -t_ FGA STACKPOE T_r 
GRID 

R. F. COIL I. F. TRANS. I. F. TRANS. 

COUPLING CONDENSER COUPLING CONDENSER COUPLING CONDENSER 

Marys, Pa. 

GA STACKPOLE 

SA STACRPOLE 

SPACE CHARGE 
R. F. TUNED IMPEDANCE NEUTRALIZING tir--j 
COUPLING CONDENSER' CONDENSER 

FIXED and VARIABLE RESISTORS INEXPENSIVE SWITCHES 

IRON CORES COIL FORMS_ POWER TUBE ANODES BRUSHES AND CONTACTS 
RHEOSTAT PLATES and DISCS ANODES and ELECTRODES, ETC. 

R 

ALNICO II 
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Type 710-A 

370 to 560 Mc 

wow' 

i 
f 

i 

IN STOCj - 
-for immediate 

delivery! 
r 

11'3 

...t- .. ° 
1 

Type 734-A 

e . 
oz.; - 151 'r,.. 
'r: ..';; IY ;. 

1200 to 3750 Mc,. 

RCA Signal Generators for u -h -f jobs 

These signal generators may just fill 
the bill for some of your ultra -high - 
frequency development work. 

The Type 710-A provides an r -f sig- 
nal of a known frequency and ampli- 
tude for easily obtaining the data 
needed to check the performance of 
high -frequency devices. This instru- 
ment provides smooth and complete 
attenuation throughout its range, plus 
precision frequency control. 

Output frequency: 370 to 560 mega- 
cycles-just right for citizen's radio- 
phone and other experimental and 

Elf3 nWr 

laboratory work within these fre- 
quencies. Output voltage: 2 microvolts 
to 0.09 volt. Amplitude urodnlatiou 
available: 400 cycles _ 5 per cent, at 
modulation of 50 per cent maximum. 
Controls are provided for adjusting 
the carrier level, modulation, attenua- 
tion, and frequency. 

The Type 734-A has been widely 
used for testing and adjusting radar 
equipment. It will prove an accurate 
and handy device for testing any equip- 
ment within the following band: 

Output f requency: 1200 to 37 50 mega - 

TEST AND MEASURING EQUIPMENT 

1 

cycles or 25 to 8 centimeters. Output 
voltage: 1 microvolt to 0.2 volt. Tube 
complement: one 707-B-r-f oscillator, 
one 6J5-synchronizing amplifier, 
one 884-pulse-rate oscillator, one 
6SN7-GT-'multivibrator, one 6AG7 
and one 6AC7-pulsers, two 6AC7- 
voltage controls, one 6J5-shaper, one 
6AG7-keyer, two 6X5G and two 
5Z4-power rectifiers, fourVR-150-30 
-regulators. 

These signal generators are avail- 
able for immediate shipment-as long 
as stock lasts. 

PLACE YOUR ORDER NOW! 
F --m.--....-----..------' 

1 

1 

1 

RADIO CORPORATION 
of AMERICA 

1 
1 

1 
ENGINEERING PRODUCTS DEPARTMENT 

1 
CAMDEN, N.J. 

Radio Corporation of America 
Dept. 30-F. Test & Measuring Equipment Section 
Camden, New Jersey 

Please reserve . (no. of units) Type RCA signal 
generators pending additional technical and price infor- 
mation from you. We are interested in using these instru- 1 
ments for the following application: 1 

Name Title 
Company 
Address 
City Zone State 

---~Riot~-~ti [tti [i RT[ti Rli RTi ti ti tJ 

1 
a 

1 

1 

1 
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THE ' ) DIFFERENCE 

0 is in the Asbestos Insulation 

IA 

It's the silky but tough fibres of heatproof, fire- 
proof, age -resistant asbestos that put performance 
protection into Rockbestos sires, cables and cords. 
They actually armor them against baking heat, 
sub -zero cold, oxidation, rolling fumes, oil, 
grease, moisture and even flame with an insulation 
that is practically indestructible! 
This permanent insulation gives you wires that 
guarantee the dependable operation of your 
product under any condition it may have to work 
under. The impregnated non -deteriorating asbes- 
tos fibres form a felt -like wall that prevents wire - 
failures because it doesn't become hard or lose 
flexibility with age. High operating or ambient 
temperatures won't bake it out or cause it to flow. 
It won't rot when in contact with oil or grease or 
when exposed to corrosive fumes. Ind it elimi- 
nates fire -hazard because it won't burn or carry 
flame. 

These failure -preventing characteristics are typical 
of every wire in the Rockbestos line which in- 
cludes Firewall hookup wire illustrated above, 
space -saving Inuit i -conductor cables, switcll boa rd 
wires, motor lead and power cables and many 
others. Write for recommendations or a catalog. 

ROCKBESTOS PRODUCTS CORP. 
436 Nicoll Si., New Hoven 4, Conn. 

NEW YORK BUFFALO CLEVELAND CHICAGO 
PITTSBURGH ST. LOUIS LOS ANGELES SEATTLE 

SAN FRANCISCO PORTLAND. ORE. 

WON'T BURN OR 
SUPPORT FLAME 

k. 

( y 

PERMANENTLY 
AGE RESISTANT 

1, 0 
I 

OIL AND GREASE 
RESISTANT 

RESISTS HEAT 
AND OXIDATION 

\.` ti 

REMAINS 
FLEXIBLE 

MOISTURE . 

RESISTANT 

"!a 

ROCKBESTOS 
The Wire with Permanent Insulation 
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Sectional view of the ML -889-A, showing 
features typical of Machlett external 
anode tube construction. 
A. Gold-plated contact surfaces 
B. Rugged Kovar grid and filament seals 
C. One-piece high -conductivity copper grid 

and filament support leads 
D. Rigidly -supported grid and filament as- 

semblies 
E. Surgically -clean internal parts 
F. Rugged Kovar plate seal 
G. One-piece anode and shield 

H : REDESIGNED TO MACH LETT STANDARDS s: \ -' . . 

For better performance and longer life! ML' 892 
HERE is another outstanding example of Machlett's ability to 

apply to the design and manufacture of high -power triodes 
its unique skills acquired in the manufacture of X-ray tubes. 
Remember, those skills were developed through almost 50 years 
of X-ray tube production-and an X-ray tube presents manufac- 
turing problems of the greatest severity in the electron -tube art. 
Machlett's ability to solve those problems has resulted in making 
it the largest producer of X-ray tubes in the world. Note these fea- 
tures of the ML -892: 

1. Heavy Kovar sections for grid and plate 
seals, instead of feather -edge copper. Re- 

sult-greatly increased mechanical strength. 

2. Grid assembly supported by heavy Kovar 
cup, for strength and stable inter -element 
spacing. 

3. Filament assembly greatly strengthened 
toincrease life one( preserve correct spacing. 

4. All internal ports processed by special 

Machlett techniques which prevent contami- 
nation by foreign particles, assuring perma- 
nent outgassing. 

5. Tube pumped by unique Machlett con- 
tinuous, straight-line, high -voltage process, 

assuring same high standards maintained 
in Machlett high -voltage X-ray tubes. 

For complete details of this greatly im- 
proved tube, write Mochlett Laboratories, 
Inc., Springdale, Connecticut. 

GENERAL CHARACTERISTICS 

ML -892 ML -892-R 
Filament Voltage ., 22 22 volts 
Filament Current 60 60 amps. 
Amplification 

Factor 50 50 
Maximum frequency 

for full power 1.6 1.6 mc. 
Capacity grid to 

plate 27 30 uuf 
Capacity grid to 

filament 18 18 uuf 
Capacity plate to 

filament 2 2 uuf 
Cooling Water Aír 

3 to 8 400-700 
G.P.M. 

MACHIETT 
APPLIES TO RADIO AND INDUSTRIAL USES 

ITS 6y TEARS OF ELECTRON TUBE EXPERIENCE 

ELECTRONICS - June 1946 
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AFRO VOX 

Aerovox':Know-How" 
in ae- 

tion: Chiet "Engineer 
Stan - 

'ley Greef`(center) 
with 

Joseph' L. Collins 
(Electro- 

lytical, l oms 'ILahn 
(Assist- 

ant Chiet.En9lneer) 
and 

Samuel':Heyman 
(Produc- 

tion Manager) 
working out 

the capacitance problem of 

a customer 
irom the applica 

lion blueprints. 

. 

J 

.1 

...can save you untold 
time, expense, trouble 

Ingenuity, imagination, versatility, adaptability, coupled 

with sound engineering practice, add up to Aerovox 

"Know -How." 
Of course Aerovox has an outstanding line of standard 

capacitors-paper, oil, electrolytic, mica and low -loss ultra- 

high -frequency types. A wide range of requirements are met 

with such a variety of listings. But Aerovox can also meet 

most extraordinary needs with special types that do not have 

to be billed at usual special prices. Here's why: 

A tremendous variety of cans, terminals, insulators, mount- 

ings and production processes at the disposal of Aerovox 

engineers enables Aerovox to make up special types quickly, 

readily, inexpensively. So: 

Bear in mind Aerovox "Know-How"-and save untold time, 

,expense, trouble. 

7r7 us on that capacitance problem. 

rid ER0v0x 
-capacitors 

I , 

, o 

i 

. ,, / 

i 

aioir+0 - , 

r0.:I 

p 

-- ` 

LIIIIIIIIIII4 _rt,< C., '' ,..r`,---:+.-. 
4--, 

--- ' - ' 

I q 

Typical 
sembled 

**special" capacilórs as - 
parts m standard Aerovox 
p 

indicating the wide variety. 
mountingse1aals, Insulators _aiid 

FOR RADIOELECTRONIC AND 
INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MASS, U.S:A.:, 
SALES OFFICES IN ALL PRINCIPAL inns Expott: 13 E. 40th ST., NEW YOU 16. N. 

Cable: 'ARLAS' In Canada: AEROVOX CANADA LTD., HAMILTON, ONT....,/ 
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One or one million pieces, big or little, 

your best bet on technical ceramics is 

American Lava Corporation. For small 

quantities the experimental department 

is geared for prompt service. For large 

quantities you command special tech- 

niques, equipment and experience found 

Ghálad 
TAe1 A tGVTIta a s. PATA T pn[I 

pf- 41.-O rERIy '41, 0 lyESE!yf. S i 0 

only at American Lava Corporation. 

Your request will bring property charts 

which give physical characteristics of 

the more frequently used AlSiMag com- 

positions. If your requirement demands 

special or unusual characteristics, the 

developmental laboratory may find ex- 

actly those characteristics in its research 

records, or develop them quickly for you. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TEN N ESSEE. naN`T 

4 3 R'D YEAR O F CERAMIC LEADERSHIP. \ *1 v 

There large, thin walled, coil forms (machined to 
don tolerances) are an example of American Lava 
Corporation craftsmanship in technical ceramics. 

ENGINEERING SERVICE OFFICES: 
ST. LOUIS, Mo., 1123 Washington Ave Tel: Garfield 4959 NEWARK, N. J., 1013 Wits Bldg., Tel: Mitchell 28159 
CAMBRIDGE, Mo.., 38-B hrattle St, Tel: Kirkland 4499 CHICAGO, 9 5. Clinton 5,., Tel: Central 1721 

SAN FRANCISCO, 163 Second St., Tele Douglas 2464 LOS ANGELES, 324 N, Son Pedro 51., Tel: Mutual 9076 

Original Award July 27, 1942 
Second Award February 13, 1943 
Third Award September 25, 1943 
fourth Award May 27, 1944 
fifth Award December 2, 1944 
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TIIE MARK OF EXCELLENCE ' . 

FOR NEARLY 20 YEARS, the Kenyon Transformer Company has done 
an outstanding job of satisfying the demand of large manufacturers for 
"special units" to fit exactly their most critical needs, with the same care 
that other manufacturers could provide items of their standard catalog 
lines. 

THIS ACHIEVEMENT is a tribute to the skillful engineering ability of 
the Kenyon Pioneers who have maintained a leading place in the devel- 
opment of outstanding transformer equipment. 

WE INVITE INQUIRIES from manufacturers of electronic and 
types of equipment, and from industrial and commercial users of 
formers. 

KENYON PREDICTS that the small additional cost of "specials" will be 
more than offset by the superior product-streamlined to fit each manu- 
facturer's requirement. 

other 
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it's the X -Dimension that saves 
tempers, costs, customers 

The sets of I -hinter springs you see within -a -spring design. Now an 

here force up the bottle phit forms of inexpensive flat wire inner - 

a beverage bottling machine. Lilt spring prevents buckling and 

finder springs used to be single. edge takes pi -ton wear. A round music Y 
wound horn flat wire to reduce the wire compression spring shoulders 
possibility of buiLling and rubbing most of the load. Down went repairs! 

4212Mon piston and cylinder. It was ens! - dip went customer satisfaction. 

'444 tier. It lacked certain needed prop- This is a kind of service you can't 
ernes. The nature of design over- blueprint. but it's there in Hunter 
stressed and broke the spring and springs. It's the \-Dimensintt . . . 

the machine had to be held up for more than you bargained for ... in 
time -wasting replacements. springs. Make sure you and your cus- 

Ilunter carne up with a spring- tomcrs get it for real satisfaction. 

HUNTE 
CA, ínirt.Z41.Cr5 

HUNTER PRESSED STEEL COMPANY 
Lansdale, Pennsylvania 

SPRINGS METAL STAMPINGS WIRE FORMS 
MECHANICAL AND ELECTRICAL ASSEMBLIES 
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This new typepotentiometeheOstat..., 
p u,..ts' this much sIidéow.ire 

.. 

e, 

46/2 ..o 

o this much panel spate 
o `s 

It's the BECKMAN 
No matter what type quality 

electronic instrument you may be 

manufacturing or preparing to man- 
ufacture, be sure to investigate the 

multiple advantages you can build 
into your product by using Beckman 

Helipots for resistance control. War - 
perfected on such ultra -precision elec- 
tronic equipment as radar, flight con- 
trol instruments, depth sounding 
devices, etc., the Beckman Helipot 
makes possible entirely new stand- 
ards of accuracy, convenience and 
compactness in resistance controls. 

Unlike conventional potentiometers 
which consist of a single.turn of slide wire, 

the Helipot has many turns of slide wire 

helically coiled into a compact case that 

occupies no more panel space than a 

conventional single - turn potentiometer. 
The slider contact is rotated by a knob 

in the usual manner and a simple device 
guides .the slider contact as the knob is 

rotated so that the entire helical length 

of resistance winding can be contacted. 

Its advantages are many. 
Heretofore circuits requiring precise con- 

trol coupled with wide range have gen- 

erally required at least two potenti- 
ometer units-one for coarse adjustment 

and the other for fine adjustment. This 

means two knobs to operate... two con- 

trols to waste panel space... two units to 

complicate installation and wiring. In the 

THE HELIPOT CORPORATION, 

(Trade mark 

-»i11/º 

for the HELE cal POTentiometer) 

Beckman Helipot both wide range 
and fine adjustment are combined 
in the one unit. There is only one 
knob to operate... one unit to take 
up pane! space... one control to in- 

stall and wire. You not only save 

i. 

P 

1. 

High Linearity-As 
a result of fulfilling wartime requirements for ultra -precision circuit con- trols, Helipots are mass - pro- duced with linearity tolerances of one tenth of one per rent-and even less! 

Precise Settings - Because of the many times longer slide wire, settings can be made with an accuracy impossible with single turn units. 

valuable panel space and assem- 

bly time, but you greatly increase 
the convenience, utility, simplicity 
and operating efficiency of your 
electronic instruments. Note these 

outstanding Helipot features... 

Wide Range-By coiling a long potentiometer slide wire into a hell ,theHelipotprovidesmanyy 
the range possible with a single turn unit of comparable diameter and panel space. 

Low Torque-Ofspecial 
interest for power -driven applications- the Helipot has unusually low torque characteristics. The ill- Helipot - for example - has a torque of only one inch/ounce. 

11111:14%.43-1.- 

Wide Range of Sires -Current Helipot production is In two basic sizes, each available in a wide 

range of ratings. The Type A Helipot Is Ih"in diameter and is available in ten or fewer turns of slide wire. 
The ten turn, provide a slide wire 461/j'long. 

The Type B Helipot is 3 in diameter with 15 turns of slide wire a, standard, but is available 
with either fewer or more turns on order. The IS turns give a slide wire I/01/2" long. 

Resistance windings can be supplied in virtually any commercially available type of resistance 
wire for both Type A and Type B so that total resistance values for Type A range from 100 to 30,000 
ohms...for Type B from 650 to 100.000 ohms. 

SEND US YOUR POTENTIOMETER PROBLEM and our engineering staff will be 
glad to work with you in applying Helipot advantages to increase the efficiency, 
accuracy and convenience of your quality electronic instruments. 

1011 MISSION STREET, SOUTH PASADENA 2, CALIFORNIA 

E6 
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ANSWERING THE DEMAND FOR $omefihin; Oeltrfi 

AGetter portable playback-compact, easy to carry, simple to set up. 
The remarkably clear, wide range of reproduction-far superior 

to what is ordinarily expected of a portable playback-makes it a favorite 
with broadcasting stations and advertising agencies who demand top 
performance in demonstrating recorded programs to prospective clients. 

Model L plays 6 to 16" records, 78 or 331/2 R.P.M., on a 12" rim - 
driven turntable. Standard equipment includes h'gh quality 16" pickup 
on a swivel mounting which folds into a case hen not in use, four 
stage amplifier, 8" loudspeaker with 20' extension cab:e, and a Presto 
Transcriptone semi -permanent playing needle. For use 
on 110 volts AC only. 

The complete equipment, -in an attractive i 
grey carrying case, weighs only 46 lbs. 

/44 tfl 
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 
ELECTRONICS - June 1946 
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QUALiTY Soe&t4 

by,. Personal ...Broadcast ...Television Receivers 

° PERSONAL RECEIVERS ( 

t,"4' 
oQ / 

BROADCAST_ RECEIVERS_. 

T 

:" 
. AO?' zr I 4 

., ,, , iJ '.- .TELEVISION i 
;;ONE PIECE SOCKETS -1; 

i ' r 
il i 

- DIHEPTAL , 

C 

1 ' ; ; I. MAGNÁL. 11 :; 04 

' .,.`. si_ .1 >s< - 

..t-, `'.,- 

.. 
.l.S \ ' , 

3=1, :. 
. 

- 
szrSERIES 55A4 MINIATURE MOLDED 

: 3r:_ 

di% 

° SERIES 60 MOLDED OCTAL 

I' , 

11121.5.tát11' 

... and for general purposes, the Series 39 Socket, with patented 

bow spring action contacts (with or without a soldering tab to 

eliminate wiring to ground) is the favorite of all time. 

Automatically machine made, tens of thousands are being delivered 

to the radio industry to enable peak production of standard 

receivers. The millions in use give testimony to its being the favorite 

socket of pre and post war receivers. 

ELECTRONIC 

COMPONENTS 

MI> -1.. II, 

..a. Y.. 

114'1411121-r- ',".. 

r ®11, 

h 

nuivKLIN MANUFACTURING P. 

1 175 VARICK ST., NEW YORK 

CORP 
14 N. Y. 

In Californle, A. W. FRANKLIN Mfg. Corp. of CALIFORNIA, 2216 W.,, 111% St., Lo, Angeles 6, Callf. 

SOCKETS . TERMINAL' STRIPS PLUGS SWITCHES PLASTIC. FABRICATION METAL STAMPINGS ASSEMBLIES 
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THE LABOR CRISIS 
-it's up to Congress 

IT HAS remained for John L. Lewis to demon- 
strate conclusively that, under the sponsorship 
of the federal government, the power of organ- 

ized labor has been built up to a point where it can 
be used to paralyze the economic life of the nation. 
Therefore, in the elemental interest of self-preserva- 
tion, the first order of the day is to cut down the 
power of organized labor to a point where irre- 
sponsible leaders no longer have the power to use 
it to cut down the country. 

This will prove an exceedingly complicated job. 
The federal government, over a dozen years, has 
developed and buttressed the power of organized 
labor by many separate steps. They are interlaced 
in a pattern which cannot easily be unravelled. 

Cutting down the power of organized labor to 
proper proportions will be an operation almost as 
delicate as brain surgery. To be successful it must 
impair no basic American political or economic 
right. It must leave intact the right of workers to 
organize and bargain collectively through represen- 
tatives of their own choosing. It must leave intact 
the right to strike. But it must disassociate from 
the exercise of these rights opportunities for devas- 
tating abuse of the public welfare such as those 
demonstrated by Mr. Lewis. A meat axe is not the 
instrument for this operation. 

Because of the complexity and delicacy of the 
operation to be performed it would be helpful if 
it could be carried out in a tranquil atmosphere. 
The urgency of the problem is such, however, that 
no time can be lost in getting at it. 

Guiding Principles 
However, the dangers that haste or heat will lead 

to serious blunders can be largely eliminated if 
the process of bringing the power of organized labor 
back within safe and reasonable bounds is governed 
by principles to which all fair minded people can 
fully subscribe. 

The most important of these principles is that it 
is an abuse of public authority to extend special 
privileges to organized labor. 

When in 1935 Congress passed the Wagner Labor 
Relations Act, one of the great buttresses of the 
power of organized labor, it was upon the explicit 
theory that organized labor was weak and needed 
coddling by the federal government if it were to 
survive, let alone grow big and strong. In the policy 

section of that act it was stated that "the inequality 
of bargaining power between employees who do not 
possess full freedom of association or actual liberty 
of contract, and employers who are organized in 
the corporate or other forms of ownership associa- 
tion substantially burdens and affects the flow of 
commerce . . . " 

Regardless of whether or not that was a correct 
reflection of the situation in 1935, it bears no rela- 
tion to the situation today. Under the continuous 
sponsorship of the federal government, the power 
and bulk of organized labor has waxed until today 
it is preposterous to regard it as the weak sister 
in its bargaining with employers. If, after being 
continuously demonstrated since V -J Day, the prop- 
osition that the pendulum of organized power has 
swung too far over on the side of organized labor 
needed any final and clinching demonstration, John 
L. Lewis provided it. 

Changes in the Law 
Translation of the principle that organized labor 

is no longer a weakling, requiring a diet of special 
privileges, into specific legislative enactments is a 
detailed technical operation beyond the scope of 
this statement. It is possible, however, to indicate 
some of the general lines it should follow. Here 
they are: 

1. The duty to bargain collectively, now imposed 
upon employers by the Wagner Act, should also 
be imposed upon the leaders of organized labor 
who are now under no legal compulsion to bargain. 

For well over a month Mr. Lewis made a 
complete mockery of the process of collective 
bargaining by refusing even to state his demands 
until the coal operators had approved "in prin- 
ciple" a plan for a miners' "health and welfare" 
fund which he fancied. In the meantime the 
country was plunged into an ever deepening 
crisis. 

2. Unions, as well as employers, should be made 
liable to suit for damages for breaking their collec- 
tive bargaining agreements. 

A degree of responsibility commensurate with 
their age and power requires that unions be 
liable, to the extent of union funds but not the 
funds of individual members, for carrying out 
their agreements. To have it otherwise is to hold 
that a collective bargaining agreement is, by defi- 



nition, a phoney agreement so far as the union 
is concerned. Outlaw strikes are the fruit of this 
lop -sided arrangement. 

3. Employers should be given more discretion, 
in reinstating employees who have ,gone on strike 
than is now permitted by the Wagner Act. 

The Wagner Act largely eliminates the risks 
involved in striking because of the requirements 
it imposes upon employers to take workers back 
when they have decided to return to work. 
These requirements make it virtually impossible 
for the employer to replace workers even if they 
are engaged in the most unjustifiable of strikes. 
At the least workers who have smashed up prop- 
erty and stirred up violence in the course of 
a strike should have no rights under the Wagner 
Act. How much further the Wagner Act strait- 
jacket should be loosened at this point should 
be carefully explored, and excesses encouraged 
by the Act should be removed. 

4. The wedge which the National Labor Relations 
Board has driven into the orderly conduct of Amer- 
ican industry by holding that foremen are covered 
by the Wagner Act should be eliminated. 

The issue involved here is continuously mis- 
labelled and confused as that of the right of 
foremen to organize. There is no question of 
the right of foremen to organize any kind of a 
legal organization they desire. That is their right 
as American citizens. The issue is whether or 
not the special privileges accorded by the 
Wagner Act, which in some circumstances has 
been so construed as even to prevent employers 
from talking with their workers, should be ex- 
tended to foremen who, if American industry is 
to have a chance to do its duty effectively, must 
represent management with full loyalty and 
responsibility. 

A member of John L. Lewis' United Mine 
Workers takes an oath which provides, in part, 
"that I will not reveal to any employer or boss 
the name of anyone a member of our union" 
and will "defend on all occasions and to the 
extent of my ability the members of our orga- 
nization." Mr. Lewis insists that the coal opera- 
tors contract to deal with foremen to be organ- 
ized in a union where they will take that oath, 
and where their activities will be separated from 
the influence of employers by the barriers im- 
posed by the Wagner Act. Such an arrangement 
undercuts orderly management of American 
industry. 

5. The exemption of labor unions from the fed- 
eral anti-trust laws, provided when organized labor 
was presumed to be weak, should be modified to 
take account of its vastly increased strength, and 

the use of this strength to destroy business enter- 
prise and create monopoly. 

As matters stand unions can run employers 
completely out of business by secondary boy- 

cotts and run fellow workers out of jobs in the 
process. An Ohio manufacturer, working with 
a government -certified C. I. O. union, is put out 
of business because A. F. of L. workers refuse 
to handle his products. Still the government, 
this time in the person of the United States 
Supreme Court, says that actions of this sort 
are above the law because Congress exempted 
unions from the federal anti-trust laws. 

To eliminate one of the most devastating forms 
of restraint of trade, this exemption should be 
cut down forthwith by subjecting unions impos- 
ing secondary boycotts to the same penalties 
under the federal anti-trust laws as those to 
which employers doing the same thing are sub- 
jected. And the question of further narrowing 
the obsolete exemption of unions from the fed- 
eral anti-trust laws should be fully explored. 

6. The levying of special sales taxes for the exclu- 
sive benefit of unions should be prohibited by law. 

As a matter of good government the right to 
levy consumption taxes should be. reserved to 
the public authorities and used strictly for public 
purposes. As a matter of good economics, pay- 
ments to workers or their organizations should 
be included in the payroll where they, can be 
properly counted as part of the cost of pro- 
duction. 

Equality Before the Law 
When everything that can conceivably be accom- 

plished by legislation has been accomplished there 
is no reason to believe that an ideal or even a surely 
workable system of industrial relations will have 
been devised. Many of the mainsprings of such a 
system lie deep in the hearts of men and far be- 
yond the reach of legislation. There is no chance, 
however, of having such a system, or even a defen- 
sible system of democratic government until special 
privileges which tip the scales of power far on the 
side of organized labor are withdrawn and there is 
some measure of equality for employers and organ- 
ized labor before the law. Though it is hard to 
believe it at the moment the country may come to 
be grateful to John L. Lewis for driving that lesson 
home so ruthlessly. 

President, McGraw-Hill Publishing Company, Inc. 
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I'I'he famous Eimac 35TG VI -IF tube, with its low inter - 
electrode capacitances, its logical terminal arrangement, 
its lack of internal hardware, is further improved. It now 
has .1 non -emitting grid, an improved filament, and a cooler 

'operating plate. These improved elements, the result of 
sv,lrtime developments in manufacturing technique, are 

being incorporated in mans' Eimac tubes and are consist- 
ently resulting ins astly increased life. 

I'he .STG is a power triode of wide applicability. It 
will function as a Class -C oscillator or amplifier, or as a 

Class -B audio or supersonic amplifier, and in such service 
will give excellent performance, due to its stability and 
low driving -power requirements. 

Longer operating life is but one of the many advantages 
afforded by Eimac tubes. It ss ill pay you to keep informed... 
see your nearest Eimac representative today, or write direct. 

rel/ou the leaden to 

1V8E5EITEl-McCUILOUGH, INC. 
1229E Son Mateo Ave., Son Bruno, Calif. 
Plant located ot: Son Bruno, Californio 

!.port Agents, Froror and Hansen. 301 Cloy Street, Son Francisco 11, California, U. S. A 
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t,RICNIC EQUIPMENT 
- 

EIMAC 
35TG 

POWER 
TRIODE 

ELECTRICAL CHARACTERISTICS 
Filament: Thorioted tungsten 

Voltage 
Current 

Amplification Factor (Average) 
Direct Interelectrode Capacitances (Average) 

Grid -Plate 
Grid.Filoment 
Plate-Filament- 

Transconductance (ib = 100 mo., Eb= 2000 V., 
1c=-30 V ) 

Frequency for Maximum Ratings 

5.0 volts 
4.0 amperes 

39 

1.8 uuf 
2.5 uuF 
0.4 uuf 

2850 umhos 
100 sac 

CALI IN AN EIMAC REPRESENTATIVE FOR INFORMATION 
ROYAL J.HIGGINS (W9AI0), 6005. 
Michigan Ave., Room 818, Chicago 
5, Illinois. Phone: Harrison 5948. 
VERNER O. JENSEN, CO., 2616 
Second Ave., Seattle 1, Washing- 
ton. Phone: Elliott 6871. 
M. B. PATTERSON (WSCI), 1124 
Irwin-Keosler Bldg., Dallas 1, 
Texas. Phone: Central 5764, 

ADOLPH SCHWARTZ (W2CN), 220 
Broadway. Room 2210, New York 
7, N. Y. Phone: Cortland 7.0011. 
HERB BECKER (W60D), 1406 S. 
Grand Ave., Los Angeles 15, Cali- 
fornia. Phone: Richmond 6191. 
TIM COAKLEY (W1KKP),11 Beacon 
Street, Boston 8, Massachusetts. 
Phone: Capitol 0050. 
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T>a ryou 1~4' tit MALLORY 
maled tlede frio~? 

MALLORY products cover a wide territory-and so does the 

Mallory technical information that backs them up. Both are 

supreme in their field. Both are important to the business you, run. 

If any of the publications listed at the right are not in your Engineering 

Library, contact your Mallory representative. He'll be glad to make 

you úp a special portfolio. 

P.R. MALLORY 8 CO.Inc. 

ALLOR 
PRECISION 

P. R. MALLORY & CO., Inc., 

APPROVED 
PRODUCTS 
INDIANAPOLIS 6, INDIANA 
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: and backs them up with 
all this technical data .. . 

Approved Precision Products Catalog 
Electrical Contact Catalog 
Electrical Contact Data Book 
Capacitor Catalog 
AC Capacitor Data Folder 
Grid Bias Cells Data Folder 
Heavy Duty Rectifier Catalog 
RN Resistor Data Folder 
Radio Interference Eliminator Folder 
Radio Service Encyclopedia 

Resistance Welding Catalog 
Resistance Welding Data Book 
RL and RS Switch Data Folders 
Technical Manual 
Replacement Vibrator Guide 
Vibrator Engineering Data Folder 
Vibrator Data Book (in preparation) 
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ELECTRONICS KEITH HENNEY 

CROSS 

SPIRAL . . . The inflationary spiral in which we 
are now having a moderately good time is well publi- 
cized in the press. It is a phenomenon which can be 

"controlled within the borders of any one country when- 
ever and if the people of that country wish. No one 
outside the country need be consulted. On a wider 
basis, of course, international action is required. 

There is another spiral in which we are presently 
engaged which gets no publicity and which is danger- 

' ous to stop. This spiral got its start in the last war 
when it was highly desirable to develop an antidote 
for each new wartime weapon our enemies might 
produce. Thus for each new device a counter measure 
must be provided not only to disrupt a similar 
device produced by the enemy but to find the holes 
in our own equipment and plug them before they are 
discovered by the enemy. 

This cycle of developing a new weapon, then a 
counter means to it, then a new weapon to dodge the 
counter measure and so on soon develops into a spiral 
in which the stakes get progressively higher. It is a 
game in which all nations must play and in which the 
end point is utter destruction. 

This spiral cannot be controlled by any one country 
I lest it be destroyed. Only the highest echelons of com- 

mand can do anything about such a situation, which 
requires action on an international basis. Otherwise a 
great portion of everybody's time and energy and 
brains will be involved in producing instruments of 
death and destruction of even greater refinements 
than existed in the last war. 

FM . .. Present day thinking of the broadcast peo- 
ple is indicated by statements made at the FCC hear- 
ings on clear channels late in April. CBS President 
Frank Stanton gave his opinion that f -m would sup- 
plant a -m in three years; Mark Woods, president of 

TALK 

Editor JUNE, 1946 

ABC, gave 10 years as his guess. The important thing 
to note is the feeling that f -m will practically put a -m 
out of business. Mr. Stanton visualized a 200 -station 
f -m network as serving 90 percent of the U. S. popu- 
lation, aided by a few high power (really high power, 
this time) a -m jobs located at strategic points to 
cover the places where f -m won't get in. Mr. Stanton 
also stated that 20 of the Westinghouse stratovision 
planes might cover over 90 percent of the country 
with f -m. 

This trend, of course, is inevitable-has been so 
from the beginning and has been evident to all who 
were not afraid to look. In the meantime the nation's 
broadcast set manufacturers are hell bent on loading 
dealers with table models without f -m. In fact, the 
glut of these small boxes is now so great that you can 
walk down practically any street in New York or 
Chicago and find a half dozen stores loaded to the gills 
with sets of this type. Someone, soon, ought to get 
consoles ready for those millions of people who want 
something big and loud, something that will make a 
real dent in their pocket books and relieve them of 
that awful feeling of having a big wad of money and 
no place to spend it except at the races. 

And, by the way, is it possible that the programs are 
somewhat better lately? 

SURPLUS . . . Considerable annoyance has been 
expressed by radio stores, long in business, at one of 
the large New York department stores which was 
able to purchase several thousand surplus military 
transmitter -receivers at around $40 and promptly 
unload them by full page ads in the newspapers at 
around $80. Dealers claim they would have been glad 
to turn them over at very small profit to their custom- 
ers of long standing. The sets, by the way, set the 
government back some $1,100. 
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RAILROAD RADIO 
....from FCC 

Use of radio in yards and terminals has such obvious advantages that railroads require little 

urging to adopt it: Employment of radio along main lines, for the promotion of public safety 

and convenience, needs stimulation. Regulations should be flexible enough to provide it 

HEN THE Federal Communica- 
tions Commission, on Decem- 

ber 31, 1945, made finally effective 
its rules governing the new railroad 
radio service, it was tantamount to 
an announcement that, so far as that 
agency was concerned, the use of 
radio by the railroads could hence- 
forth proceed on a regular, non -ex- 
perimental basis. 

The FCC's fundamental responsi- 
bilities for encouraging railroad use 
of radio having largely come to an 
end with its establishment of the rail- 
road radio service, the problem now 
passes to the Interstate Commerce 
Commission. The essential nature of 
the problems' with which the ICC 
must now deal appears in the follow- 
ing excerpt from Section 25 of the 
Interstate Commerce Act: 

"(b) That the Commission may, after 
investigation, if found necessary in the 
public interest, order any carrier within 
a time specified in the order, to install 
the block signal system, interlocking, 
automatic train stop, train control, 
and/or cab -signal devices, and/or other 
rimilar appliances, methods, and sys- 
tems intended to promote the safety of 
railroad operation, which comply with 
specifications and requirements pre- 
scribed by the Commission, upon the 
whole or any part of its railroad such 
order to be issued and published a rea- 
sonable time (as determined by the 
Commission) in advance of the date for 
its fulfillment 

The broad, general nature of the 
language italicized by the author 
would seem to give the ICC plenary 
authority to require the installation 
of train radio systems. Some ques- 
tion might be raised regarding the 
authority of the ICC to order instal- 
lations in yard and terminal areas, 

The views expressed to thts article are 
personal to the author. 

however. Although such systems in- 
dubitably "promote the safety of rail- 
road operation" wherever employed, 
it might be argued that the yard and 
terminal radio communication system 
is not "similar" to the block signal 
system, train control devices, etc, 
used in main -line operations and 

Table I-Track Mileage of United 
States Railways 

MANUAL 
BLOCK 

1 

TOMA 
BLOCK 

TOTAL BLOCK 

TO'fi4L MAIN,; LINE, TRACK 

,TOTAIL, Y Akik;, IN, IiNJTFOcSTATES 

. , oo 304p0o 400,1X10 

which were specifically mentioned in 
Section 25 as coming within the 
ICC's authority. While the exact 
meaning of the italicized phrase has 
not been determined by the ICC or 
the courts, it is believed that a nar- 
row construction would not be put 
upon the ICC's authority if the ques- 
tion were to arise. 

Yard and Terminal Equipment 

The ICC's authority to order the 
installation of train communication 
systems in yard and terminal, as well 

as main -line operations is "not likely 
to be placed in issue, because the pres- 
ent practicability and desirability 
of using radio for yard and terminal 
communications has been convinc- 
ingly demonstrated. The Superinten- 
dent of Telegraphs of the Chicago, 
Burlington and Quincy Railroad rec- 
ently summarized that road's exper- 
ience in the use of radio, with one 
fixed station and several radio - 
equipped diesel-electric switch engi- 
nes operating in the Chicago yards, 
in this way:` 

" We have found the service to 
be dependable and effective throughout 
that portion of the Chicago switching 
district in which we operate, which has 
a radius of about 18 miles Our 
operating people, after these many 
months of actual experience, consider 
that the productivity of a diesel-elec- 
tric switch locomotive and the crew 
operating it is increased from 5 to 6 

percent by the application of the radio 
telephone. The cost of equipping a 
diesel-electric switching locomotive 
with radio is only slightly more than 1 

percent of the cost of the locomotive 
itself 

It thus appears that the principal 
problems confronting the ICC will 
probably not revolve about yard and 
terminal installations, the efficacy 
and advantages of which have been 
demonstrated. There will, of course, 
be certain problems incident to fixing 
the conditions and methods of oper- 
ation of yard and terminal train com- 
munication systems in regular use. 
But it is not likely that these condi- 
tions will materially affect the rapid 
pace of yard and terminal installa- 
tions. For reasons to be outlined, 
this is not true, however, in the case 
of installations that will be used to 
control the movement of trains over 
main -line track outside the yard and 
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JEREMIAH COURTNEY* 
Chief, Safety and Special Services Div. 

Law Department 
Federal Communications Corn mission 

Washington, D. C. 

terminal areas (and ultimately to 
provide telephone service for pas- 

iaenger use). In this field, the use of 
radio holds forth the brightest pros- 
pects for improving railroad per- 
formance. 

Main Line Operations 

Unlike yard and terminal installa- 
tions, the advantages of radio com- 
munications in main -line operations 
are less susceptible of exact evalua- 
tion by an experimental program 
limited in time or area of application. 
It is therefore of the greatest import- 
ance that the conditions and specifica- 
tions prescribed by the ICC regard- 
ing the use of radio communications 
for the control of main -line train 
movements shall not unduly restrict 
the carriers' experimentation with, 
or adoption of, a tool which holds 
forth so much promise to the railroad 
performance of the future. 

For purposes of illustrating the 
foregoing general statement of the 
major problem now facing the ICC, 
let us consider a specific question. 
Should the ICC approve the use of 
radio for en -route communications 
control only if the conventional, but 
expensive, block signal system has 
first been installed? The importance 
of this question can be readily per- 
ceived when it is realized that on 
nearly half the main -line track in the 
United States neither manual nor 
automatic block systems are in use.2 
If roads are to be denied the use of 
radio for en -route communications 
control purposes until a block signal 
system has been installed, it will un- 
questionably seriously retard the 
wide use of radio in main -line oper- 
ations. 
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An engineer out on the main line receives instructions from his dispatcher via radio 

This is not to suggest that the 
radio block system should now super- 
sede the present manual or automatic 
block signal system on roads employ- 
ing such systems. The use of radio 
on such roads supplements the exist- 
ing system. 

Automatic Block and Radio 

The testimony of W. R. Triem, 
General Superintendent of Telegraph 
of the Pennsylvania Railroad, at the 
FCC railroad radio hearing, made it 
abundantly clear that the expense of 
equipping fixed points and front and 
rear of trains with radio equipment 
is entirely warranted, even on roads 
100 percent block -controlled. 

Even conceding, however, as the 
ICC once stated, that the conven- 
tional block signal system "is the 
best method known for preventing 
collisions between trains"8 there is 
no denying the fact that many thou- 
sands of miles of passenger -operated 
road are still being operated without 
that best-known method for prevent- 
ing train collisions. The reason for 
this situation is quite simple. In the 
opinion of the railway management 
concerned, the relatively low -density 
traffic handled over such non -block 
sections has not warranted the costs 
of block installation and maintenance. 

That the less expensive radio sys- 
tem, certainly offering a large meas- 

ure of added security, may be fully 
justified in such cases may be seen in 
the testimony of another railway 
official. Samuel W. Fordyce, III, As- 
sistant to the President of the Kansas 
City Southern Railway Company and 
the Louisiana & Arkansas Railway 
Company, testified at the FCC rail- 
road radio hearing that a complete 
installation of radio equipment on 
all of the road's trains and at all 
desirable fixed points would require 
an outlay of $440,000. Assuming that 
the equipment would require com- 
plete depreciation over only a five 
year period, his company felt that the 
outlay was entirely justified because 
it was estimated that the operating 
savings possible through the use of 
radio communications would exceed 
$88,000 yearly, without even con- 
sidering the value of the added safety 
factors. To equip the road with auto- 
matic block protection, however, 
would cost an estimated $7,800,000 
which, in his opinion, could not be 
justified on any economic grounds. 

Under such circumstances, to con- 
dition the use of radio for en -route 
communications control on the prior 
installation of a block system is to 
deny the use of radio. It is not only 
to deny the use of radio but probably 
the development of a system which, 
on roads of low -density traffic, may 
be found as fully effective for the 
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Radio communication from end -to -end of a 125 -car freight improves performance 

prevention of train collisions as the 
presently better-known manual or 
automatic block signal controls. 

Supplementing Manual Block 

The density of traffic that flows 
over automatic -block protected track 
will probably justify in most cases 
the supplementation of such systems 
with two-way radio, because of the 
flexibility of control in train move- 
ments and the possibilities for pre- 
venting traffic tieups if the conductor 
and train dispatcher can be in instan- 
taneous touch with each other. 

In the case of manual block -sys- 
tems, operators at each end of the 
block control the movement of a train 
from one block of track to another. 
Because of the cost of operation of 
the manual block system, the blocks 
are quite long, averaging between 12 
and 15 miles, as contrasted with be- 
tween 1 and 2 miles for automatic 
block systems. The length of these 
blocks leads to permissive move- 
ments, i.e., Train B will be allowed 
to follow Train A on the same block; 
or Trains A and B, going in opposite 
directions, may be allowed to occupy 
the same block for the purpose of 
meeting at an intermediate point 
where one may pass the other on a 

siding. 
Thus there is an even greater need 

for definitizing the position of all 

trains on the block in the case of a 
manual block system, which is readily 
possible through the instaneous com- 
munication radio permits between 
fixed control point and moving train, 
and between trains. Indeed, it may 
well be that experience with radio en - 
route communications will prove that 
type of train control superior to the 
manual block system of operation 
with the permissive train movements 
above described. If so, considerable 
savings in the costs of operation may 
be made possible through lengthen- 
ing of the blocks, for example, or by 

Table II-Railroad 

expediting the flow of traffic by in- 
creasing the number of permissive 
movements. 

The Course Ahead 

As it can be seen, the course the 
ICC must chart in the development of 
railroad use of radio is not an easy 
one. Under all three methods of 
main -line train operations-time- 
table and train order; time -table, 
train order and manual block; and 
time -table, train order and automatic 
block-the common problem will be 

the establishment of routines which 
will, consistent with safety of opera- 
tion, permit the maximum advantage 
to be taken of this new tool for im- 
proving railroad performance. A 

sound evaluation of the problems 
posed by the application of radio to 
railroad operations cannot be ex- 
pected if approached with the fixed 

view that the unchanging basis of all 

safe operation is to be found only in 

the block signal system. 
The long experience the ICC has 

had in the railroad field and its con- 

tinued championing and adoption of 

other safety devices such as the block 

system, interlocking switches and au- 
tomatic cab signals, presages the 
sound handling of the problems 
raised by the application of this lat- 
est safety measure to railroad main- 
line operations. 
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Radio Frequencies 

EXCLUSIVE SHARED EXPERIMENTAL 

158.4 to 162 mc 44 to 50, 54 to 60, 60 to 1375 to 1425, 1750 to 
66, 66 to 72, 76 to 82, 
186 to 192, 192 to 198, 
198 to 204, 201 to 210, 
210 to 216 mc 

2100, 2450 to 2700, 
3700 to 4000, 4200 to 
4400, 5650 to 7050, 
10500 to 13000, 16000 
to 18000, 26000 to 
30000 mc 

(This provides 60 (Specific channels will (Specific channels will 
channels, each 60-kc be assigned in television be assigned from fixed 
wide, primarily for end- channels 1-5 and 9-13 and mobile bands for 
to -end and fixed-point- for short-range yard and railroad experimental 
to -train communica- terminal railroad corn- programs in these 
tions. Use on a munications on a higher -frequency 
secondary basis for 
yard and terminal corn- 
munications permitted) 

mutually non -inter- 
fering basis) 

ranges) 
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Electronic 
Li - I NIGHT SIGHT 

\, d: 

Tlitnight sight mounted on a 30 -calibre 
carne, showing the sighting and aiming 
tek:ope (receiver) above the barrel, the 

"au Infrared" lightsource (transmitter) 
beta it, and the powerpack on the marks- 

man's back 

MILAR to a German infrared 
night sight described in the 

Tubs at Work department of this 
ism: of ELECTRONICS, a "Sniper - 
scot" demonstrated to the press by 

Eletronic Laboratories, Inc., of In- 
diaapolis is effective up to 60 yards 
in omplete darkness. The marks - 
ma switches on a light virtually in- 
visb le to the naked eye, sees an im- 
agcof the target on the screen of a 
speial electronic tube, and squeezes 
the rigger. 

lght produced by a 6 -volt 30 -watt 
lara is sharply focused and directed 
tov.rd the target through a "near 
infired" filter. reflected from 
the;arget passes through an optical 
len system and forms an image on 
themosiac of a tube similar to the 
orticon type used in television 
trasmitter pickup cameras, except 
fdr,he fact that it is sensitive in the 
rdd)n between 80,000 and 120,000 
Anttrom units. Within this same 
tut, which employs an electron-mul- 
tip. r type photoelectric cathode, the 
inf ,red image is converted into a 
vie de image by an electrostatically 
fo oed cathode-ray section similar 
to lose employed within television 
rec ver picture tubes, and the 
macsman peers at this image 
thrigh a magnifying lens system. 
Ra lution, in television terms, is 
abct the equivalent of 600 lines. 

lightsource is operated di - 
racy from a rechargeable wet, but 
no::spillable, battery. The tube ob- 
ta:;t 4,500 volts of d -c for the vari- 
outanodes, control grids, and focus- 
ingelectrodes from a vibrator. No 
filatent power is required. The bat- 
ter, operating both the lightsource 
anithe tube, will last for 6 hours on 

i The target is illuminated by infrared light and a com- 

bination orthicon and cathode-ray tube with a built-in 

electron multiplier converts the reflected light into a 

visible image 

continuous duty. Total current drain 
is 36 watts. 

In addition to the Sniperscope, de- 
signed for mounting on a carbine, a 

"Snooperscope" intended for detec- 
tion of infiltrating enemy troops and 
the reading of maps in darkness was 
shown. Some 6,000 of these two mod- 
els using Sylvania and Farnsworth 
tubes were manufactured and de- 
livered to the military during the 
war. They were extensively used by 
the 10th Army based on Hawaii, and 
by the Marines at Saipan, as early 
as December 1944. Three other mod- 
els have also been built, for use in 
conjunction with anti-aircraft weap- 
ons, in night -fighting aircraft, and in 
tanks. Reporters were told that one 
model employing a tube containing 
radium is so sensitive in the "far 
infrared" region that it can detect a 
camouflaged tank by engine heat 
hours after the motors are shut 
down. Thís particular model, by vir- 

tue of the shorter light wavelength 
employed, is also quite effective 
through fog. The models shown were 
only 30 percent more effective in fog 
than white light would be. 

The Sniperscope sold to the gov- 
ernment for about $750, according to 
company engineers. Commercial ver- 
sions, it was said, might eventually 
be developed for about half this price 
for police and other law -enforcement 
agencies, depending to a large extent 
upon the sales volume attained. Other 
potential peacetime applications 
would include use by aircraft to 
bridge the gap left by most radio and 
radar blind -landing apparatus in the 
last 50 feet above ground, safe navi- 
gation for shipping at night or in 
dense fog, and perhaps ultimately 
fog -piercing apparatus for railroads 
and even for automobiles. Experi- 
mental infrared apparatus has op- 
erated effectively at distances up to 

mile.-W. MACD. 
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Simplified block diagram of the system, the heart of which is a special television - 
type tube having a mosaic sensitive in the infrared region between 80.000 and 
120,000 Angstroms, a photoelectric cathode of the electron.multiplier type, and an 

electrostatically focused cathode-ray 
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RAILROAD RADIO 
....from FCC 

Use of radio in yards and terminals has such obvious advantages that railroads require little 

urging to adopt it. Employment of radio along main lines, for the promotion of public safety 

and convenience, needs stimulation. Regulations should be flexible enough to provide it 

WHEN THE Federal Communica- 
tions Commission, on Decem- 

ber 31, 1945, made finally effective 
its rules governing the new railroad 
radio service, it was tantamount to 
an announcement that, so far as that 
agency was concerned, the use of 
radio by the railroads could hence- 
forth proceed on a regular, non -ex- 
perimental basis. 

The FCC's fundamental responsi- 
bilities for encouraging railroad use 
of radio having largely come to an 
end with its establishment of the rail- 
road radio service, the problem now 
passes to the Interstate Commerce 
Commission. The essential nature of 
the problems with which the ICC 
must now deal appears in the follow- 
ing excerpt from Section 25 of the 
Interstate Commerce Act: 

"(b) That the Commission may, after 
investigation, if found necessary in the 
public interest, order any carrier within 
a time specified in the order, to install 
the block signal system, interlocking, 
automatic train stop, train control, 
and/or cab -signal devices, and/or other 
similar appliances, methods, and sys- 
tems intended to promote the safety of 
railroad operation, which comply with 
specifications and requirements pre- 
scribed by the Commission, upon the 
whole or any part of its railroad such 
order to be issued and published a rea- 
sonable time (as determined by the 
Commission) in advance of the date for 
its fulfillment 

The broad, general nature of the 
language italicized by the author 
would seem to give the ICC plenary 
authority to require the installation 
of train radio systems. Some ques- 
tion might be raised regarding the 
authority of the ICC to order instal- 
lations in yard and terminal areas; 

The views expressed in this article are 
personal to the author. 

however. Although such systems in- 
dubitably "promote the safety of rail- 
road operation" wherever employed, 
it might be argued that the yard and 
terminal radio communication system 
is not "similar" to the block signal 
system, train control devices, etc, 
used ín main -line operations and 

Table I-Track Mileage of United 
States Railways 

-MANUI 
a 

L 
BLOCK 

1 ----TOMA 
BLOCKY 

TOTAL BLOCK 

-- 
TOTAL NAiN,LiNE. TRACK =.- 

,TOrAÍ"LTiAlf1( iN UN/7EOc`STATES , ,-- 
I 

14'72x ; ar,aoo . aoopoo. aoO_,000 

which were specifically mentioned in 
Section 25 as coming within the 
ICC's authority. While the exact 
meaning of the italicized phrase has 
not been determined by the ICC or 
the courts, it is believed that a nar- 
row construction would not be put 
upon the ICC's authority if the ques- 
tion were to arise. 

Yard and Terminal Equipment 

The ICC's authority to order the 
installation of train communication 
systems in yard and terminal, as well 

as main -line operations is .not likely 

to be placed in issue, because the pres- 
ent practicability and desirability 
of using radio for yard and terminal 
communications has been convinc- 
ingly demonstrated. The Superinten- 
dent of Telegraphs of the Chicago, 
Burlington and Quincy Railroad rec- 
ently summarized that road's exper- 
ience in the use of radio, with one 
fixed station and several radio - 
equipped diesel-electric switch engi- 
nes operating in the Chicago yards, 
in this way:' 

" We have found the service to 
be dependable and effective throughout 
that portion of the Chicago switching 
district in which we operate, which has 
a radius of about 18 miles Our 
operating people, after these many 
months of actual experience, consider 
that the productivity of a diesel-elec- 
tric switch locomotive and the crew 
operating it is increased from 5 to 6 

percent by the application of the radio 
telephone. The cost of equipping a 
diesel-electric switching locomotive 
with radio is only slightly more than 1 

percent of the cost of the locomotive 
itself " 

It thus appears that the principal 
problems confronting the ICC will 
probably not revolve about yard and 
terminal installations, the efficacy 
and advantages of which have been 
demonstrated. There will, of course, 
be certain problems incident to fixing 
the conditions and methods of oper- 
ation of yard and terminal train com- 
munication systems in regular use. 
But it is not likely that these condi- 
tions will materially affect the rapid 
pace of yard and terminal installa- 
tions. For reasons to be outlined, 
this is not true, however, in the case 
of installations that will be used to 
control the movement of trains over 
main -line track outside the yard and 
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Chief, Safety and Special Services Div. 

Law Department 
Federal Communications Commission 

Washington, D. C. 

terminal areas (and ultimately to 
provide telephone service for pas- 
senger use). In this field, the use of 
radio holds forth the brightest pros- 
pects for improving railroad per- 
formance. 

Main Line Operations 

Unlike yard and terminal installa- 
tions, the advantages of radio com- 
munications in main -line operations 
are less susceptible of exact evalua- 
tion by an experimental program 
limited in time or area of application. 
It is therefore of the greatest import- 
ance that the conditions and specifica- 
tions prescribed by the ICC regard- 
ing the use of radio communications 
for the control of main -line train 
movements shall not unduly restrict 
the carriers' experimentation with, 
or adoption of, a tool which holds 

1 forth so much promise to the railroad 
1 performance of the future. 

For purposes of illustrating the 
foregoing general statement of the 
major problem now facing the ICC, 
let us consider a specific question. 
Should the ICC approve the use of 
radio for en -route communications 
control only if the conventional, but 
expensive, block signal system has 
first been installed? The importance 
of this question can be readily per- 

! ceived when it is realized that on 
nearly half the main -line track in the 

' United States neither manual nor 
automatic block systems are in use.2 
If roads are to be denied the use of 
radio for en -route communications 
control purposes until a block signal 
system has been installed, it will un- 
questionably seriously retard the 
wide use of radio in main -line oper- 
ations. 
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An engineer out an the main line receives instructions from his dispatcher via radio 

This is not to suggest that the 
radio block system should now super- 
sede the present manual or automatic 
block signal system on roads employ- 
ing such systems. The use of radio 
on such roads supplements the exist- 
ing system. 

Automatic Block and Radio 

The testimony of W. R. Triem, 
General Superintendent of Telegraph 
of the Pennsylvania Railroad, at the 
FCC railroad radio hearing, made it 
abundantly clear that the expense of 
equipping fixed points and front and 
rear of trains with radio equipment 
is entirely warranted, even on roads 
100 percent block -controlled. 

Even conceding, however, as the 
ICC once stated, that the conven- 
tional block signal system "is the 
best method known for preventing 
collisions between trains"e there is 
no denying the fact that many thou- 
sands of miles of passenger -operated 
road are still being operated without 
that best-known method for prevent- 
ing train collisions. The reason for 
this situation is quite simple. In the 
opinion of the railway management 
concerned, the relatively low -density 
traffic handled over such non -block 
sections has not warranted the costs 
of block installation and maintenance. 

That the less expensive radio sys- 
tem, certainly offering a large meas- 

ure of added security, may be fully 
justified in such cases may be seen in 
the testimony of another railway 
official. Samuel W. Fordyce, III, As- 
sistant to the President of the Kansas 
City Southern Railway Company and 
the Louisiana & Arkansas Railway 
Company, testified at the FCC rail- 
road radio hearing that a complete 
installation of radio equipment on 
all of the road's trains and at all 
desirable fixed points would require 
an outlay of $440,000. Assuming that 
the equipment would require com- 
plete depreciation over only a five 
year period, his company felt that the 
outlay was entirely justified because 
it was estimated that the operating 
savings possible through the use of 
radio communications would exceed 
$88,000 yearly, without even con- 
sidering the value of the added safety 
factors. To equip the road with auto- 
matic block protection, however, 
would cost an estimated $7,800,000 
which, in his opinion, could not be 
justified on any economic grounds. 

Under such circumstances, to con- 
dition the use of radio for en -route 
communications control on the prior 
installation of a block system is to 
deny the use of radio. It is not only 
to deny the use of radio but probably 
the development of a system which, 
on roads of low -density traffic, may 
be found as fully effective for the 
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communication from end -to -end of a 125 -car freight Improves performance 

prevention of train collisions as the 
presently better-known manual or 
automatic block signal controls. 

Supplementing Manual Block 

The density of traffic that flows 
over automatic -block protected track 
will probably justify in most cases 
the supplementation of such systems 
with two-way radio, because of the 
flexibility of control in train move- 
ments and the possibilities for pre- 
venting traffic tieups if the conductor 
and train dispatcher can be in instan- 
taneous touch with each other. 

In the case of manual block sys- 
tems, operators at each end of the 
block control the movement of a train 
from one block of track to another. 
Because of the cost of operation of 
the manual block system, the blocks 
are quite long, averaging between 12 

and 15 miles, as contrasted with be- 
tween 1 and 2 miles for automatic 
block systems. The length of these 
blocks leads to permissive move- 
ments, i.e., Train B will be allowed 
to follow Train A on the same block; 
or Trains A and B, going in opposite 
directions, may be allowed to occupy 
the same block for the purpose of 
meeting at an intermediate point 
where one may pass the other on a 

siding. 
Thus there is an even greater need 

for definitizing the position of all 

trains on the block in the case of a 
manual block system, which is readily 
possible through the instaneous com- 
munication radio permits between 
fixed control point and moving train, 
and between trains. Indeed, it may 
well be that experience with radio en - 
route communications will prove that 
type of train control superior to the 
manual block system of operation 
with the permissive train movements 
above described. If so, considerable 
savings in the costs of operation may 
be made possible 'through lengthen- 
ing of the blocks, for example, or by 

expediting the flow of traffic by in- 
creasing the number of permissive 
movements. 

The Course Ahead 

As it can be seen, the course the 
ICC must chart in the development of 
railroad use of radio is not an easy 
one. Under all three methods of 
main -line train operations-time- 
table and train order; time -table, 
train order and manual block; and 
time -table, train order and automatic 
block-the common problem will be 
the establishment of routines which 
will, consistent with safety of opera- 
tion, permit the maximum advantage 
to be taken of this new tool for im- 
proving railroad performance. A 

sound evaluation of the problems 
posed by the application of radio to 
railroad operations cannot be ex- 
pected if approached with the fixed 
view that the unchanging basis of all 
safe operation is to be found only in 

the block signal system. 
The long experience the ICC has 

had in the railroad field and its con- 
tinued championing and adoption of 
other safety devices such as the block 
system, interlocking switches and au- 
tomatic cab signals, presages the 
sound handling of the problems 
raised by the application of this lat- 
est safety measure to railroad main- 
line operations. 

REFERENCES 

(1) Hasselbacker, H. H., Modern Railroad 
Communication, The Commercial and Finan- 
cial Chronicle, Dec. 20, 1945. 

(2) 59th Annual Report of the Bureau of 
Safety, ICC, p 98 and p 133, Nov. 1. 1945. 

(3) Report of the Bureau of Safety, ICC, 
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Table II-Railroad Radio Frequencies 

EXCLUSIVE SHARED EXPERIMENTAL 

158.4 to 162 me 44 to 50, 54 to 60, 60 to 
66, 66 to 72, 76 to 82, 

1375 to 1425, 1750 to 
2100, 2450 to 2700, 

186 to 192, 192 to 198, 
198 to 204, 204 to 210, 
210 to 216 mc 

3700 to 4000, 4200 to 
4400, 5650 to 7050, 
10500 to 13000, 16000 
to 18000, 26000 to 
30000 mc 

(This provides 60 (Specific channels will (Specific channels will 
channels, each 60-kc be assigned in television be assigned from fixed 
wide, primarily for end- channels 1-5 and 9-13 and mobile bands for 
to -end and fixed-point- for short-range yard and railroad experimental 
to -train communica- terminal railroad corn- programs in these 
tions. Use on a munications on a higher -frequency 
secondary basis for mutually non -inter- ranges) 
yard and terminal corn- 
munications permitted) 

fering basis) 
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The night sight mounted on a 30 -calibre 
carbine, showing the sighting and aiming 
telescope (receiver) above the barrel, the 

"near infrared" lightsource (transmitter) 
below it. and the powerpack on the marks- 

man's back 

SIMILAR to a German infrared 
night sight described in the 

Tubes at Work department of this 
issue of ELECTRONICS, a "Sniper - 
scope" demonstrated to the press by 
Electronic Laboratories, Inc., of In- 
dianapolis is effective up to 60 yards 
in complete darkness. The marks- 
man switches on a light virtually in- 
visible to the naked eye, sees an im- 
age of the target on the screen of a 

special electronic tube, and squeezes 
the trigger. 

Light produced by a 6 -volt 30 -watt 
lamp is sharply focused and directed 
toward the target through a "near 
infrared" filter. Light reflected from 
the target passes through an optical 
lens system and forms an image on 

the mosiac of a tube similar to the 
orthicon type used in television 
transmitter pickup cameras, except 
for the fact that it is sensitive in the 
region between 80,000 and 120,000 
Angstrom units. Within this same 
tube, which employs an electron -mul- 
tiplier type photoelectric cathode, the 
infrared image is converted into a 
visible image by an electrostatically 
focused cathode-ray section similar 
to those employed within television 
receiver picture tubes, and the 
marksman peers at this image 
through a magnifying lens system. 
Resolution, in television terms, is 
about the equivalent of 600 lines. 

The lightsource is operated di- 
rectly from a rechargeable wet, but 
non -spillable, battery. The tube ob- 
tains 4,500 volts of d -c for the vari- 
ous anodes, control grids, and focus- 
ing electrodes from a vibrator. No 
filament power is required. The bat- 
tery, operating both the lightsource 
and the tube, will last for 6 hours on 

Electronic 
NIGHT SIGHT 
The target is illuminated by infrared light and a com- 

bination orthicon and cathode-ray tube with a built-in 

electron multiplier converts the reflected light into a 

visible image 

continuous duty. Total current drain 
is 36 watts. 

In addition to the Sniperscope, de- 

signed for mounting on a carbine, a 

"Snooperscope" intended for detec- 
tion of infiltrating enemy troops and 
the reading of maps in darkness was 
shown. Some 6,000 of these two mod- 
els using Sylvania and Farnsworth 
tubes were manufactured and de- 
livered to the military during the 
war. They were extensively used by 
the 10th Army based on Hawaii, and 
by the Marines at Saipan, as early 
as December 1944. Three other mod- 
els have also been built, for use in 
conjunction with anti-aircraft weap- 
ons, in night -fighting aircraft, and in 
tanks. Reporters were told that one 
model employing a tube containing 
radium is so sensitive in the "far 
infrared" region that it can detect a 
camouflaged tank by engine heat 
hours after the motors are shut 
down. This particular model, by vir- 

tue of the shorter light wavelength 
employed, is also quite effective 
through fog. The models shown were 
only 30 percent more effective in fog 
than white light would be. 

The Sniperscope sold to the gov- 
ernment for about $750, according to 
company engineers. Commercial ver- 
sions, it was said, might eventually 
be developed for about half this price 
for police and other law -enforcement 
agencies, depending to a large extent 
upon the sales volume attained. Other 
potential peacetime applications 
would include use by aircraft to 
bridge the gap left by most radio and 
radar blind -landing apparatus in the 
last 50 feet above ground, safe navi- 
gation for shipping at night or in 
dense fog, and perhaps ultimately 
fog -piercing apparatus for railroads 
and even for automobiles. Experi- 
mental infrared apparatus has op- 
erated effectively at distances up to 

mile.-W. MACD. 
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Simplified block diagram of the system, the heart of which is a special television - 
type tube having a mosaic sensitive in the infrared region between 80,000 and 
120.000 Angstroms. a photoelectric cathode of the electron -multiplier type, and an 

electrostatically focused cathode-ray 
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Rear view of the cenlralstation unit show- 
ing cords connecting microphones or a re- 

mote desk set and dial. Besides an audio 
mixer and automatic restoring -pulse gen- 

erator the unit includes a power supply 

FOR MANY YEARS there have been 
in existence a number of radio 

communications systems which were 
installed primarily as a means of 
controlling the action of mobile units 
from a central authority. Police and 
public utilities systems are the most 
familiar examples. With the devel- 
opment of new, improved mobile 
equipment to satisfy a public demand 
for this type of service a manifold 
increase may be expected in the use 
of such systems and this increase 
will bring with it new problems. 

The time-honored anouncement 
"calling all cars" or "calling car X- 

78", is on the way out. Even in a 

well -disciplined group represented 
by police personel, misunderstanding 
of verbal signals and the ability of 
any car to come on the air at will 

jeopardizes the system. Control of 
tugboat or taxi ,fleets in which the 
operators of the mobile units may 
forget their call numbers or may un- 
thinkingly break in upon established 
communications demands a foolproof 
calling system with lockout of un- 
wanted mobile transmitters. The 
calling code must be sufficiently dis- 
tinctive so that receivers will not 
respond to skywave-reflected signals 
of distant medium -frequency trans- 
mitters or the occasional abnor- 
mally long-distance signals on very 
high frequencies. 

One of the most obvious and 
attractive methods of controlling a 

group of receivers from one point 
makes use of an easily operated de- 

vice for effectively keying a trans- 
mitter with a series of coded signals, 
one for each receiver, in such a 

manner that an alarm is sounded at 
the mobile station without the neces- 
sity for continuously monitoring the 
carrier frequency of the central_ 
transmitter. A truly satisfactory 
system of control would be one in 

i 

A 

x,e 

é 

Selective 
Positive control of remote communications equipment in 

police, taxi or other mobile fleets. Equipment is applicable 

to new or existing transmitters anti receivers 

By J. K. KULANSKY 
Project Engineer 

Hammarlund Manufacturing Co., /nc. 
New York. A. Y. 

which a "black box" is connected to 
any of the various types of receivers 
now in use in order to accomplish the 
desired effects. By the same token, 
the signalling device at the trans- 
mitter should be a similar self-con- 
tained unit, easily attached to any 
standard equipment with a minimum 
of effort. 

With these objectives in mind, the 
Hammarlund Manufacturing Co. has 
designed a fleet -control system which 
has a number of unique features. 

Mechanical and Electrical 
Characteristics 

Moderate -size equipment which 
can be connected to the speech input 
circuit of any central -control radio 
transmitter now in use without ad- 
versely affecting the normal audio 
function is used. The mobile decoder 
is a small, low -current -drain unit to 

be added to equipment already in- 
stalled in vehicles or craft or for 
inclusion on the chassis of new re- 
ceiving equipment. 

The code transmitter operates 
directly into a 500 or 600 -ohm audio 
input at a level of 0-350 millivolts 
and furnishes an appropriate input 
circuit for a dynamic or carbon - 
button microphone or handset in 
such a manner that there need be no 
switching between the control and 
communication function. The re- 
ceiving equipment is capable of oper- 
ating reliably with a properly coded 
signal from the receiver output stage 
at a level approximately 15 db down 
from the normal audio signal. 

Operational Procedure 

The control operator or dispatcher 
can select any one of 84 different re- 
ceivers, or all 84 at once, by dialing a 
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FIG. 1-Block diagram of the central -station coder. The manual telephone dial keys 
a 6-kc oscillator to signal the mobile units. All the blocks to the left represent circuit 

elements used in automatically clearing the system for the next call 

our -digit number, such as 2611, the 
igits of which total 10. At the con- 
tusion of his transmission, he can 
tear the system quickly in order to 
nitiate further selective calls or to 
llow the previously locked -out sta- 
ions to call the master control. The 
,eceiving station accepts its coded 
all and is automatically put into 
ondition to transmit a reply, even 
vith a signal only 3 db above hash - 
wise applied to the input of the 
ilecoder unit. A visual signal light 
Indicates to the operator the condi- 
:ion of the facilities. The receivers 
lot called reject the coded signals, 
)ut a warning light shows that the 
system is busy and unwanted mobile 
transmitters are locked out of use. 
Laboratory tests so far indicate that 
receivers so equipped do not respond 
:o spurious signals of any kind, 
tither voice frequencies, audio tones, 

or signals from adjacent systems 
which utilize the same type or other 
coded calling systems. 

Under certain conditions, when 
the full 84 mobile stations are not 
required, the system can be modified 
to allow a less-er number to be called, 
one at a time, in any desired se- 
quence. This procedure is effected 
without releasing the previous calls 
or calling all stations at once. 

Central Station Coder 

The central station coder (pictured 
here) consists of a cabinet 10 x 10 x 
12 inches, weighing 22a pounds. 
Main power switch, indicating light 
and primary fuse are located near 
the lower front edge. The operating 
controls, a standard telephone dial 
and a momentary -contact pushbut- 
ton, are located on the sloping panel. 
Microphone and other connections 

Front view of the central -station selective 

calling unit. This type of construction is 

used for oldsr installations where there is 

no room for another panel in existing 
equipment 

appear at the rear of the unit (also 
illustrated). Dial and reset button 
carry direct current only and so can 
be remotely located if desired. 

A block diagram of the central - 
station apparatus is shown in Fig. 1. 

The heart of the transmitting ap- 
paratus is the 6-kc tone oscillator 
which, together with the dialing im- 
pulses, furnishes the necessary sig- 
nal-to-noise discrimination for reli- 
able signalling. Extremely stable 
oscillations at the desired frequency 
have been obtained from a kallitron- 
type oscillator'. In this circuit a 
negative resistance produced by a 
modified form of multivibrator is 
used across an inductance which 
forms the primary of an output 
transformer for the tone oscillator. 
The dial contacts merely reduce grid 
bias in such a way as to key the 
circuit. In actual practice, with the 
frequency discrimination available 
at the receiving apparatus, it is pos- 
sible to use signalling channels about 
1,000 cps apart near 6 kc and about 
500 cps apart at the lower limit of 
3 kc. 

The tone impulses are fed into a 
cathode -follower mixer which allows 
the use of a dynamic microphone or 
a desk set immediately after the code 
signal is dialed, without any addi- 
tional switching. The output of the 
mixer feeds the regular speech -input 
circuit of the radio transmitter. 

The rest of the blocks to the left 
of the tone generator represent the 
circuit elements used to generate the 
coded pulses necessary to reset all 
receiving apparatus at the touch of 
a button. 

The reset timer is a normally -off 
multivibrator, with a period of 0.33 
second, from which the bias is re - 

moved by closure of the reset button. 
At the instant the timer turns on, 
the normally -off timer switch is also 
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turned on. This electronic switch 
then connects the +300-v lead to the 
pulse generator, a multivibrator op- 
erating at 30 pps. By this means, 
exactly 10 pulses are released from 
the pulse generator and fed to one 
grid of the keying switch. These 
impulses act upon the 6-kc oscillator 
in the same manner as the dial im- 
pulses. However, because of the sys- 
tem requirements, a long pulse of 
about 0.15 second duration must be 
made to follow the series of ten short 
pulses. 

The first circuit put into operation 
by depressing the reset button is the 
reset timer. At the end of its 0.33 - 
second on period, the multivibrator 
falls back to its normal position and 
a positive pulse from the normally -off 
tube is fed to the dash generator, an- 
other multivibrator circuit with a 
period of 0.15 second, which turns on 
the second grid of the keying switch. 
The sum total of these operations re- 
sults in a complex signal pulse last- 
ing approximately half a second, at 
the end of which time all mobile 
equipment is released for new calls. 

Mobile Code Receiver 

The receiving equipment pictured 
is complex only in the electromechan- 
ical sense, in that the received tone 
pulses are translated into positions 

Table I- 
Sample Group Calling System 

Car 
Desig- 
nation 

Individual 
Code 

Number 

Partial Fleet 
and Group- 

Control Numbers 

19 28 37 

A 1117 X X X 

B 1126 X X 

C 1135 X X 

D 11-11 X X 

E 1153 X X 

F 1162 X X 

G 1171 X X 

H 1216 X X 

I 1225 X X 

J 1234 X X 

K 1243 X X 

L 1252 X X 

M 1261 X X 
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FIG. 2-Simplified block diagram of the mobile decoding equipment. In this device 

the received 6-kc tone -pulses are converted to the operational sequence positions of 

a stepping switch or rejected, depending upon the code dialed 
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FIG. 3-The mobile decoder is inserted In series with the primary of speaker output 
transformer in the plate lead of the receiver audio -output tube. The plots of imped- 
ance vs frequency across filter and speaker transformer indicate the extreme 
selectivity of the filter. The speaker response will be down at the signalling 

frequency, but substantially unaffected in the speech range 

of a telephone -type stepping switch. 
Otherwise, it can easily be connected 
in the audio output of 'any receiver, 
with some additional wiring to pro- 
vide automatic transmitter lockout 
and visual indication of a busy sys- 
tem, as shown in the simplified block 
diagram of Fig. 2. 

The 6-kc band-pass filter shown in 
Fig. 3 is connected in series with the 
output transformer in the plate lead 
of the receiver. The transformer is 
shunted by a relatively low value of 
capacitance to reduce its impedance 
to the higher audio frequencies used 
for calling. The filter primary is 
sharply tuned to 6 kc, with an input 
impedance of about 33,000 ohms at 
that frequency, but it presents a low 

impedance of about 200 ohms to voice 
frequencies. There is therefore no 
serious speech attenuation by inser- 
tion of the coded -calling device. 

The first tone impulse passing 
through the filter turns on the nor- 
mally -cutoff a -f amplifier which 
operates a sensitive a -f relay, and 
locks out the transmitter. At this 
time, the indicating lamp on the 
dashboard lights (or a previously 
lighted lamp dims to half brilliance 
if this type of system is desired), 
showing that a call is in progress. 
Depending upon the wiring of a 
multiconnector coding plug, the first 
complete digit dialed either rejects 
the call or sets up a condition of the 
switching mechanism for acceptance 
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further digits. This same form 
11' selection takes place upon receipt 
i succeeding digits. 
If the received number is correct 
,r the station called, the pulsing 
rite, which is a part of the stepping 
ilay mechanism, remains open for 
.e duration of each pulse sequence 
,: a digit, until the stepping relay 
is finally attained its tenth and last 
ep. At this point, the transmitter 
rcuit is unlocked, the visual signal 
pes out and the loudspeaker is con - 
acted to the receiver. If, however, 
. any point a wrong number for this 
ation comes through, the decoding 
play, actuated by the stepping relay 
rd the associated wiring, operates 
le release magnet of the stepping 
day and allows it to fall back to its 
:arting position. The transmitter 
:mains locked out and the indicator 
.mp remains lighted, showing that 

is not possible to operate the 
iobile transmitter. The loudspeakers 
t all mobile units are muted during 
le above sequence to avoid distrac- 
on of the mobile operators' atten- 
on from other duties. 

Calling All Cars 

If the central -control operator de- 
ires to address all the mobile units 
t once, he dials zero (actually 10), 
'hereupon all the mobile stepping 
witches come up to the last position 
nd place the mobile equipments in a 
ondition for two-way operation. 

When the dispatcher has concluded 
ommunication, he operates the reset 
utton, which causes the transmitter 

i) send out ten short pulses followed 
y a dash, as described above. All 
witches, regardless of their previ- 
us position; are thereby brought up 

the last step and then released by 
le long dash. The loudspeaker which 
s normally connected at the moment 
ae stepping switch attains the last 
'ontact remains silent during the 
fearing signal. At the same time, 
ne indicator lamp goes out, showing 
;he mobile operator that the system 
s again available for use by anyone. 

The code number of each vehicle 
s determined by a multipoint plug 
7hich can be quickly inserted or 
'ithdrawn from the decoding unit. 
the plugs are wired according to a 
,efinite plan in such a way that all 
he desired points are tied together. 
Chus the coding of the vehicle can 
e changed merely by substituting a 
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plug differently wired, and stamped 
with the number to which the equip- 

ment will respond. 
Physically, the receiving unit is 

compact. measuring 3i{ x 31l x 7's 

inches above the chassis and extend- 
ing about 1 inch below. The unit, 
weighing 3; pounds, can be replaced 
in about a minute by loosening four 
patent fasteners. The coding plug 
can be quickly shifted from the old 

to the replacement unit. 
Current drain ranges from 3 am- 

peres (at 6 volts) for each pulse 
during the stepping period, and 0.11 

ampere during the transmitter lock- 

out, dom n to 0,25 ampere during 
standby. Hom ever, the receiving 
relays will respond reliably to signals 
when they are operated from a source 
of from 5.5 to 7.5 volts, so that there 
is little danger of the system's be- 

coming inoperative during a period 
of excessive use or when batteries 
are being charged. 

Possible Variations 

Dialing speed is not critical, par- 
ticularly when faster than normal. 
The system as basically constituted 
responds to four -digit numbers, 
with a limit of 84 stations. If five - 
digit numbers are permissible, the 
system can be made to include 126 
stations. 

In some instances, it may be de- 

sired to divide the fleet into several 

sections and make a general call for 

each sub -group. Table I illustrates 
how one section of a fleet, consisting 
of 13 mobile stations, identified A 

through M. can he issued a general 
call by dialing 19 instead of 0 (gen- 

eral call for a whole fleet). In addi- 
tion, the section can be broken up into 
two groups, B -G and H -M, with a 

roving captain represented by A. A 

general call to the first sub -group 
can be made by dialing 28, whereas 
the second sub -group receives a gen- 
eral call when 37 is dialed from the 
dispatcher's transmitter. It should 
be noted that in this example station 
A is included in a general call to 
either group. 

Conclusions 

The principles involved in this 
system can be applied to other re- 
mote signalling applications, wire or 
radio, and variations allow remote 
control of the transmitting equip- 
ment as well as its coded output. The 
relative simplicity of the equipment 
is perhaps best attested by its low 
cost and its variety of uses. 
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Interior of the mobile decoding unit. The selective filter is enclosed in the can at tbsi 
left, the stepping and other relays are at the right. A numbered plug (1216) indicates 

the code to which the unit will respond. This plug can be quickly changed 
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Photoelectric Sight 
Disc masking most of the light radiated by the sun itself is automatically centered within one 

second of arc so that corona photographs can be taken and radio disturbances forecast 

FIG. 1-Photoelectric apparatus is mounted on top of the main telescope. The guiding 
telescope lens may be seen near the top, with the phototube and amplifier unit 

below it. A camera is mounted on the near end of the telescope 

4 

THE DRIVE MECHANISM of the 
Harvard College Observatory 

solar coronagraphic telescope located 
at Climax, Colorado, at an elevation 
of 11,500 feet above sea level, is 
photoelectrically controlled. 

A solar coronagraph is an astro- 
nomical instrument devised in 1930 
by Dr. Bernard Lyot of France for 
the purpose of creating artificial 
eclipses of the sun's bright disc to 
permit photography of the promi- 
nences and corona of the sun's at- 
mosphere for use in basic astronom- 
ical studies and for forecasting radio 
propagation disturbance. In any 
such telescope it is of utmost impor- 
tance that the image of the sun be 
accurately centered on the artificial 
moon or eclipsing disc located within 
the telescope so that none of the in- 
tense light from the sun's bright 
face reaches the camera film and thus 
obscures the light from the eclipse 
phenomena under study. 

The eclipse phenomena are fainter 
than the sun itself by a factor rang- 
ing up to 600,000. The accuracy re- 
quired in this telescope -aiming is of 
the order of one second of arc. In 
1940, shortly after the completion of 
the only coronagraph in the western 
hemisphere, it was decided that the 
ideal control system would be en- 
tirely automatic, and that the most 
desirable automatic system would 
undoubtedly be photoelectrically op- 
erated by the sun itself. 

Operating Principle 

The unusual optical requirements 
of a coronagraph preclude the possi- 
bility of utilizing a partial reflection, 
prior to the formation of the primary 
solar image, to form an image on the 
phototubes so that it was deemed 
simplest to use a separate guiding 
telescope mounted rigidly on the 



for Solar Telescope 
By WALTER ORR ROBERTS 

Superintendent 
Fremont Pase Station 

Havard College Observatory 
Ctimat, Colorado 

FIG. 3-(right) Block diagram of the com- 
plete- automatic sighting system 

FIG. 2-(below) When the sun's image is 
properly centered on the eclipsing disc (A) 
four phototubes receive equal illumination. 
When it is not properly centered (B) the 
phototubes receive unequal illumination 
and aiming motors operate to restore the 

desired balance 

main telescope. The guiding telescope 
,has a lens of small aperture but of 
the same focal length as the main 
telescope lens, and is located as near 
"to the main lens as conveniently 
possible on the exterior of the main 
telescope. Flexures thus affect both 
lenses to about the same degree. 

The photograph of Fig. 1 shows 
the coronagraph with the photoelec- 
tric aiming telescope mounted upon 
it. No tubing is used for the guiding 
telescope for the main portion of its 
length. A long light -shield near the 
phototubes serves the purpose with- 
out giving rise to the disadvanta- 
geous air currents which are set up 
in a long narrow length of tubing, 
and which can cause severe unsteadi- 
ness in the images of long, thin tele- 
scopes. 

The image of the sun formed by 
the guiding telescope falls onto a 
circular polished metal disc which 
obscures the bright face of the sun 
except for a very narrow ring of 
light at the outer edge, as shown in 
Fig. 2. Behind the metal disc are 
located four holes spaced 90 degrees 

I apart, with the line joining one pair 

PHOTOTUBES 

''. LUCITE ROOS 

GUIDING TELESCOPE 

GUIDING TELESCOPE-' 
LENS 

DECLINATION DECLINATION 
DECLINATION DECLINATION 

ANTI- RUNT CORRECTION 
AMPLIFIER RELAYS 

UNIT MOTOR 

HOUR -ANGLE HOUR- ANGLE HOUR -ANGLE 

ANTI -RUNT 

HOUR -ANGLE 

CORRECTION 
AMPLIFIER RELAYS 

UNIT MOTOR 

of holes across the diameter of the 
disc made parallel to an east -west 
line on the celestial sphere, and the 
line between the other pair parallel 
to a north -south line. The amount of 
light entering the first_ pair of holes 
is thus equal when the sun is neither 
ahead nor behind the telescope along 
the east -west line. When the second 
pair of holes admit equal light the 
telescope is properly aimed in declin- 
ation. These two coordinates are the 
motion coordinates of an equatorially 
mounted telescope, and so it is neces- 
sary only to transform the variations 
of light behind these pairs of holes 
into impulses to operate the correc- 
tion motors of the equatorially 
mounted coronagraph to assure 
proper aiming. 

The light from the east -west pair 
of holes is made to serve a pair of 
phototubes operating in a balanced 
amplifier circuit which electronically 
couples with the hour -angle drive of 
the telescope. If the telescope is run- 
ning too slowly, for example, the sun- 
light will increase on one phototube 
and decrease on the other. This will 
unbalance the circuit and actuate the 
correction motor through the ampli- 
fier, relays, and anti -hunt unit shown 
in the block diagram of Fig. 3. 

Amplifier Details 

A novel feature of the photoelec- 
tric pickup unit is the use of Lucite 

rods to conduct the light from the 
holes behind the sun -obscuring disc 
into the proper phototubes, which are 
housed in lightproof Bakelite shields 
as shown in Fig. 4. The ends of the 
rods at the sun's image were polished 
smooth, and the ends at the photo - 
tube housings fine -ground to diffuse 
the light smoothly over the photo- 
sensitive areas of the phototubes. 

The complete electrical circuit of 
the phototube amplifier and relays is 
given in Fig. 5. One such circuit is 
employed for each coordinate. The 
operation is from standard 115 -volt, 
60 -cycle power mains, with good sta- 
bility at all ambient temperatures 
and with convenient control of sensi- 
tivity. A 6H6 voltage -doubler recti- 
fier supplies d -c for the phototubes. 
The phototubes act as loads for each 
other, and together drive the type 38 
amplifier tube which has high input 
impedance. Gas current to the pent- 
ode grid is kept to a minimum by 
keeping potentials very low. The 
heater of the 38 is operated at re- 
duced voltage to increase input 
resistance, and is maintained posi- 
tive with respect to the grid to reduce 
emission from heater to grid. The 
phototubes and the 38 tube were 
carefully cleaned at installation, and 
then coated with white ceresin wax. 
The leads from the top caps of the 
917, 919, and 38 were kept to a mini- 
mum length, and were supported 

it 
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only at the tube caps themselves. 
When the unit is in balance, the 

bias on the 6J5 triodes is such that 
the current flowing through the asso- 
ciated relays is sufficient to close the 
more sensitive 5,000 -ohm relay, but 
not the less sensitive 2000 -ohm relay. 
In this condition the relays send no 
impulses to the anti-hunt..units, and 
the telescope correction motors re- 
main at rest. When the light in- 
creases on the 917 phototube, and the 
light decreases on the 919 phototube, 
the bias on the 6J5's changes so that 
the current through the relays in- 
creases until both are closed. If the 
light to the 919 increases and that 
to the 917 decreases, both relays 
open. Figure 6 shows the relays in 
the condition produced by excess 
light to the 917 tube so that both 

relays are closed. An impulse is thus 
sent to the anti -hunt units which 

send suitable impulses to the cor- 

rection motors of the telescope to 

decrease the hour -angle (or the 
declination) until the 919 once again 
receives as much light as the 917. 

Anti -Hunt Units 

The anti -hunt units afford addi- 
tionally desirable features to the 
control of the telescope. These units 
were designed for the purpose of 
preventing rapid correction -motor 
response to alternating impulses 
from the two relays, while at the 
same time retaining rapid response 
to repeated impulses from one of the 
relays. The units have nearly instan- 
taneous response to a consistent tele- 
scope error which shows the repeated 

FIG. 4-Harvard coronagraphic telescope phototube and amplifier unit. Relays and 
anti hunt units are remotely located 

need for correction of the same direc- 
tion. But they have very slow re- 

sponse (eight seconds) to the irregu- 
larly distributed aiming errors, 
generally caused by such factors as 

fluctuations in atmospheric seeing, 
which cause the sun's image to 

dance unsteadily on the disc in front 
of the phototubes. 

The anti -hunt units are simply 
changeover switches driven by re- 

versible synchronous motors. The 
synchronous motors have a rotational 
speed of one revolution per ten sec- 

onds, and a cam is fastened to their 
shafts so that it engages limit 
switches after operation over adjust- 
able limits (usually set at eight sec- 

onds). As the circuit shows, when a 

synchronous motor reaches one limit 
it contacts the limit switch, and dis- 
engages itself, at the same time 
changing over the relay circuit to 
feed directly into the telescope cor- 
rection motor and to operate this 
motor in the correct manner. If 
correction impulses are alternating, 
but with pulses of one relay sustained 
longer than pulses of the other, the 
synchronously driven cam gradually 
drifts toward the limit of the im- 
pulse that is sustained the longer, 
and eventually produces a suitable 
impulse to the correction motor itself. 

Photographic Technique 

As the apparatus is usually ad- 
justed, its overall sensitivity is about 
one second of arc. Because of the 
anti -hunt units the telescope will not 
hunt after errors larger than one 
second of arc unless they persist for 
eight seconds of time, or unless, on 

the average, the fluctuations are 
greater in magnitude in one direc- 
tion than in the other, and unless 
this greater average persists for con- 
siderably longer than eight seconds. 

The correction motors themselves 
are simply standard small a -c motors. 
The hour -angle motor drives a differ- 
ential gearing unit in the telescope 
mechanism to add or subtract 
slightly from the main telescope 
drive which consists of a synchro- 
nously driven worm gear which has 
been calculated to provide a telescope 
rate equal to the average rate of 
apparent motion of the sun through 
the sky. The correction rate is ap- 
proximately one -twentieth the con- 
stant solar rate. The declination 
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FIG. 5-Circuit diagram of one of the two photoelectrically controlled amplifiers 

motor drives directly into a microm- 
eter screw at a rate of 0.7 rpm to 
produce a rate of correction of the 
telescope aiming of about two sec - 

ponds of arc in one second of time. 
When this automatic guider is in 

operation the telescope can be ad- 
justed by positioning the guiding 
telescope lens properly, at the start 
of a full -day run, and then left un- 
tended thereafter so far as aiming 
is concerned. The coronagraph is 

designed to take rapid -sequence pic- 
tures, at 10 -second intervals, of the 
prominences of the sun. With the 
guider in operation, the aiming of 
the telescope is uniform from picture 
to picture, so that the films so ob- 

tained can be projected in a motion 
picture apparatus with good steadi- 
ness. Fig. 7 shows a solar prominence 
photographed with the automatic 
guider in operation. 

Practical Advantages 

The present units have been in 
intermittent service for about three 
years without need for opening the 
amplifier case; the phototubes have 
not even been inspected in two years. 
We have experienced no difficulties 
with the operation of the electronic 
equipment, the relays, or the syn- 
chronous motors over -this period of 
time, even with the extreme range of 
operating temperatures from -20 F 
to +65 F. 

Photoelectric control of a solar 
telescope eliminates the need for 

ELECTRONICS-Jvne 1946 

highly accurate constant -drive mech- 
anisms or for costly rate -correction 
apparatus. In addition, with such a 

drive we can obtain highly precise 
telescope aiming without resort to 
highly precise equatorial mounting 
of the telescope. It would be entirely 
possible to provide a portable tele- 
scope mounted on a tripod with aim- 
ing of this same order of precision. 

We believe that considerable ad- 
vantage can be gained in guiding of 
the mirrors of fixed horizontal and 
vertical tower telescopes through the 

use of suitably designed photoelectric 
controls. No efforts have been made 

to extend any of these principles to 

the control of stellar telescopes. We 

have used the sun only, and in this 
application have been aided by the 

vast abundance of light available. 
The design of the optical and me - 
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FIG. 6-Relay and anti -hunt unit for one 
coordinate. As shown, the synchronous 
motor is in counterclockwise operation to- 

ward the left-hand limit switch because 
excess light on the 917 phototube (Fig. 5) 

has excited both relays. When the limit is 

reached the motor will be stopped and 
then started in the opposite direction 

chanical arrangements and of the 
anti -hunt units is my own; the 
phototube and amplifier circuits were 
drawn up by the late James R. 

Balsley of Stamford, Connecticut. 

FIG. 7-Photograph of a solar prominence. The white arc is at the edge of the sun's 
disc. The cloud of hydrogen comprising the prominence stands out above the sun's 
limb. If the telescope was not aimed with great position the sun's face might appear 
above the black arc of the eclipsing disc, completely obscuring the prominence by its 

overpowering brilliance 
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REMOTE 

Twenty-four record, coin -operated phonograph in which electronic circuits on the 
upper shelf actuate the record -changing mechanism when pulses of the proper 

frequency and phase are received from remote wall boxes 

N THE DESIGN of a remote record - 
selection system system for an automatic 

phonograph, the method of using in- 
dependent radio -frequency pulses 
transmitted over a coaxial cable is 

believed to have definite advantages 
over other systems of record selection 
currently being used. 

In the course of our development 
work, the following systems were an- 
alyzed; the 25 to 30 -wire cable sys- 
tem, the step or impulse type (both 
wired and wireless), and the self -bal- 
ancing potentiometer type. These 
methods were studied from- the point 
of view of time required to install, 
replace, and maintain the equipment, 
mechanical difficulties, interference 
between two or more wall boxes, and 
the amount and source of current 
required to supply power to the wall 

boxes. 
For remote record -selection, it was 

decided to use radio frequencies 
transmitted from wall boxes over a 

coaxial cable because it became feasi- 
ble to supply power to the wall -box 
transmitters and lights and to trans- 
mit intelligence over the same single 
cable. Although it is possible to ac- 
complish this by employing the 115 - 
volt a -c line, this method has several 
disadvantages. It necessitates a 
higher r -f output and there is the 
possibility of interfering with other 
similar installations. Also, installa- 
tion of a wall box requires access to 
a 115 -volt outlet. 

Low -voltage Line 

The system described overcomes all 
of these problems and at the same 
time requires considerably less than 
one volt of r -f over its lines. In ad- 
dition, it solves the problem of inter - 
wall -box- interference in the event 
selections are made simultaneously 
fróm two different points. By using 
only 24 volts to power each wall box, 
it also removes the necessity of en - 

By FRED M. BERRY 
direon Manufacturing Corporation 

Kanaaa City, Kansas 

closing the cable system in conduits. 
A block diagram of the complete 

system is shown in Fig. 1. Each re- 

mote selector (wall -box unit) is built 

around a single 6SN7 tube. One tri- 
ode of this tube is used in a Colpitts 
oscillator circuit to generate pulses, 

and the other triode is used as a 

loosely coupled isolation amplifier. 
This amplifier is coupled to the coax- 

ial line by a small capacitance. The 

circuit of the oscillator and amplifier 
is given in Fig. 2. 

Phase Selection 

Twelve frequencies are generated 
in twelve separate slug -tuned oscil- 

lator coils. These are small universal - 
wound coils mounted on aluminum 
strips, there being two strips of six 

coils in each wall box. The twelve 
frequencies make possible the selec- 

tion of 24 records by using envelope 
phase selection in which only one 
phase of the 60 -cycle plate voltage is 

applied to the oscillator -amplifier. 
The proper phase is determined by 

the button pressed. 
Each oscillator coil in the box is 

connected to a pair of pushbuttons. 
Since the receiver discriminator 
tubes at the phonograph are powered 
in the same manner and from the 
same a -c line, envelope phase selec- 
tion in the transmitter allows the 
number of possible record selections 
to be twice the number of separate 
frequencies used. The frequency sep- 
aration of adjacent frequencies is 

determined on a percentage basis, a 

factor of approximately 1.07 being 
used to determine each successively 
higher frequency. 

Figure 2 shows the method of line - 
phase and oscillator -coil selection. 
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RECORD -SELECTION 
SYSTEM 

EEapid remote selection of records in a phonograph is provided by employing a carrier-cur- 

ent system in which a wall -box oscillator transmits r -f pulses over its supply line to discrim- 

inator circuits in.the phonograph cabinet. Twelve carrier frequencies and use of both alter- 

nations of the power line permit selection of twenty-four records 

?ushing button 1 will select oscilla- 
tor coil L and winding B of the high- 
¡oltage secondary of the wall box 
;tep-up transformer. Pushing but - 
;on 2 will select the same oscillator 
toil, but will select winding A of the 
power transformer. 

When a pushbutton is pressed, a 
series of A and B phase pulses last- 
ing from 0.1 to 0.25 seconds, depend- 
ing on the time constant of the push- 
button and coin -operated relay, is 
transmitted over the cable. Pushbut- 
tons are also so interlocked that if 
more than one is pushed simultane- 
ously at the same wall box, only the 
numerically lowest button will select 
a record. 

Receiver 

Figure 3 shows a functional dia- 
gram of the receiver located in the 
phonograph cabinet. It uses three 
6SL7's as amplifiers, twelve 6SN7's 
as discriminators, a 5Y3 to supply 
250 volts of d -c to the plates of the 
amplifiers, and an 884 which acts as 
a bias resistor for the discriminator 
tubes. 

The r -f signals from the wall box 
pass through the input autotrans- 
'former to the grids of the 6SL7 dual - 
triode amplifier tubes. The 6SL7 
tubes function as limiters because an 
r -f voltage to the grids in excess of 
the bias voltage permits the grids to 
draw current and allow the charging 
of a grid capacitor. This swings the 
bias of the tubes toward cut-off and 
limits the amplification of the tube. 
Output voltage of the amplifier tubes 
is therefore held at a fairly constant 
level regardless of signal input level. 

The six plates of the amplifier tube 
section are connected individually to 

the twelve r -f transformer primaries, 
two primaries being connected in ser- 
ies in each plate circuit. Plate supply 
to all amplifier tubes is furnished by 
the 5Y3 rectifier tube, d -c being ap- 
plied to these tubes so that they will 
not discriminate against A and B 
phased pulses. 

Each r -f transformer consists of 
two iron -core coils. The frequencies 
of the two transformers connected in 
series are purposely staggered as 
shown in Table I so that no interfer- 
ence is experienced in the tuning of 
each. The output of each trans- 
former feeds the two paralleled grids 
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of a 6SN7 discriminator tube. 
Each discriminator tube functions 

as a plate rectifier and an r -f voltage 
appearing on the grids of the tube 
causes plate current to increase pro- 
vided the alternating plate voltage is 
positive at that time. The plate cir- 
cuits of the 6SN7 tubes are connected 
through individual relays to the op- 
posite ends of the 500 -volt winding 
on the power transformer, the center 
tap being at ground potential. Each 
end of this winding is bypassed to 
ground for r -f. 

Discriminator Action 

An r -f signal from the wall box 
is admitted by all amplifier tubes but 
eventually coupled into the grids of 
only one of the 6SN7 tubes. This ac- 
tion is obtained by the frequency dis- 
crimination of the filters, the 6SN7 
tube being energized depending on 
the frequency selected at the wall 
box. If r -f energy is supplied to the 
two grids of the discriminator tube 
and d -e potential applied to the plates 
of this tube, the relays in both plate 
circuits would be energized. How- 
ever, because the two plates of the 
discriminator tube are supplied from 
opposite sides of the power trans- 
former winding, at the instant that 
one plate is positive the other plate 
will be negative. If an r -f signal ar- 
rives at the time when the plate is 
negative, no current will be drawn 
by its corresponding relay. 

Because the signal from the wall 
box is generated by an r -f oscillator 
with alternating plate voltage, the 
r -f energy consists of a series of 

Table I-Wall-box Frequencies 

Oscillator 
Records Coil Kilocycles 

1- 2 1 149 
3- 4 2 212 

5- 6 3 179 

7- 8 1 253 

9-10 5 159 

11-12 6 225 

13-14 7 189 

15-16 8 269 

17-18 9 169 

19-20 10 239 

21-22 11 200 

23-24 12 289 

pulses lasting for 1/120 second each 
and spaced from each other by the 
same period. These pulses will be in 

time phase with the plate voltage 
supplied to one discriminator plate 
and will be out of phase with the volt- 
age at the opposite plate. The polar- 
ity or phase of the a -c is chosen in the 
wall box by the pushbutton switches, 
the odd -numbered buttons being of 
one phase and the even -numbered 
buttons being of the opposite phase. 
Thus the selection of the discrimin- 
ator plate that draws current depends 
on the phase of the voltage at the 
wall box. 

All discriminator tube cathodes are 
connected to the plate of an 884 gas 
tube that acts as a cathode bias re- 
sistor. The voltage drop across the 
884 tube remains constant regardless 
of the amount of current flowing and 
thus remains independent of the 
number of discriminator tubes draw- 
ing current at one time. The action 
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FIG. 3-Simplified receiver circuit in the phonograph. Ten additional 6SN7 tubes 
(not shown) are fed by the remaining plates of the 6SL7's limiting amplifiers so that 
each 6SL7 plate actuates four selections. The circuits of the other tea discriminators 
are similar to those shown here but are tuned to the other frequencies shown In 

Table I 

of the 884 used in this manner is 

similar to the more commonly used 

voltage -regulator tubes. The 884 

tube, however, has a constant voltage 
drop of 14 volts which is the correct 
bias for the discriminator tubes. 

Advantages 

The principal advantages of this 
system follow: 

Independent and non -interacting 
selection is made possible from any 
one of several wall boxes. Though 
all wall boxes are paralleled on the 
same coaxial circuit, the amplifier 
stage in each box effectively isolates 
each oscillator. No attempt is made 
to match wall -box output to the line 
itself as the addition or removal of 
wall boxes on the circuit would then 
change the line loading. Because the 
receiver is quite.sensitive, more than 
sufficient power is sent over the line 
even though the wall boxes are not 
exactly matched with the line. 

This. system is well shielded from 
external interference and causes no 
interference with other systems. 
Since selection can be made with con- 
siderably less than one volt of r -f, 
radiation is held to an absolute min- 
imum. 

Mechanical motion and the ensuing 
possibility of mechanical failure are 
eliminated because no motors or step 
relays are necessary. The pushbutton 
itself is the only moving part in the 
wall box; the record -selector relay 
and its accompanying solenoid are the 
the only moving parts at the receiver. 

Other Components of the Machine 

The record changer holds twenty- 
four records mounted vertically in 
the magazine. Mechanical selection 
of records is automatically made by 
the record magazine sliding along 
two parallel glide -rods and position- 
ing the selected record opposite a 
delivery arm which swings back and 
places the record in the play ring. 
The record plane then turns through 
a 90 degree arc; bringing the record 
up to the pickup. 

Noise monitoring is accomplished 
by varying bias on the amplifier in 
accordance with the external ambient 
noise level as sampled continuously 
by a microphone placed anywhere in 
the room. Means are provided to ad- 
just the sensitivity of the pickup 
amplifier or to disable it completely 
if circumstances demand. 
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Parts of torsiona magnetostriction pickup fit into sma 1 cartridge shown at the left 

Torsional 
' Magnetostriátion Pickup 
Small moving mass, low distortion, wide frequency response, and ruggedness, are obtained 

in a phonograph pickup operating on leakage flux in a torsional magnetostriction system. 

Principle of operation, design, and characteristics of pickup are described 

MAGNETOSTRICTION used in tor- 
sion is the basis for a new type 

of phonograph pickup. This phono- 
graph pickup design permits low 
needle -point pressures in a unit hav- 
Ing inherently wide frequency re- 
isponse and low generating harmonic 
distortion. The resulting pickup ele- 
'ment has substantially uniform char- 
acteristics over the frequency range 
of 30 to 10,000 cycles, except for the 
normal falling -off in low frequency 
response below 400 cycles due to the 
transition from constant velocity 
to constant amplitude recording of 
most records below this frequency. 
The pickup unit itself is extremely 

By STANLEY R. RICH 
Consultant 

Magnetoslrietion Devices Company 
Boston, Hass. 

small and has been designed to be 
contained in a cartridge smaller in 
size than the standard cartridges sur- 
rounding piezo-electric elements. 

The new system, applied to phono- 
graph pickup design, results in a unit 
particularly adaptable to the repro- 
duction expected from f -m broadcast- 
ing stations. The pickup has been 
designed to fall within Standards of 
Good Engineering Practice Concern- 
ing F -M Broadcasting Stations es- 
tablished by the Federal Communi- 
cation Commission on September 20, 
1945. Although Section 8 of these 
standards does not mention phono- 
graph reproducers specifically, it has 

been assumed as obvious that a sta- 
tion system is only as good as its 
input equipment; the torsional mag- 
netostriction pickup has been de- 
signed accordingly. Its frequency re- 
sponse and distortion are such that, 
with simple compensating networks, 
these standards are fully satisfied. It 
is to be noted that most available re- 
cords and many transcriptions are 
incapable of utilizing the response 
capabilities of the pickup but it is 
hoped that there will be an improve- 
ment in record quality to take advan- 
tage of the possibilities in low-priced 
high quality instruments available to 
the general public as well as to the 
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professional radio broadcasters. 
The torsional magnetostriction pho- 

nograph pickup, because there are no 
discreet ferromagnetic masses mov- 
ing in flux gaps, is extremely rugged 
and will withstand considerable 
abuse in handling. The pickup will 
also withstand high ambient temper- 
atures and humidities without 
change in operating characteristics. 

Magnetostriction Principle 

The principle upon which this 
pickup is based is the variation of 
magnetic reluctance in a magneto- 
strictive wire, rod, or tube, when such 
a member is subjected to torsional 
stress in the presence of a magnetic 
field. When the magnetostrictive 
wire is hvisted about its own axis 
in a. magnetic field, the curve shown 
in Fig. lA results. It is to be seen 
from this curve that as torsional 
strain is increased in either direction, 
flux density in the element increases 
without regard to the sign of the ap- 
plied stress. It is also to be seen that 
the total resulting curve of magneto- 
strictive flux -change as a function of 
strain resembles a hysteresis curve 
bent backward upon itself so that the 
portion normally recorded in the 
third quadrant appears in the second. 
It is clear from this discussion that 
it is necessary under the aforemen- 
tioned conditions to polarize the me- 
chanical stress in the magnetostric- 
tion element if one desires to obtain a 
linear relationship of electrical out- 
put as a function of the mechanical 
input. 

It is interesting to note a modifica- 
tion in the magnetostriction-torsion 
relationship if one applies tension as 
well to the magnetostrictive element 
undergoing torsion. If the magneto- 
striction element is subjected to sta- 
tic tension, then the very first twist- 
ing motion of the torsional element 
establishes a magnetic polarization 
in such a way that the resulting re- 
lationship between flux density and 
torsional strain behaves according to 
the curves shown in Fig. 1B. This 
figure shows the left-hand or second - 
quadrant half of the curve beginning 
to fold down into the third -quadrant 
under applied tension. Ultimately, a 
linear relationship results when the 
tension applied to the wire reaches a 
critical value, equal to 7.82 kilograms 
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FIG. 1-(A) Flux in magnetic bar changes 
when It is twisted. (B) I1 the bar is under 
tension while being twisted, it becomes 

magnetically polarized 

per square millimeter of cross-sec- 
tion. 

Pickup Design 

In the design of the torsional mag- 
netostriction pickup, it was decided 
to use the first mentioned method of 
operation; namely, torsion in the ab- 
sence of static tension, but to use 
static torsion. A magnetostrictive 
wire, 20 -mil nickel, is passed between 
the two poles of a horseshoe magnet. 
Two pickup coils consisting of 100 
turns each are wound about the two 
halves of the torsional member. The 
stylus projects from the nickel wire 
between the two pickup coils. The 
wire is given an initial mechanical 
strain by twisting it within its elastic 
limits and then fixing it rigidly at 
the two magnetic poles. Thus, each 

element of the nickel wire is sub- 
jected to an initial strain. 

Figure 2A is a sketch of a torsional 
member subjected to an initial fixed 
torsional strain. Each formerly 
straight -surface element has been 
twisted to form a space helix due to 
displacement through an angle O. This 
initial strain moves the operating 
point for the torsional magnetostric- 
tion element to the point A shown on 
the characteristic of Fig. 1A. Any 
small angle of rotation about the 
fixed angle will produce a linear var- 
iation of flux in the wire. Figure 2B 
shows the torsional member subjected 
to an instantaneous strain do at its 
center such as is produced by a typi- 
cal stylus mounted in a practical 
pickup. Any displacement due to 
stylus motion as shown will further 
stress those elements to the left of 
the stylus an additional angle do and 
will relieve the elements to the right 
of the stylus by an equal and opposite 
angle do. In the magnetic field, this 
action is translated into an increase 
of leakage flux in one-half of the wire 
at the same time leakage flux is de- 
creased in the other half. 

Coil Location 

The problem is to use these flux 
changes to produce the required 
output from this type of torsional 
magnetostriction pickup. Mounting 
two coils upon each of the two halves 
of the wire in a condition which would 
normally be described as series op- 
posing produces an addition of volt- 
age due to the above described type 
of displacement caused by the stylus. 
Clearly, a displacement in opposite 
hand will produce equal and opposite 
effects to those shown in Fig. 2B. The 
coils are thus connected in such fash- 
ion that distortion of the wire com- 
mon to both coils will cancel. Push- 
pull connection has the additional 
virtue of eliminating even -order har- 
monic distortion. This fact has been 
found to aid materially in the overall 
distortion -free character of the 
pickup. 

The nickel wire has its pickup 
coils integrally wound upon it. The 
stylus is fixed to its center. The ends 
of the nickel wire are bent over and 
so positioned in angle that, when in- 
serted into two parallel slots in the 
ends of the magnet, an initial torque 
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produced upon the torsional ele - 

i ent. The assembled pickup is then 
iserted into the Bakelite case to 
Irm the finished pickup cartridge. 
Figure 3 shows the frequency re- 

?onse characteristic of the pickup. 
here are no sharp resonances and 
ie curve has the normal form pecu- 
ar to all velocity -sensitive elements 
Then played upon RCA test record 
lo. 84522-A. 

Pickup Characteristics 

It is interesting to observe that this 
ickup operates upon leakage flux due 

o flux leaving the magnetostrictive 
vire in the vicinity of its center, near 
he stylus. This mode of operation 
ilas been found to produce sufficiently 
ligh electrical output level and has 
:ertain specific advantages compared 

I Nith other designs. The center space 
A the magnet is occupied by damping 
material which serves to critically 
lamp the pickup at its resonant point, 
which is in the vicinity of 10,000 

cycles. With this critical damping 
of the vibrating member, high fre- 
quency response of the unit itself is 

extended with a loss of about 8 db to 
15,000 cycles. A well designed trans - 

!former will extend the range of the 
pickup beyond 15,000 cycles. The 
writer has not been able to obtain 
records cut with such frequencies for 
the purpose of quantitative measure- 
ment. It is hoped that such tests can 
be made in the not too distant 
future. 

The wide frequency response of the 

FIG. 2-Magnetrostriction bar is given a 
permanent torque (A) about which the 

stylus twists it (B) 

magnetostriction torsion pickup has 
certain qualitative effects which are 
worthy of note. Because many phono- 
graph records are recorded with a 

frequency range far poorer than the 
capabilities of the pickup, it is desir- 
able to use simple low-pass filters at 
the output of the coupling trans- 
former when playing poor records. A 

mechanical high frequency cut-off 
has not been built into the present 
pickup because it is the writer's con- 

viction that if one desires a poor fre- 
quency response characteristic for a 

particular condition, it is better to 
modify temporarily the overall char- 
acteristics of a NS ide frequency re - 

of extremely wide frequency re- 

sponse. 
One of the features of the present 

design, due to the fact that the coils 

are wound integrally upon the tor- 
sional member, is its freedom from 
pickup of hum or other electrical 
pickup from outside sources. Due to 
the extremely small diameter of the 
coils themselves and to the fact that 
the coils are in series opposition to 

external fields, pickup of undesired 
signals is reduced to a minimum, an 

advantage in low level, low imped- 

ance magnetic circuit. 
The torsional magnetostriction 

pickup fills a very definite gap in the 
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FIG. 3-Pickup response as measured on a test record 

sponse pickup than to destroy its 
characteristics permanently so that 
very good records cannot be enjoyed 
to their fullest extent. 

Mechanical Features 

The needle -point mass of the tor- 
sional magnetostriction pickup is ex- 
tremely low, due to the fact that, 
except for the stylus itself which is 
extremely light, all other members 
move in torsion. The effective mass 
at the stylus, due to the fact that the 
torsional element approximates a 
properly terminated transmission 
line, is clue almost entirely to the 
stylus itself and ín the present case, 
results in weight at the needle point 
of 27 grams, for good tracking with 
even badly warped records. It may 
be remarked at this time that the tor- 
sional member operates as a contin- 
uous mechanical network having dis- 
tributed mass and stiffness, which 
makes a tractable structure easy to 
manufacture, and inherently capable 

phonograph field due to its frequency 
response, ruggedness, freedom from 
distortion and ability to operate in 
humid, hot, or noisy locations. 

Experiments have been made 
which demonstrate that the torsional 
magnetostriction element operates 
successfully as a recording element 
as well as a pickup device. In this 
case, because positive drive is re- 
quired, a modified construction in 
which the torsional member is 
mounted in a bearing attached to a 
third or middle leg is necessary. Ex- 
perimental models show consider- 
able promise. 

The writer wishes to express his 
grateful acknowledgement for the 
invaluable assistance of Edwin E. 
Turner, Jr., without whose aid a 
considerable amount of the work 
done would have been impossible, 
and to express his gratitude to Tobe 
Deutschmann, for sponsoring the 
development program which has led 
to the production of this pickup. 
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PRINTING MATERIAL 

Automatic printing machine for making color prints from color transparencies, with diagram identifying essential interior features 

THE production of color prints of 
uniform quality requires ex- 

ceedingly precise control of every 
variable. Furthermore, color print- 
ing on a low-cost, mass -production 
basis demands high-speed operating 
methods. 

Proof that many color printing 
problems can be solved by electronic 
devices is the fact that our New 
York plant is able to produce at least 
20,000 color' prints in a normal work- 
ing day. Electronic applications per- 
mitted the construction of white - 
light operated printing machines, 
eliminating the necessity for slow 
.and uncertain darkroom methods 
customarily 'employed throughout 
the industry. Electronic methods as- 
sured a high degree of accuracy in 
various steps of print exposure and 

processing, and were completely 
adaptable to a coordinated system of 
control operations. 

Basic Requirements in Color Printing 
In producing direct color prints 

from positive color transparencies a 
reversible -type sensitized printing 
material (Ansco Color Printon) is 
used, and unlike making black -and - 
white prints from film negatives, 
only one contrast -grade of material 
is available. Moreover, mass produc- 
tion requires continuous processing 
where exposure errors of individual 
prints cannot be compensated by var- 
iations in developing times. These 
inherent limitations mean that expo- 
sure latitude is virtually nonexistent. 

The necessity for a high order of 
exposure accuracy is complicated by 

the fact that the color print is a sec- 
ond -generation color reproduction, re- 
quiring that the color quality of the 
exposing source be variable for opti- 
mum results in the finished product, 
but closely controllable at any varia- 
tion from normal. For a given emul- 
sion, color compensating filters are 
employed to adjust the normal color 
quality of the exposing source to the 
color balance of the material. This 
establishes conditions for printing 
all transparencies of visually satis- 
factory color. 

In printing transparencies that 
appear faulty in color, it is desirable 
to have a means for rapidly chang- 
ing the color quality of the exposing 
source for color correction purposes. 
Most of the required color quality al- 
terations encountered can be made 
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for COLOR PRINTING 
By J. ROBINS and L. E. VARDEN 
Director of Electronics Technical Director 

Paretic Color Incorporated 
New York, N. Y. 

Analysis of problems involved in turning out high -quality photographic color prints on 

a mass -production basis. Details of photoelectric circuits used in one large plant to control 

monitor the second exposure color temperature and exposure time 

by known changes in lamp color 
temperature, providing the color 
temperature is controlled at each 
level employed. Color correction by 
this means is entirely reliable for 
over -bluish or over -yellowish, trans- 
parencies, and has a significant speed 
advantage over the use of additional 
optical filters. 

Both a positive silver image and a 

positive color image are produced 
simultaneously in a second developer, 
known as the color developer. For 
proper color development the sensi- 
tized material must be thoroughly 
second -exposed, but in a continuous 
processing method the web of sensi- 
tized material moves continuously 
from one solution to the next at a 
relatively high rate of speed, and it 
is not desirable to pass the web out 
of solution for any appreciable dis- 
tance for giving the second exposure. 
Therefore, second exposure must be 
made by means of high -intensity 
sources during as short a time inter- 
val as possible. 

Design of Color Printer 

Electronic methods made possible 
the design of a white -light operated 
color printing machine that is al- 
most completely automatic in oper- 
ation. The sensitized material has 
an opaque leader and trailer attached 
to it and is wound on a flanged metal 
spool. The spool is loaded into the 
printer in white light and the opaque 

Loading end of developing machine, show- 
ing how exposed material is spliced onto 
the machine leader. Material is first run 
through a series of black -and -white devel- 
oping tanks, then given a second exposure. 
run through another series of tanks for 
color developing and processing, and 
finished prints are finally dried by travel 

between banks of infrared lamps 

automatically and to 

leader is threaded through the ma- 
chine to a takeup spool. After clos- 
ing both end doors a motor drive 
turns the takeup spool, winding up 

the leader until the sensitized mate- 
rial is brought in position for the 
first exposure. A switch engages in a 

notch placed on the leader at the 
proper spacing to stop the wind-up 
before any sensitized material is 

drawn past the exposing position. 
The rolls now used are 5 inches 

wide and 250 feet long, providing 
for about 950 3x41 -inch prints or 
400 41x61 -inch prints. The printers, 
however, are made to take widths 
up to 12 inches. 

Operation of Printer 

Transparencies are inserted in the 
carrier, which is manually pushed 
into position. A numbered card ac- 
companies each order and this is 
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placed in a slot which, at the proper 
time during the printing cycle, is 

illuminated by a small, enclosed lamp. 

A lens and prism system optically 
directs the number to the printing 
material to expose the identifying 
order number on the outer edge of 

each print. 
A selector dial is manually posi- 

tioned for the number of prints re- 
quired from the particular transpar- 
ency. The selector dial provides for 
any number of prints up to fifteen. 
More than fifteen prints can be made 
by disengaging the stepper relay sys- 
tem and noting the number of prints 
on an automatic counter. 

For 'making the exposure the op- 

erator first presses two switches, one 
for a predetermined lamp voltage 
and the other for a predetermined ex- 
posure correction. A "start" button 
is then pressed and the exposure is 
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FIG. 1-Circuit of electronic timing system for proper exposure of color printing paper through color transparency. Rectifier tube is type 80 

timed, beginning with the opening 
of a solenoid -operated shutter and 
ending when proper timing is meas- 
ured by a phototube system. When 
the shutter closes, the printing ma- 
terial is automatically transported to 
the next position, and in the case of 
a single print from a transparency 
the carrier is, released and auto- 
matically returns to its loading posi- 
tion. If the selector dial is set for 
two or more duplicate prints, the 
transparency carrier remains in its 
printing position until after the last 
print called for by the selector dial 
is exposed. 

At the end of a total printing cy- 
cle, when the carrier is released, the 
control panel automatically clears in 
readiness for the subsequent trans- 
parency to be printed. The control 
panel can be cleared also by means 
of a reset button if an error is made 
by the operator in originally press- 
ing the switches. 

When an entire roll of sensitized 
material has been exposed a switch 
"lever engages in a notch cut in the 
trailer at the proper spacing, where- 
upon the motor drive winds the ma- 
terial onto the take-up spool. The 
wind-up stops before the trailer is 
pulled completely through the 
printer, by means of a long -arm 
switch which rests on the back side 
of the web at the take -off end. When 

the trailer flies loose from the spool 
the switch arm is no longer held in 
position by the taut material. The 
trailer left in the machine is used 
for attaching the leader of a new 
roll of material. 

Exposure Timing Circuit 

The exposure time required to 
print any given transparency prop- 
erly is determined electronically 
during the exposure itself. A small 
part of the light passing through the 
transparency is directed onto a type 
929 phototube by means of a prism 
and focusing lens, and the integrated 
phototube current dissipates a volt- 
age charge across capacitor C, in 
series with the phototube by means 
of the circuit shown in Fig. 1. The 
time interval for dissipating this 
charge depends upon the average 
density of the transparency and 
upon the value of the charging volt- 
age applied to the capacitor prior to 
the start of the timing cycle. The 
correct charging voltage for each 
transparency is determined electron- 
ically beforehand in an electronic 
coder that measures the ratio of the 
density of the most important por- 
tion of the transparency to the av- 
erage over-all density. 

In the circuit of Fig. 1, all relays 
are shown deenergized, as they are 
when the line switch is open. Closing 

this switch energizes the full -wave 
power pack and the heater circuits of 
the 2050 thyratron and the 6F5G 
tube in the phototube system, but no 
plate voltages are applied because 
the delay relay is still open. After a 
delay of about 20 seconds the ther- 
mal delay switch closes and operates 
the delay relay, thereby completing 
the plate supply circuit. This relay 
also has its own holding contacts, 
and an additional pair of contacts to 
disconnect the thermal switch. 

On standby (in between expo- 
sures), the starting switch is closed 
and the 2050 thyratron is conducting, 
so that relays P, and P, are ener- 
gized, the shutter is closed, and ca- 
pacitor C, is being charged through 
the series resistance determined by 
the coder to give the correct charg- 
ing voltage for the next transpar- 
ency. 

When an exposure is to be made, 
the starting switch is opened momen- 
tarily. This opens the two relays, 
thereby opening the shutter and iso- 
lating the phototube circuit from the 
charging source, and at the same 
time altering the 2050 bias so it be- 
comes nonconducting and the relays 
cannot reclose when the starting 
switch drops back to its closed posi- 
tion. Capacitor C, now discharges 
through the phototube at a rate pro- 
portional to illumination and the ini- 

I 
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FIG. 2-Cross-section of coder, showing 
.locations of the two phototubes employed 
to obtain the density ratio required for a 

satisfactory print. Each transparency is 

inserted in this coder before it goes to the 
color printer 

Lial charging voltage, until C, has dis- 
_harged to the point where the 2050 
again becomes conducting. Now the 
relays pull in, closing the shutter to 
terminate the exposure, advancing 
the paper one step, and recharging C, 

I in readiness for the next exposure. 
The 6F5G tube in the timing cir- 

cuit is merely a resistance trans- 
former, since it transfers its signal 
from the high -resistance load of the 
phototube to the comparatively low - 
resistance grid circuit of the 2050 
tube. Grid emission is reduced by 
inserting 15 ohms in the heater cir- 
cuit of the 6F5G, and instead of op- 
erating the anode at a low potential, 
which is commonly done in buffer 
stages, the anodes of both the 6F5G 
and 929 tubes are operated at 250 
volts to acquire the necessary sensi- 
tivity. Over long test periods it has 
been found that stable characteris- 
tics can be maintained even though 
the anode voltage of the 929 is made 
as high as 250 volts, providing the 
6F5G anode is operated at the same 
potential as the 929. 

To further assure accurate timing 
it was found necessary to regulate 
the charging voltage. This is accom- 
plished by a VR-150 which regulates 
only that portion of the circuit in- 
volved in the charging voltage oper- 
ation. 

It is necessary to be able to change 
the time integral of the circuit for a 

given amount of light received by the 
phototube to compensate for varia- 
tions in emulsion speeds and proc- 

essing variables. This is accom- 
plished by a selector switch which is 

used to vary the level of the charging 
voltages applied on C,. For example, 
when a new emulsion is to be adopted 
a short test roll is exposed, using a 

standard transparency, at all eleven 
positions of the selector switch. 
Upon development, the proper ex- 

posure can be selected and the printer 
set at that particular tap. If, during 
continued use of the emulsion, there 
is a tendency for prints to be lighter 
or darker than normal, the switch is 

moved to a new position according to 
requirements. The effective change 
in print density in changing from 
one switch position to the next is 

made very gradual to permit delicate 
adjustments. 

The value of C, is chosen to give 
an exposure time for an average, 
normal transparency that is consid- 
ered convenient for operation. Dif- 
ferent rheostats are switched into 
the B- lead to adjust exposure times 
on the minus or plus side of normal. 
The spread in effective exposure 
change from normal is established 
by adjusting the rheostats. A -\/«í 

change in capacitor charging time 
for each step has been found very 
satisfactory. 

The timing cycle is started by 
opening a switch because the circuit 

'Wtr.1 i 

is designed for d -c operation and nor- 

mal changes ín grid bias cannot 

cause a thyratron to stop conducting 
ín a d -c circuit. Therefore, the only 

satisfactory method of opening the 
relays to start an exposure is by 

opening the anode circuit with the 
starting switch. 

Transparency Coder 

If all transparencies were of uni- 
form density distribution the same 
initial voltage charge on the capaci- 
tor could always be used. However, 
many transparencies have relatively 
large areas that are much darker or 
much lighter than the density of the 
important subject matter. There- 
fore, the integrated light passing 
through the transparency will not 
form a satisfactory exposure crite- 
rion unless the capacitor charging 
voltage is increased or decreased as 
required to time properly the ex- 
posure for the most important sub- 
ject matter. Accordingly, the first 
step is to determine the ratio be- 

tween the entire light transmitted 
by the transparency and the light 
transmitted by an area of the most 
important subject matter. This is 
accomplished in the electronic coder 
shown in Fig. 2. 

The coder consists of a phototube 
circuit that measures the intensity 
ratio of the light passing through 
the entire transparency and of that 
passing through a small selected 
area. The phototube that receives 
the entire transmitted light is sta- 

yob 

Electronic coder that measures the ratio between the light transmitted by the trans- 
parency as a whole and the light through a selected portion, thereby indicating 
the over -exposure or under -exposure required compared to a normal transparency 
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tionary, whereas the one that re- 
ceives the light from the selected 
area is movable to allow scanning of 
the projected image area. The cir- 
cuit is arranged to show a null read- 
ing on the milliammeter when a 
transparency is uniform in density 
distribution. Such transparencies 
are termed normal to indicate that 
the "N" button on the control panel 
is required to place the proper charge 
on the capacitor in the timing cir- 
cuit. If a transparency has appre- 
ciable areas of high density sur- 
rounding a less dense subject, the 
milliammeter will be deflected to the 
left, indicating that a charging volt- 
age lower than normal is necessary 
to expose properly the transparency. 
Such transparencies are marked 
"single minus", "double minus", etc. 
On the other hand, those transpar- 
encies that have appreciable light 
areas surrounding a more dense sub- 
ject will cause the meter of the coder 
to deflect to the right, the extent of 
which determines the increase in 
voltage over the normal value re- 
quired for properly exposing the 
important subject matter. These 
transparencies are marked "single 
plus", "double plus", etc. Once the 
coding of a transparency is deter - 
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Selector dial for controlling the number of 
prints from any transparency, and other 
controls for the printer. The buttons at the 
bottom provide changes in the color tem 
perature of the exposing lamp and permit 
control of exposure in relation to the den. 

sity distribution of the transparency 

mined, the timing circuit of the 
printer will automatically give an 

accurate print exposure. 

Component and Tube Troubles 

In designing and constructing the 
timing circuit, considerable experi- 
mental work was necessary to 
achieve dependable operation. The 
initial attempt to obtain consistent 
timing by electronic means was not 
successful. The results were far too 
erratic to be acceptable in color 
printing practice. It was found im- 
perative to use utmost care in se- 
lecting component parts for the cir- 
cuit and in building the equipment. 

All components are now pretested 
over a sufficiently long period of time 
to determine if their characteristics 
will remain constant under various 
conditions. All tubes are bench 
tested and characteristic curves 
plotted over a period of fifty hours. 
Matched sets of selected tubes, 
namely 6F5G, 2050, 80, VR150, 
and 929, are placed in a lab- 
oratory timing circuit and subjected 
for forty hours to the same condi- 
tions as found in practice. The tubes 
are then removed and re -checked 
before being assigned to a printer. 

Leakage currents are kept at a 
minimum by various means. Poly- 
styrene is used wherever possible, 
ceresin wax is applied to all poly- 
styrene fittings and to the phototube 
base, and the printing room is care- 
fully air-conditioned. The relative 
humidity is never permitted to ex- 
ceed 40 percent. 

The spectral response of the 929 
phototube is flattened by use of color 
compensating filters to minimize er- 
rors arising from widely varying 
spectral transmission of color trans- 
parencies. 

Color Temperature Control 

The color temperature of a tung- 
sten lamp varies in practice because 
of voltage changes and accumulated 
tungsten deposits on the inside wall 
of the bulb. It is relatively simple 
to control the lamp voltage, but to 
maintain uniform color temperature 
during lamp darkening is more in- 
volved. It so happens that as the 
lamp darkens its brightness falls as 
well as its color temperature. By in- 
creasing the voltage on the lamp the 
brightness and color temperature 
will increase, approximately restor- 

ing its normal characteristics. 
The phototube circuit shown in 

Fig. 3 makes possible a lamp bright- 
ness control, equivalent to brightness 
changes arising from ±l -volt line 
variations. 

Two phototubes are focused on the 
portion of the printing lamp that is 
directed toward the printing mate- 
rial. The phototube of system A is 
a 930 which has an S1 surface. The 
phototube of system B is a 929 which 
has an S4 surface. In system A a 
drop in illumination will cause the 
2050 tube to be conductive since the 
decrease in phototube current makes 
the 2050 less negative. Relay P. is 
thereby energized. The contacts of 
P. are connected to one side of a re- 
versible a -c fractional -horsepower 
motor M, which turns rheostat R, 
in the required direction to increase 
the illumination of the lamp to the 
original value, set by 

In phototube system B an increase 
in illumination causes its 2050 tube 
to be conductive, closing relay P, 
which operates motor M in the di- 
rection required to decrease the lamp 
voltage; therefore, its brightness is 
restored to the value originally set 
by R.. 

A description of the circuit func- 
tion will make the color temperature 
control more understandable. A posi- 
tive voltage is applied to the 2050 
anodes and phototube anodes during 
every other half -cycle, when the up- 
per side of the a -c line is positive. 
During these half -cycles, negative 
bias voltage is supplied to the 2050 
grid from R.. The potential of the 
grid is made less negative by the IR 
drop across R which reduces the 
negative grid potential, causing the 
2050 to conduct and the relay to close. 

Excellent stability of both systems 
is accomplished by use of 1.0 -ohm 
resistors in series with the heaters 
to reduce slightly the heater voltage 
and by 7-megohm resistors in the 
screen grid leads of the thyratrons. 
Apparently the gas currents within 
the tube are reduced by operating 
the screen and heater below the rated 
values. 

Plate relays P. and P. have a 
1,500 -ohm 'resistance to hold the re- 
lay current at a safe value. 

The anode voltage of the 930 pho- 
totube in system A should never ex- 
ceed 90 volts. Therefore, it is neces- 
sary to include a 3,000 -ohm resis- 

i 
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;ante, R to limit the current through 
the 2050 to a value such that the IR 
(drop across R. will not permit the 
peak voltage of the phototube to ex- 

ceed 90 volts. Additional limitation is 

provided by the use of a 1,500 -ohm 
plate relay P,. Motor M is a gear re- 
duction motor whose secondary shaft 
rotates at 1 rpm and is coupled to 
rheostat R,. 

The purpose of the Variac is to 
set the voltage to meet the color bal- 
ance requirements of the printing 
material. The permissible tolerances 
in color temperature for maintain- 
ing uniform color balance in finished 
prints are determined experimen- 
tally. These data are then used for 
the monitoring range of the printing 
lamp, which is set by positioning the 
contacts of R. and R. of systems A 

and B. 
Systems A and B must be isolated 

from each other to prevent one sys- 
tem from influencing the other. For 
this reason isolation transformers 
were used. 

Second Exposure Control 
The second exposure of the sensi- 

tized material is made by two Han- 
ovia DH1 400 -watt high -intensity 
mercury vapor lamps. The lamps are 
placed above and below the web to 
assure complete exposure through 
the emulsion in the short time inter- 
val of two seconds. The lamps have 
the advantage of high light output 
and low heat, but have the disadvan- 
tages of requiring approximately five 
minutes to reach peak brightness and 
of requiring a period of about ten 
minutes for restarting. 

Since adequate second exposure of 
the material is so important, two 
safety devices are used. One is a 
phase -changing unit, and the other 
an electronic means for automati- 
cally controlling a bank of tungsten 
lamps that can be employed for sec- 
ond exposure during relatively short 
time periods if the Hanovias fail. 
The tungsten lamps generate exces- 
sive heat in the second -exposure 
cabinet if used longer than 20 or 30 
minutes. The two safety devices in 
combination are referred to as the 
re -exposure control and phase - 
changer. 

In the operation of the Hanovia 
lamps, two legs of a three-phase sys- 
tem are utilized as in Fig. 4. When 
the processing machine is started 
two phases, energized through a re - 
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FIG. 4-Photoelectric circuit for monitoring the Hanovia mercury-vapor lamps used 
for second exposure of color printing paper 

mote -control contactor, operate two 
relays. The lower contacts of one 
relay carry phase 1, whereas the up- 
per contacts carry phase 2. The con- 
tacts of the second relay carry these 
phases in the reverse order, If for 
any reason phase 1 should fail, phase 
2 becomes effective and vice versa. 

The phototube monitoring system 
controlling the auxiliary tungsten 
lamps functions through control re- 
lay P, (Fig. 4) which is energized 
by plate relay P. The phototube cir- 
cuit consists of a 2050 and a 929 tube 
so arranged that as long as the il- 
Iumination is below a certain level, 
the 2050 is conductive and energizes 
plate relay P,. Conductivity of the 
2050 is lost when the illumination 
increases to a safe level for complete 
second exposure. This value was de- 

termined experimentally and R, was 
adjusted accordingly. 

The operation of the circuit is as 
follows: Positive voltage is supplied 
to the anodes of the 2050 and 929 
tubes during every half cycle when 
the upper side of the a -c line is posi- 
tive. During these half cycles, nega- 
tive bias voltage is supplied to the 
2050 grid from R,. The potential 
of the grid is made less negative by 
the IR drop resulting from the flow 
of phototube current through R,. A 
decrease in phototube current makes 
the 2050 less negative, closing P,. 

The positioning of the phototube 
unit in respect to the Hanovia lamps 
is quite important. The unit must be 
placed in such a position that the 
radiation from the two lamps is de- 
tected equally. 
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PULSE -TYPE 
RADIO ALTIMETER 
Technical details of high -altitude altimeter using radar techniques as distinguished from 

earlier types employing the Doppler effect. Readings on circle -forming cathode-ray indicator 

are accurate to within 50 feet even above 30,000 feet 

DEVELOPMENT of a high -altitude 
radio altimeter for the Army 

Air Forces was initiated late in 1930 
when the need for an accurate, ab- 
solute.method of determining terrain 
clearance for purposes of bombing at 
altitudes above 20,000 feet became 
apparent. Five developmental mod- 
els were constructed by RCA before 
acceptance of the SCR -518-A, the 
first pulse -type radio altimeter to go 
into production. Even while two 
thousand equipments of this type 
were being manufactured by the 
RCA Victor Division and installed in 
AAF medium and heavy bombers, 
military requirefnents necessitáted a 
new design to reduce the weight and 
size and increase the range and ac- 
curacy. For a time it seemed that an 
answer had been found in the SCR - 
618 -A, which weighed .75 pounds, 
bulked 2.5 cu ft, and had a range of 
40,000 feet, with accuracy main - 

By ALBERT GOLDMAN 
Chief, Altimeter U,lt 

Aircraft Radiation Laboratory, 
Rlectronio Subdivision 

Air Technical Service Command 
Wright Field, Dayton, Ohio 

tamed by a crystal -controlled timing 
oscillator. 

Meanwhile, work had already be- 
gun on a new light -weight equip- 
ment, SCR -718. When Army Air 
Forces Headquarters was informed 
of its characteristics, production of 
SCR -618-A was ordered stopped, 
after only three had been built, and 
SCR -718 was given the go-ahead. 

The SCR -718-C described here is 
the latest in the SCR -718 series, and 
differs from the first two models 
mainly in the addition of a 50,000 - 
foot scale to the normally -used 5,000 - 
foot scale. This change was made to 
avoid confusion in reading the alti- 
meter indications. The altimeter it- 

self may be likened to a simple, com- 
pact, light -weight version of a typi- 
cal airborne radar search or bombing 
equipment. Accuracy is stressed, 
since it is unnecessary to read azi- 
muth, locate targets, solve the bomb- 
ing problem, or provide automatic 
tracking. Flights checked against 
photo -theodolite equipment have 
nearly always indicated the error to 
be less than 50 feet, even at altitudes 
of 30,000 feet and above. 

General Description 

The two main units of the equip- 
ment, the transmitter -receiver and 
the indicator, are shown in block 
diagram form in Fig. 1. The timing 
oscillator is crystal -controlled at 
98.356 kc for the 5,000 -foot range, 
and operates as an electron -coupled 
oscillator at 9.835 kc for the 50,000 - 
foot range. 

Part of the sine -wave output of the 
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FIG. 1-Block diagram of the SCR -718-C. pulse -type high -altitude radio altimeter 
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Left to right-transmitter-receiver unit, one of the antennas, and indicator unit 

timing oscillator is clipped, differen- 
tiated, and amplified in pulse -gener- 
ating circuits, and the pulses are ap- 

' plied by a 6L6 driver (modulator) to 
the plates of a 6J6 in the uhf output 
stage. The pulse repetition frequency 
is therefore either 98,356 or 9.835 
kc. The uhf output circuits are nom- 
inally tuned to 440 mc, although it is 
possible to adjust the frequency over 
a range of almost ten megacycles. 
Pulses of 0.25 microsecond length, 
with a peak power of 5 to 10 watts, 
are produced. 

A small portion of the timing os- 
cillator output is fed through the in- 

' terconnecting cable to the indicator, 
where phase -shifting tuned trans- 
formers produce voltages 90 degrees 
out of phase. These voltages are ap- 
plied to the horizontal and vertical 
deflecting plates of the cathode-ray 
tube, generating a circular sweep. 
The detector output is also fed to the 
indicator unit, where it is amplified 
by two 6AG5 tubes in parallel and ap- 
plied to a radial electrode in the 
type 3DP1 cathode-ray tube. The 
negative signal pulse repels the elec- 
tron beam and causes the circle to be 
momentarily deflected outward in the 
shape of a pulse or lobe. There áre 
normally two such lobes on the circle, 
one at zero representing the outgo- 
ing pulse, and the other at a position 
corresponding to the altitude of the 
aircraft, representing the pulse re- 
flected by the terrain. 

Transmitter -Receiver Circuit 

The transmitter -receiver circuit is 
shown in Fig. 2, and the indicator 

circuit in Fig. 3. The frequency of 
the timing oscillator is changed from 
98.356 kc (crystal -controlled) to 
9.835 kc (electron coupled) by throw- 
ing the scale switch in the indicator 
from the TIMES ONE position to 
the TIMES TEN position, which ap- 
plies voltage to the scale -change re- 
lay in the oscillator circuit. Opera- 
tion of this relay connects the low - 

frequency section of the oscillator 
grid coil into the circuit, making the 
crystal inoperative. This grid coil 
is paralleled by temperature -compen- 
sating capacitors, to insure maxi- 
mum accuracy over a wide range of 
ambient temperatures. The high- and 
low -frequency sections of the coil are 
wound on the same form, but are 
tuned separately by powdered iron 
slugs, one at each end of the coil. 

The plate load of the timing oscil- 
lator consists of two tuned circuits in 
series, one for each timing fre- 
quency; the coils are permeability 
tuned. The signal for forming the 
circular sweep is picked up by an un - 
tuned tertiary winding and fed to 
the circle amplifier in the indicator 
through a single shielded wire which 
also carries screen grid currents for 
the oscillator, clipper, and driver 
tubes. 

The timing oscillator direct out- 
put goes to the 6AG5 clipper. The 
positive peaks are only slightly flat- 
tened by grid limiting action. Pulse 
forming is achieved by the plate load, 
a coil tuned to about 400 kc and 
damped so that only the highest posi- 
tive peak of the clipper output affects 
the 6L6 driver tube. 

The driver plate load is tuned to 

approximately 900 kc, and the driver 
output is another damped voltage 
train, with a peak value of 400 to 450 

volts. By means of suitably designed 
time -constant circuits, the driver 
output wave shape and amplitude are 
made relatively independent of the 
timing oscillator frequency. 

The 6J6 uhf oscillator tube is plate 
modulated by the driver output 
pulses. The plate lines are silver- 
plated pipes with outside diameter 
about i inch, 2$ inches long, spaced 

inch between centers, and tuned 
by a shorting bar adjustable from 
the front panel. R -f chokes are small 
six -turn coils. The antenna coupling 
loop is mounted directly below the 
plate lines, and its spacing there- 
from is adjustable from the top of 
the chassis. The' loop is series tuned 
by a small variable air -dielectric 
capacitor. The entire uhf output 
assembly is housed in a 1$ x 4i} x lt- 
inch aluminum can, with heater and 
driver leads brought into it through 
ceramic feed -through capacitors. 

The uhf converter and oscillator 
are also housed in an aluminum can, 
somewhat larger, located at the op- 
posite end of the chassis to reduce 
direct feed -through. The converter 
tube plates are connected in parallel, 
.while the grids are connected to 
parallel lines tuned by a shorting bar 
as in the uhf output circuits. How- 
ever, the grid end of the line is 
shunted (thereby shortening the line 
to 1 inches) by a small two -plate 
variable capacitor, adjustable from 
the front panel for fine tuning. An - 

ELECTRONICS - June 1946 
I I 7 



RECEIVING 
ANTENNA 

6AG5 

CONVERTER 
I`T 1-F AMP 
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1 

_ TO RECEIVER GAIN CONTROL IN INDICATOR 

FIG. 2-Transmitter-receiver circuit diagram. All six 1.1 stages have identical component values as given for the first i -f stage. except 

where other values are indicated 

tenna coupling loop tuning and ad- 
justment are almost identical to that 
employed in the transmitter assem- 
bly. 

The 410-mc local oscillator is link - 
coupled to the converter, the loops 
being located below the tank lines. 
The 6J6 oscillator is operated as a 
single triode, with grids and plates 
respectively tied together and the 
element pairs connected to the 
parallel pipe line through ceramic 
capacitors. The oscillator frequency 
is adjusted by means of a shorting 
bar across the pipe line. 

The converter output is coupled to 
the first of six 30-mc i -f stages. 
Bandwidth of each i -f transformer is 
4.5 me at 3 db down. The first two 
stages differ slightly in that the 
screen grid voltage is variable and 
controlled by the receiver gain con- 
trol in the indicator unit. It was 
found that reducing this voltage to 
zero did not prevent amplification of 
the strong signal reflected when the 
aircraft was on or near the ground; 
for this reason grid leak bias was 
added to the first two i -f amplifiers. 

The i -f transformers are all ca- 
pacitance -coupled, double permeabil- 
ity tuned (no capacitance other than 
stray capacitance being required), 
and primary loaded. Heaters of the 
i -f string are isolated for r -f by 
small chokes, and plate and screen 
grid supply leads are decoupled by 
the usual resistor -capacitor net- 
works. 

Indicator Amplifier 

The output of the 6AG5 detector 
(Fig. 2) is taken from its cathode 

through a simple filter, and fed to 
the video amplifier in the indicator 
unit (Fig. 3) through a 75 -ohm 
coaxial line. The vidéo amplifier in- 
put is grounded through an 82 - 

ohm resistor, which approximately 
matches the transmission line im- 
pedance. The video output, consist- 
ing of negative pulses, is applied to 
the central electrode of the cathode- 
ray indicator tube; this electrode is 
grounded through about 600,000 
ohms, so that it does not accumulate 
a charge. 

To minimize interference that 
might be caused in communications 
receivers by radiation of these video 
signals, the central electrode is 
shielded by a small grounded metal 
cap. The dial scale is a transparent 
decalcomania applied directly to the 
face of the cathode-ray, tube. A 
Lucite windms protects the tube 
against accidental damage. 

Separate circle -forming circuits 
are required for the high- and low - 
frequency timing signals, but the 
6AG5 circle amplifier and associated 
d -c components remain unchanged. 
Before amplification of the timing 
signals, they pass through two zero - 
adjusting transformers, one for each 
scale; primaries are untuned and 
connected in series, while second- 
aries are permeability -tuned. A volt- 
age didider across the secondary of 
the TIMES ONE transformer per- 
mits independent adjustment of the 
size of the 5,000 -foot range circle; 
the circle size control, at the input to 
the circle amplifier, controls the size 
of both circles. The two controls are 
normally adjusted so that the TIMES 

ONE circle is about one -quarter inch 
smaller. This is done to enable the 
two scales to be readily distin- 
guished. Before the 50,000 -foot scale 
was added; some confusion was occa- 
sioned by the necessity for either 
counting the number of encircle- 
ments made by the reflected pulse or 
estimating terrain clearance by sub- 
tracting terrain height from height 
above sea -level, the latter determined 
from conventional barometric altim- 
eter readings. 

The circle amplifier plate circuit 
contains the two circle -forming 
transformers, one for each sweep 
frequency; both primaries and sec- 
ondaries are permeability -tuned, and 
in addition two variable resistors are 
provided for circle shape control. 
Several temperature - compensating 
ceramic capacitors are associated 
with the zero -adjusting and circle - 
forming transformer circuits. De- 
flection and centering connections 
are balanced to ground, but other- 
wise conventional. Focus and bril- 
liance controls are conventional. 

Operational Use 

This radio altimeter was installed 
in most medium and heavy bombard- 
ment aircraft, but before the war 
ended it was found to be more valu- 
able as a navigational aid than as 
a tactical aid in bombing. This re- 
sulted on the one hand from the im- 
proved accuracy in ranging circuits 
of radar bombing devices, and on 
the other from the development and 
refinement of a method of determin- 
ing drift by the comparison of radio 
and barometric altitude readings. 
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ELECTRONIC 
Complete translator in which code charac- 
ters appear as letters on the viewing space 
of the panel. Four pairs of thyratrons n 
were used in this early model. The clock { ' 

motor mounted on the front of the panel -. 
rotates a phosphor -coated disk at a speed 

of one rpm 

* :711- .r 

1,75 

s 1 t. i 
THE INSTRUMENT to be described 

is capable of converting Inter- 
national Morse Code (or any arbi- 
trary code) into visual images of the 
letters and figures corresponding to 
the code characters. Since it is de- 
signed to be coupled to the output 
terminals of a radio receiver, it offers 
the possibility of hearing the code 
characters and seeing the corre- 
sponding letters simultaneously. Al- 
ternatively, code can be sent into the 
translator with a key for code in - 

TABLE I 

Letter Code or 
Character Figure 

Weight 

E 1 

T 2 
I 3 
N 4 
A 5 
M 6 
S 
D 

7 
8 

R 9 
G 10 
U 11 
K 12 
W 
0 

13 
14 

H 15 
B 16 
L 
Z 

17 
18 

F 19 
C 20 
P 21 
V 23 
X 24 
C 26 
Y 28 
) 29 
5 31 
6 32 
7 34 
8 38 

43 
9 46 
4 47 

48 
3 55 
2 59 
1 61 
0 62 

struction, as well as for communica- 
tions. 

The translator consists of two sec- 
tions: (1) a discriminator, in which 
five or more pairs of thyratrons, em- 
ployed as reset relays in a scaling cir- 
cuit, produce after each group of dots 
and dashes a unique voltage deter- 
mined by the character received ; (2) 
an indicator, functioning on the 
stroboscopic principle, that converts 
the discriminator voltage, at the 
proper time, into a persistent optical 
image of the character on a moving 
phosphorescent screen. Portions of 
the circuit are gated, so that the 
thyratrons are returned to the ready 
condition after each character has 
been presented, and so that the 
stroboscope is illuminated only at the 
proper time. The circuits are cap- 
able of translating code at any speed 
that can be followed by a relay. 

Weighted Characters 

The code characters are analyzed 
by the discriminator on the following 
basis. The dots and dashes in a char- 
acter are considered as numbered 1, 
2, 3, , and the numbers are as- 
signed weights in a geometric pro- 
gression of 1, 2, 4, 8, etc. The total 
weight of each character is found by 
adding the weights of the individual 
unit signals, the individual weight 
being doubled if the signal is a clash. 
This rule is illustrated by the schema- 
tic system of weights shown in Fig. 
1. For example, the weight of the 
letter "E" (one dot) is 1; of "N" 
(dash dot) is 4 ; of "R" (dot dash 
dot) is 9, etc. Table I gives the 
weights of all commonly used charac- 
ters of the International Morse Code. 

Thus the various letters and figures 
have discrete weights, differing in 
genes -al by unity. 

The heart of the discriminator is 
the array of five (or more) pairs of 
gas tetrodes (2050's or 2D21's) 
shown at lower left in the circuit dia- 
gram of Fig. 2. These tubes repre- 
sent the schematic arrangement of 
weights shown in the block diagram 
of Fig. 1, the weight being assigned 
to each tube by specifying its individ- 
ual plate resistor. 

When a given gas tube is turned on 
by a signal applied to its control grid 

i 2 4 
i i eii/ i/ 

FIG. 1-Weights of unit signals. The 
upper row is used If the signal Is a dot; 
the upper and lower rows are added if the 
signal is a dash. The total weight of the 
dots and dashes in a group is the weight 
of the character. The unshaded blocks 
show a total weight of nine for the 

letter "R" 

through the input network, it con- 
ducts a current that is nearly in- 
versely proportional to the magni- 
tude of its plate resistor. 

The two tubes of each pair have 
plate resistors of equal value, the 
values decreasing in geometric pro- 
gression to the right. Since all the 
individual plate resistors are coupled 
to a common point on a voltage di- 
vider between R, and R and since 
the sum of all the tube currents 
passes through the common resistor R the voltage drop across this resis- 
tor is determined by the particular 
group of tubes that have been turned 
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CODE TRANSLATOR 
:ode signals from a receiver are fed into a ten -tube discriminator to produce voltages that 

rigger a gas -filled tube. Illumination from the tube causes corresponding letters and numerals 

to appear on a moving fluorescent screen 

ln. Thus, a unique voltage appears 
it the first grid of tube V,. in the in- 
licator circuit, and this voltage cor- 
responds to the particular letter or 
figure that was sent into the trans- 
lator. 

Cieuif Analysis 

The method of switching on the 
various dot and dash tubes of the 
array may be followed by studying 
the circuit. The upper tube of each 
pair in the diagram (V, .... V,.) is 
a dot tube, the lower is a dash tube. 
When a group of dots and dashes is 
introduced into the circuit, the dot 
tubes are turned on, in order, at the 
conclusion of each unit signal, 
whether it be a dot or a dash. It will 
be noted that the successive dot tube 
grids are biased step -wise, and that 
the whole grid system is raised about 
three volts per signal by the inter- 
mittent charging of capacitor C, 

" through the left-hand section of tube 
(The right-hand section is used 

to discharge the capacitor when the 
circuit returns to the cleared condi- 
tion.) 

The problem of ensuring that the 
dash tube of a pair NSould go on at the 
end of a signal only if the signal was 
a dash was solved by placing tmo con- 
ditions on the ignition of each dash 

By HORACE W. BABCOCK 
Mount Wilson Observatory 

Pasadena, California 

tube: (1) The corresponding dot tube 
must go on, giving a negative pulse 
to the cathode of the dash tube 
through capacitance coupling. (After 
ignition, diode anchor V,,, ... . 

prevents thethyratron cathode from 
rising appreciably in potential) ; (2) 
the grid of the dash tube must be at a 
sufficiently positive potential as de- 
termined by an RC circuit (R C2) 

that is controlled by the duration of 
the unit signal, thus discriminating 
between dots and dashes. 

At the conclusion of a group of 
dots and dashes, another RC circuit 
permits the indicator to function and 
then opens a relay (RY_), cutting off 
plate potential for all of the thy- 
ratrons and so extinguishing them. 
The circuit is then ready for the 
reception of the next code character. 

The resistance elements (R,, R.) 
of the two timing circuits are ganged 
on a common control that is set by 
the operator with the aid of a cali- 
brated dial to the approximate speed 

-of the code being received. 
The indicator section of the trans- 

lator consists of the gate circuit as- 
sociated with tube V,,, a Strobotron 
or similar triggered -arc illuminating 

tube, and a stroboscopic letter disk 
carried on the rapidly rotating shaft 
of a 3600 -rpm synchronous motor 
M1. The various letters and figures 
were punched out stencil -fashion 
around the edge of the disk in the 
order given in Table I. 

The double triode V,. is connected 
in a biased multivibrator circuit* so 

that normally the left-hand triode is 
off and the right-hand triode is con- 
ducting. The circuit is tripped by a 
positive pulse on the left-hand grid. 
This pulse, or trigger, occurs at zero 
phase of rotation of the stroboscopic 
disk, upon the closing of a timer con- 
tact SW on the motor shaft. The 
duration of the interval during which 
the gate remains tripped is deter- 
mined by the d -c potential on the left- 
hand grid, and hence by the output 
voltage of the discriminator. 

The Strobotron illuminating tube, 
V,,, is triggered by the return of tube 
V,. to the stable condition, hence the 
illuminating flash occurs at a phase 
determined by the discriminator, and 
the proper letter image appears to 
the viewer. The indicator tube is in- 
dependently gated 'by the relay RY.. 
and hence is always off except for a 

This circuit is a variation of that given 
nn p 59 In Puckle. O. 5.. "Time Bese.," Jolla 
Wiley & Sons, Inc., 1943. 

Tube and shield removed to show the placement of the letter- The indicator tube is mounted behind the panel so that flashes 
stenciled disk in relation to the phosphor -coated disk 
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brief interval at the termination of 
each code character. The gate is open 
long enough to permit illumination 
of the letter disk on two or more suc- 
cessive turns (several turns at low 
code speeds). 

To facilitate reading, the illumin- 
ated letters are optically transferred 
from the stroboscopic letter disk to a 
slowly rotating glass disk, D that 
has been coated with a sensitive 
phosphorescent compound. This view- 
ing disk is rotated by motor M, from 
right to left at a speed of one rpm 
so that the letters of the message 
received appear in the proper se- 
quence and their images persist for 
a number of seconds. 

A working model of the translator 
has been built, and has given results 
both satisfactory and highly enter- 
taining. The discriminator responds 
well to ordinary hand sending, and 
has proved to be not too sensitive to 
the particular code speed. The ideal 
source of code is an automatic key- 

ing device, but this is not essential 
for good results. The translator na- 

turally shows up sending that devi- 
ates too far from the ideal, in which 

the dash length is three times the dot 
length, and in which the interval be- 

tween dots and dashes in a group is 

equal to the duration of a dot. If the 
circuit is to be coupled to a receiver, 
the whole translator must be ade- 
quately shielded to suppress radia- 
tion from the relays. 

The translator could no doubt be 

improved in a number of respects. 
In particular, the timing contact on 

the shaft of the synchronous motor 
could be eliminated by triggering the 
gate circuit from the 60 -cycle power 
wave. An additional tube would be 
required for squaring up and differ- 
entiating the sine wave to produce a 

suitable trigger, but the gain in de- 
pendability and mechanical simplic- 
ity would no doubt be worth while. 
The first model suffered from the fact 
that the indicator tube lacked suffi- 

cient luminous output, especially in 

the shorter wavelengths of the opti- 
cal spectrum, to give adequate per- 
sistence in the phosphorescent letter 
images. This feature could be im- 

proved by the substitution of a suit- 
able triggered mercury -pool arc tube.' 

Since the time intervals required 
for the transmission of the various 
characters are different, the spacing 
of the letters on the phosphorescent 
viewing disk is not uniform if the 
disk rotates at constant speed. Uni- 
formity of spacing could be achieved 
by causing the rotation to occur in 

equal steps, one step being made for 
each action of the relay RY-. 

Appreciation is expressed to the 
California Institute of Technology 
for providing laboratory facilities 
for part of this work. 
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F1G. 2-Complete circuit al the electronic code translator. Tubes lettered V, to V are type 2050; V,,. V,,, and VII are type 6146; 
V,0. V,,. V,,. and V. are type 6SN7; V is a 1.V and V is a Strobotron 
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Reentrant Pentod.e..... 
A -F Amplifier 

Special pentode operating as two triodes in cascade gives gains up to 500 with 45 -volt 

plate supply. Grid No. 2 of pentode serves as anode for first triode, while grid No. 3 and 

plate form second triode system. Factors affecting circuit design are analyzed 

PENTODES with sharp cutoff and 
low plate current are in general 

Ase in RC -coupled audio amplifiers 
where high gain per stage is desir- 
able. With properly chosen screen 
and plate load resistances, the gain is 
;enerally of the same order as the 
plate supply voltage expressed in 
volts. This means that with the plate 
supply of 45 volts or less used in 
'many small portable receivers, the 
gain per stage is usually limited to 
40 or 50 for pentodes in conventional 
circuits. 

The new and unusual circuit to be 
described permits voltage gains in 
the order of 300 to 500 and a safe 
minimum gain of 250 in a single 
pentode of special design, operating 
from a 45 -volt plate supply. 

Two -Stage Amplifier 

In the basic two -stage pentode cir- 
cuit shown in Fig. 1, the first grid. 
G is a conventional control grid; the 
following grid G., acts as an anode 
with respect to G,. so that G, and G, 
may be considered to act like a triode. 
Grid G_ is connected to the plate 
supply through a load resistor R 

FIG. 1-Basic two -stage circuit for single 
pentode, with characteristic curves of the 
two triode systems. Grid 3. ordinarily the 
suppressor grid, must have a fine mesh 

By ROBERT ADLER 
(;ngineering Department 

Zenith Nadia Corporation 
Chicago, Illinois 

Special experimental pentode tube originally built by Zenith and later manu- 
factured by Raytheon under type number CKS11X for reentrant amplifier use 

so that amplified audio voltages ap- 
pear across R. Through coupling ca- 
pacitor C:, these voltages are trans- 
ferred to the third grid G:,, which 
acts as a second control grid. Grid 
G. and the plate P together form a 
second triode system, amplifying 
once more the audio signals which 
finally appear across the plate load 
resistor R,. 

This simple explanation, which 
seems to indicate that the circuit 
should act like two triode stages in 
cascade, fails to take account of one 
very important factor-the first 
triode stage proves to be inherently 
regenerative, so much so that the cir- 
cuit will normally oscillate. 

To see why this is so, let us assume 
that the second control grid G, is 
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made a little more negative by some 
external influence. This will reduce 
the current which goes through G, to 
the plate, so that those electrons 
which can no longer reach the plate 
are forced to return to G increasing 
the current I, to this grid. The slopes 
of the two- characteristic curves are 
therefore opposite, as shown in Fig. 
1, so that the total current remains 
substantially constant and inde- 
pendent of the potential on grid G. 
This grid merely distributes the total 
available current between G, and the 
plate. It exhibits a normal positive 
transconductance with respect to the 
plate, but it also has a negative 
transconductance with respect to 

precedes it. This, in - grid G_ which 

FIG. 2-Equivalent circuit of reentrant 
pentode a -f amplifier, showing the nega- 
tive conductance as a new circuit element 

designated .-C 

. 

Rp 

'VV$A, .i 
..T, c3 

R2 

,-. 

e. 

FIG. 3-Method of using shunt capacitor 
between second grid and ground to sup- 

press oscillation 

cidentally, is a property common to 

all control grids which follow posi- 
tive grids or screens, such as the 
signal grid in pentagrid converters. 

Equivalent Circuit 

Because G, and G, are connected 
together through capacitor C they 
represent a single point in the cir- 
cuit with respect to audio voltages, 
and the negative transconductance 
of G, with respect to G_ becomes a 
negative conductance from these two 
grids to ground. 

In the equivalent circuit of Fig. 2, 

this negative conductance is intro- 
duced as a new circuit element -C, 
and the first triode, the negative con- 
ductance and the second triode are 
shown separately. Actually, of 
course, all three are functions of a 
single tube with three grids. 

Grid G,, considered as the first 
triode plate, has a certain internal 
resistance Ro, just like any other 
triode plate. Its load consists of the 
resistor R_ in parallel with the nega- 
tive conductance -C. By combining 
these two elements into a single re- 
sistance R,, designated as total plate 
load and equal to 1/[(1/R,)-C], we 
can compute the triode gain as 
µR,/(R, -}- R,,). This means that 
when the numerical value of -C is 
very small, the gain is normal (less 
than µ) ; when C is equal to 1/R the 
total plate load is infinitely large, 
and gain is equal to µ; when C is 
larger than 1/R, but less than 
(1/R,) -{- (1/Re,), the total plate 
load is negative and larger than Ro 
and gain is more than µ; when C is 
larger than (1/R,) -{- (1/Ra,), the 
total plate load is negative and less 

2,2 MEG. 

0 00 
)! 270,000 WW- 

.-. 0.0003 
02 
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FIG. 4-Complete circuit diagram of a practical two -stage voltage amplifier using a 
special pentode and feeding Into a third triode stage 

than Ree,, and the stage oscillates. 
Gains far in excess of the normal 
triode gain are thus obtainable in the 
first triode section if -C can be 

properly controlled. 

Control of Regeneration 

Let us now remember that -C 
represents the amount of current 
which is switched from the plate to 
G, when G, is made one volt more 
negative. In practice, some of the 
electrons which are turned back at 
G, pass the vicinity of the cathode 
before they finally land on G 
thereby increasing the negative 
space charge around the cathode. 
The total current, therefore, does 
not stay constant (as' shown in Fig, 
1) but drops when G, becomes more 
negative, forcing more electrons to 
turn back. 

If this effect were absent, -C 
would be numerically equal to the 
transconductance gn, of G,. Actually, 
it is always somewhat smaller; but- 
and this is the important point-it is 

the dynamic transconductance which 
counts. If, by means of a large plate 
load resistance R,, we reduce the 
dynamic g,, the numerical value of 
-C will drop correspondingly. 

In conventional triodes the gain, 
which is equal to the product of R 
and dynamic g.,, remains constant 
over a wide range of plate loads. The 
dynamic g, drops as R, is increased, 
so without much effect on the gain 
of the second triode system we can 
reduce dynamic g,, and, therefore, 
-C to any value desired by varying 
the plate load resistance R. This 
gives us a means for adjusting the 
gain in the first triode system within 
wide limits. 

The following data, taken with an 
experimental tube and with R. = 
220,000 ohms, may serve as an illus- 
tration : 

R,. Gain Gain Overall 
meg. GI to G, 03 to P Gain 

3.0 16 9 150 
2.0 22 9 200 
1.0 50 8 -100 
0.8 Ose (8) Ose 

A plate load resistor of 1.5 meg- 
ohms might be recommended for this 
tube, with a resulting overall gain of 
about 250. 

Design Precautions 

In the practical use of this cir- 
cuit, certain precautions must be ob- 
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erved. As explained above, stability 
s obtained by the use of a plate load 

esistance R, which is sufficiently 
sigh to keep the dynamic g., safely 
telow a critical value. At high fre- 
luencies, however, generally above 
he audible range, the stray capaci- 
ance from plate to ground reduces 
he effective plate load impedance 
tnd creates a. tendency to oscillate. 
% simple method for correcting this 
dendency is shown in Fig. 3. A shunt 
:apacitor C. provides a low-imped- 
tnce path from G. to ground at those 
frequencies, counterbalancing the in- 
crease of -C. 

Another precaution may become 
iecessary if the circuit operates as a 
preamplifier in connection with an 
audio output stage which does not 
have sufficient grid bias. High posi- 
tive signal peaks will then drive the 
output tube into the grid current reg- 
ion, where a low -impedance path to 
ground is suddenly produced; this 
path is effectively in parallel with the 
plate load and causes a corresponding 
increase in regeneration. The effect 
can be suppressed by a current-limit- 

,,ing resistor R0 inserted in series with 
the grid of the audio output stage. 

Practical Circuit 

Figure 4 shows the complete cir- 
cuit diagram, including capacitor C. 
and resistor Re. Figure 5 shows the 
frequency response curve of such an 
amplifier, taken with a tube whose 
first triode system had a µ of 17 so 
that the gain in normal triode opera- 
tion might have been about 12. In 
this 'circuit, the gain from G, to G. 
was 30. The gain in the second triode 
system-from G. to plate-was 10. 

There exists considerable prejudice 
against the use of regeneration in 
audio circuits, and if conventional 
circuits are referred to, this attitude 
is justified. In most such circuits, the 

1 -regenerative loop includes several 
load resistors and coupling capaci- 
tors, sometimes even transformers, 
and nearly always two tubes. All 

I these elements exert an influence on 
II the gain and on its variation with 

frequency, but in this circuit, the 
amount of regeneration is substan- 

i tially determined by the ratio of RP to 
R and if the ratio of C, to the 

I capacitance from plate to ground is 
chosen correctly, the same amount of 
regeneration exists over the entire 
audio band. 

500 
Z 400 
a 300 

200 

10000 500 Ip00 5000 10,000 
FREQUENCY IN CPS 

FIG. 5-Frequency response curve of am- 

plifier circuit of Fig. 4 

The static transconductance of the 
tube has little effect on the perform- 
ance as long as it remains large 
enough. This is evidenced by the 
plot of overall gain versus plate sup- 
ply voltage, shown in Fig. 6. The f re- 

quency response curve (shown in 

Fig. 5) also resembles that of a 

straight two -stage amplifier and fails 
to exhibit the peaked character gen- 
erally associated with regenerative 
audio amplifiers. 

Design of Special Tube 

Conventional pentodes will not op- 
erate in this circuit because their 
suppressor grid is not capable of act- 
ing as an efficient control grid. In a 

tube designed for this type of service, 
G, is a fine -mesh grid similar to the 
signal grid in a pentagrid converter 
like the 1R5. Grids 1 and 2 are con- 
structed like a conventional control 
grid and screen grid. 

To obtain good gain in the second 
triode system, it would be desirable 
to make the of this system (Gs with 
respect to plate) rather high. On the 
other hand, the low plate supply volt- 
age at which such a tube is most use- 
ful sets a practical limit to the p. at 
which the second triode system can 
still operate properly. This limita- 
tion made it difficult to obtain gains 
much in excess of 5 in the second 
triode system, using a minimum fig- 
ure of 30 volts for the plate, supply 
voltage, until it was found that the 
low -voltage performance could be 
considerably improved by reducing 
the spacing between G. and G.. In a 
tube so constructed, the potential in 
the gaps between the wires of G. is 
rendered more positive by the close- 
ness of G.; a lower plate voltage is 
then sufficient to draw the desired 
amount of plate current through 
these gaps. The effect is the same as 
that which enables space charge tri- 
odes to operate at low supply volt- 
ages. 

500 
Z 400 
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200 

10020 30 40 50 
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60 - 

FIG. 6-Variation of gain with plate sup- 

ply voltage in circuit of Fig. 4 

FIG. 7-Cross-section of electrode structure 
of experimental pentode built for use in 

reentrant amplifier circuit 

Figure 7 shows a cross-section 
through the electrode structure of an 
experimental tube which was built 
at Zenith. A tube with very similar 
electrode spacings, based on this 
model, was later manufactured by 
Raytheon under the type number CK- 
511X. An amplification factor p. of 
17 was selected for both triode sys- 
tems-G, with reference to G, and G. 
with reference to plate. This choice 
represents a compromise between 
maximum gain at full plate supply 
voltage and minimum drop in gain at 
reduced plate supply voltage. Over- 
all gain (Fig. 6) remains fairly con- 
stant down to about 35 volts and is 
still good at about 30 volts. At lower 
voltages it drops off sharply. Higher 
µ would have permitted more gain at 
45 volts, but it would not have been 
possible to maintain satisfactory 
gain down to 30 volts. 

Experience with this tube and cir- 
cuit indicates that it is possible to 
maintain a gain figure at least five 
times in excess of what a conven- 
tional pentode circuit would yield at 
the same plate supply voltage. The 
reentrant amplifier-to adopt a fairly 
descriptive term for lack of a better 
one-does not provide as much gain 
as two conventional pentode stages, 
but it will fully replace two triode 
stages, and wherever that amount of 
gain is adequate it may find useful 
application. 
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ULTRASONIC 
Electronic circuits and a 15-mc ultrasonic beam rotating over a special underwater map 
generate signals that can be fed into a standard Navy radar in a classroom to simulate 
ppi patterns that would be seen on maneuvers or bombing runs over any desired target 

rf 

r 

Closeup of trolley that carries crystal cartridge and reflector through the water over the map. Since the map may cover hundreds or even thousands of miles of 
territory, with trolley moving over map In correct speed relation to throttle setting 
of a plane flying over actual territory, the trolley moves very slowly during use 

A 
RADAR 
TIMING PULSE 

30 860 MG 

TO I -F 
OF RADAR 

CRYSTAL 
DRIVER 

PREAMPLIFIER 
CONVERTER 

TERRAIN - 

15 MC 
IN SEC 

WATER LEVEL 

, MATCHING 
NETWORK 

CRYSTAL 
CARTRIDGE 

- ROTATING 
REFLECTOR 

SOUND ENERGY 

FIG. 1-Use of an ultrasonic beam rotating over a specially prepared map in a pan of water permits compressing into reasonable space in the trainer the identical actions of a radar system used for blind bombing 'or navigation. The trainer takes a timing pulse from any standard Navy radar, and feeds back into the radar i -I system the signals needed to simulate the ppi pattern desired 

v 
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0.001 

17 TURNS 
NO. 30 
WIRE 

250 V 

OSCILLATOR 

0.01 

15 MC 
DIRECTLY TO GRID 
OF VOLTAGE AMPLIFIER 

FIG. 2-Circuit of quickocting switch tube and the Hartley oscillator that it controls 
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THE ULTRASONIC TRAINER AN/ 
APS-T3 was designed and devel- 

oped by Radiation Laboratories, 
MIT, and Special Devices Division, 
ORI, U. S. Navy, to produce on the 
scope of a stationary radar a pattern 
identical to that on an airborne 
radar set in flight. To achieve this 
simulation the device "flies" a trans- 
mitter over a scale -model terrain 
submerged in an "atmosphere" of 
water. 

When an aircraft radar set is 
flown over the surface of the earth, 
short pulses of radio energy are 
transmitted from the radar antenna. 
Radio energy is reflected back to the 
antenna from the terrain below dur- 
ing the period between transmitted 
pulses. The beam from the antenna 
scans the surface of the earth as the 
antenna is rotated in the airplane. 

In an analogous manner, the ultra- 
sonic system transmits pulses of 
high -frequency sound energy which 
are shaped in a typical beam pattern 
and, traveling in water, strike the 
surface of the model below. Exactly 
as in the radar system, a small 
amount of energy is reflected back to 
its source, where it is received and 
converted to electrical oscillations. 

Description of Equipment 

The system which controls the 
flight of the simulated aircraft per- 
mits introduction of wind drift as 
well as a wide range of speeds and 
aircraft headings. The signal com- 
ponents of the trainer include a crys- 
tal driver which when triggered pro- 
duces a brief 15-mc oscillation, a 
quartz crystal transducer for send- 
ing out the ultrasonic beam, a pre- 
amplifier converter, and matching 
networks, as shown in Fig. 1. 

The timing pulse from any of the 
Navy's recent airborne radar sets 
may be used to trigger the crystal 
driver. A blocking oscillator stage 
forms a sharp (approximately 1 
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TRAINER CIRCUITS 
By FINN J. LARSEN 

Lieutenant (fg), U. S. Navy 
project Engineer, Radar Section 

Special Devices Division 
Navy Department, Washington, D. C. 

;ticrosecond) pulse which, by the 
se of a switch tube, starts and stops 
he 15-mc oscillator. The amplified 
'5-mc pulse is conducted through a 

oaxial line to a matching network, 
,nd then to an X -cut quartz crystal 
ransducer that is resonant at 15-mc. 

The crystal transducer, mounted 
n a sealed metal cartridge, has its 
ower gold-plated surface exposed to 
he water surrounding the crystal 
:artridge. The 15-mc sound pulse 
)roduced by the vibrating crystal 
.ravels to a glass reflector immedi- 
ately below. This reflector shapes 
he beam to correspond to that of a 
)articular radar set and reflects it 
.hrough the water to the terrain 

t>elow. A carefully constructed model, 
vhich duplicates the desired portion 
of the earth's surface, is placed at 
he bottom of a tank below the crys- 
al cartridge. 

On_ the model terrain a smooth 
unlace represents sea areas, and 
nirror reflection occurs, none of the 
'energy returning to the crystal. A 
and area is simulated by an ex- 
remely small-particled rough sur - 
ace, which reflects a slight amount 
if sound energy back to the reflector 
nd quartz crystal. As the reflected 
ound waves strike the crystal trans- 
!ucer, they cause an oscillation which 
ends electrical impulses back to the 
rystal driver and preamplifier. Since 
he crystal driver is not at that time 
transmitting, its plate output net- 

',vork presents a high impedance to 
'be returning signal which is also 
pplied to the preamplifier converter. 

' The returning 15-mc signal passes 
,Ihrough four stages of amplification 
before going to a mixer tube which 
'.ombines the signal with a locally 
lenerated 45 -me oscillation. These 

+hour stagger -tuned stages are used 
Ilo bring the mixer signal input up to 
'Ihe same level as that of the 45-mc 
iscillator. The output of the pre- 
implifier thus provides both 30- and 
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Ultrasonic Trainer APS-T3 in use with APS-15B radar (right). The overhead trolley 
moves the ultrasonic crystal and rotating reflector through the water covering the 
map in response to changes in flight controls made by trainee in covered -cockpit 

mockup that simulates all instrument readings. scope patterns. and sounds of 

complete flight to an assigned destination and back 

60-mc signals which will feed the i -f 
strip of any standard Navy radar 
gear. 

The scanning of the ultrasonic 
beam is accomplished by rotating the 
crystal cartridge and reflector around 
a vertical axis. Since the trainer is 
adaptable to B -scope radar sets, some 
of which do a high speed sector scan, 
as well as the ppi presentation sets, 
the rotation of the crystal and re- 
flector is controlled by a servo -ampli- 
fier system explained in detail later. 
This system drives the ultrasonic 
crystal and reflector to a position 
which is within a fraction of a de- 
gree of the direction of the antenna 
on the operational radar set. 

The circuits employed to achieve 
synthetic radar pictures are in the 
main conventional with the excep- 
tion of three now to be considered, 
which may have general industrial 
or other applications. These are the 
switch -tube control circuit, the re- 

actance -tube frequency control cir- 
cuit, and the antihunt circuit for the 
servo system. 

Switch -Tube Control Circuit 

In developing the crystal driver 
for the Ultrasonic Trainer, one of 
the most serious problems was to 
start and stop the 15-mc oscillator - 
with the necessary abruptness. This 
was a requirement since a point 
target will appear as long in range 
as the duration of the output pulse. 
For example, a point object would 
appear one sixth of a mile long in the 
range dimension if a two -microsec- 
ond pulse were reflected from it. 
This is true since radio energy re- 
quires approximately 12.4 microsec- 
onds to travel out and back a distance 
of one mile. 

The stopping and starting of the 
oscillator is accomplished by means 
of the switch tube shown in Fig. 2. 
Here VT, is a conventional Hartley 
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oscillator, but the oscillator coil, 
which is slug -tuned to 15 mc, is in 
the cathode circuit of VT,. 

In effect, VT, functions as a vari- 
able -impedance load which shunts 
the tank coil of the oscillator. When 
the switch tube is conducting, the 
low effective shunt value will prevent 
sustained oscillations. If this effec- 
tive shunt value is of -such magnitude 
that it will critically damp the tank 
coil, oscillations will die out very 
rapidly as VT, begins to conduct. 

In operation, a negative pulse is 
applied to the control grid of the 
switch tube. At the beginning of the 
pulse, the sudden decrease in cathode 
current will shock -excite the oscil- 
lator and insure a rapid build-up of 
oscillation. As the pulse passes, VT, 
begins conducting and quickly damps 
all oscillation. This circuit is capable 
of responding not only to a square 
negative pulse, but will follow the 
shape of any negative pulse im- 
pressed on the grid of the switch 
tube. 

An alternate explanation of the 
switch tube action can be based on 
magnetic fields. When the switch 
tube is conducting, a steady mag- 
netic field around the oscillator coil 
will prevent oscillation; when the 
switch tube is cut off, the collapse of 
the magnetic field will initiate oscil- 
lation of VT,. 

Reactance -Tube Frequency Control 

It is desirable that as many of the 
radar controls operate normally as 
is possible, and since the radar sets 
have a discriminator circuit used to 
control the klystron frequency, it is 
possible to vary the frequency of the 
45-mc local oscillator automatically 
to simulate afc and manual tuning. 

This variation is accomplished by 
the use of a reactance tube shunted 
across the tank coil of the oscillator, 
and a d -c amplifier used to convert 
various radar repeller voltages to a 
uniform voltage range for control of 
the reactance tube, as in Fig. 3. 

The d -c amplifier converts the cen- 
ter of a voltage swing from -120 to 
-180 volts to a swing of approxi- 
mately 0 to -19 volts. For operation 
with another radar set having a 
repeller swing of lower negative volt- 
ages, the shorting leads across two 
resistors are removed, and both cath- 
ode and grid operate at less negative 
voltages. 

,I28 

FIG. 3-Circuit of reactance tube used to vary the frequency of a Hartley oscillator 
is accordance with d -c input voltage variations to simulate ale and manual tuning 

actions in a radar 
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FIG. 4-Arrangement of synchros and servo amplifier in scanning system of 
ultrasonic trainer 

The variable reactance tube VT, is 
connected in parallel with the tank 
coil of the Hartley oscillator. The 
reactance tube and its associated cir- 
cuit behave as a variable capacitor 
whose capacitance is determined by 
the mutual conductance of the tube. 
Since the mutual conductance of a 
variable -mu tube can be controlled 
by varying its grid bias, it is possible 
to change the frequency of the oscil- 
lator tank. In practice this oscillator 
can be easily varied in frequency 
from approximately 42-mc to 48-mc. 

The frequency change which can 
be obtained by the use of a reactance 
tube is limited by the resistive load 
which the variable -reactance tube 
presents in parallel with the oscil- 
lator coil. As the grid voltage of the 
reactance tube changes, the effective 
resistive load also changes, and if it 
becomes too low, the oscillator may 
stop functioning. 

The Scanning System 

A servo system, shown in Fig. 4, 
causes the crystal and reflector to 
follow the rotation of the radar an- 
tenna spinner. A synchro attached 
to the antenna spinner is connected 

through a differential generator syn- 
chro to a control transformer. If the 
rotor of the antenna synchro is 

turned slightly the magnetic field in 

the control transformer is also ro- 

tated, and a small error voltage is 

picked up by the transformer rotor 
and amplified by the servo amplifier. 
The amplified output feeds one wind- 
ing of a two-phase motor, the other 
winding being kept constantly ener- 
gized at the same phase as the input 
to the antenna synchro so the motor 
will restore in the correct direction. 

The two-phase motor drives both 
the control transformer and the 
vertical sleeve which carries the 
crystal cartridge and reflector to the 
correct position. The control trans- 
former operates at four times crystal 
and reflector speed to obtain greater 
accuracy; a still higher ratio had too 
much inertia. The differential gen- 
erator synchro, when rotated by a 

change in the simulated airplane 
heading, feeds the control trans- 
former a displacement which repre- 
sents the change in heading on the 
radar scope. 

One of the difficulties which arises 
with a servo amplifier is that of 
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,unl3g or oscillating of the motor 
lid and the mechanical system as 

hes components overshoot their 
oiii t position. An interesting filter 
ircit in this servo gives very posi- 
iye tntihunt control and provides 
.reatr than usual accuracy for the 
ery system. 

fln ordinary amplifier is used to 
rtv the motor of a servo system, 
arg torques can only be obtained by 
oletting a large error since the 
rrovoltage input to the amplifier is 
duet function of the displacement 

f to control transformer (in the 
asetnder discussion) from its cor- 
ect osition. If, however, a network 
vhit gives a derivative or antihunt 
oltt;e is part of the amplifier, large 
uttyt can be obtained from the 
rnfier at relatively small error 
,olt res, since the derivative voltage 
s plportional to the velocity of the 
;on of transformer error, not the 
Iiskicement. In other words, a 

ark correcting torque can be ap- 
31i by the motor in the system, if 
:he rror is increasing rapidly, al- 
hol,h the error may still be quite 
rna. 

Analysis of Error Voltages 

A effective study of the require- 
nd 3 of such a network can be made 

by assuming an input error voltage 
consisting of an amplitude -modulated 
carrier wave. The input error volt- 

age is given, at any time, by 

e; = E, cos coo t(E2 cos (w,t+8)1 (1) 

er = E1 E2 {cos ((wo - w,)t - 61 

-1- cos ((wo -- w.)t - 0) (2) 

Here E, and E. are the maximum 
values of the carrier and modulation 
voltages respectively, and w, and w, 

are the corresponding frequencies. 
The two terms in the expanded sec- 
ond equation represent the two side - 
bands, one lying above and the other 
below the carrier frequency. The 
antihunt or derivative voltage which 
will provide damping is given by 

eh = E1 cos wot (Eº sin (w.t 0)) (3) 

can = 
E12 

2Es 
# - sin ((w. - w.)t - B 

+ sin (w.-{-w,)t-I-011 

The expanded equation for e,,, indi- 
cates the required phase change for 
the sidebands. 

From Fig. 5A and 5B, it may be 
seen that the antihunt voltage may 
be at a maximum near the input 
error voltage minimum, which cor- 
responds to a small' displacement 
error. 

Obviously the servo system, in - 
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FIG. 5-Curves illustrating action of antihunt circuit used with servo system 
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FIG. 6-Antlhunt filter circuit used in servo amplifier 

eluding both motor and amplifier, 

should have a wide frequency re- 

sponse. Since the overall frequency 
response is the product of the re- 

sponses of the motor and the 

amplifier (Fig. 5E), the amplifier 

(Fig. 5D) can compensate for the 
inherently poor characteristics of 

the motor (Fig. 5C). 
The frequency response curve of 

the amplifier (Fig. 5D) may be ap- 

proximated by adding a direct error 
voltage to the frequency response of 

a parallel T filter (Fig. 5F). The 
parallel T filter as used in this servo 
amplifier is not new, but it has been 

engineered to give exceedingly good 
performance in this application. 

Servo Antihunt Circuit 

In the servo system, Fig. 6, an in- 

coming error voltage is amplified by 
the input transformer, which is 

tuned to 60 cps by a capacitor across 
the secondary. The potentiometer 
between the input transformer and 
the triode amplifier serves as a gain 
control. The output of the triode is 
fed to both the filter network and a 
second potentiometer. The amplified 
error voltage between A and B is 
applied to the network. If the input 
is exactly 60 cps, as when the control 
transformer is following the synchro 
with a small constant lag, the high 
impedance of the filter at 60 cps 
results in zero antihunt voltage. 

The direct input voltage between 
point B and ground is passed to the 
second triode and amplified. If the 
control transformer increasingly 
lags or leads, however, the input 
voltage (see Eq. 2) will have com- 
ponents higher and lower than 60 
cps. Since the parallel T net- 
work has a much lower impedance to 
these frequencies, they will be applied 
to the second triode and this anti - 
hunt voltage will be amplified and 
used to control the motor. In prac- 
tice, the second potentiometer is 
adjusted to give the correct balance 
of antihunt and direct input voltage. 
Too large a percentage of antihunt 
results in a system that falls too far 
short of its correct position; too 
little antihunt causes oscillation of 
the system about the correct point. 

This antihunt filter network 
markedly improves the action of a 
servo system following any irregular 
motion, and should have wide appli- 
cation in amplifiers for servo motors. 
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TRANSIENT. 
VIDEO ANALYZER 
Cathode-ray test set combining a five -signal transient generator with a wide -band oscilloscope, 
used for checking accuracy of various types of steep waveforms reproduced by wide -band 

amplifiers used in television and communications equipment 

AT present considerable work in 
the communications field is con- 

cerned with systems for the trans- 
mission of transient waveforms. Es- 
pecially in television are the require- 
ments severe as to the accuracy of 
reproduction of steep waveforms 
without overshoots or ringing. 

Testing and design of such equip- 
ment customarily involves laborious 
use of ordinary steady-state signal 
generators. Sometimes oscillators 
with continuously swept frequency 
are used, but in general such meth- 
ods have two disadvantages: (1) the 
shape of the transmission (gain) -vs - 
frequency characteristic is not singly 
related to the transient performance 
which is the real objective; (2) the 
phase characteristic is ignored by 
such measurements, and even if it 
were known, the preceding objection 
would also apply to it. 

A step in the right direction is the 
use of square waves in conjunction 

TRANSIENT 
GENERATOR 

INITIATION 
CONTROL 

WIDE -BAND 
SYSTEM 

UNDER TEST 

VERTICAL 
INPUT LEVEL 

CONTROL 

CATHODE- 
RAY 

OSCILLOSCOPE 

TIMING 
OSCILLATOR 

HORIZONTAL 
SWEEP 

GENERATOR 

FIG. 1-Essential components of transient 
video analyzer, shown in relation to wide-_ 

band system under test 
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with an oscilloscope having excellent 
transient response and a sweep of 
adequate speed.' ' Such systems give 
a fairly good direct indication of the 
quality of transient reproduction. 

The instrument described in this 
article is intended to carry forward 
the same idea. However, in addition 

to square waves of certain desirable 
frequencies, it provides a sharp im- 
pulse or spike function for checking 
the high -frequency portion of a video 
system, and a sawtooth wave for 
checking linearity. The transient 
generator feeds a signal through the 
wideband system into an oscilloscope 
used as an indicator of quality of 
transient reproduction. The tran- 
sient generator and the oscilloscope 
have been incorporated for conven- 
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FIG. 2-Block diagram of complete analyzer. Wide -band system under test is con- 
nected between output and input terminals 
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Transient video analyzer in 
use, with light shield around 

screen of c -r tube 

ience into a single unit with asso- 
ciated components. 

Although an aperiodic transient 
would be quite sufficient for analysis, 
periodic transients become necessary 
for visual observation with an oscil- 
loscope. The transient period is con- 
trolled by a stable timing oscillator, 
also used for timing the horizontal 
sweep, as shown in Fig. 1. An initia- 
tion phase control is inserted into the 
link between the oscillator and the 
transient generator to control the 
timing of the transient test signal 
with respect to the sweep, and so fa- 
cilitate the study of the system out- 
put. 

The transient output of the wide - 
band system under test goes to the 
vertical deflecting plates of a cath- 
ode-ray oscilloscope through an am- 
plifier whose gain can be varied to 
suit conditions. The complete block 
diagram of the system is given in 
Fig. 2. 

Generation of Periodic Transients 

Five transient signals are avail- 
able from the generator in the tran- 
sient video analyzer, as follows: 

(1) A 30 -cycle square wave pri- 
marily used for low -frequency analy- 
sis. 

(2) A 5-kc sawtooth wave used as 
a signal for linearity checks. A 
stepped wave would serve the pur- 
pose no better and would only fur- 
ther complicate the completed instru- 
ment. 

(3) A 10 -microsecond pulse keyed 
'at the rate of 5,000 per second, for 
use in checking middle frequency re- 
sponse (10 to 1,000 kc). 

(4) A step function. 
(5) A spike function used to de- 

termine high -frequency performance. 
The high -frequency response limita- 
tion is primarily in the vertical -chan- 
nel amplifier of the oscilloscope. 

These waveforms appear on the 
cathode-ray oscilloscope when the 

output of the generator is connected 
directly to the input of the analyzer. 
However, in the instrument the 10 - 
microsecond pulse and 1 -microsecond 
sweep are both used twice; only four 
signals and four sweeps are gener- 
ated, but the circuit is arranged for 
switching from one type of operation 
to another, as shown in Fig. 2. 

All transient outputs are one volt 
peak -to -peak across 70 ohms except 
the spike, which can have any height 
(in this case about 9 volts peak -to - 
peak). The instrument was designed 
to operate into and out of coaxial 
lines matched to television equip- 
ment. 

This instrument makes use of two 
transient recurrence frequencies de - 
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rived from two timing oscillators. 
Each recurrence -frequency channel 
has its own horizontal and vertical 
trigger generators for sweep and 
transient signal initiation. Although 
both vertical and horizontal trigger 
generators are similar to each other 
in each channel, separate trigger gen- 
erators are necessary to provide a 
signal trigger which can be advanced 
or delayed in time with respect to the 
horizontal sweep trigger. 

Timing and Sweep Circuits 

A switch selecting the desired tran- 
sient signal also selects the correct 
timing and sweep circuits for proper 
analyzer operation. Circuits which 
are not necessary for operation auto- 
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matically have their high voltages 
disconnected to decrease the drain on 
the power supplies. It is necessary 
only to connect the output of the an- 
alyzer to the system to be studied, 
connect the output of the system back 
into the input .of the analyzer, and 
set the switch for the transient de- 
sired. 

The 30 -cycle square wave is gen- 
erated by a multivibrator which must 
be supplied with both positive and 
negative triggers for one full cycle 
of operation. This type of square - 
wave generator was selected to as- 
sure perfectly flat -top square waves. 
The stage is fed by a negative supply 
so that the plate returns may be 
grounded, and the output is then 
taken from a tap on one of the plate 
load resistors, ensuring perfect fidel- 
ity and freedom from a -c coupling 
troubles which would be encountered 
in passing the low -speed square wave. 
The circuit appears in Fig. 3A. 

The trigger generators in the 30 - 
cycle channel employ a double -triode 

for clipping, with a differentiating 
network feeding into the grid cir- 
cuits of the multivibrator and sweep 
circuits. 

The sweep is a conventional gas - 
tube switch across a capacitor, with 
a constant -current pentode for charg- 
ing. This is necessary to give a lin- 
ear sweep of sufficient amplitude for 
deflection without amplification. 

The timing oscillator is of the 
phase -shift type. Output is fed into 
the delay tube circuit (Fig. 3B), 
which serves as a phase inverter. The 
delay tube provides, in its cathode 
circuit, a low -impedance driving 
source for the first horizontal clipper, 
and between plate and cathode a 
source from which phase may be 
shifted by a resistance -capacitance 
combination before the 30 -cycle sine 
wave is fed into the first signal clip- 
per. The delay may be varied by 
varying the resistor in series with 
the capacitor. Almost 180 degrees of 
phase shift can be obtained in this 
manner, with an output having sub- 

stantially constant amplitude value. 

Circuits in S-kc Channel 

A double -triode bridge oscillator 
performs more stably at 5,000 cycles 
and is therefore used for the 5-kc 
channel in preference to the phase - 
shift type. Output is fed into the 
first horizontal clipper and the verti- 
cal phase -controlling stage. 

This stage operates in the same 
fashion as the one in the 30 -cycle 
channel but different circuit con- 
stants are necessary at the higher 
frequency. The variable delay re- 
sistor is made up of two variable re- 
sistors in series, one to be used as a 
vernier. The other section of the 
double triode is merely for a fixed de- 
lay adjustment which puts zero delay 
in the middle of the range of delay 
available, and makes possible initiat- 
ing the signal transient ahead of the 
sweep when necessary. 

Both trigger generators employ 
four stages, as in Fig. 3C. The first 
two are triode clippers. A pentode is 

-i-u- 

250 

100,000 

27,000l 

10 000 100 000 

(A) MULTIVIBRATOR 

5 KC 

30 CPS 

6,200 _J-l_J-1L 

(C) 0.4-p SEC TRIGGER GENERATOR 

10,000' 30 CPS 
0.05 // 

OUTPUT /-\"/6J5 10,000 

B+ 0.1 

27,000 

-200 V 

MEG 470.000 

B+ 

(B) PHASE CONTROL OF DELAY TUBE 

-Tr 
JLJ_ 

10,000 

MEG 

TO FIRST 
SIGNAL 

CLIPPER 

TO FIRST 
HORIZONTAL \j"\f CLIPPER 

CLIPPED 
OUTPUT 

TUBE 1 I 
NORMALLY 
CONDUCTING /l DIFFERENTI- 

ATED OUTPUT 

OUTPUT 

ACROSS 70- 
OHM.RESIS- 
TOR 

(D) CATHODE -TYPE CLIPPER 

FIG. 3-Waveforms at inputs and outputs of various stages in the analyzer 

H 

SHIELDED PROBE 
INPUT 

G 

(A) 

ICI"F 500,000 J L --r 
4-13' OF 70 -OHM 
BEADED CABLE 

70 -OHM CABLE 
TO INPUT OF 

140uuF ANALYZER 

10000 _1G 

6Y6 -G 

DIRECT Ho 9`O-á 
INPUT G 

I ME 

r10 
270,000 100,000 

,135 V 

rPROBE 
HOUSING 

025 

I i ` (? 
L __________J 70 -OHM CABLE 

TO INPUT OF 
ANALYZER . 

6J6 t 

1 B+ LEAD 

(B) 

FIG. 4-Plate-loaded tetrode probe circuit -(A) with removable input attenuator, and cathode -follower type probe (B) which can also be used with an attenuator 

132 
June 1946 - ELECTRONICS 



Control panel of the analyzer section of the transient video analyzer 

necessary in the third stage to pre- 
vent feed -through by the grid -plate 
capacitance, which is much too great 
in the case of a triode. The clipped 
wave in the plate circuit is differenti- 
iated, and the positive portións are 
used to drive another pentode as a 

trigger amplifier. The transformer 
in the plate circuit of the latter tube 
reverses the pulse polarity. 

By using this rather elaborate trig- 

ger generator, a 0.4 -microsecond syn- 
chronizing pulse has been achieved 
with a steep front edge which pro- 
vides a good positive trigger for ini- 
tiating the succeeding circuits. 

Synchronizing accuracy (with 
time) is quite important in the 5-kc 
channel when the 1 -microsecond 
sweep is being used. If the error is 
greater than 0.02 microsecond or 
0.01 percent, any vertical lines on the 
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oscilloscope screen would be too wide 
and too dim to be useful. With the 
1 -microsecond sweep, the c -r tube 
face is excited only 0.5 percent of the 
time. 

The linearity sawtooth is gener- 
ated conventionally, and taken out of 
a cathode follower to develop the re- 
quisite power 'without loading the 
sawtooth generator. 

The 10 -microsecond pulse is gener- 
ated by a nonoscillating multivi- 
brator. Since the pulse is not perfect, 
it is shaped by two pentode clippers. 
Both conditions of amplitude of the 
pulse are determined by one of the 
tubes at cutoff to assure flatness. At 
first a triode cathode follower was 
tried for the second clipper but sat- 
isfactory results were not obtainable, 
because differentiation of the grid 
signal feeding through the grid - 
cathode capacitance of the tube into 
the cathode load resistor gave a very 
objectionable overshoot (shown in 
Fig. 3D). This trouble was elimin- 
ated by the use of a plate -loaded pen- 
tode stage. Such a stage gave a very 
good rate of rise (0.07 microsecond) 
but necessitated the use of a nega- 
tive supply. Thus this output became 
good enough to be used also as the 
step transient with the fast (1 -micro- 
second) -sweep. 

The spike pulse is generated by the 
discharge current of a capacitor pass - 
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mg through a thyratron. This pulse 
should be as short as possible and of 
reasonable height. 

Spike Pulse 

The sawtooth sweep for linearity is 
similar (except for circuit constants) 
to the one in the 30 -cycle channel. Its 
base frequency is 2,500 cycles to pro- 
vide one full sawtooth at 5,000 cps. 

The fast sweeps are constructed by 
pulse integration. Two pulses are 
available: a 25 -microsecond pulse 
from a nonoscillating multivibrator, 
and a 1 -microsecond pulse from a 
delay -line thyratron-type pulse gen- 
erator. The pulse is fed into a pulse 
amplifier, after which it is integrated 
in the cathode circuit of a cathode 
follower. Constant current is sup- 
plied meanwhile by a pentode. At 1 

microsecond, the wiring capacitance 
into the horizontal deflecting plates is 
used as the capacitance for integra- 
tion; at the slower (25 -microsecond) 
sweep speed, it is necessary to add 
capacitance for use with the same 
charging current from the pentode 
current generator. It was necessary 
to use a 6AG7 for this pentode stage 
since with the existing circuit capaci- 
tances a large charging current was 
necessary for integration. 

Some of the negative pulse is 
taken from the pulse amplifier and 
used to cut off a pentode to provide a 
pulse for intensifying the cathode- 
ray tube beam during the usable por- 
tion of the fast sweeps. The intensi- 
fier does not operate when the linear 
sawtooth sweeps are being used. 

High -Frequency Oscilloscope 

Since the oscilloscope must of ne- 
cessity have greater fidelity than the 
system which it tests, severe de- 
mands are made on the vertical am- 
plifier. The low -frequency cutoff is 
difficult to measure, but is theoreti- 
cally one cycle. The 30 -cycle square 
wave is reproduced excellently. High - 
frequency response is down to 70 
percent at 15 megacycles. The maxi- 
mum available deflection on the cath- 
ode-ray tube face is four inches, but 
some linearity is lost. The maximum 
linear deflection is two inches. 

The amplifier is made up of five 
stages, all push-pull Class A. Push- 
pull deflection was used to maintain 
sharp focus over the cathode-ray tube 
face. Most of the inversion is per- 
formed by the first two stages. The 

cathode bisector type of inverter has 

been effective and quite free of phase - 

shift trouble. The tubes in each stage 
must be reasonably well matched or 
one tube will tend to draw more than 
its share of current and bias its mate 
to cutoff. 

Simple shunt peaking was used 
since it yields the most linear phase 
characteristic at the high end of the 
pass band. Sufficient low -frequency 
response was realized by the proper 
selection of grid time constants, and 
compensation was also applied to the 
plate circuit of the first stage. 

The input to the amplifier is a 70 - 

ohm carbon potentiometer used to 
terminate a coaxial transmission 
line. When desired, a high -imped- 

ance probe using a cathode follower 
with the potentiometer in its cathode 
circuit can be used for circuits hav- 
ing impedances higher than 70 ohms. 

Two types of ' probes have been 
built which have a high input imped- 
ance and can work into the 70 -ohm 
analyzer input impedance. The first 
probe built used a plate -loaded 
tetrode connected as in Fig. 4A. 

The input of the 6Y6G can be 
switched either directly to a pair of 
input terminals or to a circuit probe 
of the compensated attenuator type, 
which must be used when freedom 
from stray fields is needed. The first 
portion of the attenuator is placed 
at one end of a piece of 70 -ohm trans- 
mission line, the other portion being 

Complete schematic circuit diagram of transient video analyzer, with the excep. 
tion of the five power pack circuits which are of the types shown in Fig. 5 
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he line capacitance in shunt with a 

esistor. An auxiliary capacitor 
serves as an adjustment for perfect 
erformance over the pass band. The 
voltage gain through this probe is 

nly about 1/30, however, which is a 

lecided handicap where low peak 
ignal voltages (of the order of one 
volt) are encountered. 

In the cathode -follower type probe 
Iihown in Fig. 4B, developed for low- 

Itoltage applications, the triode sec - 
lions of a 6J6 have been paralleled 
¡aid built into a small bakelite tube 
[with an input coupling network. The 
unit feeds a piece of 70 -ohm trans- 
mission line to which are laced the 
filament and anode voltage leads go- 

ing to the analyzer. 
Probes have also been built with 

compensated attenuators ahead of 

the 6J6, for use with higher signal 
voltages. 

Because of the heavy load currents 
and the polarities required, five indi- 
vidual regulated power supplies are 
used. For the four low -voltage sup- 
plies the lowest possible terminal im- 
pedance must be realized to eliminate 
phase -shift trouble in the vertical 
amplifier and other low -frequency 
circuits, and therefore cathode -fol- 
lower type series regulators like that 
in Fig. 5A have been used. The num- 
ber of control tubes in parallel is dic- 
tated by the load current required. 

The high -voltage supply for the 
cathode-ray tube was regulated pri- 
marily for freedom from line -voltage 
trouble, which caused a variation in 
deflection sensitivity. The simple 
shunt regulator circuit in Fig. 5B 

was used, since low supply impedance 
was not necessary. The special high - 
voltage triode has an amplification 
factor of 500 and will pass 2 ma at 
10 kv with 5 volts bias. 

Much appreciation must be ex- 

pressed for the encouragement and 
help given by William E. Bradley and 

C. T. McCoy, under whose direction 
the instrument was developed, to 
F. M. Bowdon who worked on the 
power supplies and probes, and to 

Daniel Naidamast and T. Schachat 
who developed engineering samples. 
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Gasket -flange (left) and choke -flange (right) Joints 
used In connecting sections of wave guide. The choke - 
flange Joint is representative of the type shown in Fig. 2 

ARECTANGULAR WAVE GUIDE sys- 
tern that connects a microwave 

transmitter or receiver to an antenna 
,may contain a considerable number 
of cascaded wave guide sections and 
components. Some of the compon- 
ents that might be found in a typical 
system are shown in Fig. 1, and in- 
clude straight sections, bends, twists, 
right angle corners, rotating joints, 
and coaxial line to wave guide adapt- 
ors. In addition, the - components 
must be assembled with the use of 
connectors which join together the 
various wave guide sections. 

To operate at maximum efficiency, 
the transmission system should have 
minimum attenuation. Furthermore 
it should be electrically smooth and 
free from impedance discontinuities, 
otherwise standing waves will be set 
up in the line with a consequent in- 
crease in the attenuation. A more 
.serious effect of these discontinuities 
in the line may be the resulting im- 

:pedance mismatch between the trans- 
mitter or receiver and antenna. These 

:mismatches may lead to very serious 
decreases in transmitter power out - 
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put or receiver sensitivity. Further- 
more, if there is a guide very many 
wavelengths long between the dis- 
continuity and transmitter, the load 
impedance presented to the trans- 
mitter may be a very rapidly varying 
function of frequency, with resulting 

instability in the transmitter output. 
The maximum allowable attenua- 

tion for the transmission system, and 
the maximum allowable input voltage 
standing wave ratio (71.=E,,/.E..) 
to the system with a matched load on 
the far end are determined by the 
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FIG. 1-Typical wave guide transmission system. The numbers indicate the possible discontinuities encountered in such a structure 
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Transmission Systems 
'he useful transmission of power from a microwave oscillator to an antenna invariably 

equires a multiplicity of joints and bends. These components must be carefully engineered 

and fabricated to avoid undue losses or standing waves arising from discontinuities 

equired overall performance of the 

eceiver or transmitter. Once the 

1etformance requirements of the 
ransmission system have been estab- 

ished, and the number of compon- 

nts in the system are known, the 

equired attenuation and standing 
,ave ratio of each component may be 

stimated. 
If there are no resonances in the 

ystem, the overall system attenua- 
ion, expressed in db, will be the sum 
If the attenuations of the individual 
:omponents and connectors. They e- 

lection introduced by each compon- 

FIG. 2-A 
connecting 

choke -flange coupling used for 
sections of rectangular wove 

guide 

DIRECTION OF 
'. MAGNETIC 

.FIELD 

DIRECTION OF , 
ELECTRIC 
FIELD 

FIG. 3-Bends used to change the direction 
of rectangular wave guide 
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Artist's representation of a tee section to which is also attached a cavity frequency 
meter (bottom). r1 cutoff (center left) and matching post and window 

ent will add to or subtract from the 
reflected wave already present in the 
system, depending upon their phase 

relationships. The input standing 
wave ratio to the entire system can- 
not be predicted unless the phase re- 
lationships of the reflections intro- 
duced by each component are known. 
Usually this information is not avail- 
able; only the standing wave ratios 
introduced by the components are 
known. But if there are n compon- 
ents and connectors, each introduc- 
ing a standing wave ratio (TI,) into 
a matched line, the maximum stand- 
ing wave ratio (y,...) for the entire 
system, which will be encountered if 
all reflections add in phase, will be 
given by 

'Nos = (a1)" 

The most probable standing wave 
ratio for the entire system (Ti), as- 
suming random phase addition of all 
reflections, is given to a good ap- 
proximation by 

'lpr = (111) 

if the number of components or the 

reflection from each component is not 
excessively large. 

It is apparent that if the overall 
system requirements are strict, and 
there are a considerable number of 
components and connectors in the 
system, the requirements imposed on 

the performance of each component 
may be quite severe. For example, if 
there are 10 elements in a microwave 
system, each with a loss of 0.1 db and 
capable of introducing a swr of 1.05 

into a matched line, the total loss in 
the system will be 10 x 0.1 = 1.0 db 
or 21 percent of the input power. The 
most probable input swr will be 1.17 
and the maximum possible swr will 
be 1.63. But if each component has a 

loss of 0.3 db and introduces a swr of 
1.2, the total loss will be 3.0 db or 
50 percent of the input power, the 
most probable swr will have risen to 
1.78, and the maximum possible swr 
will have reached 6.2, in general a 

prohibitively large value for satis- 
factory system operation. 

Each connection between the vari- 
ous components of a wave guide 
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transmission system is a possible 
discontinuity in- the transmission 
line, and the connectors must there- 
fore be carefully designed if the sys- 
tem is to operate at maximum effi- 
ciency. 

Wave Guide Connectors 

If the ends of two sections of wave 
guide are machined off square and 
then clamped tightly together, the 
resulting butt joint will generally be 
electrically smooth and free from 
loss. The only discontinuity offered 
by such a butt joint will result from 
misalignment and differences in the 
guide dimensions on either side of 
the joint. These are usually neglig- 
ible if the wave guides are held to 
close tolerances during manufacture, 
and both the loss and reflection will 
be so small as to be very difficult to 
measure. 

The efficiency of such a connection 
depends critically upon the tightness 
of the joint between the wave guides. 
If the ends of the guide are not fin - 

FIG. 4-A twist in rectangular wave guide 

ished square and smooth, if the 
guides are misaligned or not clamped 
tightly together, the loss and reflec- 
tion may be relatively large. And if 
the joint is not mechanically satisfac- 
tory, it is impossible to predict ac- 
curately what its electrical perform- 
ance will be without careful measure- 
ment, although losses in the order of 
1.0 db have been measured. So while 
the simple butt joints may be very 
satisfactory, and are even preferred 
when accurate measurements are 
being performed, they must be as- 
sembled with considerable care and 
mechanical accuracy. 

The assembly of wave guide com- 
ponents is greatly facilitated with 
the use of choke couplings, as illus- 
trated in Fig. 2. These may be de- 
signed to offer a minimum reflection 
and loss, and offer great advantages 

in flexibility and reliability. The 
L-shaped cavity between the choke 
and flange may be considered a half - 
wave shorted line in series with the 
wave guide, which presents a short 
circuit at the input and offers there- 
fore a minimum electrical discontin- 
uity. The circular slot in the choke 
is a quarter wavelength deep. This 
places the contact between choke and 
flange at a point of zero current; 
therefore the contact does not have to 
be good. The distance from the slot 
to the wave guide must be deter- 
mined experimentally, but it is elec- 
trically equivalent to a quarter wave- 
length. For maximum bandwidth, 
the width of the slot should be ap- 
preciably greater than the separa- 
tion between choke and flange faces. 

A choke -flange connection of this 
type when properly designed will in- 
troduce a swr less than 1.05 over 
most of the usable range of the wave 
guide. The loss will be in the order 
of 0.001 to 0.01 db, increasing with 
decreasing guide size, and independ- 
ent of the tightness with which the 
choke and flange are clamped to- 
gether. 

Transmission through a choke - 
flange joint will be satisfactory even 
if the choke and flange faces are sep- 

arated and misaligned to a certain 
extent, or if these joints are used for 
nonrigid couplings such as are re- 
quired when a shock -mounted chassis 
is connected to a rigidly mounted 
line. If a clearance of IV wavelength 
is allowed between choke and flange, 
a sidewise displacement of up to At 

wavelength will not raise the loss 
above 0.3 db, or the swr above 1.3. 

Two chokes paired together will 
generally form a satisfactory con- 
nection, and may allow a greater sep- 
aration for a nonrigid joint. But 
with paired chokes there is usually a 
resonance encountered near the de- 
sign wavelength, which is marked by 
a sharp rise in the loss and swr. Also 
the swr over a band of frequencies is 
generally higher than for the choke - 
flange combination. 

Wave Guide Bends 

The direction of transmission in a 
wave guide system may be changed 
byebending the wave guide. The bend 
may be in the plane of either the elec- 
tric or magnetic fields, and is corres- 
pondingly called an E or H plane 
bend (Fig. 3). The radius of the 
bend is not critical and may be quite 
small. 

If the inner radius of the bend is 

FIG. 5-Ninety-degree corners in wave guide designed for minimum reflection. 
Optimum spacing for E -plane corners is determined from the expression in the box; 

that for the H -plane corner from the graph 
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(eater than a guide wavelength, a 
to swr will be under 1.05 over the 
)rmal operating range of the wave 
fide. A much smaller radius, down 

A,/4 or less, will produce a swr in 

eneral under 1.1, but considerable 
ire must be applied to the fabrica - 
on of the bend to achieve these re- 
fits. A simple theory predicts that 
est results will be found with bends 
'hose mean length is an integral 
umber of half wave guide wave- 
:ngths, but the effects of irregu- 
trities in fabrication are usually 
such more important. 

Several techniques of fabricating 
ends are widely used. The tubing 
lay be filled with a low melting- 
oint alloy and bent around the de- 
sired inner radius. For small radii, 
he cross-section will be distorted 
Tom a rectangular into a trapezoidal 
'hape, which will increase the reflec- 
ion, but the desired cross-section 
nay be maintained by forcing rollers 
'hrough the guide after the bend has 
peen made. 

Small radius bends are also fabri- 
ated from sheet brass by silver 
oldering, but this must be done with 
are, or irregularities will mar the 
cside surface. Electroforming' is 
atisfactory, giving bends with a 

Microwave transformer capable of providing exact amounts of reflected power at 

precise electrical distances from a known reference point in a wave guide. Note 

the choke -flange coupling 

uniform, rectangular cross-section 
and smooth inside surface. 

Wave Guide Twists 

A rectangular wave guide may be 

twisted about its axis to rotate the 
direction of the electric field. No 

great standing ratio will be set up 
if the guide is not deformed in the 
process (Fig. 4). Filling the guide 
with low melting -point alloy before 
twisting is a common method of 

FIG. 6-Single-corner with minimum reflection. Required dimensions for both types 
of corner are plotted as a function of the angle 
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fabrication, and electroforming is 

also satisfactory. If the twist is 2a, 

or more in length for a 90 degree ro- 

tation, the swr will generally be un- 
der 1.1, and shorter twists are satis- 
factory if carefully made. 

Wave Guide Corners 

Changing the direction of trans- 
mission in a wave guide system by 

an abrupt corner is generally not 
satisfactory, as an appreciable re- 
flection will be set up. But if the de- 

sired angular change is accomplished 
by using two simple corners (Fig. 
5), spaced apart approximately a 
quarter wave guide wavelength 
(L/a, = 1), the reflections from 
the two corners will cancel each 
other. For E plane corners, the opti- 
mum spacing is given very closely by 
L/a, = 0.25 for angles up to 90 de- 
grees, but for H plane corners, this 
optimum spacing is slightly differ- 
ent, and is plotted as a function of 
A/a in Fig. 5 for a 90 -degree total 
change in direction. 

The bandwidth over which these 
corners will introduce a standing 
wave ratio less than 1.05 is generally 
plus or minus three decreased by 10 
percent of the center frequency for a 
90 degree bend, increasing as A/a 
decreases, and is greater for smaller 
angles. Circular bends are preferred 
for larger angles and greater band- 
widths. 

It is also possible to eliminate the 
reflection at an abrupt corner by 
modifying the corner as illustrated 
in Fig. 6, and the bandwidth will be 
very nearly the same as for the dou- 
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ble corner. The required dimensions 
for the corner are plotted as a func- 
tion of the angle for both E plane 
corners and H plane corners in Fig. 
6. This type of corner must be held 
to rather close manufacturing tol- 
erances to attain the optimum per- 
formance. 

Tee Joints in Wave Guides 

Tee joints in rectangular wave 
guides are similar to stubs in con- 
ventional transmission lines. A stub 
that branches from the broad side of 
a rectangular guide in the E plane is 
in series with the main guide, and a 
stub that branches from the narrow 
side in the H plane is in shunt with 
the main guide (Fig. 7). 

The presence of the fringing fields 
at the corners somewhat modifies the 
action of the tees. With the series or 
E plane tee, a short circuit placed 
A,/2 away from the junction should 
allow perfect transmission past the 
stub, and a short A,/4 away should 
cause complete reflection at the stub. 
For the shunt or H plane tee, -a short 
A9/4 away should give perfect trans- 
mission, and a short ñ,/2 away should 
cause complete reflection. It is actu- 
ally possible to find positions of the 
short in both branch arms which give 
perfect transmission and complete 
reflection, but the locations are 
slightly different from the above 
values, and depend upon the ratio of 
wave guide dimensions to wave- 
length. 

With the idealized tees, it should 
be possiblé to locate a short in 
branch one to allow perfect trans- 
mission from branch two to stub arm 

1140 

branch three, or to cause a complete 
reflection at the junction. With the 
actual tees, it is possible to locate the 
short to give a complete reflection 
for an input signal from branch two 
or three, but there is no short loca- 
tion which will give perfect trans- 
mission between these arms. The 
minimum swr which can be attained 
will depend upon the ratio of wave- 
length to guide dimensions, and upon 
the type of tee, but will usually be of 
the order of 1.5. For perfect trans- 
mission, it is necessary to modify the 
tee by the addition of some sort of 
matching structure, such as the me- 
tallic diaphragm indicated in Fig. 7. 

Matching Diaphragms and Posts 

In the design of wave guide com- 
ponents, it is often .necessary to em- 
ploy some sort of matching device to 
remove the reflected wave that re- 
sults from a discontinuity. This may 
be accomplished by introducing an 
additional discontinuity, the reflec- 
tion from which is of the proper mag- 
nitude and phase to cancel the unde- 
sired reflected wave. Thin metal dia- 
phragms or metal posts are widely 
used for this purpose; these are 
equivalent to susceptances that shunt 
the transmission line. 

The required normalized suscept- 
ance may be determined by measur- 
ing the swr in the line that is fo be 
reduced, and is given by 

B/ Yo l = n. - 1/ Jn (2) 

The susceptance should then be 
placed at a distance d, from a voltage 
minimum, given by 

FIG. 7-Tee Joints in rectangular wave guides, showing matching diaphragms 

d1 90 - tan-' } I B/Yo 
a, 720 (3) 

where the arctangent is expressed in 
degrees. The matching susceptance 
if inductive should be placed at this 
distance on the load side of a voltage 
minimum, if capacitive it should be 
located an equal distance toward the 
signal input from minimum. For 
minimum frequency sensitivity, it 
should be located as near as possible 
to the source of the undesired reflec- 
tion, and it should be kept in mind 
that voltage minimums are spaced 
apart A,/2 along the input guide to 
the source of reflection. 

One of the most commonly used 

FIG. 8-Susceptance of the inductive din. 
phragm used for impedance matching in 
rectangular wave guides as a function of 
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matching susceptances is a thin 
metal diaphragm placed transversely 
across the wave.guide, with an open- 
ing symmetrically located and ex- 
tending across the wave guide paral- 
lel to the narrow dimension (Fig. 8). 
This type of diaphragm is equivalent 
to an inductive susceptance shunting 
the guide. The magnitude of this 
susceptance depends upon the size of 
the opening in the diaphragm, and 
may be obtained from the figure. If 
the diaphragm has appreciable thick- 
ness, its susceptance will be slightly 
higher than shown. 
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FIG. 9-Broad-band, fixed -tuned coaxial line to wave guide transformers. These 

methods of construction are necessary to provide, rellectionless transmission 

Another matching susceptance that 
widely used is a metallic post or 
ning screw centrally located in the 
oad side of the guide and extend - 
g part way across parallel to the 

Tectric field. This screw is equiva- 
Int to a shunting capacitive suscep- 
tnce whose magnitude increases 
lith probe depth. A resonance is 
lached when the probe depth is ap- 
'oximately a quarter wavelength, 
.td for greater lengths the probe is 
ductive, but practically it is never 
ted in the inductive region. Ad - 
stable transformers have been built 
Ling multiple tuning screws or a 
ngle screw whose depth and pene- 
'ation may be varied. 

Coaxial Line to Wave Guide 
Transformers 

The output of many microwave os- 
Ilators is delivered into a coaxial 
ne, and some sort of coaxial line to 
,ave guide transformer must be 
sed to send the signal through a 
'ave guide transmission system. The 
lost suitable transformer section is 
le that introduces no reflected wave 
then a signal is fed between the 
)axial line and wave guide in either 
Erection. If losses are low, reflec- 

tionless transmission in one direc- 
tion is a guarantee of reflectionless 
transmission in the other. 

The simplest coaxial line to wave 
guide transformer is constructed by 
extending the center conductor of 
the coaxial line into the wave guide 
to form a probe antenna in the wave 
guide, parallel to the electric lines 
of force (Fig. 9A). This transition 

will introduce no reflection at a 

single frequency if the.probe antenna 

is of the proper length and the 

proper distance from the wave guide 

short. Both of these dimensions are 

roughly a quarter wavelength, but 
must be determined experimentally 
for satisfactory results. 

The bandwidth over which the 
transformer is satisfactory is made 
greater by increasing the size of the 
coaxial line and the diameter of the 
antenna, and also by rounding the 
end of the antenna. It is still further 
increased by modifying the probe as 

shown in Fig. 9B, to end in a metal 
sphere, and by flaring the outer con- 

ductor of the coaxial line into the 
inner wall of the wave guide. A 

transformer of this type can be de- 
signed to introduce a swr below 1.2 

over most of the useable range of 
a wave guide. 

Two additional designs of fixed - 

tuned broadband transformers are 
shown in Fig. 9C and D. Type C is 
called a doorknob transformer, and 
has been designed to handle high 
powers. Both C and D provide a 
support for the center conductor of 
the coaxial line, and also a direct 
current return, which are advan- 
tages for some applications. Both of 
these designs have good bandwidth, 
but the optimum dimensions must be 
found experimentally for different 
sizes of coaxial line and wave guide. 

REFERENCE 

(1) Hassell, F., and Jenks, F., Electro - 
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Commercial model of a series tee shown in Fig. 7 
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Radar for .Blind Bombing 
Part II 

Modulators, scanners, r -f systems, receiver -indicator systems, and synchronizers in die two 

versions of H2X microwave airborne radar are covered in this concluding installment. The 

rotating joints in the rectangular wave guides are of particular interest 

By J. V. HOLDAM, S. McGRATH, and A. D. COLE 
Cole, Holdarn d McGrath 

Boston, Moss. 

THE PRECEDING INSTALLMENT, in 
the May 1946 issue of ELEC- 

TRONICS, covered the history of H2X 
bombing radar, its tactical uses 
in both the European and Pacific 
theatres of war, general operating 
principles, an analysis of the bomb- 
ing problem confronting its design- 
ers, and technical details of the 
range unit circuits employed in the 
Philco APS-15 and Western Electric 
APQ-13 versions of this radar sys- 
tem. The remaining circuits will 
now be taken up. 

The APS-15 Modulator 

A simplified schematic of the APS- 
15 modulator is shown in Fig. 8. A 
positive trigger is supplied to the 
pulse -forming amplifier from a cath- 
ode follower in the range unit, when 
the range unit is on, or from a 
cathode follower in the receiver in- 
dicator. The trigger has an ampli- 
tude between 60 and 120 volts. It is 
applied to the control grids of the 
829 through a pulse -forming line. 
The positive pulse is of sufficient 
amplitude to raise the control grid, 
which is normally biased below cut- 
off, to a point where the tube starts 
conducting. The pulse transformer 
is connected so that positive feed- 
back from plate to grid is obtained. 
The plate current rises rapidly to a 
high value but the rate of rise is 
slowed by the inductance in the 
plate circuit. The negative pulse ap- 
plied to the delay line by the grid 
winding of the blocking oscillator 
transformer travels to the end of the 
line, is reflected, and returns to the 
grid with sufficient negative polarity 
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Antenna system of Western Electric APQ- 
13 version of H2X bombing radar. Azimuth 
selsyn is at top right, azimuth motor at left 

to cut off the plate current with the 
aid of the feedback from plate to 
grid. The electrical length of the 
line determines the length of the 
plate current pulse. The pulse is 
applied to the grid of the power 

'amplifier by means of the third wind- 
ing on the pulse transformer. 

Relays are employed to switch in 

various sections of line to give linee 
of varying length. These are used to 
give pulse lengths of approximately 

1 and 2 microseconds. The pulse 
repetition frequencies are chosen in 

inverse ratio to the pulse lengths to 
keep the average power constant. 
Thus it is possible to keep the trans- 
mitter functioning at its maximum 
rated power and also to eliminate 
difficulties with poor regulation in 

the high -voltage power supplies. 
The positive square pulse produced 

by the pulse -forming amplifier, with 
a magnitude of about 1,100 volts, is 

applied to the control grid of the 
power amplifier. This tube has a 

control grid bias of 900 volts and a 
screen voltage of 1,100 volts. The 
capacitor connected between the 
plate of the power amplifier and the 
cathode of the magnetron is charged 
between pulses, through the resist- 
ors, to 14,000 volts. When the power 
amplifier is pulsed, its impedance 
drops to approximately 90 ohms, 
suddenly switching one side of the 
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FIG. 8-Circuit of APS-15 modulator 

June 1946 - ELECTRONICS 



Sketch of Philco APS-15 microwave radar installation In a 5-17. The scanner, modu- 
lator, and radome are all retractable 

:apacitor to ground so that about 
13,000 volts appears across the 
nagnetron. 

About 15 amperes flows through 
:he power amplifier and about 12 

imperes through the magnetron. 
Che three amperes difference is 
irawn by the stray capacitances and 
)y the resistors connecting the ca- 
)acitor to the power supply. During 
:he pulse, the capacitor loses only a 
small percentage of its total charge 
tnd recovers full charge before the 
text pulse. 

The APQ13 Modulator 

The APQ-13 modulator differs 
omewhat from the APS-15 modu- 
ator though they are both hard -tube 
iodulators employing lines to form 
le pulse. A simplified schematic 
ippears in Fig. 9. The modulator 

I Consists essentially of a multi - 

vibrator circuit which is triggered 
from a cathode follower in the range 
unit, a pulse -shaping network, and a 
pulse amplifier. The low -voltage ele- 
ments are housed in an air -filled 
section and the high -voltage ele- 
ments in an oil -filled section of the 
modulator. 

The type 6AG7 is normally con- 
ducting and the 829 nonconducting. 
The incoming positive trigger 
applied to the cathode of the 6AG7 
increases the grid bias and thus 
decreases the plate current. The re- 
sultant rise in plate voltage of the 
6AG7 is transferred through the 
interstage capacitor to the grid of 
the 829, which begins to conduct, in- 
creasing the cathode -to -ground po- 
tential of both tubes. The action is 
cumulative and the 829 suddenly 
switches to a highly -conducting con- 
dition. After a time interval deter - 
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FIG. 9-Circuit of APQ13 modulator 

mined by the time constants in 'the 
grid -cathode circuits, the action is 

reversed and the tubes are suddenly 
restored to their original condition. 

During the period when the 829 is 

conducting, the plate -circuit choke 

in the pulse -shaping network is 

charged. When the tube cuts off, the 
energy in the choke is dissipated in 

a square -topped current wave in the 
delay line, resulting in a 'square 
pulse of voltage on the control grids 
of the pulse amplifiers. The grids, 
which are normally 675 volts nega- 
tive, are driven positive and draw . 

grid current which serves to improve 
the shape of the pulse. 

The output of the pulse amplifier 
is a square negative pulse having a 

magnitude of about 16,000 volts. 
This is stepped down to 3,200 volts 
by a pulse transformer and applied 
to a coaxial cable which carries it to 
a similar transformer in the radio - 
frequency unit, where it is stepped 
up to 12,000 volts and applied to the 
magnetron cathode. 

Scanner 

The scanners for the APS-15 and 
APQ-13 are very similar. Both in- 
clude an antenna, waveguide, two 
rotating joints, a motor for rotating 
the antenna, a motor for tilting the 
antenna, a sector scan mechanism, 
and position take -off for the ppi. 

In a radar system that is to be used 
for the identification of objects giv- 
ing a radar echo, high resolving 
power is desirable. High resolving 
power is obtained by means of short 
pulses and narrow horizontal beams 
from the antenna. Since the physical 
size of an antenna to be installed in 
an airplane is limited, a high fre- 
quency is desirable. This is the rea- 
son for the choice of 9,400 me for 
the H2X systems, it being the high- 
est frequency practical at the time of 
the design of the equipment. 

In making a bombing run on a 
complex target such as a city, the 
task of identification of a portion of 
that target is simplified if the target 
retains the same appearance as it is 
neared. The angle between the line 
of sight from the aircraft to the 
target and the horizontal gradually 
varies between 0 and 90 degrees as 
the aircraft nears the target and 
eventually passes over it. A vertical 
antenna pattern to enable the system 
to meet this requirement must have 
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a variation of radiated field strength 
with angle such that a target that 
reflects a constant fraction of the 
incident energy will give a received 
signal of constant amplitude. Since 
a distance of 35 miles is enough in 
which to make a bombing run and 
the bomb is released at high altitude 
about two miles from the target, a 
pattern which follows this rule at 
angles between 6 and 63 degrees is 
satisfactory at an altitude of 4 miles. 
This relationship may be expressed 
as Go = k csc20 where Go is the effec- 
tive gain of the antenna at an angle 
0 measured below the horizon. Fig- 
ure 10 shows an idealized antenna 
pattern of this type and an approxi- 
mation of the pattern obtained in 
the H2X systems. 

In order to obtain the antenna pat- 
tern described above, the lower half 
of the antenna reflector is made a 
half section of a paraboloid of revolu- 
tion with the antenna feed at the 
focus. The upper half of the reflector 
is a surface generated by rotating a 
parabolic element about a line pass- 
ing through the focus (still the an- 
tenna feed) in the plane of the ele- 
ment and normal to the axis of the 
element. This barrel -stave section 
serves to direct some of the energy 
downward in the pattern described 
above. 

The data take -off on the APQ-13 
consists of a single-phase to three- 
phase synchro geared to 10 times the 
speed of the antenna. For the 
APS-15, the data take -off consists of 
a single-phase to two-phase synchro 
with its shaft geared to the same 
speed as the antenna. The body of 
the APS-15 synchro is rotated by a 
servo system from the fltix=gate com- 
pass in the aircraft, providing a dif- 
ferential action that gives azimuth 
stabilization of the ppi. The APQ-13 
also provides azimuth stabilization 
of the ppi. 

The azimuth motor is geared to 
rotate the antenna continuously at 
12 or 24 rpm as selected by the oper- 
ator. A sector scan mechanism, with 
which the scanners are equipped, can 
be employed to cause the azimuth 
motor to drive the antenna back and 
forth through a sector, the width and 
position of which are controllable. 

R -F System 

The components of the r -f system 
are shown in Fig. 11. The r -f pulse 

passes from the magnetron through 
two rotating joints to the antenna. 
These rotating joints make possible 
the rotating and tilting motion of the 
antenna. 

On the way to the antenna, the en- 
ergy passes an r -t box and a t -r box. 
These two boxes consist of resonant 
cavities filled with a low-pressure 
gas and containing spark gaps. 
When the transmitter fires, the gas 
ionizes and current flows between 
the gaps. The t -r box is located so 
that when conducting it presents a 
high impedance at the junction of 
the mixer branch with the wave 
guide going to the antenna. This 
prevents the crystal from being 
burned out by the high power in the 
transmitted pulse. 

The r -t box is located so that when 
conducting it has little effect on the 
outgoing pulse. On receiving, how- 
ever, it causes the branch of the 
wave guide leading to the magnetron 
to appear as a high impedance at the 
junction with the mixer; thus, most 
of the received energy is coupled into 
the crystal mixer. Use of an r -t box 
is necessary with magnetrons of this 
frequency because the cold imped- 
ance of the magnetron is not suf- 
ficiently different from the fired im- 
pedance to prevent the magnetron 
from absorbing half of the received 
energy. 

The transmission lines are of the 
wave guide variety, either gold or 
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FIG. 10-Polar diagram of bombing an- 
tenna pattern 

silver plated. The impedance of the 
transmission line, is approximately 
250 ohms. Since it is desirable to 
be able to remove sections of the 
wave guide serving as transmission 
line, the line is made in sections 
which are coupled together by a 
choke joint. The electrical constants 
of the joint are in approximate reso- 
nance at the magnetron frequency, 
providing the r -f transmission 
line with electrical tightness such 
that the energy is transmitted down 
the guide without loss or reflection 
at the break. The entire transmis- 
sion line is made air -tight so that it 
may be filled with air under pres- 
sure. This is necessary to prevent 
sparking at high altitudes. 

Rotating Joints 

To provide flexibility in the wave 
guide transmission line, and so the 
antenna can be rotated or tilted with- 
out 'disturbing the transfer of en- 
ergy, rotating joints are used at the 
pivot points. Mechanical considera- 
tions make it necessary to use cylin- 
drical sections for this purpose. In 

the APS-15, each joint consists of a 

transformer from rectangular to 
cylindrical guide, a section of cylin- 
drical guide, a choke coupling, an- 
other section of cylindrical guide, and 
another transformer from cylindrical 
guide to rectangular guide. In the 
APQ-13, the transformation is made 
from rectangular guide to coaxial 
line and back to rectangular guide. 

One end of the antenna feed ter- 
minates in a choke -coupling joint and 
.the other end in a pair of closely 
spaced irises covered by a mica win- 
dow to maintain the air pressure in 

the r -f line. The r -f energy passes 
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FIG. 11-General arrangement of r -f system of H21 bombing radar, showing use of 
wave guide transmission lines 
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;hrough the mica windows to the re- 
. ector. 

The Receive -Transmit Box 

The r -t tube consists of two coni- 
:al electrodes supported on metal 
flanges which extend through the 
glass envelope and become part of a 
resonant cavity. This tube is 
gripped in an assembly completing a 

resonant cavity which is tuned to 
the magnetron frequency by means 
7f an adjustable plug. The cavity is 
°coupled to the wave guide through a 
slot in' the guide. 

When the magnetron is transmit- 
ting, the strong outgoing pulses 
break down the gas tube in the r -t 
lox. As in the case of a quarter -wave 
'line, a short-circuit in the box ap- 
pears as a high -impedance shunt ele- 
Iment when looking down -the guide, 
with the result that the outgoing 
waves from the magnetron are prac- 
tically unimpeded by the box. 

On the other hand, on weak incom- 
ing pulses an open -circuit in the box 
appears as a low -impedance shunt 
clement. The spacing between the 
r -t and the junction between the 
mixer and the guide is such that the 
branch -of guide leading from the 
junction to the magnetron appears as 
a high impedance when the r -t is not 
conducting. 

The, Transmit -Receive Box 

I In the APQ-13, the t -r and the r -t 
boxes are very nearly the same, con- 
taining the same tube, but the t -r is 
provided with a keep -alive voltage 
which maintains an arc to furnish a 
plentiful supply of ions. The require- 
ments for the t -r are more stringent 
since it must fire in a very short time 
to prevent damage to the crystal. 

In the APS-15, the r -t is the same 
-as in the APQ-13, but the t -r makes 

use of a 1B24 tube which has the cav- 
ity as an integral part of the tube, 
sealed and filled with gas. It is also 
tuned by an adjustable plug. 

The t -r provides coupling from the 
r -f transmission line between the 
magnetron and antenna to the line to 
the crystal mixer. The t -r box con- 
tains two openings (in the 1B24 
these are sealed with glass windows) 
which couple to openings in each of 
the sections of guide. When the mag- 
netron is transmitting, the strong 
outgoing pulse breaks down the gas 
tube in the t -r box, and the energy is 
prevented from passing through the 
box to the mixer. Sufficient attenua- 
tion is provided to protect the crystal 
yet enough energy gets through to 
provide a pulse for the afc system. 
When the transmitted energy is in- 
terrupted, the tube deionizes rapidly 
and permits the received signals to 
pass through to the mixer with very 
little loss. 

Receiving System 

The incoming signal is passed 
through the t -r box to the crystal 
mixer, where it is mixed with higher - 
frequency energy from one of the 
beating oscillators. The resultant 30 
or 60-mc signal is amplified in two 
stages of preamplification located at 
the mixer. The signal is then fed 
through a coaxial cable to the afc 
circuit and to additional i -f amplifi- 
cation, after which it goes to the 
second detector and video amplifiers, 
where it is mixed with range mark- 
ers and fed to the indicators. 

Crystal Mixer 

Close attention is paid in receiver 
design to reduction of noise, result- 
ing in a noise level only 15 db higher 
than the theoretical. Such a good 
noise figure is obtainable through the 

use of a crystal mixer, the crystal 

having the highest conversion factor 
and the lowest noise figure of any 

type of mixer devised for use at 
these frequencies. 

The crystal is mounted in a short 
section of wave guide into which the 
output probes of the beating oscil- 

lators protrude. The amount of oscil- 

lator coupling is adjusted by means 
of screws which raise or lower the 

tubes, thus controlling the length of 

the probe that projects into the 
guide. Coripling is adjusted to give 
a rectified c -w crystal current of 
about 0.5 ma. The wave guide ter- 
minates in a wave guide -to -coaxial 
line transformer. The coaxial line is 
resonant at the magnetron frequency 
and terminates with a capacitor to 
bypass the high frequency currents. 
The crystal forms part of the center 
conductor of the coaxial line. The 
coaxial line feeds the 30 or 60-mc i -f 
into the input stage of the i -f pre- 
amplifier. 

Beating Oscillators 

In order to receive beacon as well 
as echo signals, the H2X system 
must be equipped with two beating 
oscillators, since the beacon fre- 
quency is too far removed from the 
magnetron frequency to allow elec- 
trical retuning of the oscillators, and 
mechanical retuning is inconvenient. 
The oscillators used are a type of 
reflex klystron, the principles of 
which were described in The SCR - 
584 Radar, ELECTRONICS, December 
1945. 

The oscillators may be tuned either 
by a mechanical adjustment which 
changes the dimensions of the reso- 
nant cavity or by an electrical ad- 
justment of the reflector voltage. 
For operation, the cavity is pre-set 
approximately to either the beacon 
or magnetron frequency and final 
manual or afc adjustment is madeby 
varying the reflector voltage. 

The I -F 'Amplifier 

The i -f amplifiers of the APS-15 
and APQ-13 are similar in principle 
except that the APS-15 i -f is 30 mc 
and that for the APQ-13 is 60 mc. A 
simplified schematic of the APS-15 
i -f amplifier, detector, and video is 
shown in Fig. 12. The i -f stages are 
single -tuned and heavily loaded. The 
over-all bandwidth obtained is about 
2 to 3 mc. Gain control is obtained 
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by varying the control -grid bias on 
the third and fourth i -f stages. 

The second detector is a diode, the 
output of which is fed through an i -f 
filter to the grid of the first video 
amplifier. Signals are negative at 
this point and are limited by reach- 
ing cutoff of the video amplifier. 
Limiting is necessary to prevent ex- 
cessive brightness on the cathode- 
ray tube from very strong signals. 
Range marks are also fed in at this 
point. The -range marks and signals 
appearing at the plate of the first 
video amplifier are fed to the grid 
of a 6AG7 cathode follower. A diode 
d -c restorer is used at the grid of the 
cathode follower. Since the signals 
at this point are positive, sufficiently 
strong signals would drive the grid 
positive, causing grid current to 
flow. Flow of grid current would 
produce a negative bias on the cath- 
ode follower, which would result in 
failure to amplify weak signals in 
the presence of strong signals. Al- 
lowing the cathode of the diode to 
become more negative than the plate 
would result in flow of current 
through the diode. The diode pre- 
vents the grid of the cathode follower 
from becoming more negative than 
the bias point to which the plate of 
the diode is connected. Signals from 
the cathode of the 6AG7 are fed 
through the video gain control to 
the indicator grids. 

The APS-15 AFC Circuit 

The frequency of neither the mag- 
netron nor the beating oscillator 
klystron is sufficiently stable to per- 
mit satisfactory system operation 
without automatic frequency control. 
Since the magnetron is heavily 
loaded, small variations in transmis- 
sion line matching or peak pulse 
voltage cause considerable pulling of 
the transmitted frequency. The beat- 
ing oscillator klystron is sensitive to 
thermal and voltage variations. 

Automatic frequency control is 
provided by a standard frequency 
discriminator whose output electric- 
ally controls the beating oscillator 
frequency by varying the reflector 
voltage. Frequency discrimination 
is made on the part of the main 
transmitted pulse that leaks through 
the t -r box; the gain of the i -f stages 
preceding the discriminator is suffi- 
ciently low so that only the trans- 
mitted pulse is measured. 
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FIG. 13 --Automatic frequency control circuit used in APS-15 system 

Figure 13 is a simplified schematic 
of the afc circuit. The i -f output 
from the preamplifier is sent to both 
the receiver and the afc circuit. A 
single i -f stage is inserted between 
the preamplifier and the discrimi- 
nator, and the discriminator is fol- 
lowed by a direct -coupled amplifier. 

The 884 is connected as a relaxa- 
tion oscillator and provides a saw - 
tooth voltage which, when applied to 
the klystron repeller, causes the fre- 
quency to vary approximately 40 mc. 
The average frequency about which 
the klystron is varying 40 mc is con- 
trolled by the mechanical adjustment 
of the cavity dimensions. It is set in 
a preflight inspection so that the 
saw -tooth voltage on the repeller 
causes the beating oscillator fre- 
quency to pass through a range 
which is 30 me higher than the 
transmitter frequency. Hence the 
884 action sweeps the beating oscil- 
lator frequency over a wide range 
and allows the afc circuit to find the 
signals. 

The output of the d -c amplifier fol- 
lowing the discriminator is coupled 
to the grid of a 2050 thyratron. 
When the beating oscillator, driven 
by the search saw -tooth, approaches 
the correct frequency, the discrimi- 
nator output is first negative, then 
zero, and finally positive. When the 
pulses become positive, the 2050 
starts to conduct and prevents fur- 
ther rise in the voltage on the 0.5-4 
sweep capacitor; thus, the 884 plate 
voltage cannot reach the firing point 
and the search sweep stops. Conduc- 
tion of the 2050 tends to reduce the 
charge on the sweep capacitor, con- 
sequently the repeller voltage be- 
comes more negative and the fre- 
quency of the beating oscillator 
becomes too high. This continues 
until the 2050 ceases to conduct. 
Since negative pulses will be received 
on the control grid under these con- 
ditions, the 2050 does not conduct 
until the repeller voltage rises and 

positive pulses appear on the grid. 
The result of this operation is a 
rapid saw -tooth of low amplitude 
superimposed upon the d -c voltage 
required to keep the oscillator at the 
correct frequency. Since the band- 
width of the discriminator circuit 
is less than the bandwidth of the 
receiver, these small fluctuations -.on 
the beating oscillator frequency have 
no noticeable effect on the signals. 

The APQ-13 AFC Circuit 

The APQ-13 afc circuit is shown 
in Fig. 14. Up to the direct -coupled 
amplifier following the frequency 
discriminator the two circuits are 
essentially the same. However, in 
the APQ-13 circuit, the output of the 
discriminator is direct -coupled to the 
reflector through a differential am- 
plifier. The amplifier smooths and 
integrates the output pulses of the 
discriminator so the voltage applied 
to the reflector is unmodulated. 

The range of operation of the 
amplifier is plus or minus 50 volts. 
The d -c value about which this vari- 
ation occurs is determined by the 
setting of the manual tuning potenti- 
ometer; thus, the voltage range on 
the repeller depends on the setting 
of the manual tuning control. If the 
cavity of the beating oscillator is 
properly adjusted, signals are re- 
ceived with the control in mid -range 
and the afc circuit can then follow 
transmitter frequency variations in 

. either direction. 
The APQ-13 afc circuit does not 

have an automatic frequency search; 
the afc circuit is not switched on 
until the beating oscillator is tuned 
to the proper frequency by the man- 
ual control. 

The APQ-13 Synchronizer. 

The APQ-13 synchronizer consists 
of five principal circuits: the range 
sweep, the range mark pulser, the 
automatic frequency control, the i -f 
amplifier, and the video amplifier. 

146 
June 1946 - ELECTRONICS 



, 60 -MC I -F FROM OUTPUT 
i OF 2ND I -F STAGE 

717A 

3.3ppF 

-o N 
o H 

60 -MC AMPLIFIER 

0.0005 

00005 

TWIN DETECTOR 

TO REPELLER OF 
BEATING OSCILLATOR ON 

116517 
Í 

025 OF7-»-tAFC 

---- i.5 MEG 1000 

180,000 

MANUAL . 

TUNING 

500,000 

-375V 
TW N D -C AMPLIFIER 

FIG. 14-Automatic frequency control circuit used in APQ-13 system 

'he afc circuit has been described 
love. The i -f amplifier and video 
ircuits will not be described because 
hey are similar to the APS-15 cir- 
u its. The range sweep and range 
nark pulser circuits are shown in 

implified schematic form in Fig. 15. 

The incoming trigger pulse from 
he range unit is amplified and in- 
verted by one section of a 6SN7 and 
Ipplied to the plate of the first sec - 
;ion of the pre-pulser or start -stop 
nultivibrator. This is a one-shot 
;ype of multivibrator, described in 
;he section on the range unit. In the 
luiescent condition, the second stage 
s conducting, holding the first sec - 
;ion in a nonconducting condition. 
The arrival of the negative trigger 
m the plate of the first section and in 
;he grid of the second section 
through the interstage capacitor 
pauses the first stage to be switched 
o a conducting condition and the 

+second to a nonconducting condition, 
venerating a square pulse at the 
slates. The tubes would normally re- 
nain in this condition until the grid 
;ircuit of the second stage was dis- 
harged; however, before the grid 
;ircuit is discharged, a large nega- 
tive pulse from the sweep limiter 
tage arrives on the grid of the first 
section of the pre-pulser, causing the 
ircuit to switch rapidly to its orig- 
nal condition. 

The sweep limiter is another one - 
tot multivibrator. The square pulse 
rom the pre-pulser initiates the saw- 
ooth range sweep, and its duration 
letermines the duration of the 
sweep. This saw -tooth voltage is ap- 
died to the grid of the first section 
If the sweep limiter, which is nor- 
nally nonconducting. When the 
sweep voltage reaches an amplitude 
rqual to the bias on the grid of the 
first section, the sweep limiter fires, 
supplying the pre-pulser with a trig- 
rer that terminates the square wave 
Ind the sweep. 

The positive square -wave output 
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of the pre-pulser is fed to a linear 
amplifier which inverts, producing a 
negative square wave at its plate. 
Since the sweep -generating tube has 
a d -c transmission path to the plate 
of this linear amplifier, the control 
grid of the sweep generator is held at 
zero potential due to grid -current 
flow, and the tube is held in a con- 
ducting condition. When the nega- 
tive square wave is applied, however, 
the sweep generator ceases to con- 
duct and its plate voltage rises at a 
rate determined by the RC value in 
its plate circuit. Different values, as 
determined by a switch in the con- 
trol box, provide sweeps of different 
speeds. Although the rise is actually 
exponential, such a small portion is 
used that it is essentially linear. 

Amplifier Circuits of Synchronizer 

The final stages of the range 
sweep circuit consist of two three - 
stage cathode feedback amplifiers in 
parallel, one for the operator's indi- 
cator and one for the auxiliary indi- 
cator. Each amplifier is identical and 
operates from the output of the sweep 
generator. The first two stages of 
each are linear amplifiers and the 
last stage is a cathode follower. The 
first section of the operator's indi- 
cator amplifier also serves as a cath- 
ode follower to supply the saw -tooth 
to the sweep limiter as previously ex- 
plained. Since the gain following this 
stage is constant, the sweep limiter 
serves to cut the sweep off at a con- 
stant peak current through the de- 
flection coils, thus holding the sweep 
on the indicator to a fixed length ir- 
respective of sweep speed. 

The second stage of the sweep am- 
plifier has no cathode resistor and 
acts as a grid -leak detector to pro- 
duce a form of d -c reinsertion. The 
interstage coupling capacitor re- 
moves the d -c component of the neg- 
ative saw -tooth wave. The remain- 
ing a -c component is applied to the 
control grid and causes it to swing 

with equal areas positive and nega- 
tive with respect to ground. When 
the grid goes positive, grid current 
is drawn through the grid resistor 
and biases the grid negatively. The 
time constant of the grid circuit is 

long enough so that the capacitor 
will not discharge appreciably be- 

tween pulses. 
This self -biasing action results in 

a positive saw -tooth wave at the plate 
having peak values independent of 
pulse duration. 

D -C Reinsertion in Synchronizer 

Between the second and output 
stage of the sweep amplifier is an au- 
tomatic centering diode, the purpose 
of which is to establish a definite 
voltage on the grids of the output 
tube at the beginning of each sweep. 
The sweep deflecting coil current 
must be returned to zero before the 
beginning of each sweep, so that the 
sweep will start from the center of 
the tube. Current in the cathode cir- 
cuit of the output tubes is, therefore, 
completely cut off during the off 
periods of the sweep by biasing them 
to -55 volts, which is about 10 volts 
below cutoff bias. 

A diode is employed to provide d -c 
reinsertion in order to stabilize the 
grid voltage at -55 volts between 
sweeps. Without the diode the in- 
stantaneous control -grid potentials 
of the output tubes would rise and 
fall about their average a -c value. 
This average value would be differ- 
ent for short and long sweeps. The 
diode prevents this and,- in effect, 
provides d -c coupling between the 
two stages. 

The output stage is a cathode fol- 
lower whose cathode is returned to 
ground via the sweep coil of the op- 
erator's indicator and a portion of 
the cathode resistance in the first 
stage of the sweep amplifier. Thus, 
the .plate current of the last ampli- 
fier stages introduces a drop in the 
cathode circuit of the first stage of 
such polarity as to bias down the first 
stage. Such an arrangement intro- 
duces negative feedback which im- 
proves the linearity of the sweep. 

Range Marker of Synchronizer 

The range marker circuit (upper 
right in Fig. 15) produces a series of 
video pulses, evenly spaced at inter- 
vals corresponding to one or five 
miles depending upon the setting of 
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the range marker switch. The first 
pulse appears at the time of the 
transmitted pulse. When these pulses 
are injected into the video amplifier 
and appear on the indicator screens, 
the rotation of the' sweep coil forms 
them into circles of illumination that 
can be used to determine range to 
an object appearing on the screen. 

The input to the range marker 
circuit is á negative square pulse 
with a duration equal to the duration 
of the sweep. The square pulse is 
applied to the grid of a squelch tube. 
This tube, when conducting, prevents 
the range marker oscillator from os- 
cillating. Application of the nega- 
tive pulse cuts the squelch tube off 
and permits oscillation. The range 
marker oscillator then oscillates at a 
frequency determined by the con- 
stants of the positive feedback (reso- 
nant) circuit between the cathodes 
of the two sections. Each of the two 
resonant circuits can be selected sep- 
arately to give the different range 
mark spacings, or the oscillator may 
be disabled to remove the range 
marks. Since the oscillator is heav- 
ily loaded, the nominal sine -wave out- 
put is considerably flattened, result- 
ing in a nearly square -wave output. 
This is differentiated in the air -core 
transformer, producing a positive 
pip at the beginning of the square 
wave and a negative pip at the end. 
These positive and negative pips are 
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15-Circuit of synchronizer section of APQ13 system 

applied to a cathode follower with its 
control grid biased to cutoff ; thus, 
the positive marks only appear at the 
cathode and are passed on to the 
video amplifier. 

The APS-15 Receiver -Indicator 

The APS-15 receiver -indicator cir- 
cuit, shown in Fig. 16, contains the 
i -f and video amplifiers, a plan posi- 
tion indicator, an A scope, and the 
timing oscillator. The timing oscil- 
lator generates two simultaneous 
pulses that are used to trigger the 
receiving equipment and the trans- 
mitting equipment when the range 
unit is off. The negative pulse from 
the timing oscillator is used to trig- 
ger the ppi and A scope sweep cir- 
cuits, the A scope blanking, and the 
clamping tubes. The positive pulse 
from the timing oscillator is used to 
trigger the pulse -delay circuit, which 
in turn triggers the transmitter, the 
range -mark generator, and the ppi 
blanking circuit; a portion of this 
positive pulse is also applied to the 
ppi sweep waveform to modify its 
shape. 

The constants of the multivi- 
brator-type timing oscillator are 
chosen to provide the proper pulse 
repetition frequencies. In addition, 
the durations of the positive and 
negative halves of the generated 
square wave are controlled by con- 
stants which may be varied by the 

range switch. The oscillator will os- 

cillate at 650 cps for operation with 
the one -microsecond r -f pulse for 
normal search, or at 300 cps for 
beacon operation with the two -micro- 
second pulse. 

When the precision functions of 

the equipment are employed for 
bombing or for accurate determina- 
tion of range to distant objects, the 
transmitting and receiving circuits 
are controlled by pulses originating 
in the range unit. The timing oscil- 
lator is locked in with the range unit 
at repetition rates of 1010 for bomb- 
ing employing a half -microsecond 
r -f pulse and at 311 for beacon oper- 
ation. The pulses from the range 
unit are fed through a buffer ampli- 
fier to isolate the ppi pre -trigger 
blocking oscillator from the timing 
oscillator. 

Since the starting portions of the 
sweeps are nonlinear, it is desirable 
not to use them. This is accom- 
plished by starting the sweeps early, 
delaying the firing of the transmit- 
ter, and unblanking the indicator 
and starting the range -mark gener- 
ator at the time the transmitter fires. 

The delay of the transmitter firing 
time is accomplished by the pulse de- 
lay tube. This tube, in the quiescent 
state, has its grid biased far below 
cutoff. The positive square wave 
from the timing oscillator is applied 
through a resistor to the control grid 
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o the pulse delay tube. The capaci- 
t connected from grid to ground 
Elvis down the rise of the grid volt- 
ae so that several microseconds are 
_iuired for the grid to reach cutoff. 

The output of the pulse delay tube 
i applied through a differentiating 
rrtwork to the grid of a pulse ampli- 
fr stage. This stage, with the pulse 
dlay tube, functions as a cathode- 
cipled multivibrator to produce 
};h -amplitude pulses with a rapid 
-te of rise. The output of the pulse 
diplifier is differentiated and ap- 
Led to the grid of a cathode fol- 
1 ver, which is biased below cutoff. 

sharp positive pulse is produced 
a the cathode of the cathode follower 
Ed serves to trigger the modulator. 
A 6L6 is employed to provide the 

crrent through the rotor of the 
veep synchro. The control grid 

Tltage is supplied from the sweep 
inerator. The sweep produced in 
le rotor of the synchro is resolved 
1 the two stator windings (which 
it in space quadrature) into hori- 
:ntal and vertical components. The 
ntputs of these windings are fed 
trough amplifiers to two deflection 
oils which are also in space quadra- 

ture, thus producing a magnetic field 

to deflect the beam of the cathode 
ray tube in a direction to correspond 
with the orientation of the rotor of 

the synchro. 

D -C Reinsertion in APS-15 

As explained in connection with 
the APQ-13 synchronizer, a method 
of d -c reinsertion must be employed 
on the sweep amplifiers in order that 
the sweep will start from the center 
of the tube for all sweep lengths. 
The method of d -c reinsertion, or 
clamping, used in the APS-15 makes 
use of two triode sections in series 
from +100 volts to ground. The volt- 
age between the junction of the plate 
and cathode of the two sections and 
ground is about +6 volts. The clamp- 
ing tube functions as a voltage regu- 
lator. If the juncture tends to be- 
come more positive, the cathode of 
the section whose plate is connected 
to +100 volts becomes more positive, 
hence its grid in effect becomes more 
negative, the current .through both 
sections is reduced, and the juncture 
drops in potential. If the juncture 
tends to become more negative, the 
reverse effect is produced. Since the 

bias applied to all four sweep tubes 

is equal, their plate currents are 

equal; thus, the sweep will start 
from the center of the tube. When 

the sweep voltage appears on the 

grids, the clamping tubes have no 

function and they are cut off by a 

negative pulse on their grids until 
the end of the sweep. 

The receiver -indicator contains 
circuits for generating precision 
range marks. Four different spac- 
ings are provided, each spacing de- 

rived from a separate resonant cir- 
cuit. Coincident with the firing of 
the transmitter a negative square 
wave is supplied to the range marker 
circuit by the pulse delay tube. The 
application of this negative gate on 

the control grid of the input stage 
suddenly interrupts the current 
through the inductance of the reso- 
nant circuit, thereby producing a 
train of damped oscillations. The 
oscillations are amplified, clipped, 
shaped into sharp pulses, and mixed 
with the video in the video amplifier. 
As -seen on the indicators, the ,range 
marks are concentric circles which 
are used as references for accurately 
estimating echo ranges. 
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C : peak amplitude of radio frequency 
carrier 

C. peak amplitude of subcarrier in 
double modulation system 

J, : transmission bandwidth of intelli- 
gence portion of system 

Jd : peak frequency deviation of carrier 
or subcarrier from unmodulated 
frequency 

: transmission bandwidth of multi- 
plex system 

J. : frequency of subcarrier 
2f; : transmission bandwidth of inter- 

mediate frequency portion of sys- 
tem 

2f, : transmission bandwidth of radio 
frequency portion of system 

j, : lower limit of a given channel 
within a multiplex system 

j, : higher limit of a given channel 
within a multiplex system 

m : percent modulation in an ampli- 
tude modulation system 

N : equivalent fluctuation noise volt- 
age; subscript refers to bandwidth 
over which particular noise voltage 
is developed 

"n : number of channels in a multiplex 
system 

S : voltage of detected intelligence 
signal 

deviation ratios of frequency modu- 
lation systems are indicated by ( 

to indicate deviation of radio carrier 
frequency, and by ( )../ to indicate 
deviation of the subcarrier frequency 

Table I-Nomenclature used in 
equations 

THEORETICAL 

CjOMPARATIVE ANALYSIS shows the 
signal-to-noise ratios obtainable 

in multichannel amplitude modula- 
tion and frequency modulation trans- 
mission systems. This ,discussion ap- 
plies particúlarly to ultra and super 
high -frequency radio relay circuits 
for point-to-point communication. 
Equations are derived which indicate, 
among other things, that, for equal 
transmitted powers and radio fre- 
quency bandwidths, double f -m sys- 
stems offer advantages over double 
a -m systems. 

Ultra and super high -frequency 
radio relays are being planned for 
transmission of television, high qual- 
ity programs, multiplex telephony 

Work on which this article Is based was 
done while author was a member of the staff 
of RCA Laboratories at 66 Broad Street, 
New York, N. Y. 
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and telegraphy, facsimile, radiophoto, 
and business machine data. Design 
of such facilities requires knowledge 
of the modulation methods that pro- 
vide optimum signal-to-noise ratios 
in the individual channels of a multi- 
channel system. Knowing the signal- 
to-noise ratio of a channel, the de- 
signer of a system that is to transmit 
different types of intelligence can al- 
locate to each channel only as much 
of the total transmitted energy as is 
required for satisfactory reception 
of each type of intelligence. By thus 
weighting each channel, an optimum 
number of channels can be obtained 
for a fixed transmitted power and 
bandwidth. 

Types of Modulation and Noise 

Several types of transmission can 
be employed, all using either a -m or 
f -m. In a single modulation system 
the intelligence modulates the trans- 
mitted carrier. In a double modula- 
tion system the intelligence signal 
modulates a subcarrier which, in 
turn, modulates the transmitted car- 
rier. For single channel transmis- 
sion, only one intelligence signal is 
used. 

Two types of noise can affect 
radio transmission. Impulse noise, 
accurately represented by a unit im- 
pulse, can be considered, at the 
higher frequencies, as a finite band- 
width of components having equal 
amplitudes and the same phases. This 
interference produces transients in 
the receiver, but being of local -origin 
its effects can be reduced by shield- 
ing the noise source or relocating the 
receiver's antenna. 

On the other hand fluctuation 
noise, due largely to shot effect, ther- 

mal agitation, and antenna pickup 
(site) noise, cannot be removed. 
Above 300 me shot noise predomin- 
ates to the extent that thermal and 
site noise can be neglected. Within 
the acceptance band of the receiver, 
fluctuation noise can be considered 
as a finite bandwidth of components 
having equal amplitudes but random 
phases. 

Define noise power density as 
the noise power per unit of band- 
width (watts per cycle). Noise power 
generated by the receiver is directly 
proportional to bandwidth. The 
equivalent fluctuation noise voltage 
N is proportional to the square root 
of bandwidth. This noise voltage, 
wherever it is generated, will be re- 
ferred to the antenna input termin- 
als. To include the bandwidth in 
which this noise exists, use the no- 
menclature Nt, where N is the peak 
value of the fluctuation noise in the 
frequency band f. 

Noise Determination 

The signal to noise ratio (C/N),, , 

where the notation is explained in 
Table I, can be obtained by measure- 
ment: Connect an r -f generator di- 
rectly to an a -m superheterodyne re- 
ceiver and amplitude modulate the 
r -f generator 100 percent with an 
audio tone. Because the tone fully 
modulates the carrier, the detected 
signal S is a precise audio measure- 
ment of the magnitude of the r -f car- 
rier. We have assumed the existence 
of a noise magnitude N,t, at the re- 
ceiver input terminals. This magni- 
tude will be different at the mixer 
due to the antenna coupling circuits. 
However, the modulated carrier will 
be modified also so that (C/N),t, re - 
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SIGNAL-TO-NOISE RATIOS 

:final -to -noise ratios are derived in terms of the frequency bands of the signal and of the 

tansmitted radio carriers. Resulting equations indicate merits of various combinations of 

jodulation and multiplex with respect to noise. Frequency and amplitude modulation sys- 

tems are compared 

ttins unchanged.. We assume that-. 
le mixer has a linear conversion 
Earacteristic. The intermediate fre- 
t,ency carrier -to -noise ratio will 
ten equal the r -f carrier -to -noise 
1.tio if 1, = f,. This latter equality 
i not obtained in practice. In fact, 
lceiver selectivity is almost entirely 
lttermined by f, and, in general, f, 
l.11 be much less than f,. A por- 
j)n of the noise is thus rejected by 
le i -f band, consequently 

/ 
N21, 

(J:'1/2 Nip J. 

Ste intermediate frequency carrier - 
noise ratio as modified by the i -f 
as is as 

l fr 112( C 

IN/1,:-(,:) .,.NIv, 
Equation 1 gives the carrier-to- 

Iiise ratio that is applied to the re- 
iver detector. The function of the 
Lector is to reproduce the original 
)dulating tone by folding the lower 

'Elebands upon the upper sidebands 
E that they add in phase to produce 
resultant S equal in magnitude to 

The sidebands of noise are filled 
.th components of equal amplitude 
d random phase. When the lower 
leband is folded on the upper, the 
ase power in the band zero -to f, 
om the detector is twice that of the 
pper sideband alone. Normally, the 
tector output contains a low-pass 
ter of cutoff frequency f. where f, 
much less than 14. Accordingly, 

's filter will reject all noise compon- 
ts greater than f. and the output 

l,ise power is reduced by the .factor pf therefore 

S/N),. = (C/N)v. 
= (f:11)' "(C/ N ,,. 
= (J,/f )' '1(C/ N),. 

(1) 

or 
(C/N)z,, = (f /.4)',z(s/N)10 

Noise Measurement 

The ratio (S/N), is obtained di- 
rectly by measurement. With the 

Basic signal-to-noise equations derived 
in text for a bandwidth f, 

Amplitude Modulation 

Single: (7-v-) /. = m ( Ñ / , 
Double: 

(S ) 
° 

m (C l 
N 2n J 2 N J 2I. 

Frequency Modulation 

Single: (Ñ s ) = . 

J3(J./,,(N),,. 
Double: ( Ñ)1. = 7-1/11(-1-) 

Comparing one system with another 
gives 

Double a -m 1 

Single a -m 2n J 2 

Single f -m J 3 Je 
Single a -m m (J. / ,.i 

Double f -m 
Single as -m 

mn 12kJ./,-f (i./.-í 
Double.f-m 

2 
3(a 

/ 
l 

j, 
( 

Double a -m , J ,- 
Double f -m 1 (Ja\ 
Single f -m J 2n J, J ,-, 

The last ratio is for identical inter- 
mediate frequency bandwidths 

Table II-Comparison of Modula- 
tion Systems 

switch of survey receiver. shown; in 
Fig. 1 in position N and no modula- 
tion of the r -f generator, the oscillo- 
scope will trace the fluctuation noise 
output of the receiver. With the 
switch in position S and 100 percent 
modulation of the r -f generator, the 
signal S will be shown on the oscillo- 
scope. The audio band-pass filter 
minimizes noise during the signal 
measurement so that the ratio of the 
vertical deflections obtained gives 
the desired signal-to-noise ratio in 
the band f,. The a -m receiver de- 
scribed can be used as a survey re- 
ceiver. Reliable C/N measurements 
are made at the receiving sites with 
transmitting and receiving antenna 
gains calibrated with respect to the 
actual radio circuit equipment. 
Noise factor of the survey receiver 
should be known relative to that of 
the proposed relay receiver. 

Threshold Relations 

In the previous section we assumed 
that S/N (detected carrier -to -noise 
ratio) at the output of the a -m de- 
tector was linearly proportional to 
C/N at the input to the detector. It 
has been demonstrated experiment- 
ally that this relation holds as long 
as 

(C/ N),1, > 1 (2) 

We may define Eq. 2 as the thres- 
hold condition for an amplitude mod- 
ulated signal. Crosby has shown that 
the corresponding threshold condi- 
tion in frequency modulation requires 
that 

(C/ N).,: s 2 (3) 
. In a particular radio relay link the 

radiated power, distance of transmis- 
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sion, and receiver i -f bandwidth must 
be correlated to satisfy the threshold 
relations and the desired S/N in a 
particular intelligence channel. The 
information needed to meet these re- 
quirements with a simple survey 
measurement is derived in succeeding 
sections. 

Single Modulation A -m 

In a single modulation a -m system 
the i -f band need be only 2f, wide to 
pass the modulated carrier. Actually, 
due to Q limitations of the circuits, 
it usually exceeds this value. 

Assume that, in the mixer or first 
detector stage of the receiver, the 
local heterodyne oscillations are of 
high amplitude compared with the 
incoming signal, i.e., the mixer does 
not affect C/N. 

At the input to the second detector 
one might say that three waves exist; 
namely, the carrier C, the noise N 
and the signal S. For 100 percent 
modulation, S equals C in magnitude. 
Thus, the output of .the a -m detector 
has an`'S/N equal, to C/N in the i -f 
band when (, = 1.. When f, is greater 
than I.,, we consider only C/N within 
the portion .of the. i -f band 2f, wide 
because all other' noise components 
are rejected by the detector output 
circuit. 

We may then write for 100 percent 
modulation (S/N) = (C/N),,.. For 
less than 100 percent modulation, 
S/N is directly proportional to the 
modulation index. Thus 

(S/ N),. = m (C/ N)21. (4) 

Double Modulation A -m 

In a double modulation a -m system 
the intelligence signals amplitude 
modulate their respective sub - 
carriers. These subcarriers ampli- 
tude modulate the transmitted r -f 
carrier. The r -f and i -f bandwidths 
of the receiver must be at least 2f, 
wide, where 1, = 1. + f. + .. . f., to 
pass the modulated carrier without 
distortion. Then C/N in the r -f band 
is 

(C/ N)21. = (M.)t 12(C/N)21 (5) 

Similarly C/N in the i -f band be- 
comes 

(CV N)21, = (f /f.)2/2(C/N)71 (6) 

To determine the subcarrier-to- 
noise ratio after the group detector, 
we again .consider the noise within 
the i -f band extending f, on either 

ANTENNA 
COUPLING (C/N)2f, 

OSCILLATOR 

MIXER 

(C/N) 
2f{ 

2ND 
DETECTOR 

AUDIO 
AMPLIFIER 

-F 
AMPLIFIER AMPLIFIER 

NARROW BAND 

FILTER 

OSCILLO- 
SCOPE 

FIG. 1-How noise at the receiver input 
is measured In the field 

side of the central frequency, because 
all other noise 'components are re- 
jected by the low-pass filter following 
the detector. Thus 

(C/ N)2, = (NM 12(x/N)21. 

= (1./1.)' 22(C/ N),,. (7) 

Writing C, for the peak amplitude 
of any subcarrier and temporarily 
assuming that the subcarrier modu- 
lates the radiated r -f carrier to 100 
percent, we obtain from Eq. 4 

(C./ N)1, = (CI N).,, (8) 

for the subcarrier-to-noise ratio in 
the bandwidth of the total group of 
intelligence signals f,. 

The arrangement assumed in Eq. 8 
would not permit transmission of in- 
telligence because an increase in the 
amplitude of the subcarrier due to 
modulation by the intelligence signal 
would cause the subcarrier to over - 
modulate the r -f carrier. Therefore, 
to allow an intelligence signal to mod- 
ulate its subcarrier 100 percent we 
must reduce C,. For n channels, C, 
equals C/2n to avoid over modulation 
during the intervals when all sub - 
carriers add in phase. Rewriting Eq. 
8 for n intelligence channels gives 

(Cs/ N)1, = (1/2n) (C/ N)21, (9) 

In the group band each channel 
occupies a band 21. wide. Because the 
noise is equally distributed over this 

band, the effect of filtering any chan- 
nel will be to reduce the noise in that 
band to 

N21. = (21.11.)`12 N,, (10) 

Substituting Eq. 7 and 10 into 
Eq. 9 gives 

\N/21, 2n[(21.)\1./J" 

2n 1/7 (N/21 (11) 

It should be noted in this case that 
the noise in any filtered channel does 
not depend upon its position in the 
frequency spectrum but only upon 
the channel bandwidth and this band- 
width need never exceed 21,. After 
final detection of this channel signal, 
the signal-to-noise ratio becomes, for 
100 percent modulation of the sub - 
carrier 

(S/ N)1. = (C./ N)21. 

= (1/2n ál2) (C/ N)21. (12) 

and for m percent modulation of the 
subcarrier 

(S/ N)1. = (m/2n 1/2) (C/ N)71. (13) 

For a double modulation system in 
which only one intelligence is trans- 
mitted n = 1. Inserting this value in 
Eq. 13 and comparing the result with 
Eq. 4, we note that the double a -m 
system has a worse S/N than the 
single a -m system by a factor of 2V2 
or nine decibels. Six decibels of this 
loss is due to the energy required to 
transmit the subcarrier. The remain- 
ing three decibels are accounted for 
by the fact that the single a -m system 
has a noise acceptance band of 21., 
whereas the double a -m system has 
two noise acceptance bands, each of 
bandwidth 2f. in the r -f spectrum 
and, consequently, the latter accepts 
\/2 times more noise. If 'the sub - 
carrier and one sideband are sup- 
pressed as in some single sideband 
systems, the double a -m system is, 
in effect, converted to a single a -m 
system and the nine decibels are 
regained. 

Single Modulation F -m 

Mathematical analysis of a fre- 
quency modulated carrier shows that 
an infinite number of sidebands are 
produced. Therefore, a finite receiver 
i -f bandwidth must introduce- some 
distortion due to sideband clipping. 
This type of distortion appears as 
concomitant amplitude and phase 
modulation of the i -f carrier. The 
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limiter erases the amplitude modula- 
tion. In a wideband system (fd/f.> 
1), the writer believes that the phase 
distortion will be negligible as long 
as the r -f and i -f bandwidths are not 
less than 2fd + 4f,. In narrow band 
f -m systems (f/f.< 1), these band- 
widths can be reduced to 2fa -1. 2f,. 

In the i -f band we have as before 

(Cl N)21( = (.41.01'W/ N) 1, (14) 
which must satisfy the f -m threshold 
condition of Eq. 3. 

The signal is now impressed upon 
an f -m detector having a frequency 
fidelity band from zero to f.. Assum- 
ing fulfillment of the threshold re- 
quirement, we are concerned only 
with C/N in a portion of the i -f band 
2f, wide. This ratio is 

(C/ N)..,, = (f,lfa)` "(C/ /Or¡, 
To determine the signal-to-noise 
after detection, we use 

Gila e)/a "T(15.-, \ N/r¡a (15) 
where (fdlf.),-, is the deviation ratio 
of the r -f carrier at the highest 
modulating frequency. 

Double Modulation F -m 

In a double frequency modulation 
system the channel is identical with 
the single f -m system insofar as the 
first f -m detector action at the re- 
ceiver is concerned. However the 
frequency band from zero to f, is 
wide enough to contain several sub - 
carriers which are themselves fre- 
quency modulated by independent 
intelligence signals. 

To determine the ratio of any one 
subcarrier to the noise in the total 
band from zero to f, we rewrite Eq. 
15 substituting f, for f. 

(N)¡o n3 (Ja). -¡fa (N)º¡a 

Any one subcarrier is frequency 
modulated within the channel band 
f, - f,. The noise in this band is less 
than that in the total band zero to 1. 
so that the ratio C./N in this band is 
improved by a bandwidth factor. 

To determine this factor, we recall 
that the noise out of the detector 
varies linearly with frequency as 
shown in Fig. 2A. Consequently, the 
noise power density is a parabolic 
function of frequency and the ratio 
of noise energy in the total band to 
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that in the band 12 - f, is equal to the 
ratio of the area under the parabola 
to the shaded area of Fig. 2B. This 
ratio is obtained by integration 

?pd.( 
!a' 

- Js' - .42 

The rms and, consequently, the peak 
voltage ratio is equal to the square 
root of the energy ratio. Therefore, 
the improvement factor due to filter- 
ing the frequency band 1,- f, is 
[1:1(1.' - f,') p. The subcarrier-to- 
noise ratio in this band then becomes 

(N)¡r-¡, Jn \/.-¡\N/r¡aX Jo 

[\Ja/\f'J'J,'/]t¡^ (16) 

Equation 16 may be described as 
the threshold equation for the second 
f -m detector, i.e., the value of C,/N 
must be equal to or greater than two 
in order that the SIN out of the 
second detector be a linear function 
of the subcarrier-to-noise ratio into 
the detector. 

In general, the bandwidth 1,- f, 
is determined by the frequency devia- 

FIG. 2-Noise-frequency relations used in 
computations 

tion of the subcarrier and it may be 
considerably greater than 21. where 
f, is the fidelity band of the second 
f -m detector. As in the single f -m 
modulation case, we need to know r 

the ratio of subcarrier-to-noise in , 

the band 2f.. 
Define the subcarrier frequency, . f as the arithmetic mean frequency 

in the band f, - f or 1, = (f, 
As before, the noise in the band 21. 
wide with f, as its center frequency 
will be less than the noise in the total 
band 1, - f,. Observing Fig. 2C, it 
will be evident that the noise accepted 
in the band 2f, wide will vary with 
the location of f,. 

Starting with Eq. 15 and writing 
the improvement factor in the same 
manner as in the derivation of Eq. 16, 
the subcarrier-to-noise ratio in the 
band f, either side of f, referred to 
the total first detector band 

C. 
\ N ! (¡. + ¡d) - (¡. - ¡a) 

(1a)((h+J )'f' (J. - fa)')] 
, /2 

[ (17) 

the fraction within the square root 
bracket of this equation can be sim- 
plified to 

(1a)(6f2f (1+93 f2%3J.')) 
Because f, must be at least 3f, to 
reproduce the signal wave shape, we 
can neglect the term f,'/3f,' com- 
pared with unity, and Eq. 17 further 
simplifies to 

C. 

( N v.+¡a)_(¡._¡a) 

2,3(f),-¡(Ñ1¡. 

Again usingthe standard Eq. 15 

e!¡a = J 3 (Ía).-¡ X 

(C. 

N )(/+ fa) -(,._Pa) 

(18) 

Substituting Eq. 18 into this result 

(N)¡a 
(19) 

Results of these derivations are 
summarized in Table II which shows 
signal-to-noise ratios that can be 
obtained in each of the systems 
analysed and the manner in which 
channel frequencies affect these 
ratios. 
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Ask for RS Specification -Layout Sheets 
Printed on thin paper to permit blueprinting, these sectional draw- 
ings indicate standard and optional dimensions-make it easy for 
you to order pre -production samples of RS switches built to meet 
your requirements exactly. 1sk your nearest Mallory Field Repre- 
sentative or write direct for a supply. 

Allow It To Fit Crowded Assemblies 
WHEN your assembly is already overcrowded 

and every fraction of an inch counts, the 
RS -60 is a wonderful life-saver! 

In spite of its diminutive size, this multiple -section 
switch can he made with as many as five positions 
or ten terminals. It incorporates, too, all these 
outstanding features: 

New, heavier staples and stapling technique, insuring 
tight terminals ... Improved low -loss phenolic in both 

P.R.MALLORV aCO..Inco, 

stator and rotor ... Unlimited circuit possibilities .. 
Six stator rotor supports to improve rotor and contact 
alignment ... Star -wheel type index for lowtorque .. . 

Double wiping contacts ... Silver -to -silver contacts .. . 

Indium -treated, silver plated rotor segments. 

For complete information, write for Mallory RS 
Switch Data Folders and for Specification Layout 
Sheets. Our engineers will be glad to help with your 
switch problems. Standard Mallory switches may be 
readily obtained from your Mallory Distributor. 

A LLORY SWITCHES 
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INDUSTRIAL CONTROL 
Lathe for Large Tube Construction 156 

Unsoldered Connections for Motor Control 156 

Gas Locator for High -vacuum Systems 158 

Maintenance Testing of Dynamotors 158 

Capacitor Discharge Magnetizer for Plant Shops 168 

Lathe for Large Tube Construction 
SO EXACT HAS BEEN the construction 
of what is believed to be the world's 
largest glass -working lathe, that 
there is less than 0.0005 in. variation 
in the relationship of the chuck 
spindles and the lathe bed across the 

"""6 -'"In 

in order to insure that it will be 
level regardless of irregularities in 
the floor. Unlike smaller glass -work- 
ing machines, this one has adjust- 
able chucks which can be lined up 
independently of the main rods. 

U11 

rr 

N \ 
Twenty-four cylindrical glass sections of two -million volt x-ray tubes are sealed 
by hydrogen and oxygen flames to the metal rings that hold the sections together. 
Designed by engineers of General Electric X -Ray Corp.. it is believed to be the 

world's largest glass -working lathe 

entire 9 -foot length between the 
chucks. 

The machine can handle a piece 
of glass as long as 84 inches, and the 
length of tubes which will pass 
through the spindles is limited only 
by the size of the room. Because of 
this, the machine is useful in the 
production of long, multi -section 
million -volt and two -million -volt 
x-ray tubes. High -frequency cur- 
rent is passed through the flames in 
order to more effectively heat and 
seal the glass. 

Weighing 4,000 pounds, the 13 -foot 
bed table is supported at three points 
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Shims make up for any wear on the 
rods, guide bushings or jaws. Con- 
trol of the chucks is effected by a 
3 -station reversible clutch. 

The feed control levers and other 
regulating knobs and dials are 
mounted on a master panel, thus 
simplifying the control. The feed 
lines contain hydrogen, oxygen, city 
gas, air, nitrogen, vacuum and water. 

Special grease seals on the heads, 
capable of withstanding up to 200 C, 
are employed to withstand the high 
temperatures used. Doughnut -shaped 
tubes for betatrons can also be pro- 
duced on the machine. 

Unsoldered Connections 
for Motor Control 
CURRENT MODELS of the General Elec- 
tric Thy-mo-trol, an electronic ad- 
justable -speed motor drive, have 
taken advantage of lessor.s learned 
about maintenance. Instead of being 
wired in the familiar manner of 
ordinary radio receivers as were the 
early versions, the units are now put 
together as shown in the accompany- 
ing illustration, where resistors, ca- 
pacitors, and other components are 
firmly fastened in place and con- 
nected up by the use of screw -type 
lugs and terminals, so that soldering 
is no longer necessary for mainte- 
nance of these controls. 

Over the course of the last few 
years, while these units have been 
specified for industrial application, 
tube life has proved itself to be in 
the neighborhood of ten thousand 

lthldt-.:,-: 

» J.i . 
8Fp ; 

" 

Back view of late -model GE Thy-mo-trol 
drive, showing use of terminal blocks and 
screw -type connectors for wiring and 

mounting components 

hours or about five years on the basis 
of a normal industrial day's opera- 
tion. 

For control of electric motors the 
units provide a wide range. of speed 
adjustment (in the neighborhood of 
100 to 1); as closely as possible in- 
finite speed variations producing 
stepless control; close speed regula- 
tion; production of full load torque 
at low speed; pushbutton control; 
reverse plugging; free selection of 
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RHEOSTATS 

CONTACT YOUR IRC REPRESENTATIVE 

FOR COMPLETE DETAILS 

ELECTRONICS - Jvee 1946 
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... Increased Quantities Now 
Available on Short Delivery Cycle! 

TYPE PR -25 -25 -watt rating. Temperature rise, 140°C. Standard resistants 
values. 1 ohm to 5,000 ohms. Diameter, 1211:". Depth behind panel, %". 
TYPE PR -50 -50 -watt raring. Temperature rise, 170°C. Standard resistants 
values. 0.5 ohm to 10,000 ohms. Diameter, 22111". Depth behind panel, DV, 
TYPE PRT25-(ÁN3155-25). 25 -watt rating. Fulfills AN3155 specifica 
dons. Totally enclosed. Heat -radiating black finish. Rear terminals 
Standard values, 10 ohms to 200 ohms. To 5,000 ohms on special order, 
Temp. rise, 140°C. 

TYPE PRT5O-(ÁN3155-50). 50 -watt rating. Same construction as PRT-25. to AN3155 specifications. Standard values, 5 ohms to 200 ohms. To 10,000 
ohms on special order. Temp. rise, 170°C. 

All IRC Rheostats operate at about half the temperature rise of equivalent units and can be operated at full load on as little as 25% of the winding, with only a slight increase in temperature rise. 
PEp FOR PERIpY 

14- 

I R 
o O` 

OR/ABLE 

INTERNATIONAL RESISTANCE CO. 
401 N. BROAD ST., PHILADELPHIA 8, PA. 

Canadian Licensee: International Resistance Co., Ltd.. Toronto 
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speed; quick stopping; and protec- 
tion against overload, short circuit, 
and low voltage. 

Gas Locator for High - 
vacuum Systems 
EXACT LOCATION of leaks in a vacuum 
system can be found by spraying 
helium gas to ferret out and enter 
the leak and then determining the 

Westus°i 

vacuum system and pumps started to 

evacuate the air. A thin jet of 

helium is sprayed against each sus- 

pected location, or over the entire 
system. If there is no leak, the de- 

tector shows no reading, because nor- 
mally there is no appreciable amount 
of helium in the atmosphere and 
hence there are no molecules of the 
proper mass to actuate the recorder 
passing through the spectrometer. 
Should the detector show a reading 

A 

Small leaks in high -vacuum systems such as are used in uranium production are 
located by this Westinghouse leak detector 

presence of the helium in the system 
by means of a leak detector. 

The presence of a contaminating 
substance in proportions as small as 
one part in several hundred thou- 
sand can be shown by this technique. 
The exact location of the leak is also 
shown. 

Developed by Westinghouse engi- 
neers, the detector is a special appli- 
cation of the mass spectrometer, the 
electronic device that gives the mole- 
cules of different gases an electrical 
charge and then shoots them at high 
speed down a curved tube. Along 
the sides of this tube electromagnets 
guide the flying molecules so that 
only those of a particular mass, or 
weight, pass through the exit slit at 
the end of the tube and are counted 
on a special recorder. 

Helium is used for leak detection 
because it is a stable gas that does 
not react harmfully with other gases 
or with parts of the system. The 
mass spectrometer is attached to the 
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when the helium nozzle is held at a 
certain location, the operator knows 
instantly that helium is entering 
some opening in the vessel at that 
point. 

Maintenance Testing of 
Dynamotors 

H. M. TREMAINE, USNR 
Naval Research Laboratory 

Washington, D. O. 

AIRCRAFT, both military and com- 
mercial, present many problems in 
the field of electrical maintenance, 
particularly noise in communication 
equipment. One of the most con- 
sistent offenders is the dynamotor. 
A survey of 1300 dynamotors in 
daily use revealed their maintenance 
was increasing at a rapid rate. 

Some kind of a test device was 
necessary that would measure the 
load characteristics, and at the same 
time give a standard measurement 
of interference generated by the dy- 
namotor. This would also eliminate 
the human error in ordinary listen- 
ing tests. 

Figure 1 is the basic diagram of 
the test set constructed to facilitate 
accurate measurements of dyna- 
motor load characteristics and inter- 
ference. The input circuit contains 
a power switch, circuit breaker C, 
ammeter, voltmeter, and line filter 
capacitors to prevent interference 
from the dynamotor under test being 
transmitted to other equipment in 
the shop. The 200-µf electrolytic 
capacitor prevents surges from other 
equipment feeding into the test set. 

At the output of the dynamotor 
are two single -section filters, one for 
large dynamotors that supply 400- 
600 volts and the other for small 
dynamotors up to 250 volts. Either 
filter is selected by switch S,. The 
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Fig. 1-Circuit for rapid testing of load characteristics and radio noise interference 
of dynamotors 
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A manufacturer of valves, whose foundry technic 
seemed "okay," decided pilot radiographs weren't 
needed. But when machining was done and the 
valves assembled, enough were found defective 
to cause a loss of many thousands of dollars. 

Radiography, put to work at the tight time and place, 
pays off. \len who have figured cost -wise what it can 
do for them ... to improve design, speed production, 
and lower costs ... make full use of x-ray. 

Radiographs show your engineers where to correct 
faulty design ... how to reduce weight safely ... how 
to cut costs at many stages of manufacture ... how to 
build in extra dependability. 

Order -jammed foundries get a welcome production 

Radiography 

E 

...wed have saved 

$30,000" 
spurt when radiography shows how to get into sound 
casting production fast. I ligh-value, high -volume ma- 
chine shops operate at rock -hot tom cost when radio- 
graphic inspection keeps internally unsound castings 
off the production line. 

Welding gains acceptance ... new markets ... higher 
s olume ... because radiographs prove weld men t s sound. 

And these are only a few high spots in radiography's 
list of industrial functions. You can find more-if you 
look for them-right ill your own plant. \Vhy not get 
together with your radiographer or the local x-ray 
dealer and see if you are missing any chances to make 
radiography pay extra dividends? Or write to 

Eastman Kodak Company, X-ray Division 
Rochester 4, New York 

-another important function of photography 

, o d a k 



-r DYNAMOTOR TESTER (continued) 
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filters simulate a filter system com- 
parable to that found in aircraft 
communication equipment and were 
designed to give the minimum 
amount of filtering for satisfactory 
measurement. If too efficient a filter 
were to be used, a false measurement 
might be obtained and a dynamotor 
with too great an interference out- 
put for satisfactory operation might 
be passed. 

At the output of the filters are a 
variable load resistor, a milliam- 
meter, and a voltmeter. A vacuum - 
tube voltmeter is used to measure 
the interference generated by the 
dynamotor, at both motor and gener- 
ator sections, and that passed by the 
filter. 

Operation 

Figure 2 shows the panel controls 
of the completed test set. To use the 
set, the dynamotor is plugged in, S. 
thrown to the correct filter, the input 
voltage adjusted to 14 or 27.5 volts 
by means of R,, and the output load 
current to its correct value by means 

- 
INPUT LOAD 

C 

C ^ 

Fig. 2-Panel meters and controls of the 
dynamotor tester 

of Ss and variable resistor R,. The 
vacuum -tube voltmeter switch S. is 
thrown to the dynamotor position 
and the interference output from the 
dynamotor measured. Switch S. is 
then thrown to the output of the 
filter and the remaining ripple volt- 
age determined. The motor inter- 
ference is read in the motor position 
of S,. Filter F, is used when testing 
small dynamotors and F, is used for 
the larger type. 

Listening to the ripple with the 
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For Plastic or Diecast Products 
with Puhon. SPEED NUTS 

_THE FASTER 

SPEED NUT 
WAY! 

Start Speed Nut with 
thumb and linger. 

Push down over stud 
with countersunk tool. 

THESE COSTLY 
OPERATIONS 
ELIMINATED! 

fi 
U 

If you assemble plastic or die cast parts, the use 
of Push -on Speed Nuts will enable you to elimi- 
nate expensive inserts, tapping and threading 
operations. Just zipping a Push -on Speed Nut 
over an unthreaded, integrally molded stud will 
give you a vibration -proof fastening with a 

I spring steel bite that stays put. Use Push -on 
Speed Nuts for fastening plastic or metal name 

i plates, knobs, handles, trim strips, medallions, 
dials, bezels, grilles and scores of other parts - > 
that must be fastened quickly and inexpen- 
sively. Holds equally well over rivets, wires, 
nails and tubing. You can do it faster, better 
and cheaper with a Speed Nut or Speed Clip 
Give us your assembly details today and we 
will send you samples to fit your job. A cost analy- 
sis doing it the Speed Nut way will amaze you. 

TINNERMAN PRODUCTS, INC. 
PRONGS BITE 

INTO STUD 

ARCHED SPRING LOCK 

Prongs lock securely. 

11, 

2106 FULTON ROAD CLEVELAND 13, OHIO 
In Canada: Wallace Barnes Co., Ltd., Hamilton, Ontario 
In England: Simmonds Aerocessories. Ltd., London 
In France: Aerocessoires Simmonds, S. A., Poris 
In Aurtralio: Simmonds Aerocessories, Pty. Ltd., Melbourne 

iJyJ 
MORE THAN 3000 

F A S T E S T T H I N G 

...... : .., 

SHAPES AND SIZES 

t 

No more inserts in plastics. 

No more lopped holes 
in plastics. 

r 

No drilling and topping 
in die castings. 

Lod. Mod R.g- U. s. P.,, On. 

IN FASTENINGS 
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C -D pRODUCIs,B ltUphtica 
MICABOND-Built-13p O nsullt-on. 
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DILORON- 
DILEspeciaENE Suited to formed 
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in your Motors 
and Generators 

Ever stop to think how important electric generators and motors have 
become to "our" World? Practically every convenience we enjoy , . . 
the effectiveness of our War Effort ... the assurance of a fully employed 
postwar World ... depend on electric generators and motors. 

C -D MICABOND ... mica electrical insulation .. . helps keep these 
generators and motors running. 

Generator and Motor manufacturers 
specify C -D MICABOND because it 
provides them with the "perfect insula- 
tion"-MICA-in usable forms. C -D 
MICABOND sheets, tubes, rings, seg- 
ments and other shapes are provided by 
bonding mica splittings with insulating 
resins. For complete technical and me. 
chanical data send for Bulletin "M". 

DISTRICT OFFICES 
NEW YORK 17 CLEVELAND 14 CHICAGO 11 
SPARTANBURG, S. C. SALES OFFICES IN PRINCIPAL CITIIY 

WEST COAST REPRESENTATIVES 
MAR WOOD LTD., SAN FRANCISCO 3 

IN CANADA: 
DIAMOND STATE FIBRE CO. OF CANADA, LTD.. TORONTO 

FIBRE COMPANY 
Established 1895.. Manufacturers óf Laminated Plastics since 1911-NEWARK Ili DELAWARE E 
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AC and D'C RELAYS 

. . 
_ 

COMPACT DESIGN 

FRONT OR REAR MOUNTING 

SCREW OR SOLDER TERMINALS 

R -B -M announces a new and improved design of 
magnetic relays rated 10 amperes at 24 volts D. C. 

and 110 volts A. C. and 5 amperes at 220 A. C. Re- 

lays rated at one horse power single phase 110 and 
220 volts A. C. Silver to silver contacts. Self -aligning 
armature. All wiring terminals accessible from front. 
Contact arrangement-single and double pole; nor- 
mally open, normally closed and double throw. Steel 

. 

. ` r 

-a: 

mounting with A. C. and D. C. relay mounting dimen- 
sions interchangeable. Available in open type or with 
sheet steel general purpose enclosure. Bulletin 510 
on D.C. relays and Bulletin 550 on A. C. relays avail- 
able upon request. Write Department A. 

R -I3 -M MANUFACTURING COMPANY 
'Division of 

ESSEX WIRE C11It I'ORATEON 
LOG XNSPOHT, INDIANA 

íINNiY 
wv 

'MANUAL AND, MAGNETIC ELECTRIC CONTROLS -FOR . - AUTOMOTIYr, INDUSTRIAL; ,COMMUNICATION AND. ELECTRONIC US/ 

( 
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ValtallYUCE 

ELECTRONIC VOLTMETER 
For every requirement 

ALL MODELS HAVE THE 

SIMPLIFIED 

LOGARITHMIC 
SCALE 

STANDARD 
Model 300 

Ideal for the Accurate measure- 
ment of AC voltages in the Audio, 
Supersonic, Carrier Current and 
Television ranges. 

Use of Logarithmic voltage scale as- 
sures uniform accuracy of reading 
over whole scale while permitting 
range switching in decade steps. 
Each Voltmeter equipped with an 
output jack so that the instru- 
ments can be used as a high - 
gain stable amplifier. 

Ii' 
SPECIFICATIONS 

MODEL 300 

RANGE-.001 to 100 volts. 
FREQUENCY -10 to 150,000 cycles. 
ACCURACY -2% al any point on scale. 
AC OPERATION -110-120 volts. 

MODEL 304 

RANGE-.001 to 100 volts. 
FREQUENCY -30 c.p.s. to 5.5 megacycles 
ACCURACY -0.5 DB. 
AC OPERATION -110-120 volts. 

MODEL 302 

RANGE-.001 to 100 volts 
FREQUENCY -5 to 150,000 cycles. 
ACCURACY -2% at any point on scale. 
DC OPERATION-self-contained batteries. 

Send for Bulletin for further description 

e 

Model 304 
R -F 

VOLTMETER 

7 

Re'I 

Model 302 
BATTERY 

OPERATED ° 

B.LLA1TIE LABO1(ATO1llES INC. 
BOON -TON, NEW' JERSEY, U. S. A. 
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DYNAMOTOR TESTER (continued) 

headset at the output of the dyna- 
motor, with and without filtering, 
will give a quick check of the inter- 
ference characteristics of the dyna- 
motor. Several large and small, 
dynamotors should be checked for 
interference by listening to them in 
the equipment for which they have 
been designed. They should then be 
tested in the test set under proper 
load conditions and the input-output 
interference voltage measured. 

T ypical Readings 

Small (60-75 ma) dynamotors in 
good condition measure 1.4 to 2.8 
interference volts at the dynamotor 
side of the filter, and 0.4 to 0.9 volt 
at the output of the filter. Larger 
dynamotors measure from 2.2 to 3.2 
volts at the input of the filter and 
from 0.5 to 0.9 volt at the output of 
the filter. 

The interference generated by the 
motor side of the dynamotor is usu- 
ally from 0.03 to 0.06 volt and is very 
seldom the cause of excessive noise 
in receivers. 

A few dynamotors will exhibit the 
unusual characteristic of having 
higher interference voltages on the 
output side of the filter than on the 
input side. This is a result of a reso- 
nant condition in the filter, or of a 
leakage due to distributed capaci- 
tance. Such dynamotors are always 
beyond the range for acceptance and 
are difficult to correct. 

Causes of Noise 

The usual interference generated 
comes from several sources. 

(1) Brush noise, which is contrib- 
uted to by the following factors: (a) 
pitted commutators, (b) commutat- 
ors requiring undercutting, (c) a 
high -frequency component due to 
arcing at the brushes, (d) unneces- 
sary and prolonged running of the 
dynamotor unit for the purpose of 
wearing in brushes (Brushes should 
be properly fitted so that the wearing 
in process is not more than one hour. 
This prevents pitting and filling in 
between commutator bars.), (e) 
leaky or open capacitors in the dyna- 
motor unit, (f) high commutator 
bars, (g) improperly seated brushes. 

(2) Shaft noise. This is due to 
discharge of the shaft, through the 
bearings at its ends, to ground. 

(3) Noise due to loose laminations 
in the armature. 

(4) Ripple frequency, and har- 
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SCOVILL GOT THE JOB.... AND 
THE CUSTOMER GOTA SAVING! 

was redesigned to... :j') 

Here's still another case where SCOVILL "know how" paid off in a 

substantial saving for the customer. And it could be that there's a 

saving for you in your fastenings problem as well. 

The part at the left in the illustration is the pre-Scovill one. A screw 

and a clip had to be made and soldered together. A wire was then 

inserted in the clip and soldered there ... costly soldering operations 

both in manufacture and assembly. 

The manufacturer of this "filterette", a radio static suppressor, brought 

the headache to SCOVILL. The one-piece washer screw assembly to the 

right was the result-and the answer. One soldering operation was elim- 

inated - and the insert -and -solder part of the assembly operation was 

reduced to a simple soldering job. The final box score was a stronger 

fastening - faster assembly - a neat overall saving. 

It may be that folks sometimes get tired of hearing about SCOVILL 

"know how", but we have yet to meet the man who was tired of profiting 

by it. Talk over your problem with one of the offices below - perhaps 
we can help you too. 

Proof *39 of 
SCOVILL skill 

SCOVILL MANUFACTURING 
. COMPANY' 

WATERVILLEscREw PRODUCTS 

WATERVILLE 48, CONN. mln ,[u 

DIVISION ... 

TEL; WATERBURY 3.3151 

NEW YORK, Chrysler Building DETROIT, 6460 Kercheval Avenue CHICAGO, 135 South LaSalle Street PITTSBURGH, 2882 W. Liberty Ave. SYRACUSE, Syracuse Kemper Insurance Building LOS ANGELES, 2627 South Soto Street SAN FRANCISCO, 434 Brannan Street 

1 
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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. 

igned 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. 

Iii 

Dist, of Western Elcaric'& - r Watch 7 blblaser 
New York, N. Y. 

i 

\\'átch-rrtc Recorders 

s 
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for electronic equipme 

/IMP55 
501'114105 

W" offer offer 

these superlative 

performance 

characteristics 
Entire Terminal CORROSION -PROOFED - 

`1 ..1. 
-_ 

- - 

REL PRE -INSULATED 

INSULATION SUPPORT \ \AP. 

1 

L 

CORROSION-PROOF-Terminals corrosion - 

proofed by the AMP exclusive process show no 

increase in resistance, even under excessively 

corrosive conditions. AMP Corrosion -Proofed 

Terminals mean maximum electrical efficiency and constant per- 

formance for the most sensitive electronic instruments and equipment. 

AMP TYPE PRE-INSULATION-The AMP Pre -Insulated Terminal 

is terminal land insulation in one. Saves time in handling, stocking 

and installation. Only AMP has INSULATION BONDED TO THE 

TERMINAL-can't slip or come off. AMP Pre -Insulation saves man- 

hours, lowers productjon costs. 

INSULATION-SUPPORT-AMP Diamond -Grip Insulation Sup- 
port makes a superior, vibration -proof electrical connection, gives 
fully circumferential metallic support to the insulation. A safer, 
neater, connection. No frayed insulation, no broken wires, no 
additional installation time. 

One operation of AMP hand tool or press die makes the complete 
installation of terminal on wire. 

Only AMP gives all THREE ... in ONE terminal) Only AMP 
Terminals provide connections meeting the rigid requirements of 
the most sensitive electrical or electronic instruments and equip- 
ment ... Write for your copy of new AMP Catalog today. 

AIRCRAFT -MARINE PRODUCTS Inc. 
1521-53 NORTH FOURTH STREET. HARRISBURG, PA. DAVID C. ORROCK. 1405 Bishop St.. Montreal. Owe. In Canaria: E. N. ADAMS. 726 Homer sireel, Vancouver, 5. C. 

F. MANLEY CO. 13 Vittoria 5lreet, Toronto, Ont. 
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DYNAMOTOR TESTER (continued) 

- . 
. 
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CODE BEACON FOR RADIO TOWERS 
A 300 MM code beacon designed and built by 
ANDREW for lighting radio towers as avia- 
tion hazards. Required by the CAA on radio 
towers of 150 feet or greater in height. Two 500 - 
watt prefocus lamps provide an intense light 
which passes through red pyrex glass filters and 
is radiated in a circular, horizóntal beam by' 
cylindrical fresnel lenses. Metal parts are made 
of light -weight cast aluminum, with hardware 
of corrosion -resistant bronze. t! 

LIGHTING FILTER'. The ANDREW Model 1803 lighting 
filter serves to connect the 60 -cycle lighting voltage 
across the base insulator of a series excited tower with- 
out detuning the tower. Three windings provide for 
operation of code beacon and obstruction lights. Mica 
insulated by-pass condensers of ample current rating 
included. Also offered in weatherproof steel housing. 

.9ionete .reciali4lo in !/ee ./Ilanuae/u4e 
cia Won%lele .Tine 7 

..9'/n/enea even/wren/ 

ANDREW.°CO. 
363 EAST -75th STREET 
CHICAGO 19, ILLINOIS 
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TOWER 
LIGHTING 

by 
ANDRE"W. 

OBSTRUCTION LIGHT. Type 661 is a 
100 -watt unit fitted with a red fres. 
nel lens to concentrate the light in 
a nearly horizontal direction. Used in 
pairs at 1/3 and 2/3 levels on radio 
towers for aircraft warning. 

BURNOUT INDICATORS. Highly 
damped meter with special wattmeter 
scale indicates when code beacons or 
obstruction lights need re-lamping. 
FLASHERS. Designed to flash 300 MM 
code beacons at rate of 40 cycles per 
minute, as prescribed by government 
regulations. Flashers have 25 -ampere 
contacts and condensers for radio in. 
terference elimination. Use K.10347 
for one or two beacons; use K-10348 to maintain constant 2000 -watt load with three beacons. 

TIME SWITCHES. Switch towerlights 
on at sunset and off at sunrise. Spe- 
cial astronomic dial follows seasonal 
variations in sunset and sunrise time. 
Photo -electric models also available. 
LAMPS. A complete stock of lamps for code beacons and obstruction lights 
is carried for the convenience of us- 
ers. Available in a wide variety of filament voltages. 

monies of the ripple frequency. 
Out of one group of 50 new dyna- 

motors tested, with no hours of oper- 
ation, only 2.5 per cent were found 
to be out of limits. 

Filter Ft has approximately 6 db 
greater attenuation at 500 cycles 
than does F,. This is necessary be- 
cause small dynamotors are as a rule 
used with equipment which require 
lower interference levels. A greater 
interference level is permissible with 
equipments which employ the large 
dynamotors. 

Battery or Generator 

The power supply for the test set 
must be low in ripple voltage output, 
or the measurement of the dyna- 
motor ripple will be.affected, due to 
possible additional ripple voltages 
being superimposed. The ripple of 
one generator used as a power supply 
was approximately a frequency of 
962 cycles, and was -35 db below 
the maximum voltage. A filter was 
added to the generator, consisting of 
a choke and a 2000-4 shunt capac- 
itor. This makes the power supply 
fairly free from ripple, provided it is 
checked frequently as to commutator 
and brush condition. 

In tests using batteries for a 
power supply, to eliminate any possi- 
bility of ripple voltage from the 
generator, it was found that dyna- 
motor interference decreased by 6 
db. When using batteries, the input 
filter on the motor side is not used. 

Capacitor Discharge 
Magnetizer for Plant Shops 

By WILLIAM L. PORTA 
Electrical Engineer Radio Frequency Laboratories, Inc. 

Boonton, N. J. 

THE PROBLEM of recharging instru- 
ment magnets is currently of consid- 
erable interest because of the trend 
toward repair and overhaul in the 
field rather than return to the manu- 
facturer. Major instrument users 
such as the commercial airlines and 
the military services must of neces- 
sity maintain their own instrument 
overhaul shops and a single portable 
unit of general utility is desirable. 

For manufacturers using perma- 
nent magnets in loudspeakers small 
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k._ MOISTURE PROOF 

1ESS 

AIR DRAG 

LESS MAINTENANCE 
. 

'.J. .". 

NEW ADF LOOP FOR 

HIGH SPEED PLANE5 

Developed by I3endie engineers to inerease aero- 
dynamic efficiency, the type \I\ -60A Iron -Core Loop 
reduces air drag to only ?.Si ixmnds at 31111 mph. I'.eof 
the iron core permits reduction in size. while retaining 
the signal pickup efficiency of larger loops. 

\ moving parts are hernutieally sealed in dry 
nitrogen, eliminating oxidation and minimizing main- 
tenance problems. The Type \I,\-611\ loop assu s 
thousands of hours of trouble -free operation. 

\ bin -inertia a -c induction motor rotates the loop. 
A combined quadrantal et ror corrector and "Autosyn" 
transmits col reeled hearings accura ely to a re ole 
indicator 

treanrlined phenolic -impregnated anti- lobe 
housinug is mailable for belly or lop mounting. 

\1 rite for new b oehure, "Toward \utorualit !'light.' 

BENDIX RADIO DIVISION, BALTIMORE 4,1 MD. 

BENDIX RADIO 
;4q 

PRODUCT OF 
lr- 

g,Qo 
~~1 

"4,90 

, 

e 

1 .,,. 

AVIATION CORPORATION 

AVIATION 

o 

HERMETICALLY 
SEALED 

e 
e 

, 
, 
I 

1 

MN.60A 
IRON CORI LOOP 

L 
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American Develops 

$pe1cI Tstinq Machines 
and Methods 

to insure that you get 

AMERICAN PHILLIPS SCREWS 

of the Right Design for Your Job 

A unique machine 
designed 

by American En. 
pricers to meas. 
ure tension and 
torsion strength 
of American 
Phillips Screws. 

t 
1l 

JI-V4114DED 
DRIVER ClaT SUP OUT 

Of PHILLIPS TAPERED 
RECESS 

l 

Make American's Engineering Research 
Laboratory your own "Information Center" on 

any fastening problem. Find out, according 
to your own job -requirements, what combi- 
nation of type, size, head, metal, and finish 
will give you the American Phillips Screw 
that will do your job at highest speed, at 

lowest cost, with most lasting satisfaction. 
American engineers will determine for 

you the answers to questions on metallurgy, 
physical strengths of metals, heat -treatment, 
heat -resistance, corrosion -resistance, electro- 
lytic action, suitability of different plates and 
finishes, on the basis of actual test. And in 

these answers you will find extra savings to 
add to the regular American Phillips ad- 

vantages of fast, easy, straight driving with 
power drivers ... vanished spoilage losses 

. and total time -savings that can run as 

high as 50%. Write: 

AMERICAN SCREW COMPANY, PROVIDENCE 1, RHODE ISLAND 
Chicago 11: 589 E. Illinois Street Detroit 2: 502 Stephenson Building 

k /PH 
I LLI PS 

ALL TYPES 
ALL METALS: Steel, 
Brass, Commercial 
Bronze, Stainless 

It 
Steel, Aluminum, 
Mend , Everdur (sill- l con bronze) 
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Model U-2000 

Í; 

a -c power supply 
A convenient simple remedy for the 

"headache" of collecting a multitude of instruments 

prior to conducting variable voltage tests is offered 

in the VOLTBOX a -c power supply. Thoughtfully 

engineered into one self-contained portable cabinet 

is all the required apparatus. 
Model R-500 

t., 

A highly efficient continuously adjustable PO II'ERSTAT variable transformer delivers any output voltage from 

zero to above line. 

t, A large four -inch voltmeter accurate to one percent visually shows the output voltage setting. 

A combination quick -trip magnetic type circuit -breaker and "on -off" switch eliminates the chance of injury to the 

instrument and other circuit elements. 

An input cord and plug provides easy connection to the voltage supply. 

A set of output receptacles and binding post inserts furnish effortless attachment of the load. 

A pilot light indicates when the instrument is energized. 

V bus types of VOLTBOXES are available ... unregulated models of 1 and 2 KVA capacity with an output of 0-135 volts from a 

1 i solt source or 0-270 volts from a 230 volt line ... the 500 va regulated unit which incorporates a voltage stabilizer to 
notain a constant output at any value from 0-135 volts regardless of line variations between 95 to 130 volts. 

Send for Bulletins LE 

SUPERIOR ELECTRIC COMPANY 
)6 LAUREL STREET, BRISTOL, CONNECTICUT 
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MAGNETIZER (continued( 

DISL-X RESISTOR COATINGS 

STAND Up pND 
TAKE IT 

[ -,_ s -_ .__ 
/ - ̀ 

INSL-X A101, A200 

SOLVENTLESS 

IMPREGNANSS 

In use by manufacturers 

wire coils, resistors, condensers, 

transformers, 
etc. Provides 

handling ease, low 
cost and 

easily reproduceable 
uniform 

results. INSL-X Solventless Im 
y 

pregnants provide come letel 

waterproof 
seáis with wide op - 

thermal range (-50° 
in 

to 1+120° C.) They contain no 

solvent and do not attack pre- 

vious 'insulation. 
Any desired 

thickness 
is obtain- 

able with 1 applica- 

tion. Apply by vac- 

uum impregnation 
or hot dip. 

of fine 

INSL-X 27 
AIR DRY VARNISH 

SEALER 
Tack- fr 
INSLX27deesn f5 minutes, 

hard in 1 hour. It has 
high dielectric 

strength possesses 
excellent 

acid, alkali, oil and rhoistur Lance. Not they a rests. 
INSL-X ?7 wll moplastic i 
heat; withstands soften with 

ds hi temperature gh and low 
abrasio extremes. High n resistance 

INSL-X 
27 can be supplied 

in various 
con- centrations, 

i n all colors 
and with all type 

fungicides. 

INSL-X 
The 

ElectricalName 

& 
to 
ElectronicRemember Insulationfor 

INSL-X No. INSL-X No. 
Arc Resistant Coatings .. . . 95 Wire Leads 22 

Tool Insulation 33 Coil Cement 44 
Bus Bar Insulation 11 Flexible Coatings for 
Coil Insulation 67 Phenolic Plastics 115 

.1 

(I MESÚtPTIO4 THE INSL-X COMPANY INC. 
I IN 

1 

857 MEEKER AVE., BROOKLYN 22, N. Y. 
CHICAGO - DETROIT LOS ANGELES . PHILADELPHIA . CLEVELAND . ST. LOUIS 

LITERATURE ON REQUEST 
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motors, relays, compasses, generat- 
ors, tools, novelties and toys, this 
single unit would prove useful as a 
supplement to the permanently in- 
stalled charging equipment on the 
production line and a decided asset 
in the design laboratory. 

Basic Principle 

Broadly, charging of a permanent 
magnet system requires induction of 
a unidirectional magnetizing force 
sufficient to approach magnetic sat- 
uration without subsequent reversal 
which would partially reduce the per- 
manent charge. For convenience, the 
magnetizing force is applied through 
the medium of a single -turn con- 
ductor that can be readily con- 
nected and disconnected. In such a 
single turn, the instantaneous peak 
level of energy transfer to the mag- 
net must be high (of the order of 
5 kw for small magnets) whereas 
the time of application can be quite 
short (less than 0.002 second). 

The essential elements of the 
charging system are shown in the 
simplified circuit of Fig. 1. The in - 

CURRENT 
LIMITING OPERATING 

'CONTACTOR 

STORAGE 
CAPACITOR 

CHARGING BAR 

FIG. 1-A source of d -c voltage, a capad 
tor, and a special transformer are the 

major components of the magnetizer 

ternal power supply for charging 
the capacitor may be any source of 
d -c voltage approximately equal to 
the rated working voltage of the ca- 
pacitor and capable of recharging 
the capacitor in a reasonably short 
time. The current limiting resistor 
prevents overloading of the power 
supply should the operating switch 
be left closed. 

Transformer Construction 

The charging transformer should 
be capable of carrying a power im- 
pulse having a time constant in the 
order of one millisecond, and have a 
leakage reactance factor much less 
than that considered tolerable at 
service power frequencies. Other- 
wise the flux will avoid the secon- 
dary, and the capacitor discharge 
will effectively be into the leakage 
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VMF` SERIÉS.: ;al=mé#al;;,tfgé=iQcuu'm -_ 

lip's.:7-prodúce,,'vácultim=.efficiéñtly áór .a 

!e várretyh.of;'púrpóses.. Désigñed fo'r' ;ir+:' , 

Idt ctñd';;laboratory 'syste.tns; rth_esé ; 

11 ec. ' cómp4ct pumps: .áré' cbpcle ' of 

hiñg pressures,t,of .10 ,á 

er'é:"are :'few ways': in ,which the' /M 
hhIpsfáre 

being; 

[ éfáf`evirporatioñ 7k PhotoSpectrogrfáphy; =r , 

lOtü'ry:exhaust _. . * High -vacuum distillation 

"only exhaust' >'. * E%ctroñ.microscopes 

;.* Individual evacuation chambers,: = : 

as 

THE sturdy, uncomplicated 

construction of the VMF 

Pumps (shown in the X-ray 

view)... their versatility... 
the variety of sizes avail- 

able, air- or water-cooled 

...their wide speed range 

...all factors for efficient 

production of high -vacuum 

recommend this series for 

both industrial and labo- 

ratory use. Priced from 

$45 to $175 net f. o. b. 

Rochester, N. Y. 

- - , - 

' 7 

a 
rq ( T . , ,.,.., 

complete defói/s ón 'the VMF 

a 

,ies High Vacuum Pumps, write- r- _4 Vacuum Equipment Division 

,d - 

o -_ k. 

,.,,,. .011,41:.... _ ry. ..,,-,.. ..row, a . r... 1a7. . 



FER 'AMTI ELECTIR 1:C. ¡tic. 
/nolíúirne.nlv 

. Ilp 

ELECTRONIC 
E O U I> M E N T 

FERRAn11 

MR. CHIEF 
ENGINEER: 

.w. C,a,. 7.49123 

C.10.99..+t 
1T911AT1R.N 

30 ROCKEFELLER 
PLAZA 

NEW YORK 20NY 

,Tune 1, 1946 

If you have 
been struggling 

with problems 
of 

HIGH PRICES 
AND LONG 

DELIVERIES, 
here is good 

news: 

Our expanded 
facilities 

now make 
possible 

LOWERED PRICES 
and unusually 

PROMPT DELIVERIES 
in: 

(1) AUDIO and 
POWER -- 

transformers, 
chokes, 

filters, 
rectifiers, 

power supplies, 
inductors, 

etc. 

(2) WIRING and 
ASSEMBLY 

-- mechanicaland 

electronic; 
sub -assemblies; 

component 
parts. 

(3) FABRICATION 
(SHEET METAL 

and BAKELITE) 
-- 

from sheets, 
rods,.tubes. 

Cut, drilled, 
punched, 

formed, 
engraved. 

You will 
be gratified 

with our prompt, 
careful 

attention. 
You can draw 

freely on 
the Ferranti 

Engineering 
Department 

for consultation. 
You know 

' 

FERRANTI 
QUALITY 

now look 
into FERRANTI 

LOWERED 

PRICES. 

WRSpittel/em 

FERRA.NTI 
FOR 

174 

Very truly 
yours, 

"FERRANTI 
ELECTRIC, 

INC. 

Vice President 
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"CLEARING THE 
AIR" ABOUT 
PHENOLIC PLASTICS 

Se use of plastics by industry is increasing 

,lily on a scope that is practically universal. 

evertheless, there still exists much contusion 

,out the different types of plastics, their prop- 

ies and their uses The purpos1 of this ones - 

is to help "clear the air" about phenolics 

-the most versatile of all plastics... the type 

plastics which Durez has specialized in 

pduerng for the past trventy-six years. 

le custom molded Durez propeller 
l'ustrated is the first plastic pro - 
Tiler that has been developed for such 

re ... marks a new step forward for 
to plastics industry. In varying sizes, 

is used by the Fresh'nd-Aire Corn- 
] ny in several of their most popular 
Desli'nd - Aire Circulators. 

Why Plastics? 

oldahility -a common denominator 

of all plastics - naturally makes them 
highly desirable for producing an item 
of this sort-provided, of course, sev- 

eral other necessary properties exist. 

Why Phenolic Plastics ? 

Because the Fresh'nd-Aire propeller 
must be statically and dynamically 
balanced to perfection and because it 
revolves at high speeds, good dimen- 
sional stability was of paramount 
importance. 

The only plastic material which would 
provide. this property and meet other 
requirements such as impact strength, 
heat resistance, tensile strength, and 
low-cost production, was a phenolic. 

Why Durez Phenolic 
Plastics? 

As specialists in the production of 

phenolic plastics, Durez offers more 

than 300 versatile phenolic molding 
compounds - each scientifically de- 

veloped for a specific purpose-from 
which to select the plastic that pre- 

cisely fits the job. 

Furthermore, Durez laboratory techni- 
cians possess a rich background of 
successful product' development ex- 

perience which makes their services 
invaluable in solving any unusual plas- 

tic material problem. 

Expert Assistance Available 

The services of the Durez staff are 

available at all times to you and your 
custom molder. Durez Plastics & Chem- 
icals, Inc., 86 Walck Road, North Ton- 
awanda, New York. Export Agents: Omni 

Products Corporation, 40 East 34th Street, 

Neu, York 16, New York. 

PHENOLIC 

RESINS 

PLASTICS THAT FIT THE JOB 

MOLDING COMPOUNDS j 
INDUSTRIAL RESINS 

OIL SOLUBLE RESINS 
J 
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Are Your 
Postwar Developments 
Stymied? 

...by lack of development 
staf4? 

...byinadegtlateresearl 
cfQrtlother 

of hydrae 

specialized experience? 

You may find the 
answer in the services of 

The Research Engineering 
Corporation* 
We are an organization with a unique background of experience. 
Our staff of 20 engineers, technicians and draftsmen are skilled 
in the fields of hydraulic, mechanical and electrical engineering. 
For example, they have developed hydraulic equipment for 
many of the famous names in industry. 

Bases of Working With You: 
* 1. An engineering research fee ... a quoted -in -advance amount 

covering complete development of the engineering phase of 
' your projects. 

* 2. Royalty basis ... for those who prefer this arrangement, The 
Research Engineering Corporation will develop the job for 
your plant to manufacture, and put its services on a profit- 
sharing basis. 

* 3. Cost plus ... reasonable per -hour and materials charges plus 
a modest percentage mark-up. 

* 4. A complete 'manufacturing arrangement ... beyond engineer- 
ing and putting the project on a production basis for you, we 
can manufacture it, if you wish us to, through a manufactur- 
ing affiliate. 

The four alternatives offer you a much more attractive and com- 
plete range of choice than the inflexible charges of most engi- 
neering consultants. As you see, we are confident enough to risk 
our services against results. 

Your inquiry is wanted. You will not be obligated and your 
inquiry will be confidential. Write now for help in speeding your 
ideas into production. 

The Research Engineering Corp. 
292 ELM STREET NEW HAVEN, CONNECTICUT 

MAGNETIZER (continued) 

.reactance rather than the secondary 
circuit. 

The secondary is divided into sev- 
eral parallel turns that alternate in 
position with several primary sec- 
tions. The transformer illustrated 
in Fig. 2 consists of five parallel sec- 
ondary turns between which are four 

FIG. 2-Five single turns connected In 
parallel form the secondary of the trans. 
former. A typical Instrument magnet is 

mounted on the front end for charging 

series -connected primary pies having 
40 turns each, or a total ratio of 160 
to 1. While the nature of the dis- 
charge conveyed by the transformer 
is complex, a good approximation is 
to design for efficient power opera- 
tion at 2000 cps. For use on instru- 
ment magnets, the core should have 
a cross-section of about nine square 
inches, with a minimum window 
opening to avoid excessive core 
losses. 

The circuit of a complete magnet 
charger is shown in Fig. 3 and the 
instrument is shown in Fig. 4. The 
capacitor discharge is initiated 
through an ignitron type tube man - 

CURRENT 
LIMITING 

. 

115V 

CHARGING 
TRANSFORMER 

1GNi IRON 

r 

EXTERNAL 
CHARGING 
FIXTURE 

Fig. 3-Complete circuit of the magnet 
' charger 
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Every product that enjoys the full confidence of those who use it has 
its "priceless ingredient." In Bliley crystals it's "techniquality." 

Cutting, grinding, and finishing alone do not transform raw quartz 
into a sensitive frequency control device. Behind these operations 
there must be a background of technical skill and creative 
engineering that is gained only through years of experience. 

Bliley crystals have a reputation for "techniquality" 
that started fifteen years ago. Today, the fact that Bliley 
crystals are used in practically every phase of radio 
communications is tacit proof that leading engineers have 
found it is best to specify Bliley "techniquality" crystals. 

Bulletin 27 describes the crystal units engineered for the 
needs of today. \Vrite for your copy. 

' I i' 

J 

CRysjAcs 

arr 

f ` 

BLILEY ELECTRIC COMPANY UNION STATION BUILDING, ERIE, PENNSYLVANIA 
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FOR CRITICAL ELECTRONIC WORK 

4 
,r 

A{ew hypes of fused quartz insulators now its use in Electronic devices. 

E 

... USE FUSED QUARTZ INSULATORS 
Fused quartz, both clear and translucent, is manufac- 

tured by the General Electric Company in rod, tubing 
and ingot form. This material can also be fabricated into 
functional shapes to meet most individual requirements. 

For engineering service on your specific problem, write, 
Lamp Department, General Electric Company, Div. 84, 
Nela Park, Cleveland 12, Ohio. 

GENERAL 

Only Fused Quartz Has All These Characteristics 

stands high temperature high resistance 
to thermal shock low power loss low 
surface leakage high dielectric strength 
non-hydroscopic stands high current 
flashovers without failure high crushing 
strength . . . 

can be machined to accurate tolerances. 

ELECTRIC 
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It's Collins: 

It's new! 
It's ready! 

. the Collins 30K-a NEW transmitter 
for amateur radio-thoroughly engineered 
for the continuous exacting requirements 
of "ham" operation. Check this partial 
list of features against your desires: 

5 band operation 500 watts input on 

CW 375 watts input on Phone Push - 

to -talk Clean, sharp keying Speech 

clipper Bandswitching Fully metered 

Break-in operation Vfo controlled 

The high efficiency of the 30K assures a 

strong signal. In addition, the speech 

clipper circuit assists in maintaining a 

high modulation level, with no danger of 

overmodulation. Speech clipping also im- 

proves intelligibility. Brass pounders will 

proudly note the clean keying at any speed. 

The exciter unit, built into a receiver 

type cabinet, may be placed on the oper- 

ating desk. A highly accurate and stable 
variable frequency oscillator, the product 
of years of research and manufacturing 
experience, is calibrated directly in fre- 

quency. The frequency can be varied con- 

siderably without retuning the final. 

The attractive appearance of this up- 

to-the-minute transmitter will improve 

any "shack." Its smooth, easy operation 
will please you. 

I Write today for complete details. Col- 

lins Radio Company, Cedar Rapids, Iowa; 

k i 11 West 42nd Street, New York 18, N. Y. 

The Collins 30K 

al 

FOR RESULTS IN AMATEUR RADIO, GET... ECOLLINS 
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When is a B -L Rectifier 

NOT a Rectifier? 

When it's á 
SPARK SUPPRESSOR! 

- 
Unusual resistance -voltage characteristics make 
B -L Metallic Rectifiers ideal for overcoming 

. RAPID WEAR OF CONTACTS 

RADIO AND TELEPHONE INTERFERENCE 

DAMAGING OSCILLATORY SURGES 

CORROSIVE OXIDATION 

The above example is only one of many applica- 
tions where the unique characteristics of B -L 
Metallic Rectifiers have offered an ideal solution 
to an unusual problem. 

Whether similar or entirely different problems 
confront you in the performance or operation of 
electrical and electronic equipment it will pay to 
investigate the ability of B -L Rectifiers to meet 
your needs. 
Unusual electrical characteristics plus long life 
and compact construction make B -L Rectifiers 
ideal for many applications not ordinarily associ- 
ated with their name. 

SELENIUM 

Aircraft Servo Motor 
manufactured by the 
White -Rodgers Electric 
Company, St. Louis. A 
compact B -L Selenium 
Rectifier across the rap- 
idly operating relay 
contacts provides art 
important safeguard for 
pilot and plane by elim- 
inating arcing and 
its resultant radio inter- 
ference. 

COPPER 
SULPHIDE 

THE BENWOOD-LINZE COMPANY 
1815 LOCUST STREET ST. LOUIS 3, MO. 

Long Distance Telephone CEntral 5830 
Designers and Manufacturers of Selenium and Copper Sulphide Metallic Rectifiers, Battery Chargers and DC Power Supplies for practically every requirement. 
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MAGNETIZER (contlnu,d) 

ually controlled by a pushbutton 
switch. The ignitron is fired from a 
small separate firing capacitor C, be- 
cause it can be fired effectively on a 
much smaller time constant than the 
main storage capacitor C, and some 
efficiency is gained. 

The voltmeter serves primarily as 
a trouble indicator. It is justified, 
because in instrument repair a 
poorly charged magnet may not be 
apparent until the instrument is 
reassembled, when considerable re- 
working may be necessary to condi- 
tion the instrument for recharging. 

External Fixtures 

It may be desired to charge mag- 
nets by means of a wound charging 
fixture rather than on the single - 
turn secondary. For example, the 
magnet rotors in most a -c tachom- 
eter generators can be charged by 
discharging the capacitor directly 
through the field winding. For such 
cases terminals are provided for con- 
necting external charging devices di- 

!k« 
0 

"r 

--' 

Fig. 4-A 600 -volt meter, on -off switch, 
pushbutton contactor and terminals for fix- 
tures are on the control panel of the cased 

magnetizer 

rectly into the capacitor discharge 
circuit. The jumper J disconnects 
th'e transformer primary. A safety 
ground terminal is provided to 
ground the fixture case to avoid 
shock in the event of insulation fail- 
ure within the fixture. 

The secondary circuit must carry 
a current peak of several thousand 
amperes, and to avoid contact resis- 
tance, it is important to keep the 
front end parts clean and the con- 
tacting surfaces fiat. Persistent con- 
tact resistance may be detected by 
local heating when the charger ie 

June 1946-ELECTRONICS 



 

The UPPER threads of the Huglock 
nut press inward against the bolt. 

The remaining threads of the Hug - 
lock nut have slight clearance at 
their lower flanks and frictional 
contact on the load -carrying flanks. 

H 
Thelock nut 

WIT 
ADVANTAGESALLTHESE .. . 

n a"t! "t 

YWwi°1: l"e ú * s ri 
o 0 

Phillips Recessed Screws 

Laminar Flow Screws 
Marsden Lock Nuts 
Dynamic Lock Nuts 

by " Nat. 
m onad" 

1 One-piece construction-reduces assembly 
time and avoids possible failure to install 
supplemental locking medium. 

2 Self-locking action-the Iluglock Nut 
grips the bolt threads and maintains lucking 
effect, whether seated or not, on the load - 

carrying flanks of the threads. 

3 Axial thread play eliminated-Huglock 
Nuts are vibration -proof and shock -proof. 

4 Threat! load is distributed over all the 

threads of the nut, instead of being con- 

centrated on the few hot tom threads. 

5 Maximum thread s/tear strength full 

strength of the most modern 180,000 11 1. 

tensile alloy bolt will not strip threads in 

nut. (Compare this with other designs.) 

6 All metal construction permits applica- 
tions involving high temperatures, oil or 
other types of moisture. Self-locking is main- 
tained at high temperatures. 

7 Easily installed Iluglocks start freely 
and may be tightened rapidly by standard 
hand or speed wrenches. 

8 Economical to use ---cot ter pins, lock wash- 
ers, key plates, jam nuts or other secondary 
locking devices are completely eliminated. 
9 Re -usable --repeated removal and re -use 
on the same bolt or a similar bolt will not 
destroy the locking action. 

10 Controller) preset torque values are built 
into Iluglocks, insuring the libration-proof 
results visioned in your engineering designs. 

U. S. Patents 2290270. 2333290. 2337797. Oilier Patent. fending 

Other "National" Specialties Include the Following: 
Drake Lock Nuts Scrivets 
Place Bolts Hi -Shear Rivets 
Lok-Thred Studs Sems 
Rosán Locking System Clutch Head Screws 

Send for samples and consult with us on any fastener question. 

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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Model 339 D. B. OSCILLOGRAPH, PRICE £40 Net F.O.B. 

PERFORMANCE DATA 
TIME BASE '. . . S - 250,000 c.o.s. 

Frequency Band Sensitivity 
AMPLIFIER Gain in c.p.s mV.RMS/m m 
I stage 28 10 - 100,000 43.0 

.2 stage High Gain 900 10 - 100,000 1.3 
Wide Band 106 10 - 2,000,000 10.0 

presenting the 

ULa 

[3 }/A 

OSCILLOGRAPH 

Seven years after its appearance in 1938, the Cossor Double Beam Oscillograph is still unique. The 
intrinsic value of the technique introduced by this instrument, which provides true simultaneous indi- 
cation of any effects on a common time axis, has long been proved in all fields of research and 
production testing-both on recurrent and transient work. It is an understatement to say that prac- 
tice has revealed no sphere of investigation where its use is not of least advantageous. Although of 
enhanced performance, the instrument is in essence, an oscillograph of conventional design in which, 
through the interchangeability of COSSOR single and double beam trapezium -corrected tubes, true 
double beam technique has been provided without inherent limitations or distortions. These funda- 
mental qualities have been responsible for its selection as the standard Oscillograph for most of the 
Allied Nations' Armed Services. Thus precluded earlier from acquainting American users of the 
"double beamer", we are now able to make good this omission and satisfy also the friendly urging 
of A.E.F. Technicians who have all wanted "the folks back home" to know about it. 

A. C. SS 
INSTRUMENT DIVISION. 

HIGHBURY LONDON N.5. 
CABLE ADDRESS: Amplifiers London 

Ltd 

ENGLAND 
CABLE CODES: Bentley's 
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WAYS WALDES . 

GENERAL EXCAVATOR'S 
TYPE 10 IN ACTION 

An amazing time saving 
money saving machine. 
Type lo.. is precision 
equipment-a revolution- 
ary development in ex- 

'cavating machinery. It's 
one of many products- 
large and small that 
have the design economy 
and greater work efli 
ciency of Truarc rings 

'No% 

RFrAíNívG RiivGs 
IMPROVED 

GENERAL EXCAVATOR'S 
FAMOUS "TYPE 10" 
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14)W YOUR MACHINES CAN HAVE THE DESIGN ECONOMY 
oretaining rings regardless of load, stress or accuracy involved. Waldes 

T,UARC high precision retaining rings do the job of nuts, shoulders, 

elars, pins and snap rings. Yet they allow lighter, more compact units- 
nke assembly and disassembly quicker, easier. TRUARC retaining rings 

e better, »>ore dependable retention because their mathematical preci- 

s n means perfect circularity-insures an unfailing grip. There's a Truarc 
rlg for every mechanical purpose. 

iIALDES 

TRUARC RETAINING RINGS 
TIRADE MARK 

V111LDES KOHINOOR INC., LONG ISLAND CITY 1, N. Y. 
CyL11M IVLI PPCIICO PIIOOOCLL MID LMOIIILLIIIMO COPPOIIATIDM. LTO.. 72 74 STArPOPD TOIIOMtO 

Paternal Type 

Natrona) Ancnit 
Standard 51 

Internal Type 

Natrona' Ancrall 
Standard 50 

t 
! 

w 

lk4rA_ ,o;` co 

FREE! See how 
Truarc can improve your prod- 
ucts-cut production and main-, 

tenance costs. Write today for 
Truarc booklet showing ap-, 

plications and design sketches. 

Specify Booklet18C. 

V.S. PAT. AC. 19,1C 

1 
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MAGNETIZER (continued) 

Species/zed 
S/N/TC/Y/NG APPARATUS I 
FOR ELECTRONIC EQUIPMENT 

A few of many specialized types of switch. 
ing apparatus we design and manufacture for 
electronic applications. 

HIGH VOLTAGE 
D. C. HOT BREAK 

CONTACTORS... 
for energizing high 
voltage vacuum 
tube circuits, break 
circuits carrying up 
to 1.5 amps at 3 to 
5 thousand volts. 
Vacuum switch 
eliminates external 
moving parts. 

CONTACTOR TIMERS .. . 

HIGH VOLTAGE. 
HIGH FREQUENCY 

CONTACTORS... 
designed primarily for high 
frequency switching from 
remote control point. Use 
with any high voltage cold 
break application,-A. C. 
or D. C. Low loss insula- 
tion, steatite or glass 
bonded mica. Contactors 
range from 15 amps at 
3000 volt to 35 amps at 
25,000 volt maximum. 

used as main 
power or filament 
contactors with 
auxiliary delayed 
time circuit or 
circuits. Contac- 
tor and timer 
joined physically, 
electrically,- 
saving space. 
assuring certain 
operation. 

HIGH FREQUENCY -HIGH VOLTAGE TRANSFER 
SWITCHES .. . 

for radio or indus- 
trial load transfer. 
Magnetically oper- 
ated from remote 
point. Mechanical- 
ly held in either 
position. Accom- 
modates currents 
up to 75 amps high 
frequency. Low 
loss insulation, 
steatite or glass 
bonded mica. Cold 
break only. 

COMBINATION POWER & SIMULTANEOUS 
CONDENSER DISCHARGE CONTACTOR .. . 
is a striking ex- 
ample of our 
ability to create 
specialized 
switching ap- 
paratus in ac- 
cordance with 
unusual cus- 
tomer specifi- 
cations. 
Consult us -we 
specialize in 
the unusual! 

3 

The Monitor 
Controller Company 
BALTIMORE 2, MARYLAND 

CANADIAN AFFILIATE CANADIAN CONTROLLERS, LID. 
TORONTO, ONTARIO, CANADA 

operated rapidly several times. A 
small amount of contact resistance 
may be expected after assembling a 
front end through a magnet for 
charging but it will disappear after 
the first charging impulse. It is 
recommended that each magnet be 
given three charging impulses on the 
assumption that some initial contact 
resistance is apt to exist. 

Operating Notes 

In well designed instruments the 
reluctance is divided more or less 
equally between the air gap and the 
magnet proper as a proper imped- 
ance match. Thus, if the air gap can 
be shunted by an iron keeper when 
charging, the magnet may be charged 

1.- 

aj' ' 
. _"__ fl 

1 

Flg. 5-Special fixtures are required for 
these typical instruments used in present 

day equipment 

with roughly half the energy re- 
quired when the air gap is open. 
Instrument magnets supplied with 
transfer keepers should be charged 
using the keepers._ 

At the higher levels of magnetiz- 
ing force during the charging proc- 
ess the permeability of the magnet 
material is lowered considerably, and 
if the magnetizing force is not evenly 
applied uneven leakage flux may de- 
velop and the magnet will not be 
charged uniformly throughout its 
length. 

The obvious precaution is to apply 
the magnetizing force as uniformly 
as the physical shape of the struc- 

Tracing cloth 

that defies 

time 

The renown of Imperial as the finest in 
Tracing Cloth goes bock well over half a 
century. Draftsmen all over the world prefer 
it for the uniformity of its high transparency 
and ink -taking surface and the superb quality 
of its cloth foundation. 

Imperial takes erasures readily, without 
damage. It gives sharp contrasting prints of 
even the finest lines. Drawings made on 
Imperial over fifty years ago are still as 
good as ever, neither brittle nor opaque. 

If you like a duller surface, for clear, hard 
pencil lines, try Imperial Pencil Tracing Cloth. 
It is good for ink as well. 

IMPERIAL 

TRACING 

CLOTH 

SOLD BY LEADING STATIONERY AND DRAW- 
ING MATERIAL DEALERS EVERYWHERE 

184 
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ELECTRONIC 
SELENIUM 

RECTIFIERS 
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IMMEDIATE 

DELIVERY.. 

Manufacturers 

of a broad 
line 

of SELENIUM 

Power 
and 

Instrument 

Rectifiers, 

Photo 
-Electric 

Cells 
and 

allied 
sci- 

entific 
products. 

Solve 
your 

rectification 

problems 

with 
SELENIUM. 

SELENIUM 

rectifiers 

are 
rapidly 

becoming 

standard 

in 

industry. 

Check 
these 

outstanding 

features: 

Permanent 

characteristics. 

Adaptability 

to all types 
of circuits 

and 
loads. 

Unlimited 

life - no moving 
parts. 

. / Immunity 

to atmospheric 

changes. 

./ High' 
efficiency 

per 
unit 

weight. 

Hermetically 

sealed 
assemblies 

available. 

1/ From 
1 volt 

to 50,000 
volts 

RMS. 

From 
10 micro 

-amperes 

to 10,000 
amperes. 

Economical 

- No maintenance 

cost. 

`' Ulfl 
SELENIUM 

CORPORATION 

OF 
AMERICA 

Lb m 
Affiliote 

of VICKERS 

Incorporated 

rL1 

1719 
WEST 

PICO 
BOULEVARD 

LOS 
ANGELES 

IS, 
CALIFORNIA 

I.J 
Export 

Division: 
Frazer 

& Hansen, 
301 

Clay 
Street, 

Son 
Francisco 

11, Calif. 

In Canada: 
Canadian 

Line 
Materials, 

Ltd., 
Toronto 

13, Canada 

/Ss 



 

GRAPHITE METALLIZING CORPORATION 
1055 NEPPERNAN AYE YONKERS, NEW YORK 

4 
A 

I FOR BETTER 

SOLDERING 

Select the NEW G -E 
CALROD SOLDERING 
IRONS with the "non- 
freezing," easy -to - 
replace, colorized - 
copper tips. They 
simplify maintenance 
In your shop. Gen- 
eral Electric Corn - 
pan y, Schenectady 
5, New York. 

WRITE FOR BULLETIN 
GEA-4514. 

4 
44,0 

- e..s to ttioRt ateo s 

404 

orr, ner b 
44 

GENERAL ELECTRIC 

An Invitation to All Electrical Designers to 
fL4ys 

rCs 

TRY SILVER GRAPHALLOY 
R 

R 
r`tc,. 

FOR BRUSHES 
High current density, low contact drop, low 
electrical noise, and self -lubrication are 
characteristics of this silver -impregnated 
molded graphite that may be the answer 
to your electrical brush problems. 

FOR CONTACTS - 

low contact resistance and non -welding 
when breaking surge currents are inherent 
properties of this unique combination of 
conductive silver and self.lubricoting 
graphite. 

SAMPLES of Silver Grophalloy will be gladly furnished for test on your applications. 
Silver Graphalloy is usually silver plated to permit easy solidering to leaf 
springs or holders. Why not WRITE NOW for your test samples? p f S Sp. 

T, 
R o 

SLIP -RING AND COMMUTATOR BRUSHES AND CONTACTS 

Thermador is a name 

remembered when the ut- 

most in transformer qual- 

ity is desired, and when 

exceptional engineering 

skill is required. 

THERMADOR 
THERMADOR ELECTRICAL MFG. CO. 
5119 District Blyd., los Angeles 22, California 

t86 
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For Use 

in Transmission of 
High Frequencies 

',... 
EMI Mill .~. am M 

4110 Amphenol Twinax and Coax RG cables, produced to stand- 
ards that surpass the high Army -Navy specifications for 
critical wartime uses, are ideal for the myriad of peacetime 
applications in all phases of the rapidly expanding electronic 
industries. Rigid laboratory tests and notarized affidavits on 
every shipment give final assurance of extra quality and 
dependability. 

Amphenol special low -loss V.H.F. connectors are available 
in a complete line for all practical applications of RG cables 
and other uses. Mechanically efficient and electrically cor- 
rect, these easily assembled connectors and adapters provide 
the utmost efficiency in circuits in which they are used. 

11.i.: 
r ; : : ;.: 

" . 

1.* 

,, 
s "V, °. 

*11 

AMPHENOL ASSEMBLY 'SERVICE 
An important part of Amphenol service to users of cables and 
connectors is a complete Assembly Service. Rigid specifica- 
tions and performance requirements, plus thorough scientific 
testing of each part and process, assures users of satisfac- 
tory service. For cables, connectors and complete assembly 
service, look to the world's largest producer - Amphenol. 

AMERICAN PHENOLIC CORPORATION 
CHICAGO 50, ILLINOIS 

IN CANADA 
AMPHENOL LIMITED . TORONTOi.... 

J COAXIAL CABLES AND CONNECTORS INDUSTRIAL CONNECTORS, FITTINGS AND CONDUIT ANTENNAS RADIO COMPONENTS PLASTICS FOR ELECTRONICS 

ELECTRONICS - June 1946 
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MAGNETIZER (continued) 
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ture will permit, which requires loca- 
tion of the charging bar at the ap- 
proximate center of the magnetic cir- 
cuit. It is general practice simply 
to hold the instrument so as to locate 
the bar at the estimated center of 
the magnetic circuit opening if the 
opening is large with respect to the 
cross-section of the bar. 

The great majority of permanent 
magnets can be charged with a sim- 
ple straight charging bar; others re- 
quire specialized front ends. Two 
typical special front end assemblies 
are shown in Fig. 5. Also, it occa- 
sionally may be necessary to employ 
special transfer keepers that will al - 
allow charging with the air gap 
closed, and subsequent transference 
to the instrument without opening 
an air gap larger than the magnet is 
subjected to within the instrument. 

EARLY MAGNETRONS 

V 

(Above) BandallBoot c -w magnetron first 
seen at Wembley. England laboratories of 
General Electric Co., Ltd. in April 1940. It 
was continuously evacuated, water-cooled. 
used a large electromagnet, and had an 
output of several hundred watts of c -w 

near 10 cm 

(Below) An improved model that gave 
similar performance with reduced weight 

was evolved at Wembley 

b 
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FIBERGLAS (INORGANIC) 
VARNISHED TUBINGS 

M -R Fiberglas Varnished Tubings 
are made in four grades: Stand- 
ard; Double Saturated; Triple 
Strength and Impregnated. 

STANDARD GRADE 
has maximum flexibility, is treated 
with a minimum of varnish and 
recommended for high tempera- 
tures where :dielectric strength is 

not a factor. 

DOUBLE SATURATED. 
has all qualities of the. Standard 

F 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 di- 

electric ratings 

'FOR 57 SEARS 

Z0'E V - pSEO 

D0BE 5°'S10. 10 31 

111SkN` .. to cover every 

known requirement 
up to 2500 volts and is par- . 

titularly suited . where assembly 
operations include the possibility' 
of rough handling. 

IMPREGNATED 
is the Optimum in Superiority 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 VARNISHED TUBINGS 

The Mitchell -Rand MIRAC and 
HYGRADE Varnished Tubings of 
long staple fiber yarn are com- 
parable to Fiberglas Tubings in 
dielectric ratings, tensile strength, 
flexibility and long life. Write For' 
Samples. 

FREE FOR THE ASKING 

Write today for your free 
copy of the M -R WALL CHART 
with its engineering tables, 
electrical symbols, carrying 
capacities , of conductors, di- 
electric averages, thicknesses 
of insulating materials, tubing 
sizes, tap drills, etc. 

WALL 
SHEE1 

iHE 1-9.WA 

KIT CHILL - RAN On UILATI01Vl C0!MIPANY;, INCA 
51 MURRAY- -_ STREET COrtlandt 7-92_64 

. Fiberglas Varnished Tape and Cloth A PARTIAL LIST OF M -R PRODUCTS 
Insulating Papers and Twines Fiberglas Saturated Sleeving, Varnished Tubing 
Cable Filling and Pothead Compounds Asbestos-Sleeving and Tape 
Friction Tape and Splice Varnished Cambric Cloth and Tape. 
Transformer Compounds Mica Plate, Tape, Paper, Cloth, Tubing 

NEW YORK 7, N.Y. 
Fiberglas Braided Sleeving 
Cotton Topes, Webbing. and Sleevings 
Impregnated Varnish Tubing 
Insulating Varnishes of all types 
Extruded Plastic Tubing 
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FOR GENTLE OR VIGOROUS 

Agitation of Compounds while Heating 
If your compound melting ' 

problem is complicated by the 
use of a hard -to -mix formula, 
you will find that Sta-Warm's if 

experience with a variety of sF 

types of agitators will be help- 
ful to you. 

Shown here are two basic types L 
of agitators most commonly used in 
Sta -Warm heaters. Type A, a simple 
two blade propeller, rotates in a 

Typo A horizontal plane about one inch 
above the bottom of the tank to 
maintain materials in suspension. 
Type B, with near scraping blades 
rotating close to tank sidewalls, does 
a thorough Job of mixing and churn- 
ing of heavy materials. 

Proper speed of agitation is an 
important 'factor with which Sta - 
Warm engineers can help you. Why 
not outline your compound melting 
problem when inquiring for bulletin 
that gives further description of Sta - 
Warm heating tanks with agitators. 

Write to Dept. F for full 
information. 

t r / 3"- _ - 

F 

Type B 

r r,. 
laif I 

&ug----41-1.-frarm ELECTRIC CO. 
1000 N. CHESTNUT ST. RAVENNA, OHIO 

For COMMUNICATIONS and INDUSTRIAL Jobs 
I ' 

Power 
Transformers 

(lip to 1 kw.) 

Audio 
Transformers 

High -Voltage 
Transformers 

Filter 'Chokes 

Coils 

DINION COIL COMPANY, Inc. 
CALEDONIA, N. Y. 

Specialists in Difficult Designs 

$90 

It Costs You Less 
, To Pay a 

Little More For 
SILLCOCKS-MILLER 

PLASTIC PARTS 

When you require plastic 
parts fabricated to close tol- 
erances, you can always de- 
pend on Sillcocks-Miller. 

This organization pioneered 
in the precision fabrication 
of parts from plastic sheets, 
tubes and rods. Out of this 
long experience, Sillcocks- 
Miller engineers offer you 
the understanding, skill and 
facilities to produce plastic 
parts to your exact require- 
ments or to help you work 
out suitable designs. 
This know-how saves you 
time, trouble and money. 
That's why "it costs you less 
to pay a little more for 
Sillcocks-Miller quality." 

Write for 
li Illustrated brochure 

THE SILLCÓCKS-MILLER CO. 

J 

10 West Parker Avenue, Moplerood, M, 1. 

Molting Address! South Orange, M. J. 

SPECIALISTS IN NIGH QUALITY, PRECIS ON 
MACID 

PLASTICS FABRICATED FOR COM 

TECHNICAL AND INDUSTRIAL REQUIREMENTS. 
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1, nother., rowning 
1 All labels 

engraved into 

panel 

.2 Telescoping 

`antenna forms 

convenient handle 

3 Big knobs for 
cold weather 

handling 

6 New nonjamming vernier drive for fine adjustment 

UMW, ,rra oc, a. /' 110111LAX/114111i.o. ºi 
ri rt,nY ,u, MOe4..reusKa h.ee.be iiiii. riliÍii/^ S/o//// 41 

evelopment 

!,...., 4 Visual 

determination 

of zero beat by 

cathode ray 

indicator 

5 Laboratory -type dial with 

vernier gives readability 

to one part in one thousand 

1 Uses WW V as primary standard 8 Rugged steel cabinet and Ye" aluminum panel 

9 Audio output for audibly detecting beats 

'BROWNING'S Model S4 Frequency Meter was designed 
especially for marine, police, aircraft, fire department, 
and other special service radio operators, who must be 
certain that transmitters are on frequency. 

Completely new, it incorporates all the features that 
supervisors of emergency radio systems have requested - plus many new refinements perfected during our war 
experience in designing high -precision radar test equip- 
ment. 
For example, we have included a vernier on the new 
laboratory -type scale, permitting reading accuracy to 
one part in one thousand. A telescoping antenna has 
been added to the side of the case. When telescoped, 
lit forms a convenient carrying handle. Big, easy -to -hold 

10 110-115 AC -DC operation - checks AM or FM 

knobs let you operate the meter with gloves on, in cold 
weather. 
The highest degree of stability has been built into the 
Model S-4 by the use of improved circuits and voltage 
regulation within the unit. FCC requirements of plus 
or minus .00025% accuracy are exceeded by the crystal - 
controlled BROWNING Frequency Meter. Using 110- 
115 volt A.C. or D.C. current, it checks both AM and FM 
equipment. 

The S-4 is custom built and hand calibrated for testing 
frequencies in any five bands from 1.5 to 100 me., ac- 
cording to the user's requirements. For additional tech- 
nical data and other information, address BROWNING 
LABORATORIES, Inc., Winchester, Mass. 

LABORATORI INCORPORATED 

BROWNING WINCHESTER, ESMASSACHUSETTS 
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TUBES AT WORK 
Night Vision with Electronic Infrared Equipment 192 

Load Lamp for Microwave Power Measurements 204 

Radar for Weather Man 210 

Night Vision with Electronic Infrared Equipment 

DEVICES FOR seeing in the dark by 
means of electronic detection of in- 
visible infrared radiation were de- 
veloped to a high degree by German 

the end toward the objects to be 
viewed is an infrared -sensitive 
screen composed of some transparent 
cesium compound that emits elec- 

OBJECTIVE 
SYSTEM 

AXIS 

RED 
FILTER 

GLASS 
ENVELOPE 

-6,000 V 

GRID -METAL 
/ TUBE 

i 

i 

-B4OOOV 

L CATHODE INFRARED SENSITIVE 

/-OCULAR i SYSTEM 

POINT OF SIGHT, 

I ANODE 
FLUORESCENT 

---SCREEN 

Fig. 1-Essential electronic and optical elements of the German system for seeing at 
night with infrared illumination 

scientists during the war. Most of 
these used a picture -transformer 
tube, called a bildwandler, that con- 
tained an infrared -sensitive screen 
which emitted electrons, an electron 
lens system, and a fluorescent screen 
on which the image was formed by 
the lens. 

The bildwandler tube was used in 
three types of infrared equipment, 
namely, nachtfahrgerat (night driv- 
ing equipment for tanks), zielgerat 
(rifle sighting mechanism for snip- 
ers), and an aircraft experimental 
model muecka (mosquito). 

The nachtfahrgerat was used for 
driving in complete blackout at any 
rate of speed the vehicle could main- 
tain and for firing at objects with- 
out the use of flares. The roadway is 
illuminated clearly for 100 yards and 
most objects can be seen at 200 
yards. 

Construction of Tube 

The equipment contains a special 
tube called a bildwandlerrohr, a pic- 
ture: -transforming tube. Its essen- 
tial portions are shown in Fig. 1. At 

192 

trons when infrared light strikes it. 
The end of the tube toward the ob- 
server contains a fluorescent screen 

on which the real image is formed 
by the electrical system. The ar- 
rangement of the screens in the 
bildwandler tube and its associated 
optical systems are shown in Fig. 1. 

Light from the 'object being viewed 
passes through a lens system and a 
red filter to the cathode, a screen of 
infrared -sensitive cesium compound. 
When this screen is illuminated from 
one side, electrons are emitted from 
the opposite side according to the in- 
tensity of the infrared radiation. 
These electrons are focused electro- 
statically by an electron lens or grid 
shown at the center of the tube. 

Electrons from the grid are next 
attracted to the positively charged 
fluorescent screen used as the anode. 
Here they form a visible image that 
corresponds to the distribution of 
infrared radiation on the cathode 
screen. 

Size of Image 

The first optical system (objec- 
tive) forms a real image on the 
infrared screen, with a magnifica- 
tion of 9/25. With an observer's eye 
at the conventional 23 cm from the 
screen, the angle subtended at the 
eye by the image on the infrared 
screen is one-third of the angle 
which the original object would sub- 
tend at the eye without any system 
in between. The image formed on 
the fluorescent screen by the elec- 

"- 

:. 
_r 

9 
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Infrared telescope (white arrow) for night vision mounted on a German half-track. The 36 -inch searchlight on top of the vehicle contains an infrared filter as do the 
other lights 
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FOR COMMUNICATIONS IN TRAINS TRUCKS BUSES PLANES.. . 

no BY GUARDIAN- years ahead of today- 
er desi ers of two-way radios definite advancements which contribute to 

better long -life operation. This is especially evident with Guardian Relays and 
Switches used in two-way radios for trains, trucks, buses, planes. 

For instance, Guardian's series 165-A Relay (Al Si Mag insulated), for 
antenna changeover and break-in is small, compact, vibration -resistant. Labor- 
atory tests with 2 normally open contacts prove series 165-A withstands vibra- 
tion of 16.2 g.+ in both energized and de -energized positions. This is achieved 
by rugged overall construction and precise counterbalancing of the armature 
assembly. For H.F. and U.H.F. the series 165-A has a contact capacity to 
handle all required frequencies. Operates at temperatures ranging -65° to 
+160°F. and at altitudes from sea level to 50,000 ft. Truly, series 165-A merits 
a trial now! For V.H.F. antenna switching or keying try the war -tested Vacuum 
Switch Relay by Guardian. 

Let us furnish cost-free information about the complete Guardian line of Radio 
Relays, also all Telephone Type Relays including the small Midget; and a 
special Switch used on push -to -talk circuits. 

GUARDIAN ELECTRIC 
1625-G W. WALNUT STREET CHICAGO 12, ILLINOIS 

A COM/ALTI LINE Of NIIATs SINVING AMINICAN INDUSTRY 

Series 165-A Relay 

Series X-100 Relay 

ELECTRONICS-June 1946 193 



is a BETTER 
Electronic ItWhen ¡tis0 

Component, 
rnTTR C hell 0R 

Metal -Contained - Oil -Filled 
with Neoprene Bakelite Seals 

VASTLY SUPERIOR TO ORDINARY CARDBOARD TUBULARS 

Now,- with the increasing multitude of electronic applica- 
tions, exacting the utmost in dependability, make sure with 
Potter Quality. Light,durahle, space-saving-the highest achieve- 
ment in capacitor material design and construction, for today's 
precision requirements in electronics. A/iiminum-contained- 
oil-filled-neoprene hakelite seals. Durable. Space -saving. Far 
surpassing cardboard tuhulars in every point. 

Here's Evidence!. Remarkable Record of Potter Acceptance 
Under the most rigid Signal Corps inspection-under condi- 
tions of the most intense humidity, acceptance of POTTER 
CAPACITORS ran 99 9/10 percent. Potter Capacitors have been 
specified for many types of Army, Navy, and C.A.C. equipment. 

Assure your product the constant, high fidelity reproduction 
of Potter Capacitors to your specifications- performance always 
faithful to the ideal,under any and 'every condition of operation. 

In ratings up to 2,500 volts 
Ask for full details. Get a// the facts on Potter superiorities- 
and compare! PROMPT DELIVERY. Wire or Write 

\ 

THE 
.POTTE.R 

COMPANY 
.ESTABLISHED 1925 

1952 SHERIDAN ROAD, NORTH CHICAGO, ILLINOIS 
preferred by leading.manufacturers of electronic equipment 

INFRARED EQUIPMENT (continued) 

trons is 9/10 the size of the first 
image. 

The second optical system (ocular) 
forms a vertical image somewhere 
inside the receiver, but with a mag- i 
nification of about 3. The net result 
is that if the ere is held about 15 

cm from the outside surface of the 
ocular, the image seen subtends the 
same angle, at the eye, as the origi- 
nal object would in ordinary light, 
without any system in between, and 
a true interpretation of the sur- 
rounding objects is formed. If the 
eye is moved further or closer than 
15 cm from the nachtfahrgerat, the 
object appears larger and smaller. 
This is due to the fact that the final 
vertical image is not at the same 
place, in distance, as the original ob- 
ject, but closer, although with the 
eye at 15 cm from the instrument, it 
subtends the same angle at the eye 
as the original object. 

Light Source 

The infrared light source is a 100 
or 200 -watt lamp with infrared plate 
and Fresnel lens to disperse light 
along the road. In addition, a pair 
of infrared filters is used to cover 
headlights of the car or tank. 

The red filter in front of the pic- 
ture -forming tube is inserted to pro- 
tect the infrared sensitive screen 
used as the cathode. If bright light 
strikes this screen, it tends to des- 
troy it. 

The image on the cesium screen is 

.. 
T, H. -. .,Y 4-!r f.` 7 

. r. P 

A bildwandler picture -transformer tube 

inverted, due to the objective lens. 
The high potential is applied to give 
an erect image on the fluorescent 
screen by bringing the electron 
beams to a focus inside the tube, and 

194 
June 1946-ELECTRONICS 



II EUTL, - 

MAGNETIC CIRCUIT BREAKER 

i 

D tAt" 
o' t fiei..-- 

i+ r n 

t h d t6 
t 

- 

- S a1 Oi1T 

-. 

A ) )9, u^ 
_i 

1) o 
u 

Send for NEW Catalog Showing Complete Line and Engineering Data ... 

EINEMt'1N1 CIRCUIT BREAKER CO. 
PLUM STREET TRENTON, N. J. 
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It is a BETTER 
Electronic 
heflitS0 COÇtO n nTTFR C 

Metal-Contained - Oil -Filled 
with Neoprene Bakelite Seals 

VASTLY SUPERIOR TO ORDINARY CARDBOARD TUBULARS 

POTTER 

NOW_,ith the increasing multitude of electronic applica- 
tions, exacting the utmost in dependability, make sure with 
Potter Quality. Light,durable,space-saving-the highest achieve- 
ment in capacitor material design and construction, for today's 
precision requirements in electronics. Ai/mi u,n-contained- 
oil-filled-neoprene bakelite seals. Durable. Space -saving. Far 
surpassing cardboard tuhulars in every poii. 

Here's Evidence!. Remarkable Record of -Potter Acceptance 
Under the most rigid Signal Corps inspection-under condi- 
tions of the most intense humidity, acceptance of POTTER 
CAPACITORS ran 99 9/10 percent. Potter Capacitors have been 
specified for many types of Army, Navy, and C.A.C. equipment. 

Assure your product the constant, high fidelity reproduction 
of Potter Capacitors to your specifications- performance always 
faithful to the ideal,under any and every condition of operation. 

In ratings up to 2,500 volts 
Ask for full details. Get all the facts on Potter superiorities- 
and compare! PROMPT DELIVERY. Wire or Write 

THE OT TER . 

COMPANY 
ESTABLISHED 1925 

IIPS2 SHERIDAN ROAD, NORTH CHICAGO, ILLINOIS - 

préferred by leading. manufacturers of electronic equipment 

INFRARED EQUIPMENT (continued) 

trons is 9/10 the size of the first 
image. 

The second optical system (ocular) 
forms a vertical image somewhere 
inside the receiver, but with a mag- 
nification of about 3. The net result 
is that if the ewe is held about 15 
cm from the outside surface of the 
ocular, the image seen subtends the 
same angle, at the eye, as the origi- 
nal object would in ordinary light, 
without any system in between, and 
a true interpretation of the sur- 
rounding objects is formed. If the 
eye is moved further or closer than 
15 cm from' the nachtfahrgerat, the 
object appears larger and smaller. 
This is due to the fact that the final 
vertical image is not at the same 
place, in distance, as the original ob- 
ject, but closer, although with the 
eye at 15 cm from the instrument, it 
subtends the same angle at the eye 
as the original object. 

Light Source 

The infrared light source is a 100 
or 200 -watt lamp with infrared plate 
and Fresnel lens to disperse light 
along the road. In addition, a pair 
of infrared filters is used to cover 
headlights of the car or tank. 

The red filter in front of the pic- 
ture -forming tube is inserted to pro- 
tect the infrared sensitive screen 
used as the cathode. If bright light 
strikes this screen, it tends to des- 
troy it. 

The image on the cesium screen is 

-.. 

I . ...-. 

T . -°' . 
A btldwandler picture -transformer tube 

inverted, due to the objective lens. 
The high potential is applied to give 
an erect image on the fluorescent 
screen by bringing the electron 
beams to a focus inside the tube, and 
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DO YOU MOUNT 

HORIZONTAL? 
(OPEN BLADE 

Model S -I -P 

FOR VERTICAL 

MOUNTING 

{a> 

MOLDED C", 
BASE 

4 FOR 5G 65CREW 

OPEN BLADE 1 
MODEL M J 

© 

oO 

FOR HORIZONTAL 
MOUNTING 

ACRO aade 
SWITCHES 

Simplify hundreds of problems 
Whether you mount your switches vertically or horizontally 
you too should be able to improve product performance by 
adopting ACRO Snap -Action Switches. The flexibility of 
design and adaptation and the amazing performance 
records are keyed to ACRO's patented beryllium Rolling 
Spring construction. No other switch is made like it. No 
other switch performs like it. Yet the cost is low. 

With better contact pressures, sturdy construction and 
positive fast action, ACRO Switches are virtually trouble - 
free. Many are built for millions of operations. Made in 
1, 2 and 3 poles-single throw and double throw. Return 
types and set types with a wide range of operating 
pressures. Rated: 15 Amps. at 125 volts A.C. Illustrated 
above are but 2 of over 1500 models of open blade and 
inclosed type switches. Send your engineering details for 
a prompt answer. 

ACRO ELECTRIC COMPANY 
1316 Superior Avenue Cleveland 14, Ohio 

INFRARED EQUIPMENT (continued) 

also to accelerate the flow of elec- 
trons to give a brighter picture on 
the fluorescent screen. 

The circuit of the high -voltage 
supply is shown in Fig. 2. It con- 
tains a vibrator and an automobile - 
type spark coil as a step-up trans- 
former. Selenium rectifiers are used 

00 

12 V 

SELENIUM RECTIFIER _6000v 

001- 

IGNITION 
o COILS 

O 

LT, 0011 p 
' b 

o 0 
b a 

:rJ .t 

IU 

---4:11.."- 
s-s a 

SELENIUM 
7 ,8000V 

RECTIFIER 

Fig. 2-High-voltage power supply for the 
nachtfahrgerat, the infrared vision unit for 

vehicles 

with a capacitor filter. The itiput is 
12 volts at 15 watts and two d -c out- 
puts are provided, one of 6,000 volts 
and the other 8,000 volts. Some of 
the newer power supplies are motor - 
generator units instead of vibrators. 

The Zielgerat 

A small infrared receiver that 
mounts on any rifle in place of tele- 

.-.. .1.1.-01. F.6 S., . 

The infrared receiver for tanks viewed . 

from the sighting position. High -voltage 
terminals are at top 
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1?»- i iazing four trails 

to better product control 

lioneer explorers fought their way across Amer- 

ica, blazing single indistinct trails most of the 

ray. Today modern four lane highways speed 

iotor traffic on its way. . 

Alert to the needs of modern industry, North 

Lmerican Philips developed high -efficiency 

-ray diffraction apparatus. And to further the 

liciency of that equipment the NORELCO four 

'indow x-ray diffraction tube was introduced. 

Through its use the speed with which mate- 

:als can be analyzed is greatly in- ' 

reased. In many cases the four 
vailable camera positions make it 

lossible to carry on research inves- 

igations and control work at one' 
nd the same time. 

Reg. U.S. Pat. Off. 

NORELCO x-ray diffraction equipment has many 

present and potential uses in industrial research. 

In addition this equipment has found an im- 

portant place in production control through 

the analysis of materials before and during 

manufacture. 

The application of NORELCO x-ray equip- 

ment to the problems of expanding industry is 

further evidence of the Philips principle of wed- 

ding science and productive ability in the elec- 

tronics field. 

NORELCO products include: Quartz 

crystals, cathode ray tubes, indus- 

trial and medical x-ray equipment, 
fine wire, diamond dies, tungsten 
and molybdenum products. 

ELECTRONIC PRODUCTS 

IORTH AMERICAN PHILIPS COMPANY, INC. DEPT. c-6, 100 EAST 44'1 STREET 
NEW YORK 17, N. Y. 
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INFRARED EC LIIPMENT (continued) 

When a line is ruled on 
Arkwright Tracing Cloth, the 
ink flows like molten lead, and 
"freezes". It's all there. Make 
a mile of lines and you'll never 
strike a place where the cloth 
refuses to take ink. 

This feature of Arkwright 
Cloths saves time, and time 
means money. 

Arkwright's transparency 
saves time, too. A draftsman 
can see, easily and accurately. 
It is permanent, because trans- 
parency is achieved by mechan- 
ical processing, not by the use 

of surface Coils. It doesn't become 
opaque with age. 

Arkwright's freedom from 
imperfections saves time, 
money, and bad tempers. There 
are no nibs to trip a pen; no dirt, 
no stains. There are no pin holes, 
first or last. Repeated erasure 
never results in a feathered line. 

Executives, purchasing agents, 
and draftsmen; all are inter- 
ested in saving time, money, or 
both. To them samples are sent 
gladly. Write to Arkwright 
Finishing Company, Provi- 
dence, R. I. 

* 
6-.9-4¿+,»ta~' 

* 

Via/Ph 
TRACING CLOTHS 

AMERICA'S, STANDARD FOR OVER 20 YEARS 
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scopic sights is called the zielgerat. 
This enables a sniper to pick off in- 
dividual men at night. As shown in 
the illustration, the receiver is about 
11 inches long. The infrared light 

Tir 

__ 
t 

N.4.4 .. . 1 , ui , 

German snipers used this infrared equip- 
ment at night. At top left is the light 
source, below it the receiver, and at right 

the power supply in a grenade can 

source is mounted on top of the re- 
ceiver and is said to be effective up 
to 100 yards. The power unit is 
mounted in a regular gas mask 
holder and requires four watts from 
a seven -volt Edison battery. 

The receiver operates on the same 
principles as the receiver used with 
the nachtfahrgerat with the addi- 
tional feature that it can still be 
used for about fifteen seconds after 
the power supply is turned off. The 
reason for this ís that a larger value 
of capacitor is used for a greater 
time constant, so that the value of 
the applied voltage gradually de- 
creases. All that is needed is a high 
potential to be built up, since there 
is practically no current drain. 

When a small button on the bottom 
of the power supply is depressed, the 
power is on and the image appears 
on the fluorescent screen. When the 
view begins to fade, the button has 
to be depressed again. In this way, 
the rifleman must stop periodically 
to apply high voltage, but he has 
ample time to sight and aim. The 
infrared light beam is worked sep- 
arately and is probably kept on all 
the time. It is fitted so that the light 
beam is thrown on the same point at 
which the rifle is aimed. This device 
is supposed to have been used on the 
Russian front with very good results. 

The Muecka 

The aircraft experimental model, 
the muecka, is a small receiver less 
than six inches long that was not put 
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f Direct. - . V1ewi 

I RADIO - RADAR 'SOUND 

VisirRON 

I. 

-6025 

The Rauland Visitron 
R-6025 is a 10 -inch, virtually 

flat face, direct -viewing Cathode 
Ray Tube especially suitable to 

television. The electromagnetically 
focusing and deflection method employed 

allows the screen to be excited by a 

relatively high beam current, insuring 
good contrast with excellent focus. 

Specifications of the Rauland Visitron R-6025 

Heater Voltage 6.3 A. C. or D. C. 

Heater Current 0.6 amp. 

Focusing Method Electromagnetic 

Deflection Electromagnetic 

Deflection Angle 50 degrees 

Screen Phosphor P4 

Bulb Diameter (Max.) 105/8'rot screen end 
Length (Max.) 174"+ 3/a 1 

Base Small Shell Duodecal 7 Pin 
Anode Volts (Max.) 11,000 

Anode Volts (Operating) 8,000 

/ COMMUNICATIONS TELEVISION; 

Electroneering is our business 
THE RAULAND CORPORATION CHICAGO 41, ILLINOIS 
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INFRARED EQUIPMENT 
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HOLLISTON. MASS. 
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into production. No infrared light 
source was captured with this equip- 
ment. According to a prisoner, it 
was intended to have infrared lights 
installed on a plane's wing tips, so 
that the pilot could use the receiver 
to identify or locate planes near him 
at night. It was planned to mount 
the receiver with the fire -control in- 
struments. A separate power sup- 
ply was required to furnish four u 

watts from a 24 -volt input. 

- 
o 

a . 

i -. " ' _` - :_ .-- 
. 

Experimental model of infrared vision 
equipment for use in a plane 

Techniques used in manufactur- 
ing the fluorescent screens and photo- 
sensitive screens contained in bild- 
wandler tubes are described in de- 
tail by R. H. Ranger in report C-66 
of TI IC (Technical Industrial In- 
telligence Committee), an organiza- 
tion set up and operated in connec- 
tion with the Foreign Economic 
Administration and the Wat- Pro- 
duction Board.'' The report also 
describes the use of Wimshurst ma- 
chines to supply high voltage to the 
bildwandler and the steps in the de- 
velopment of a pocket-size motor - 
driven Wimshurst machine for this 
purpose. 

Other Infrared Equipment 

A very simple device for observing 
the presence of infrared searchlights 

Material supplied by the Office of the Publica lion Board, Department of tommerce, Washington. D. C. Interested parties should realize that some products and processes described may also be the subject of U. S. Patents. It Is recommended that the usual patent study be made before pursuing prac- tical applications. 
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... A Year 'Round 
Feature of ALL STUPAKOFF CERAMICS. 

Stupakoff precision quality control gives 
you uniform, dimensionally accurate 
ceramic parts. By standardizing on 
STUPAKOFF products, you minimize pro- 
duction losses . . gain assurance of max- 

imum mechanical strength and maximum 
electrical protection. 

The advantages of Stupakoff ceramics 
have been developed through years of 

engineering experience and research. 

SU'IJOF 
CERAMIC AND MANUFACTURING CO. 

Carefully selected and laboratory con- 
trolled materials, modern manufacturing 
facilities and constant. inspection insure 
highest quality of finished products at all 
times. Specify Stupakoff-and be sure of 
the finest. Write for Bulletin 245. 

EXPORT DEPARTMENT 
17 E. 10111SI.. New York IS.N.Y. 
Cable Address ARLAB all cedes 

LATROBE, PA. 

1 

ELECTRONICS - June 1946 
201 



INFRARED EQUIPMENT (contInu.dt 
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EAR MEOW 
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QUAKER CITY GEAR WORKS 
i t DD P D f\ I D 

Phtladclphia, Penna. 

Yours for the asking. 
A new informative booklet on gears. 

It has illustrated sections on 

practically every known form of gearing, 

together with many reference 

tables and formulas. Write for your copy 

today on your company stationery. / ? 

uaker City Gear Works 
I N C O R P O R ATE D 

1910 N. Front Street, Philadelphia 22, Pa. 

is described in report C-60 by C.Vr. 
Hansell of RCA, who served as phys. 
icist and investigator for TIIC. He 
reports that about 10,000 of these 
were produced for use by the Wehr- 
macht to detect anticipated use of 
infrared searchlights by the Ameri- 
can and British. They consisted of a 
simple paper tube having an in- 
frared window and lens at one end 
and a sensitive screen at the other. 
No vacuum was involved. 

The sensitive screen had the re- 
markable property that, after ex- 
posure to strong sunlight it became 
so sensitized that for a long time 
afterward it would respond by emis- 
sion of red visible light when ilium- 
inated by invisible infrared light. 

. - 

ill If Fit 

The top photo shows a street scene al 
night as viewed with normal vision. With 
'the infrared night sight of the U. S. Army. 
the same scene appears as shown in the 
white circle. Enemy uniforms often ap 

Feared as a light silhouette 

One successful type of infrared 
sensitive photoconductive cell used 
by the Germans was used in a 
variety of infrared devices for the 
detection and location of airplanes, 
ships, etc. These Elac cells were 
produced at a rate of 1,000 per 
month. 

Generally, the Elac cells were pho- 
toconductive devices made in resis- 
tances on the order of 100,000 ohms. 
They had maximum response to 

wavelengthsof about 2:5 microns and 
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RADIO SET DESIGNERS! 
Federal's New MINIATURE Selenium Rectifier 

Replaces 11726, 11723, 0Y4 and 
most other rectifier -type tubes 

in AC-DC-Battery Portable 
Radio Receivers 

Assures... 
REDUCED COSTS. 

SPACE SAVINGS 

INSTANT STARTING 

LESS HEATING 

Reduced costs, because this rectifier unit not only costs 
less than the parts it replaces, but permits valuable sav- 
ings in assembly time and expense. Only two soldered 
connections for complete installation-minimum mounting 
hardware required. 

Space savings, because this single compact unit, only 
11/4 x 1 % x 11/16", can be used in place of a rectifier tube, 
tube socket, and associated components. Leaves more 
room in chassis and permits reduction in receiver size. 

Instant starting, because power supply operates instan- 
taneously with selenium rectifier. Eliminates the usual 
warm-up time required with a vacuum -tube rectifier. 

Less heating, because heat -producing filament of rectifier 
tube is eliminated. Gives substantially longer battery life. 

This compact 5 -plate unit embodies all the refine- 
ments of design and sturdy mechanical construction 
which have made Federal selenium rectifiers the 
standard of quality throughout the industry. Of all 
metal construction throughout, with no fragile parts- 
it will last many times longer than the average tube. 

Now in full-scale production . . . orders can be 

filled almost immediately. Write for details. 

Ratings: Federal 5 -plate Rectifier -type 403D-2625 
Peak inverse voltage 380 volts 
Current carrying capacity 100ma DC 

r05 0 l.t5 7!e 

r l 

Circuit diagram of power supply for AC-DC-Battery 
portable radio receiver, using a 5 -plate Federal rectifier 
unit in place of the conventional tube circuit.. 

Federal Telephone and Radio Corporal/oil 
Newark I, New Jersey Export Distributor: 

International Standard Electric Corporation. 

't 
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.tagged for the big jobs! 

HEXACON 
SOLDERING 
ELECTRIC 

IRONS 

l 
Western 
Electric 

erl 

TYPE P-150 
This production 
iron provides o 

largo reserve or c 

heat o, the right 
temperature 
for sustoined 
production. 31.31p. 

4, HEXACON ELECTRIC CO. 
it 

130 W. CLAY' AVENUE, ROSELLE PARK, N. J. 

1 . 

NIG.HOU 

Follow the leaders - and you'll use 

HEXACON! For rugged, heavy duty work 

or for light, intricate work . . for con- 

tinuous production or hard -to -get at Work 
. . here's the answer. One reason is "Bal- 

anced Heat" - dissipating excessive element-im 
paring heat - and minimizing element burn -outs 

and tip replacements. Another, is their light weight, 
efficiency and dependability, 

LITERATURE AVAILABLE-The complete HEXACON line. 
of screw tip and plug tip irons from 40 to 700 watts, 

and with tip diameters ranging form 1/4" to 13/4", is fully 
illustrated and described. Write today; no obligation. 

X 
ALITY, LONG-LASTING SOLDERING IRONS 

INFRARED EQUIPMENT (continucdl 

a limiting cut-off of response at 
about 3.7 microns. They could pro- 
vide sensitir ities, or useful response 
as determined by their own noise 
levels, down to between 50 x 10' 
and 500 x 10'a watts received radi- 
ant power. They had time constants 
on the order of one millisecond. 

The cells were designed in the 
form of thermos flasks, with a lead 
sulfide layer in the vacuum, on the 
end of the inner bottle, and could be 
filled with carbon dioxide snow to 
reduce the noise power level in a 
ratio of from 30 to 50 to 1. 

Load Lamp for Microwave 
Power Measurements 

By J. E. BEGGS 
Rrxrarch Laboratory 

General F-lrrfric Company 
SChrneCtady, y, Y. 

FOR INDICATING radio -frequency 
power levels, two similar incandes- 
cent lamps are usually employed. One 
is operated as the load circuit for 
the r -f generator under test; the 
other is used for comparison pur- 
poses and is operated on a d -c or 60 - 
cycle supply, permitting the input 
power to be measured easily. The 
lamp with known input is adjusted 
until it is operating with a brilliance 
equivalent to that of the lamp oper- 
ating from the r -f supply. An alter- 
nate method is to calibrate the lamp 
temperature or amount of illumina- 
tion in terms of input wattage and 
thus require the use of only one lamp. 

Conventional lamps, however, are 
of little use at the higher frequen- 
cies. The inductance of the leads 
makes it impossible to dissipate the 
calibrated energy in the lamp fila- 
ment. Losses occur in the glass stem, 
further reducing the light output. 
Loss by radiation becomes an impor- 
tant factor. A high -vacuum lamp is 
needed since any gas in the lamp 
tends to become ionized by the high 
voltage that occurs along the fila- 
ment. In addition, at frequencies 
where the length of the filament be- 
comes longer than a quarter wave- 
length, the heating becomes non- 
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Pictured above are a core, a gear and a bearing ... three 

basic components that figure in the construction of nearly 

every type of electronic equipment. It is interesting to note 

that all of these components may be quickly and accurately 

manufactured by powder metallurgy ... at a price low 

enough to easily offset the present increased prices of the 

other electronic components with which they are used. 

ELECTRONIC & MECHANICAL POWDER METALLURGY 

M.I f- E E RAEI 

MAGUIRE INDUSTRIES, INCORPORATED 375 FAIRFIELD AVENUE STAMFORD, CONNECTICUT 
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I ' ri. 
You will find the best in radio 
parts, stampings, chassis, cabi- 
nets, and auto -radio antennas 
in the new I.C.A. catalogs. Be 
sure to send for your copies as 
soon as possible. 

Address Dept. E-2, Insuline 
Corporation of America, Insul- 
ine Building, Long Island 
City, N. Y. 

Insuline 
CORPORATION OF AMERICA 

Pomr 
+ INSULINE BUILDING LONG ISLAND CITY, N. Y. 

More than ,a quarter -century of Quality production. 

MICROWAVE MEASUREMENTS (continued) 

uniform and the indicated power be- 
comes erroneous. 

Lamps Fit Concentric Line 

To meet the demand for power in- 
dicating and measuring lamps that 
will overcome the above limitations, 
a series of concentric -line load lamps 
have been made in the three envelope 

Fig. 1-Laboratory models of plug-in load 
lamps for concentric lines. Left to right, 

these have 5, 15. and 150 -watt ratings 

sizes shown in Fig. 1. The small en- 
velope is used for lamps up to 5 watts 
rating, while the larger sizes are 
used for lamps rated at 15 and 150 
watts respectively. All three have 
the same concentric -line input ter- 
minals as are used on G -E 2C39 tri- 
odes. They utilize silver-plated 
parts and low -loss iron sealing glass 
similar to that employed in light- 
house receiving tubes. Figure 2 is a 

r 
OUTER LINE 

CENTER LINE 

WINDOW 

ILAMENT 

GETTER 

CONCENTRIC 
LINE SEAL 
OF LOW -LOSS 
GLASS 

GETTER 
CONTACT 

Fig. 2-Construction details of a concentric - 
line load lamp 
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AT NO. 1 PLASTICS AVENUE 
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I 
DESIGNED- AND ENGINEERED 
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,m other critical component molded in G -E my.calex 
A radio component had to perfdr'm double duty. 
had to have the mechanical strength to couple a 

Irving s::aft. It. had to act as a high -frequency in- 
flating disc for dial and panel. 
This problem was brought to Yo. 1 Plastics Avenue. 
nd was solved by new techniques in molding (:-E 
Iyvalex-compound of glass and powdered mica with 
lunique combination of properties. 
G -E mycalex provides the required high -frequency 
snlalion and mechanical strength. This material 
'fords firm anchorage for two metal coupling inserts 
II each side. There is po electrical leakage. And the 

GENERAL 
r 
1 

FECTRONICS-June 1946 

coupling t,lisc withstands high operating ten eratures:1' 
Find out more about applications for G -E mycalex.' 

A great many are no possible, thanks to the develop - 
meth of new materials and new molding processes. 

SEND FOR YOUR OWN COPY. A .new bulletin on G -E mycalex is 
just off the press. A helpful design handbook, it contains 
complete and up-to-date information for solving your high - 
frequency insulation problems with G -E mycalex-a hard 
gray -colored, stonelike material with a unique combination of 
properties. New grades of G -E mycalex and new G -E mycalex 
molding techniques which make wider and more economical 
applications now possible. Fill in the coupon and mail it today. 

ELECTRIC 
CD.c. ro ro 

PLASTICS DIVISIONS (P-10), GENERAL ELECTRIC COMPANY 
1 Plastics Avenue, Pittsfield, Mass. 

Please send me the new G -E Nlycalex bulletin. 

Name 

Firm 

Address 

City State 

207 



u itk ike 

;5,5n 

Vet 

RUGGED AS 
OLD 3/C SEN * 

TURNER MODEL 99 
DYNAMIC 

Engineered for discriminating 
users who want utmost efficiency 
and dependability, the Turner 
Model 99 Dynamic is the most 
rugged microphone in the entire 
Turner line. Its precision -built 
dynamic circuit withstands the 
extremes of climate and tempera- 
ture to reproduce sharp and clear 
under difficult operating condi- 
tions. Large city police departments, commercial broadcast 
studios, and leading manufacturers of communications equipment 
depend on Turner 99 for unfailing performance. Professional case 
is finished in rich gun metal and equipped with adjustable saddle 
for semi- or non -directional operation. Range 40-9,000 cycles. 
Level - 52DB. Available in all standard impedances and corn. 
plete with .20 ft. removable cable set. 

TURNER MODEL 999 BALANCED LINE DYNAMIC 
The same professional appearance and rugged construction as Model 99 

with voice coil and transformer leads insulated from ground and microphone 
case. Line is balanced to the ground. Especially recommended for critical 
applications. Range 40-9,000 cycles. Level - 52DB. In all standard imped- 
ances with removable 20 ft. balanced line, low capacity cable set. 

Ask your dealer or write for full specifications 
The,famous clock of London 

III 12 tit>AIC i 

TURNER 
99 and 999 

The TURNER. Company 
TURNER - Pioneers in the Communications Field 

905 17th Street N.E., Cedar Rapids, Iowa 

Licensed Under U. S. Patents of the American Telephone and 
Telegraph Company, and Western Electric Company, 
Incorporated. - 

MICROWAVE .MEASUREMENTS (continued) 

cross-section of one of the small 
lamps which shows the concentric 
line seal and the construction. 

Multiple filaments are used which 
either are strung radially from the 
edge of the center post to the outer 
shell or are mounted so as to form 
filamentary elements of the outer 
portion of the line. This latter con- 
struction is employed in the largest 
sized lamps. 

A getter, assembled inside the 

LAMP 

INSULATING 
SUPPORT 
COLLARS 

LINE 
STRETCHER 

SECTION 

TYPE N 
COUPLING 

Fig. 3-Transmission-line stretcher section 
with load lamp plugged in 

center line, is flashed after exhaust 
and keeps the lamp free of gas which 
otherwise might become ionized and 
impair its performance. This' fea- 
ture of high vacuum is of particular 
importance in measuring pulsed 
high -frequency power for in this 
case the peak voltage between the 
ends of the filament may rise as high 
as several hundred volts. 

The lamps can be plugged into 
concentric -line circuits equipped with 
matching stubs, line stretchers, or 
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NOW.. all eléctrical tubing 
insulation requisites with this 
exclusive varnish impregnant - 

J 

UNAFFECTED! 
TURBOTUF withstands 
repeated 1800 twisting and 
bending without trace of crocking 

A knock-out 
to usual insulation 
breakdown causes 

NEW! TURBOTHERM 
Plastic Insulated Wire 

Specialized in Gauge Nos. 18 to 30 
stranded and solid conductor con- 

struction. 

REMEMBER.. IF IT'S 

DAMAGED! 
Illustration shows crocking 
of conventional insulating 
varnishes under bending stress. 

N. 9 

Non -cracking, 
non -peeling, non -chipping - 

whatever the angle 
of bend or twist! 

Bend it, crease it, twistit-sub- 
ject it to any turn or bend -and' 
you'll see that something new has 
been added to this quality insulation 
tubing and sleevíng. TURBOTUF- 
an exclusive new development, 
constituting a genuine advance in 
the art, eliminates the hazard of 
cracking insulation, with subsequent 
wiring failure or service interruption. 

Now when you specify 
TURBOTUF, you get these ad- 
ditional TURBOTUF advantages: 

increased, stabilized dielectric 
strength;. higher temperature resist- 
ance; decreased moisture -absorption 
factor; unaffected by proximity to 
soldering heat; etc., 

TURBO products include Flexi- 
ble Varnished Tubing, Thermo- 
plastic Insulated Wire known as 
Turbotherm, Extruded tubing, Sat- 
urated Sleeving, Fibrous Glass Tub- 
ing, Varnished Tapes and Cambrics, 
Mica and Mica Products. Write for 
free Specimen Board today. 

WILLIAM BRAND & COMPANY 
276 FOURTH AVE., NEW YORK 10,'N. Y. 325 W. HURON ST., CHICAGO 10, ILL. 

1Z7' 

1 / .. IT SAFEGUARDS! 
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THE 

TOUCH 

Every magnet individually tested 
in loud speaker structure before 
shipping .. . 

Every magnet, meets R. M. A. 
proposed standards .. . 

Every magnet meets Arnold's 
minimum passing standards of 
4,500,000 BHmax. 

Here's what the individual touch 
means. Thousands of the nine 
different sizes of speaker mag- 
nets shown at right are now be- 
ing turned out daily. Each one is 
individually tested in a loud 
speaker structure before ship- 
ping. Each magnet is made to 
meet R. M. A. proposed standard 
for the industry. Each magnet 
must meet Arnold's own mini- 
mum passing standard of 4,500,- 
000 BHmax for Alnico V ma- 
terial. Thus by careful attention 
to the important "individual 
touch" in volume production can 
Arnold promise you top quality 
in each individual magnet you. 
select. 

THE ARNOLD ENGINEERING COMPANY 
147 EAST ONTARIOSTREET, CHICAGO 11, ILLINOIS 

Specialists in the Manufacture of ALNICO PERMANENT MAGNETS 

MICROWAVE MEASUREMENTS (continued) 

other' means of impedance matching. 
One such circuit is shown in Fig. 3. 
This type of circuit is inherently 
self -shielding. The open-ended me- 
tallic shield shown surrounding the 
lamp reduces radiation effects to a 
negligible value. This shield may 
also be used as the housing for a 
photoelectric cell or phototube which 
can be calibrated on d -c or 60 -cycle 
power and used to indicate r -f power 
values. 

Construction 

The lamp becomes in effect a con- 
tinued but sealed -off portion of the 
concentric -line circuit. The major 
factor limiting accuracy of calibra- 
tion is the filament construction it- 
self. This is minimized by using a 
multiplicity of short filaments of 
small -diameter wire so that the heat- 
ing by radio -frequency energy will 
not be too unlike the heating by the 
d -c or 60 -cycle calibrating energy 
as a result of skin effect. Small size 
wire is further desirable because 
filaments may be made as short as 
possible and still have the desired 
impedance. 

The multiple filament assembly 
provides a symmetrical load at the 
end of the concentric line. The 
smaller, lower -powered lamps na- 
turally use finer wire and shorter 
filaments than the higher -powered 
ones, and thus are useful at propor- 
tionately higher frequencies. The 
lamp sizes made to date have an 
upper frequency limit of 1,000 to 
3,000 me to which reliable measure- 
ments may be quickly and easily 
made. At higher frequencies- they 
are useful for indicating relative or 
maximum levels when making circuit 
adjustments. 

The author wishes to acknowledge 
suggestions and aid from E. L. 
Strempel and H, W. Jamieson. 

Radar for Weather Man 
A 450 -POUND PIECE of radar gear, 
developed by Aircraft Radio Labora- 
tories at Wright Field and originally 
used for blind' bombing, is used in 
a radar weather reconnaissance plane 
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EVERY DE MORNAYBUDD WAVE GUIDE 

is Electrically Tested, Calibrated and Tagged 

Crystal Mount DB-453 

4 

Rotating Joint DB-446 

7Uni-directional Broad Band Coupler DB-442 

-- J 
900 Elbow (H Plane) DB-433 Pressurizing Unit DB-452 

Bulkhead Flange DB-451 

; . 9-a; ti! r Pg: JI 
or 1.4,,Ar 

' . 
Bi-directional Narrow Band Coupler 01-441 

STRAIGHT 
SECTION 

. 

Mitered Elbow (H Plane) DB-43 

UM -directional Narrow Band Coupler DBd40 90' Twist DB-435 

REFLECTOR 

FEED HORN 

ROTATING JOINT 

FIAT 90' ELBOW 

90' TWIST 

MITERED TIRO* 

EDGE 90' ELBOW 90 TWIST 
e 

E UNIT 

Typical wave guide assembly illus- 
trating use of De Mornay - Budd com- 
ponents available from standard stocks. 

When you use any De Mornay -Budd wave guide 
assembly, you know exactly how each compo- 

nent will function electrically. You avoid possible 

losses in operating efficiency through impedance 
mismatches, or breakdown and arcing caused by 

a high standing wave ratio. (See chart below.) 

De Mornay -Budd wave guides are manufac- 

The curve shows the manner 
in which the reflected power 
increases with an increase in 

the voltage standing wave 
ratio. The curve is calculated 
from the following equation: 

É 

i 

- 

RF Radar Assembly DI -412 

tured from special precision tubing, and to the 
most stringent mechanical specifications. Rigid 
inspection and quality control insure optimum 
performance. 

Complete laboratory service and consultations 
on micro -wave transmission line problems avail- 
able. 

,. 

I ,man ro.q *encase 
..aHc IT 4t3 ..q WIG 

DEMORNAY 
BUDD 

EQUIPMENT 
Foe 

1776 OF ALL 
MOM SETS 

De Mornay -Budd, Inc. 475 Grand 
Concourse, New York 51, N. Y. 
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RADAR OR WEATHER (continued) 

laz6ze .dane WfG plea i#t 

COMMUNICATION 
COMPONENTS... 

1~1 ̀- _loot oOVó 
c 0 JQ 

o 

2f/(Te« ryoe .2jieúie,... 

"ADC', 
When you need electrical components of superior quality 
that will give extra years of dependable, trouble -free service 
under all operating conditions-then it will pay to specify 
ADC. Our components reflect experienced engineering, pre- 
cision'workmanship and rigid inspection-plus use of high- 
est quality materials. These products are now available for 
immediate shipment. 

ADC JACK PANELS are molded of 
phenolic plastic, reinforced with 
steel for rigidity. They have 
standard spacing for use with any 
double plug. Mounting holes fit 
all standard jacks. 

ADC JACKS are approved box type, 
rigidly aligned. Non -aging springs 
retain tension. Silver alloy con- 
tacts riveted through blades. Spe- 
cial circuits can be furnished. 

a. 

(3=-1 
. ' 

2833 13th Ave. S., Minneapolis, Minn. 
"<wllllia9~-tde,7ü1Ed;t`'' ts' . 

ADC PLUGS are all precision built, 
sturdy and safe. Designed for easy 
cord replacement. Interchange- 
able with similar standard plugs. 
ADC plugs meet all military re 
quirements. 

ADC PATCH CORDS are made from 
the finest stranded, tinned copper 
wire. Well insulated. Heavy over- 
all braid increases durability. 
Equipped with regular ADC plugs. 

SEND TODAY FOR CATALOG 

to provide meteorological as well as 
navigational data. 

The radar operator, by pushing a 
switch marked WEATHER, gets a 
picture of advance cloud formations 
on a special detecting screen. Track- 
ing clouds instead of a target, the 
screen will indicate approaching 
storms at a distance of 100 to 200 
miles. 

Observations are taken every 30 
minutes and reported back to the 
base, where the information is fil- 
tered and relayed to bombers and 
fighters flying near the storm area. 
Ground search radars have also been 
adapted to provide meteorological 
data, and are being used wherever 
possible in the Pacific. 

Balloon -borne Reflectors 

Another contribution to the science 
of meteorology emerging from the 
war is use of radar to obtain data on 
the velocity and direction of winds 
at various altitudes. The method, 
developed by the Signal Corps Engi- 
neering ,Laboratories, employs bal- 
loon -borne reflectors which can be 
tracked to their bursting point, as 
high as 100,000 feet above the earth's 
surface. 

Before the war, balloons could not 
be tracked during darkness nor 
under weather conditions limiting 
visibility. The use of radar solved 
the problem since wind data can be 
obtained at heights in the strato- 
sphere that were impossible with the 
visual -observation method previously 
used. 

Two types of reflector were de- 
signed for use with military ground 
radar sets at frequencies ranging 
from 200 megacycles to 3,000 mega- 
cycles. For the 200-mc SCR -268, a 
dipole target was developed that con- 
sists of three short, foil -wrapped 
sticks joined in the center to form 
60 -degree angles in a horizontal 
plane. This reflector is carried aloft 
by a 100 -gram hydrogen -filled 
balloon. 

The other reflector, for use with 
microwave radar sets such as the 
SCR -584, is an 8 -cornered triangular 
target, somewhat resembling a box 
kite. The reflective surface consists 
of paper -backed aluminum foil sup- 
ported in triangular form by slender 
balsa sticks, each measuring 36 
inches in length. This target re- 
quires a 350 -gram balloon. 
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NTO NTO YOUR 

RADIO AND ELECTRONIC 
EQUIPMENT SPECIFICATIONS 

Economical, trouble -free transformer performance is impor- 
tant to every user. And the savings of unnecessary trips, de- 

lays and replacements are important to every manufacturer 
and dealer of radio, radar, television and electronic devices. 

Jefferson Electric Transformers incorporate advancements 
in engineering design, with production methods and control 
to insure high uniform quality: 

The superiority of Jefferson Transformers is based on 
such vital and fundamental quality characteristics as: im- 
proved steel to reduce electrical losses; advanced methods 
of using carefully selected iron for laminations followed by 
Jefferson's own process of annealing; improved compounds, 
materials and impregnation methods to provide greater 
resistance to moisture, extreme heat and cold. 

In addition to these features, full control over all manu- 
facture, assembly and inspection insures that every Jefferson 
Transformer is laboratory correct whether ordered in small 
lots or hundreds of thousands. 

When making transformer replacements or considering 
new installations-select your transformers from the Jeffer- 
son Electric Line ... JEFFERSON ELECTRIC COMPANY, 
Bellwood (Chicago Suburb), Illinois. In Canada: Canadian 
Jefferson Electric Co. Ltd., 384 Pape Avenue, Toronto, Ont. 

TRANSFORMERS 
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Tithe Design 
DESIGN OF A pentagrid converter 
with refinements to eliminate drift 
of frequency in electron -coupled os- 
cillators was discussed by Dr. Grant 
Hector of National Union Radio 
Corp. at the March meeting, Chicago 
Section, IRE. 

He stated that frequency drift was 
caused by changes in cathode current 
due to the return of primary elec- 
trons repelled by the first grid. Use 
of the second grid for the oscillator 
circuit and introduction of shield 
plates as a part of the inner screen 
combined with building tubes to ex- 
act dimensions provide an efficient 
absorption circuit for stray primary 
electrons preventing their return to 
the cathode. Tubes based on these 
principles' would assist in design of 
drift -free superheterodyne receivers. 

During the war, conventional 

Jr 

r . : tt 

tubes were modified for operation at 
the higher frequencies. Interelec- 
trode capacitances were reduced by 
r -f shielding of internal leads and 
extension of screen grids. Placing 
the signal grid close to the cathode 
as in the 6AK5 improves operation 
at high frequencies. High imped- 
ances permit only a narrow modula- 
tion band ; wide band performance 
is possible when the internal im- 
pedance is low. 

He also described the 3C36 uhf 
power triode. Operation between 
500 and 1500 me is obtained in 
grounded grid, resonant cavity, or - 
concentric line circuits. Another tube 
having ten anodes and a magneti- 
cally focused, radial beam was de- 
signed for high-speed switching in 
such applications as time division 
multiplex. 

1 

. -. \ 7M , 
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Manufacture of tubes for two-way radio communication at the Svetlana Factory in 
Leningrad, Russia 

Vhf Receiver Measurements 
By HOWARD GORDON and LOUIS GEORGE 

Washington, D. C. 

ADVANCE OF COMMUNICATIONS into 
the very high frequencies has made 
accurate measurements of receiver 
radio -frequency selectivity charac- 
teristics increasingly difficult. Stand- 
ard signal generators available for 
use at these frequencies, up to the 
present, have no provision for ac- 
curately discerning the sufficiently 
small increments in frequency re- 
quired for these tests. In many cases, 
the receiver under test has a rela- 
tively sharp selectivity characteris- 
tic-in the order of kilocycles, while 
the signal generator tuning dial di- 
visions represent frequency differ- 
ences in the order of megacycles. 

The technique to be described was 
found to be superior to the usual 
method of reading the signal genet-- 

LOCAL 
OSC 

RECEIVER 
UNDER TEST 

CAL 
RECEIVER 

A -F 
AMPL 

Fig. 1-Use of receiver calibrated at 
the intermediate frequency of the re- 

ceiver under test 

ator dial divisions for small fre- 
quency increments. 

Receiver Selectivity 

Referring to the block diagram 
shown in Fig. 1, the signal generator 
is resonated to the receiver frequency 
and the input level adjusted to pro- 
duce some convenient rectified carrier 
voltage across the second detector 
load resistor-. A calibrated communi- 
cation receiver capable of tuning to 
the intermediate frequency is then 
coupled into the i -f amplifier of the 
receiver under test at some point 
where the signal level is of conven- 
ient amplitude. The calibrated re- 
ceiver is then tuned to the inter- 
mediate frequency produced and the 
frequency and input level recorded. 

Adopting the usual procedure, the 
signal generator is detuned in small 
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RHEOSTATS RESISTORS 
TAP SWITCHES 

Close Control RHEOSTATS 

10 Wattage Sizes from 25 to 
1000 Watts, from I'A." to 12" 
Diameter, with Standard or 
Special Features, with Uniform or 
Tapered Windings, in Stock or 
Special Resistances, in Single, Tan 
dem, or Concentric Units. 

Wire Wound RESISTORS 

Widest Range of Types, Sizes and Ratings in 
Stock and Made -to -Order Units. Fixed, Ad- 
justable or Tapped. General -Purpose, Non - 
Inductive or Precision. Standard or Special 
Windings. Variety of Terminals and Mountings. 
Also Hermetically Glass -Sealed Resistors. 

High Current TAP SWITCHES 

Compact, enclosed, all -ceramic, 
rotary, non -shorting, multi -point 
Selector Switches. 5 Sizes rated 
at 10, 15, 25, 50 and 100 Am- 
peres 150, 300 V.A.C. As few 
as 2 or as many as 12 taps. 
Sizes from 1 s/" to 6" Diameter. 
Single or Tandem units. Also Open 
Type Tap Switches in "shorting" 
(commutator) and "non -shorting" 
units. In Stock or Made -to -Order. 

Send for Catalog and 
Engineering Manual No. 40 

Write on company letterhead 
for valuable, helpful guide in 
the selection and application of 
rheostats, resistors, tap switches. 
chokes and attenuators. 
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The complete service available to you at 
Ohmite assures you of the right control units for 
your specific needs. From the many Ohmite stock 
types, you can often make a quick, economical 
selection. On special requirements, Ohmite ex- 
perience with unusual applications can be of 
real help to you. What's more ... you can always 
rely on the knowledge that Ohmite design and 
construction have long been proved in the most 
critical applications under severest operating 
conditions. Yes, there's good reason to prefer 
Ohmite Rheostats, Resistors, Tap Switches in 
your products or equipment. 

OHMITE MANUFACTURING COMPANY 
4818 FLOURNOY STREET CHICAGO 44, U. S. A. 
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RHEOSTATS RESISTORS 
TAP SWITCHES 
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VHF RECEIVER (continued) 
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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 as- 
semblies from 2 to 18 sections in 
tandem and operated by a sin- 
gle shaft. 

Series 43 midget wire -wound 
controls in single, dual and 
triple section units. Available 
with attached power switch. 

Series MI -1 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. 

` CLAR pS1AT. 

`, 
/ 

.. 

* You can entrust your wire -wound control 
problems to Clarostat, with complete confi- 
dence, because: (1) Clarostat has wire -winding 
experience second to none in the industry; 
(2) Clarostat has outstanding winding equip- 
ment designed, developed and built by its 
own engineers; (3) Clarostat spent two dec- ades perfecting wire -wound rheostats and po- 
tentiometers; (9) Above all, Clarostat has an enviable reputation to maintain. Therefore, 
try Clarostat with those wire -wound control problems or requirements. 

* Write for CATALOG ... 

CLAROSTAT MFG. CO., Inc. 285-1 N. 6th St., Brooklyn, Ñ. Y. 

frequency increments, at the same 
time increasing the input level to the 
value required to maintain the ini- 
tial output voltage. At each point, 
the calibrated communication re- 
ceiver is tuned to the. intermediate 
frequency. The difference between 
any reading of the calibrated re- 
ceiver and its initial tuning is equal 
to the difference between the corres- 
ponding and original signal gener- 
ator frequency. This procedure is 
carried out above and below the re- 
ceiver's resonant frequency as far as 
desired. The selectivity characteris- 
tic can then be plotted in terms of 
decibels below maximum response as 
shown in Fig. 2. 

Calibrating a Signal Generator 

When the local oscillator in the 
receiver under test is crystal con- 
trolled, as found in spot -frequency 
receivers, then by knowing the inter - 

60 

50 
N 

á 

¢ 40 
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á 
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.m 
20 
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0 
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000 -200 0 .200 400 
KILOCYCLES OFF RESONANCE 

Fig. 2 --Selectivity of vhf receiver 
measured between i -t stages by cali- 

brated low -frequency receiver 

mediate frequency at any time, the 
signal generator frequency can be 
calculated. This method can also be 
used to advantage in checking signal 
generator frequency calibration and 
thermal drift. 

It should be noted that the above 
procedure assumes that the receiver 
local oscillator will not change in fre- 
quency during the test. For practical 
purposes this is probably a reason- 
able assumption and certainly true 
if the local oscillator- is crystal con- 
trolled. Any oscillator drift is easily 
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THE BLACK HAND NEVER SLEEPS 
LUMARITH* (cellulose acetate) protects electrical equipment 
against the black hand of electro -chemical corrosion 

UNLESS INSULATION is inert to electrolytic 
action, current -carrying copper wire 
and moisture can spell corrosion troubles 
for electrical equipment. That is why it 
is so important to play safe and insulate 
with LUMARITH (cellulose acetate) film. 
LUMARITH is chemically stable in the pres- 
ence of moisture and current- releases no 
corrosion -producing acids. 

Used as inner layer insulation, coil covers 

and forms, laminates and wire wraps, 
spool liners, slot insulation and spacers, 
LUMARITH gives full protection to even the 
most delicate electrical equipment. Send 
for recently published booklet, "Celanese 
Synthetics for the Electrical Industry." 
Contains the technical information you 
will need. Celanese Plastics Corporation, a 
division of Celanese Corporation of America, 
180 Madison Avenue, New York 16, N. Y. 

w«. U. 9. Pat. Off. 

£Uñt4R/TH FI &41/ZCSG aspé 
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VHF RECEIVER (continued)' 

, The Difference Between 
"We Think So" and 

111 "We KNOW So" 
1 
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...are Engineered for Application in 
this Stalactite Acoustical Chamber 

1, 

In thi: completely soundproof room, asymmetrical walls and carefully designed mass - interval baffles effectively reduce troublesome resonant harmonics and reflected sound to an insignificant value. Response curves ore plotted which represent true perform- ances so that Permoflux engineers can say "We Know SO." Its use at Permoflux is characteristic of the many factors which make it possible to substantiate the fact that. Permoflux Speakers provide the finest possible sound reproduction. 

PERMOFLUX CORPORATION 
4900 WEST GRAND AVE., CHICAGO 39, ILL. 

M 

Y!% 

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS 
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measured, however, with the cali- 
brated and comparatively low fre- 
quency receiver by beating a har- 
monic of its local oscillator with the 
high frequency oscillator fundamen- 
tal and multiplying receiver tuning 
by the order of the harmonic used. It 
is not necessary to have any fre- 
quency calibration of the signal gen- 
erator except insofar as this informa- 
tion may be needed for correcting 
attenuator settings. If the local oscil- 
lator frequency is known or can be 
accurately measured, that value and 
the intermediate frequency measured 
with the calibrated receiver will give 
the signal generator frequency. 

An error in absolute value of fre- 
quency can be introduced when the 
auxiliary receiver is tuned to zero 
beat. The reason for this is that the 
beat frequency oscillator in the cali- 
brated receiver may be tuned three 
or four kilocycles from the resonant 
frequency of the i -f amplifier. How- 
ever, this difference is usually negli- 
gible at very high frequencies. When 
an available calibrated receiver will 
not tune to the intermediate fre- 
quency of the receiver under test, it 
may still be used by tuning so that a 
harmonic of its local oscillator beats 
with the i -f signal. All receiver fre- 
quency difference readings would 
then be multiplied by the order of 
the harmonic being used. 

L»proved Capacitors 
CAPACITORS have been improved by 
using polystyrene dielectric or by 
adding stabilizing compounds to im- 
pregnants. In a paper presented be- 
fore the April meeting of the Ameri- 
can Chemical Society, D. A. McLean,. 
L. Egerton, and C. C. Houtz, all of 
Bell Telephone Laboratories, re- 
ported an increase in life of 100 
times for paper capacitors the 
chlorinated impregnants of which 
had 'been stabilized by the addition 
of such compounds as anthraquinone, 
which is used in manufacture of 
dyes. Addition of sulfur reduced 
electrical losses at high temperatures 
of capacitors that had tin -foil elec- 
trodes and chlorinated impregnants 
by forming a thin sulfide film be- 
tween electrode and dielectric, pre- 
venting deteriorating interaction be- 
tween the two. 

Decreased dielectric absorption 
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INSIST 
ON PROOF 
BY TRIAL 

before you buy can 

Electronic Heater . 

IIhis is how Scientific Electric proved the value 
)f electronic heating to the Progressive Weld- 
ing Company of Norwalk, Connecticut . . . 

REAT improvements in product quality and remark- 
] able savings in time and money are being achieved 

y means of electronic heating. Industrialists every - 

here are now acclaiming its many advantages. But 

on't let your enthusiasm lead you to invest in an elec- 

ronic heater before you have seen it perform the work 

au expect of ít. 

Another important point is this ... in order to work 

t maximum efficiency and live up to its reputation' for 

iing things better, faster aml cheaper... . electronic 
eating must he "tailored" to the job. That is why we 

ever sell a Scientific Electric unit until it has been satis- 

tctorily demonstrated. Regardless of the amount of 

me and effort required, our engineers will not release 

single machine for sale until it has fulfilled every claim 

e make for it. 
So here is a word of counsel ... get plenty of advice 

efore you buy. Consult with our recognized engineers 
'ho have pioneered in electronic heating since 1921 

nd, without obligation, they will demonstrate what 
lectronic heating can do for you. 

51311 I I I / I 

Division of 

S" CORRUGATED QUENCHED GAP COMPANY 

'19 MONROE ST. GARFIELD, N. J. 

Manufacturers of 
lacuum Tube and Spark Gap Converters Since 1921 

.ECTRONICS - June 1946 

Above: This practical, automatic brazing turn- 
table powered by a 40 KW. Scientific Electric 
heater speeded up production 700%-cut costs 
87% and reduced rejects by 90%. 

Left: Close-up of the finished two-piece tube as- 
sembly after being brazed by induction heating. 
Three complete brazing installations have been 
built for Progressive. 

Scientific Electric Elet- 

tronicHeaters are made 

in these power sizes... 
and a range of frequen- 
cies up to 300 Mega- 

cycles depending upon 

power requirements. 

Write for a free copy of 
our handbook . . . The 

ABC of Electronic Heat- 

ing which contains or.. 

easily understood expla- 

nation of this new heat- 

ing method. 

40 KW INDUCTION 
HEATER 

3KW 
5KW 

7t/2KW 
8KW 

10KW 
12Y2 KW 

15KW 

18KW 
25KW 
40KW 
60KW 
80KW 

100 KW 

250 KW 
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CAPACITORS (continued) 

READY FOR 

THE JUL iebtt 
P OTTER & 
B RUMFIELD 

e 
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4 oAND 
ELECTRICAL 

TIMING 
DEVICES 

Cno. ?i6 

i.1\, . IC. 

. 
t: .,,, 

i 

u',iAtlrF.::::1: !if I. s..y. 
s . 

Complete and accurate information on 
relays and electrical timing devices 
Twenty-four pages of useful, well illustrated, practical in- 
formation presented clearly, with full data on applications, 
selection and capacities complete with each model. This 
catalog will provide you with a ready source of valuable 
information for aid in solving your relay and timer problems. 
It is a book you will enjoy using because it's well arranged 
with comprehensive data and illustrations. 

POTTER & BRUMFIELD SALES COMPANY 
Chicago 6, Illinois 
Export: 2020 ENGINEERING BLDG., CHICAGO 6, U.S.A. 

FACTORY AT PRINCETON, INDIANA 

POTTER & BRUMFIELD SALES COMPANY 
549 WEST WASHINGTON BLVD., CHICAGO 6, ILL. 
Please send me a copy of your new catalog. 

Nome Title 

Company 

Address 

City Stole 

over that of mica -insulated capaci- 
tors is obtained by using polysty- 
rene. Although the temperature 
coefficient of polystyrene is inferior 
to that of mica, it is a better insu- 
lator. Where time constant of the 
capacitor circuit must remain fixed, 
resistances with a temperature coef- 
ficient of opposite sign can be used. 
The smaller dissipation of these ca- 
pacitors suggests their use for 
filters in carrier systems. Charac- 
teristics and construction of poly- 
styrene dielectric capacitors are de- 
scribed in the March issue of Bell 
Laboratories Record by J. R. Weeks. . 
Cooling Photosensitive Cells 

By EUGENE F. COLEMAN 
IIillu,r Cnt/inreriny Co. 

New York, X. Y. 

PHOTOEMISS1vE and photoconductive 
cells, used increasingly in scientific 
and engineering applications, are op- 
erated at drastically reduced tem- 
peratures for increased sensitivity 
and lowered internal noise and dark - 
current. Convenient refrigerants are 
dry ice (-78 C) and liquid air 
(-183 C), at which temperatures the 
illumination threshold, or lowest il- 
lumination level at which useful elec- 
trical output signal can be derived 
from the cells, is depressed by typical 
amounts of 15 db and more. 

Dark -Current 

An early application of cooled pho- 
toemissive cells was to stellar pho- 
tometry. Even when augmented by 
the light -gathering power of an as- 
tronomical telescope, the photoelec- 
tric current generated by the light 
of a faint star is so small that it 
would be obscured by dark -current 
and shot effect if usual techniques 
were used. Dark -current in a vac- 
uum photoemissive cell is largely a 
matter of thermionic emission: The 
photocathode is an excellent ther- 
mionic emitter, and even at normal 
room temperatures shows some trace 
of this behavior despite the steep 
drop of the emission -temperature 
curve. By pushing the operating point 
still lower on this curve, through ar- 
tificial cooling, difficulties due to 
dark -current can usually be reduced 
to a point of unimportance compared 
with other disturbances. 

Photoconductive cells, the proto- 
type of which was the selenium cell, 
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NAVIGATION BY RADIO RANGE 

TRAFFIC CONTROL DATA' 

WEATHER AHEAD 

LANDING INSTRUCTIONS 

your Signpost in the sky 
For the private pilot who wants the last word in complete air -ground radio, 

ARC now offers equipment built to exacting Army -Navy standards. Featuring 
designs tested through millions of hours of wartime operation, the ARC Type 11 

Aircraft Communication System provides top quality performance under condi- 
tions of vibration, moisture, changes in altitude and temperature, and shocks 
from rough landings. 

The Type 11 System combines a wide band (190 to 550 KC) LF Range Re- 
ceiver and a VHF Transmitter with provision for 5 -channel operation at the turn 
of a switch. The small separate control unit is located -for convenience of opera- 
tion and the major units remotely mounted. This avoids disturbance of normal 
weight and balance of the airplane and usually permits a short antenna lead-in. 
The complete antenna system consists of a single vertical rod 22 inches long and 
is furnished with the Type 11 System. 

This compact ARC equipment is based on more than 18 years of design and 
development in the field of airborne radio and is a quality instrument for the 
operator who requires the basic essentials in aircraft communication and naviga- 
tion facilities. Remember, when selecting the radio for your airplane, nothing 
but the best is good enough-specify ARC. For descriptive information and 
prices, write Aircraft Radio Corporation, Boonton, New Jersey. 

ARC ADVANTAGES 
light Weight - Less than 15 
pounds for the entire Type 11 
System installed. 
Reliable Reception Unusual 
sensitivity ,and selectivity plus 
rugged construction. Noise - 
limiting circuitry insures clarity 
of reception and makes shielding 
unnecessary in some airplanes. 
VHF Transmission-Crystal-con- 
trolled on 2 present channels, 
with provision far 5 -channel 
operation to cover additional 
frequencies when allocated. 
A Complete Installation - The 
Type 11 System is available com- 
plete with antenna, crystals, . 

tubes, cables, microphone and 
headset - no extras to buy. 
AVAILABLE FOR DELIVERY 

JULY 7, 1946 

AIRCRAFT RADIO CORPORATION 
BOONTON, NEW JERSEY 
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Facts You Should Know About 
CALL Stainless Steel Bellows 

IF you plan to use bellows for 
vacuum equipment, instru- 

ments, rotating shaft seals, or for 
other similar purposes in the 
electronic field, here are some es- 
sential features of C. M. H. Stain- 
less Steel BELLOWS: 

1. Corrosion resistant qualifies of stainless 
steal enable wider application of 
C.M.H. BELLOWS. 

2. High and low temperatures do not affect 
the operating efficiency. 

3. Multiple ply construction gives even 
greater strength factors when needed. 

4. Ferrous fittings, attached by Circular 
Seam Welding, assure permanent, leak- 
proof joints. 

6. Uni-metal assemblies avoid the costly 
troubles encountered where bl-metal 
types are used. 

Flexible Metal Hose for Every Industrial Use 

6. Long lengths are standard production per- 
mitting economical use of C.M.H. 
Stainless Steel BELLOWS for many un- 
usual types of applications. 

7. Better delivery schedules ore possible 
because C.M.H. BELLOWS are standard 
production products. 

For complete information about 
C.M.H. Stainless Steel BELLOWS 
and about the many types of Flex- 
ible Metal Hose in the complete 
C.M.H. line, write us today. 

Ask for Chicago Metal Hose 
Form SSB2 on which to submit 
your bellows requirements. It will 
save you time-assure more accu- 
rate transmittal of essential date. 

IlMV] 

'5.)'P--- A ONPU K II 
CHICAGO METAL HOSE có POR T10N mir I mAvw000, ILLINOIS 

Plants Maywood and Elgin,111. 

PHOTOCELLS 
(continued' 

have more recently acquired impor 
tance ín improved versions such a 
the Thalofide and the lead sulfide! 
cells. Most cells of this class show 
marked improvement in their per. 
formance at the lowest light -input 
levels when cooled. Absolute sensi- 
tivity increases (a factor of 100 was 
reported for one cell), and at the 
same time absolute internal noise 
level drops, leading to a very sub- 
stantial improvement in illumina- 
tion threshold. These effects of cool- 
ing, and similar effects on the heat- ' 
operated class of radiation -sensitive ti 
cells were discussed at the March 
meeting of the Optical Society of 
America in Cleveland. (ED. NOTE: 
See following this discussion.) 

Moisture Condensation 

When a photosensitive cell is 
cooled, moisture condensation is a 
common source of trouble since, 
whether it occurs on the forward 
face of the cell itself or on a window 
placed ahead of it, the condensate ; 

can cause scattering and loss of ra- 
diation. The usual scheme for keep- 
ing windows clear consists of blow- 
ing warm dry air on the surface at 
which the condensation takes place. 
This method requires auxiliary 
equipment. 

In a small portable optical instru- 

SPONGE-RUBBER 
PHOTOCONDUCTIVE DRY -ICE CELL 

CHARGING HOLE MOUNTING CELL 

WIND 
SHIELDING 
TUBE 

DRY ICE 

THERMAL INSULATION 

Fig. 1-Carbon dioxide gas escaping 
through radial slots in leather gasket 
prevents moisture from condensing on 

outside surface of cell window 

ment developed by the author, which 
used a photoconductive cell cooled 
by di -y ice, the standard method for 
preventing condensation was im- 
practicable because the window, con- 
sisting of the front wall of the cell 
itself, carried the photoconductive 
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° N eat Rístantit e 

aíras Flexible iex ible Re er Varnishing 
Aft 
and Baiting 

THE NEW 

'13 77«- 9a* !j 
Tensile Strength 3000 P.S.I. 
Dielectric Strength (.020" 

ssall) Wet 1000 VPM 
Dry __1000 VPM 

Life at 105° C .............2000 Hrs. 
Chemical Resistance (room 

temperature) 
50% Sulfuric Acid and 
30% Sodium Hydroxide_ _ .. 

Unaffected 
Does riot support combustion 
Low Temperature Flexibility 

I.V.I. Pinch test......... -40°C. 
Bell test...._ ...... ........._.._..-30°C. 

Heat Endurance (.166" II) 
tubing, .016" wall) ASTM 
D350 43T): 7 days @ 
125°.C.-No crack when 
bent 180° around t/4" man- 
drel-Retains flexibility 
ashen varnished and baked 
22 hours at 260°F.-No 
flow or drip during 8 hours 
at 300°F. 

- 

: 

Il 

1 # 53.73 
z t This Irvington formulation provides 

new advantages, new cost -saving fea- 

PtAS1'11 tunes, for many plastic tubing applications. 
For example: Transformer le'ads of #5373 

remain flexible even after varnishing .and baking ... Under- 
writers' Laboratories approved #5373 insulation on applica- 
tions involving continuous operating temperatures up to 75 

deg. C. and intermittent temperatures as high as 85 deg. C. 

In addition,'#5373 possesses the excellent electrical, mechani- 

cal and chemical 'properties which distinguish all Fibron 
tubings. 

Tubings of Fibron .#5373 are available in all standard 
colors and sizes, and in heavy wall thicknesses-in 36" lengths, 
continuous coils, or cut pieces. For full details and generous 
samples, write Dept.106,Irvington Varnish and Insulator Co., 
Irvington 11, New Jersey. 

IRVINGTON "a2niah and Jomula&tWorptAatty 
IRVINGTON 11, NEW JERSEY, U.S.A. 

ELECTRCI"CS - June 1946 223 



PRESSURIZED 
CAPACITORS 

FIXED AND VARIABLE 

JOHNSON PRESSURIZED CAPACITORS FEATURE - LOW POWER 
FACTOR, HIGH KVA RATINGS, SMALL SPACE REQUIREMENTS, WIDE 
RANGE OF SIZES. 

JOHNSON designed and built Pressurized Capacitors are available in fixed, 
variable and fixed -variable combination models with RMS voltage ratings 
up to 30,000 volts unmodulated and maximum capacitance range of 125, to 
10,000 mmf. 

These JOHNSON capacitors are ideal for handling circulating currents o{ 
high power transmitters and are widely used in tank circuits and antenna 
networks, as coupling capacitors for shunt excited vertical radiators and in 
high frequency equipment. 

Built to assure positive pressure sealing, JOHNSON Pressurized Capacitors 
in actual use, have given trouble -free service for many years. They are 
electrically and mechanically engineered to assure highest operating effi- 
ciency and to withstand normal pressure with a large factor of safety. 
JOHNSON Pressurized Capacitors offer you maximum capacity with minimum 
size and cost. 

The famous JOHNSON line includes, Variable Capacitors, Tube 
Sockets, Variable and Fíxed Inductors, Insulators and Radio -Electronic 
Hardware. Directional Antenna Phasing and Coupling Equipment, 
F. M. Iso-Coupler, Tower Lighting Chokes and Filters, F. M. and 
A. M. Coaxial Lines and Accessories, Open -Wire Transmission Line 
Supports, R. F. Contactors and Switches. 

Write Dept. D for Data Sheet 2P Describing JOHNSON 4# 
Pressurized Capacitors. 

JOHNSON 
a áamoui name in %actio 

E. F. JOHNSON CO. WASECA MINNESOTA 
124 

PHOTOCELLS (continued) 

layer on its inside surface and there- 
fore could not be warmed. 

A scheme was devised which effec- 
tively prevented moisture condensa- 
tion, and also assured maximum cool- 
ing of the sensitive layer. It is 
shown in Fig. L The cell was 
mounted in a small thermally in- 
sulated sheet -metal box, with a resi- 
lient backing of sponge rubber press- 
ing the cell gently forward against a 
hole in the front of the box. The hole 
was edged with a thin leather gasket, 
against which the front wall of the 
cell seated snugly. 

After the gasket was cemented to 
the edge of the hole, a number of 
radial V-shaped grooves were cut 
in it. These grooves provided a 
leakage path out of the box for the 
carbon dioxide generated by the in- 
ternal cooling charge of dry ice, and 
all other alternative leakage paths 
were blocked by sealing. Thus the 
exposed front surface of the cell 
was kept cooled and protected from 
atmospheric moisture by a constantly 
maintained layer of dry cold carbon 
dioxide. 

The required volume of flowing 
gas is slight, since it needs to be 
only enough to make up diffusion and 
convection losses from the immediate 
region of the window. It can. be 
further reduced, especially if the 
equipment is exposed to wind or 
drafts, by attaching an open-ended 
length of tubing to the box sur- 
rounding the window. This tube 
quickly becomes filled with dry gas, 
which slowly diffuses into the atmos- 
phere from its open end. When pro- 
vided with a polished internal sur- 
face (such a tube is often required 
for optical purposes) and m ith the 
present gas -leak scheme in action no 
condensation can occur on the pol- 
ished surface even though the tube 
may be very cold. 

Detection of Heat 
THERMAL RADIATION detection was 
described recently at the Cleveland 
meeting of the Optical Society of 
America, March 7-9. Two new types 
of bolometers mere described. One, 
made of Thermistor materials and 
developed at Bell Telephone Labora- 
tories under Dr. J. A. Becker, con- 
sists of thin flakes of mixtures of 
nickel, manganese, and cobalt oxides 
(semiconductors) ranging from 0.1 
to 1.0 millimeter wide, 1.0 to 5.0 

June 1946 - ELECTRONICS 



R'ESE'-ARCÑ 

ENGINEERING- _ ° 

FABRICATION. 

V O I C,E 

1 
FACSIMILE - 

DEPENDABLE CA'MUU.NICAT,IGN SYSTEMS 

SYMBOL OF FIDELITY... 
Fidelity to the world's most critical employer . . . the international press . . . Fidelity to the 

task of engineering, developing and fabricating communication equipment and systems to stand 

the gaff of delivering tens of thousands of words of vital, high speed, radio communications 

traffic each day as demanded by the press of the world. 

Back of this Press Wireless Symbol of Fidelity ís an organization of men who for years have 

been charged with the responsibility of planning, installing and operating the vast array of 

equipment which makes up the Press Wireless international radio press circuits. 

The communication equipment, designed and fabricated to serve the international press, is 

now available to all who require dependable radio communication equipment and systems. 

!:!5S.LoSMANUFACTURING 
R A T I O N 

Executive Offices: 38-01 35th AVENUE, LONG ISLAND CITY 1, NEW YORK 
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BOLOMETERS (continued) 

What goes on beyond 8000 
cycles? Do you know ... or do 
you "suppose" and "hope"? 
No more of that ! Now you can 
monitor your full FM range, 
clear through 15,000 cycles. 
The Altec Lansing Duplex is 
available for immediate de- 
livery. See your dealer, or 
write to us. 

4 

\ 

the altec lansing model 604 

duplex loudspeaker system 

Both high and low frequency units 
are combined in one horn, repro- 
ducing the entire FM range, from 
50 to 15,000 cycles, without inter - 
modulation effects or distortion. 
In actual performance the Altec 
Lansing Loudspeaker System de- 
livers up to 500% greater effici- 
ency in monitoring, radio, public 
address and recording. 

ALTEC 
LANSING CORPORATION 

1161 N. Vine St., Hollywood, Cal. 
250 W. 57th St., N'Y. 19, N.Y. 

"KEEP ADVANCING WITH ALTEC LANSING" 
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millimeters long, and 0.01 to 0.02 
millimeters thick and has high sensi- 
tivity. The smaller ones have a re- 
sponse time constant of approxi- 
mately three milliseconds. They can 
be produced in quantity. 

Another form of bolometer, de- 
veloped at Johns Hopkins University 
under direction of Professor An- 
drews, is made of columbium nitrate 
and operates close to this material's 
transition to the super -conducting 
state; that is, near 15 degrees ab- 
solute. This bolometer is mounted in 
a vacuum chamber in a cryostat con- 
taining liquid nitrogen and liquid 
hydrogen. 

A highly sensitive and stable 
photo -conductive cell of thallous sul- 
fide developed by R. J. Cashman of 
Northwestern University has its 
maximum response in the near in- 
frared. This cell can be produced in 
quantity. Professor Cashman also 
developed a lead sulfide photoconduc- 
tive cell that records signals varying 
in intensity at frequencies in the 
audible range without loss of sensi- 
tivity. 

These improvements in radiom- 
eters, made under auspices of NDRC, 
have increased sensitivity of meters 
by more than an order of magnitude 
with comparable increase in speed 
of response. The new meters are 
sufficiently rugged to be portable and 
to operate under vibration and ex- 
tremes of temperature. 

Pulse Communication 
Patented July 10, 1945, No. 2,179,899 Patented July 10, 19.(5, No. 2,379,900 

By CLARENCE W. HANSELL 
Radio Corp. of Americo 

RELATIVE TIMING between pairs of 
pulses in this system is varied in ac- 
cordance with the modulating signal, 
as illustrated in Fig. 1. The tech - 

TRANSMITTED PULSESI rOR CONDITIONIOr F NO 
I i 

MODULATION i 
1 

I. In nl In 
TRANSMITTED'PULSESI FOR PEAK POSITIVE 

MODULATION 1 

SRANSMfTTED PULSES FOR PEAK NEGATIVE 
MODULATION 

Fig. 1-Modulation causes pairs of 
pulses to move closer together or further 

apart 

5UPUEME 
TESTING INSTRUMENTS I 

AFTER A GREAT I 

WAR RECORD 

AfffiN! 

SUPREME 
MODEL 504A 
TUBE AND SET TESTER 
SUPREME regrets that war 
necessitated an interruption 
of service to its customers 
and friends. We are genu- 
inely glad to get back into 
peacetime production-pro- 
duction for YOU. 

MANY SUPREME INSTRUMENTS 

NOW AVAILABLE 

-But not enough to take 
care of all orders at one 
time. Demand for accurate. 
dependable SUPREME equip- 
ment is such that we suggest 
you make arrangements for 
your needed new SUPREME 
models without delay. 

SEE YOUR NEAREST SUPREME 

JOBBER NOW! 

SUP.°EME 

SUPREME INSTRUMENTS CORP. 
GREENWOOD, MISS. 

U.S.A. 
E.port Department: 

THE AMERICAN STEEL EXPORT CO., Inc. 
374 Madison Ave., New York 17, N. Y. 
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H OW G -E LAMINATED PLASTICS CAN 

H ELP IMPROVE YOUR PRODUCTS 

EVERYTHING IN: 

y:TRONICS - June 1946 

jd. ;. 

TEXTOLITE 

GRADES 
OF G'E FOR TOUR 

ARE AVAILABLE EXACTING NEEDS 

Regardless what your 
product may be-whether it's of a 
purely electrical, mechanical, ther- 

e mal, or chemical nature-or even 
a combination of all these elements 

.... the chances are good that after you have investigated the many 
grades of G -E Textolite you will find one that exactly fills your re- 
quirements .... one grade that will do your job better than the others. 

That's why G -E Textolite grade 1848 was selected for the 
end and back plates of this water-cooled booster coil for an in- 
duction heater. This grade is strong mechanically and has the 
necessary electrical and heat properties; consequently, it makes pos- 
sible a rugged support for the coil-successfully withstands the heat 
of the application, and properly insulates the radio frequencies. 
And the ease with which grade 1848 can be sawed to shape, adds 
to the reasons why it was chosen for the job. 

With over 50 grades of G -E Textolite to select from, each 
having an individual combination of properties, why not investigate 
the possibility of incorporating the benefits of this versatile non- 
metallic material in your products. Write to Section S-3, General 
Electric Company, Plastid Divisions, Chemical Department, One 
Plastics Avenue, Pittsfield, Mass. 

i 

G -E TEXTOLITE IS SUPPLIED IN THE FOLLOWING FORMS 
Sheets, Tubes and Rods 

Post -formed Laminates 
Fabricated Parts Molded Laminated Parts 

Nameplates Translucent Laminates 
Low-pressure Molded Parts 

A high -frequency booster coil mounted in an 
induction heater which heat treats metal. The 
end and back plates of this coil are fabricated 
from G -E Textolite 1848. This grade is used for 
general mechanical uses-has excellent re- 
sistance to wear-is fairly good electrically, 
and punches and machines excellently. Is used iir 
for for panels, bus bar supports, motor slot 
wedges, etc. 

GENERAL 
CDIt-E3 

ELECTRIC 
- GENERAL ELECTRIC PLASTICS FACTOR- IES ARE -LOCATED IN. 

Ft. Wayne, Ind. Meriden, Conn. Scranton, Pa. Taunton, Mass. Lyñn, Mass. Pittsfield, Mass. 
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TRAD( MARK REO. U. I. PAT. Of/. 

COMPLETE 
COVERAGE 

. ,w 

o 
WHATEVER YOUR 

PROBLEM 

SPEC IA,LISTS IN 

SPECIAL CRYSTALS. 

. . 

( 

á"'1", 

FREQUENCY 

TOLERANCE, 
HOLDER. 

TYPE, 

SP ACE, 

CALL IN 

eff011 
THE ANSWERS 

CRYSTAtpR FOR WRITE TO 

bEPT, 1 

CRYSTAA RESEARCH 
L AB:O R A -T D R I E S I N C. 

29 AIITN ST., HARTFORD, 3, CONN., PHONE 1.3215 

METAL 
-éanse 

s 

/"'"%, 

O oc O 

)`a.?/.,1 

es 6.2 o~`lOpp.`,r7040 
Ty,4,r,o 
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The time -tested Par -Metal 
line presents superior fea- 
tures of styling, design, and 
construction. True to policy, 
Par -Metal continues to 
specialize in Electronic 
Housings exclusively... and 
is therefore able to offer 
leadership in value. Com- 
pare! Write for Catalogue: 

PULSE PATENT (continued) 

nique has the advantage of provid- 
ing constant average pulse rate. As 
in all pulse modulation methods, it 
also has the advantage that high 
peak powers can be transmitted and 
that signal to noise ratio is made 
high by rendering the receiver in- 
sensitive except during short inter- 
vals when a pulse is to be received. 
Although noise will affect the time 
of occurrence of the beginning and 
ending of the pulse, if the transmit 
ted bandwidth, especially of the re 
ceiver portion of the network, is 
wide-as is necessary for preserva- 
tion of the pulse shape-the noise 
impulses will be short and so intro- 
duce minimum time displacement of 
the pulse edges. The need for wide 
bandwidth restricts pulse modula- 
tion carrier frequencies to above 30 
megacycles. 

Modulator 

A simple circuit containing basic 
elements of the' pulse modulator for 
the transmitter is shown in Fig. 2, 

Ecc q II 

J 

O 

TO RADIO 
TRANSMIT- 
TER POWER 

SUPILT 

1 j E 

PULSING 
TUBES 

FROM SOURCE OF 
MODULATING SIGNAL 

(CONTROLS TIME IN- 
TERVAL BETWEEN 
PULSE PAIRS) 

Fig. 2-When conduction switches from 
one tube to the other a reactance in 
the power supply delivers a pulse of 

current to the radio transmitter 

In the unmodulated condition, one or 
the other of the pulsing tubes is con- 
ducting current except for a short 
interval when conducting is switched 
from one tube to the other by the 
constant frequency source. During 
switching neither tube conducts. By 
placing a large reactance in the out- 
put of the transmitter power supply, 
this moment of nonconduction causes 
a large current to be delivered to the 
radio transmitter thereby providing 
power for transmission of the pulse. 

When modulation is applied the 
period during which one pulsing tube 
conducts is altered, but symmet- 
rically, conduction ending ás much 
later as it began earlier or ending 
earlier by as much as it began later. 
In other words, tube conduction is 

228 
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LEAL 

SOCHET: SCREW HIT 
with-Interchésngeobie bits 

i1 

PUTO HIT 
Auto Kits (in two sizes) ... contain small tools most 
necessary for auto mainte- 
nance. Phillips Bits, Clutch 
Head Bits, Flat Screw Driv- 
ers and Tapered Reamer. 

Peg. U.S. Pal. OH, Kits: Patents Pending Pennding 

L93,5>' A 

. 

S 

ST4 
OCc, ` ".- 

FH aR cy 
SFp ,Y/7, o -. 

eeL .: 
co . 

Molded Celanese* 

Plastic Handles 

, HALLQWELL ¢. 

SOCIHET, -tuREi1CN ; N If 
"""?-4 with,itite'rchpngeobie sockets 

ó 

HOME HIT 
Home Kit .. . contains flat 
screw drivers (1/16" and 
1/4" wide), Phillips 'screw 
driver, square tapered ream- 
er, gimlet, tack puller and 
bottle cap opener. 

HOLLOW HANDLES - 

'''HOLD INTERCHANGEABLE UNITS 

The "Hallowell" Speed Tool Kits were 
designed to simplify and improve the 
equipment necessary to those who use a 
variety of bits or wrenches. They have 
swivel bit -chucks for better leverage and 
for reaching difficult places. The tools con- 
tained in the Socket Screw Kits and Socket 
Wrench Kits (they each come in two sizes), 
were carefully selected to give the most 
convenience to their users. Tool bits are 
made of high-grade alloy steel; the handles 
of famous durable Celanese* plastic. 
Socket Screw Kit #25, with swivel head drive, 
contains 8 tools: 6 hex bits: 1/16", 5/64", 
3/32", 1/8", 5/32", 3/16"; #1 Phillips; 1 flat 
screw driver bit. 
Socket Screw Kit #50, with swivel head drive, 
contains 9 tools: 6 hex bits: 1/8", 5/32", 3/16", 
7/32", 1/4", 5/16"; #2 and #3 Phillips; 1 flat 
screw driver bit. 
Socket Wrench Kit #75 contains: 2 (6 point 
hexagon) sockets with openings: 1/4" and 
5/16", 3 (12 point hexagon) sockets with 
openings: 11/32", 3/8" and 7/16". With 7/4" 
square drive. 
Socket Wrench Kit #100 contains: 6 (12 point 
hexagon) sockets with openings: 3/8", 7/16", 
1/2", 9/16", 5/8", 3/4". With 3/8" square 
drive. 

Obtainable at Suppliers throughout the 
country. If your Supplier does not carry 
these kits, send his name to us, along with 
yours, and you will be taken care of 
promptly. 

OVER 43 YEARS IN BUSINESS 

'JEN((INTOWN, PiNNA. BOXEM BRANCHES: BOSTON' CHICAGOt1 DETROIT' ; ,INDIANAPOLIS,' ST. 

G 'N 

LOUIS SAN FRANCISCO 
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PULSE PATENT (continued) 

J 

Guaranteed 

? 
/.p '' 

t)IIIII/I01 
. 

MILLIAMPERES 

.- MMI 

DIRECT CURRENT 

Marion Glass -to -Metal Truly Hermetically Sealed Electrical 
Indicating Instruments are 100% guaranteed for six months. 
After this period we will replace any 2Y2" or 31/2" type, rang- 
ing from 200 microamperes upward, for a flat fee of $1.50, 
regardless of ' whether the instrument has been overloaded, 
burned out, or in any way mistreated, provided the seal has 
not been broken. We will replace, for a flat fee of $2.50, any 
2'/z" or 31/2" instrument, with sensitivity greater than 200 
microamperes, under similar circumstances. 

An important blanket guarantee .. . 

For the user of electrical indicating instruments, this guarantee 
is highly significant. It precludes the need for him to maintain 
his own repair department, and it minimizes the correspond- 
ence and red tape that formerly enmeshed most replacement 
transactions. Moreover, he is assured of receiving his replace- 
ment within a reasonably short period at a saving of consider- 
able time and money. It is our faith in the quality and per- 
formance of Marion "hermetics" that prompts us to make this 
guarantee which is offered to customers in all parts of the 
world. You can buy and use them with confidence. 

Marlon Glass -to -Metal Truly Hermetically Sealed 
21/2" and 31/2" Electrical Indicating Instruments 

Note: Marion "hermetics" cost no more than most 
standard unsealed instruments-and they are positively 
interchangeable. Write for the new Marlon Catalog. 

M1 

MARION ELECTRICAL INSTRUMENT CO. 
MANCHESTER. NEW HAMPSHIRE 

WO" U,T,fiOM ;SI IIDIOWAT Miw 7(1'11, N, ., D. S. A. CAILIS: MOIHIMII 

IN CANADA: THE ASTRAL ELECTRIC COMPANY, SCAREORO BLUPPS, ONTARIO 

symmetrically length modulated; 
one tube conducting for a shorter 
period as the other conducts for a 
longer period, the total period re- 
maining constant. Differentiating 
action of the reactance in the trans- 
mitter power supply converts this 
change in switching time into the 
type modulation shown in Fig. 1. 

To recover the intelligence from 
the pulse envelope after reception 
and detection, the circuit of Fig. 3 

is used. The two tubes are in con- 
ventional blocking oscillators cou- 
pled to one another through their 
common resistor. Because of this 
coupling the two oscillators operate 
in phase opposition. Both circuits 
are adjusted to have the same na- 
tural period as the constant fre- 

Fig. 3-Detected pulse envelope con- 
trols switching of blocking oscillators 
in receiver to recover modulating signal 

quency which controls the transmit- 
ter pulsing tubes. The time -modu- 
lated pulse pairs synchronize the 
switching from tube to tube thereby - 
converting time displacement to 
pulse length modulation, which is 
filtered to recover the original intel- 
ligence. 

If it is desired to transmit 15,000. 
pulses per second, the constant fre- 
quency that controls the transmitter 
and the natural frequencies of the 
blocking oscillators in the receiver. 
are 7,500 cps. Under this condition, 
voice signals from 150 to 3,000 cps, 
multiplex -telegraph, or facsimile can 
be used for modulation. 

The amount of energy fed from, 
the receiver to the blocking oscil- 
lators controls selectivity of the 
system. The degree of coupling be- 
tween oscillators determines sensi- 
tivity. 

. . . 
Wide -band Amplifiers 
LOW -FREQUENCY COMPENSATION of 
wide band amplifiers was suggested! 

230 June 1946-ELECTRONICS. 
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Security Council Chamber, United Nations, Hunter College, Ñew York. RobertGlenn, Inc., Builder, N.Y.C. 

... to the United Nations Security Council in session, whether by radió, 

by television, or by newsreel, it is listening through the latest' in audio fad!- 

ities. The entire system in the Security Council Chamber, which feeds all 

services, is Langevin engineered, designed and manufactured, with the ex- 

ception of the microphones which are Western Electric. 

The Lange vin Company 
INCORPORATE. 

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 

t 

NEW YORK, 31 W. 65 St., 23 SAN FRANCISCO, 1050. Noword St., 3 LOS. ANGELES 1000 N Srwnr.l ce 00 



LOW -FREQUENCY (continued) 

TELEFAX-WORLD'S FASTEST, 

MOST ACCURATE COMMUNICATIONS... 

BY RADIO TO HOMES-Finch self - 
synchronizing Telefax (Facsimile 
Equipment) enables broadcasters to 
transmit and homes to receive facsimile 
copies of anything that can be printed 
or written on paper ... a complete Air 
Press Service of news, photos, market 
reports, box scores, printed and illus- 
trated advertising... by radio! The 
present rate of speed is 2760 square 
inches of text matter per hour-equal 
co about 30,000 words. Reservations 
for equipment are now being made... 
make yours NOW, to be first in your 
territory! 

} 

4 

BY RADIO OR WIRE TO 
EVERYWHERE. With Telefax 
(Finch Facsimile) written or 
printed messages can be ex- 
changed as by some "instant 
courier" between any two 
points, mobile or fixed, far or 
near, which can be connected 
by electric circuits. The mes- 
sages as received are exact 
facsimiles of the original- 
complete in every detail of 
text or illustrations, and en: 
tirely free of errors in trans- 
mission. The rate of speed in 
words per minute far exceeds 
old-style telegraphic printing, 
and 100% accuracy is assured. 

TELEFAX (FINCH FACSIMILE) gives you a new, faster; 
more flexible and completely accurate means of communica- 
tion, with higher speeds, greater economy and total freedom 
fr9m mistakes in transmission. It opens up rich new fields 
fór broadcasting, will assuredly replace with better service 
hitherto accepted methods of transmitting intelligence by 
wire. Write for folder giving full 'information, and list of 
principal Finch patents covering all important phases of 
Facsimile. Finch Telecommunications, Inc., 10 East 40th 
Street, New York 16, N. Y. 

self -synchronizing 

liãh facsimile 

by Lothar Bruck and Otto Tuxen 
both of Berlin, Germany (U.S. pat- 
ent 2,289,752, issued July 14, 1942.). 
Essentially the method is to arrange 
the phase shifts of the amplifier 
coupling network and a feedback 
network so that, over the range to be 
compensated, the circuit is regener- 
ative. The frequency yange over 
which regeneration takes place must 
be sufficiently narrow so that spuri- 
ous frequencies generated by inter - 
modulation and harmonic distortion 
resulting from the increased non - 
linearity of the amplifier within the 
range of regeneration do not lie 
within that range. Suggested cir- 
cuits indicate that the technique is 
applicable to transformer -coupled 
output stages to loudspeakers. One 
limit of the regenerative range is 

controlled by the normal cutoff of the 
amplifier coupling networks; the 
other limit is controlled by the losses 
within the coupling and feedback 
networks despite the phase shift. 
The technique is more useful for 
low -frequency compensation than 
for high -frequency compensation. 

ROYALTY -FREE LICENSE to manufac- 
ture and market power -line carrier 
apparatus covered by patents of 
American Telephone and Telegraph 
has been announced by K. S. Mc- 

Hugh, vice-president of AT & T in 

a letter to W. C. Henry, president of 
the United States Independent Tele- 
phone Association. Purpose of this 
licensing is to extend rural telephone 
service. 

Midget Receiver 
Output Circuit 

Patented Aug. 28, 1915, No. 2,383,867 

By WINFIELD R. KOCH 
Radio Corp. of America 

To OBTAIN full power from the 
output stage of midget receivers 
where it is not economical to by- 

pass the cathode bias resistor with 
a large capacitor, positive feed- 
back from the speaker voice coil 

can be used. The circuit, as it 
would be applied to a pentode out- 
put stage, is shown in the accom- 
panying illustration. The cathode 
resistor is chosen to provide the 
proper tube bias. Preferably the 
impedance of the voice coil should 
be chosen so that its voltage will 

just balance the signal loss in the 
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BH EXTRA FLEXIBLE FIBERGLAS SLEEVING 

cor ./il 

MAKE THIS 

Hold a match under a piece of BH Extra 
Flexible Fiberglas Sleeving. The flame does 
not bum, char or otherwise affect it. And tem- 
peratures much higher than usually encoun- 
tered electrically are just as readily resisted 
by the inorganic Fiberglas! 

IN EXTRA FLEXIBLE FIBERGLAS SLEEVING 

211000',51-P". 
NON -FRAYING NON -STIFFENING 

6 
PRODUCTS 

FEW electrical insulations can double in brass as heat . 

insulations. Yet so effectively heat resistant is BH Extra 
Flexible Fiberglas Sleeving that actual service records 
show it refuses to burn even in direct contact with heat 
units. The reason-both yarns and impregnation are 
non -inflammable! 

A special gum base and dye applied by an exclusive BH 
process is responsible for many more features. It perma- 
nently prevents fraying, stiffening and abrasive wear. 
The sleeving is unusually flexible and takes the roughest 
handling without fraying. It does not harden and crack 
with age-lasts indefinitely without deterioration. It is 
also non -crystallizing at low temperatures. 

Fiberglas is non-absorbent and unaffected by moisture, 
oil or grease-qualities ideally suited to appliance manu- 
facture for instance. And it has high dielectric and tensile 
strength. 

"Punishment" tests prove that BH Extra Flexible 
Fiberglas Sleeving is the most logical insulation for a host 
of tough jobs. Why not see for yourself? It's available in 
all standard colors and all sizes from No. 20 to %", in- 
clusive. Write for samples today and compare! 

BR SPECIAL TREATED FIBERGLAS SLEEVING 

UNAFFECTED BY HEAT UP TO 1200°F! 

This is a high quality sleeving that will not fray when cut 
and withstands heat up to 1200°F. Yet no saturant is used 
in the exclusive BH process! Flexible as string, too. Made 
in natural color only-all standard sizes. Try it! 

ALSO SLOW -TURNING IMPREGNATED MAGNE-O TUBING SLOW -BURNING 
FLEXIBLE VARNISHED TUBING SATURATED AND NON -SATURATED SLEEVING 

BENTLEY, HARRIS MANUFACTURING CO*. 

Dept. E, Conshohocken, Penna. 
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Problem: To improve life and 
service of gibs and retainer 
plates on high speed sanders. 
Parts must be able to with- 
stand considerable abuse. 

Solution: The problem was 
solved by the use of plastics. 
From the big family of 
INSUROK Precision Plas- 
tics, Richardson Plash - 
clans selected Laminated 
INSUROK, grade CG. For 
this material has a high 
natural graphitic content 
and is especially suited for 
parts subject to friction and 
hard usage. 

Ili 

Richardson, for many 
years, has been helping to 
solve the plastics prob- 

lems of industry. Our 

experience is at your 
service. You will find it 
a diversified service, with 
skilled plasticians ready 
to help you mold or lami- 

nate whatever grade and 
type of INSUROK is 

best for your application. 

411 

1 

Courtesy, Sundstrand 
Machine Tool Co., 
Rockford, Ill. 

L, ,pteccUo«Peadtied 

/te RICHARDSON COMPANY 
. LOCKLAND, CINCINNATI IS, OHIO FOUNDED 1858 Sale. Headquarter.: MELROSE PARK, ILL. 

Sale, Office.: NEW YORK 6 ..- CLEVELAND 15 DETROIT 2 
Foclorie.: MELROSE PARK, ILL. NEW BRUNSWICK, N. J. INDIANAPOLIS, IND. 
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MIDGET RECEIVER (Continued) 

Positive voltage feedback from the 
voice coil compensates for the loss In 
amplifier gain due to cathode resistor 

cathode resistor. If this design 
cannot be followed and the voice - 
coil voltage is too high, a resistor 
can be inserted in series with the 
voice -coil circuit. 

Ionosphere Studies 
ASTRONOMERS have known for over a 
decade that radio waves penetrated 
the ionosphere. They have measured 
the intensity and frequency distribu- 
tion of radio waves received from the 
sun and correlated these measure- 
ments with sun spot activity, and 
have detected radio waves arriving 
from the direction of the Milky Way. 
Radio waves from the sun cause the 
familiar hissing received during ion- 
ospheric storms. (Nature, Nov. 3, 
1945, p 534, letter from E. Appleton, 
abstracted in Wireless World, Jan. 
1946, p 26, abstract commented on in 
Wireless World, Mar. 1946, p 99 in 
letter from D. W. Heightman.) 

Stabilized Cavities 
CAVITIES OF MICROWAVE oscillators 
can be stabilized against frequency 
changes by passing an electron beam 
of variable density through them. 
One application of this technique, 
described in Electronic Engineering, 
Feb. 1946, p 61, consists of coupling 
the cavities of two reflex klystrons 
by a line so that one cavity appears 
as a resonant circuit in parallel with 
the other cavity. One cavity is oper- 
ated as an oscillator, or r -f amplifier; 
the other is prevented from oscillat- 
ing. The intensity of the electron 
beam of the non -oscillating cavity is 
controlled to vary that cavity's reso- 
nant frequency. If this beam is con- 
trolled from the modulating signal 
fed to the oscillating klystron, f -m 
accompanying a -m of klystrons can 
be counteracted. 
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E lickering firebrands of burning fagots. smoking 

pine knots and pitch soaked moss lacked the con- 

venience and effectiveness of the modern flash light. 
It took the same type of imagination. backed by 

science. to develop efficient miniature mobile light- 
ing as it did to develop miniature Electron Tubes. 

Due to their inherent improved characteristics, 
TUNG-SOL Miniatures are found in high frequency 

circuits in which the use of the larger type tubes 

would be impractical. lit other circuits TUNG-SOL 
Miniatures are also more satisfactory. They are 

more rugged and more resistant to vibration. Be- 

cause they are smaller, and lighter; TU\G-SOL 

, . .\ 
111110 

7"-"," ... 

more efficient 
...in miniature 

Miniatures make possible the pro- 
duction of smaller and lighter equip- 
ment. This is the trend of today. 

TUNG-SOL Engineers will be glad 
to help you interpret your tube re- 

quirements in terms of Miniatures. 
TUNG-SOL is a tube manufacturer, 
not a set builder. The disclosures of your plans 
you make in consultation will be held in strictest 
confidence. 

ACTUAL SIZE 

TUNG -SOL 
zaikin/ion - /e4/e</ 

ELECTRONIC TUBES 
TUNG - S O L LAMP WORKS, I N C.; NEWARK 4, NEW JERSEY 
Sales Offices: Atlanta Chicago Dallas Denver Detroit Los Angeles New York 
Also Manufacturers of miniature Incandescent Lamps. All -Glass Sealed Ream Headlight Lamps and Current lnterrnittors 
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NEW PRODUCTS 
Latest developments in new apparatus, 
components, materials. New literature 

Flexible Coaxial Line 
BOSTON INSULATED WIRE and Cable 
Co., Uphams Corner Postal Station, 
Boston, Mass. Filamented high - 
temperature dielectric cables in the 
CO -X line are now available fabri- 
cated into harness, equipped with 
end seals or junctions or ells and 
tees suitable for connection with 
standard RMA rigid coaxial lines. 
Various methods of terminating the 
flexible lines are shown in the upper 
part of the illustration. Most of 

long, thin needle contacts imbedded 
in plastic handles, red or black. The 
Model P 13 consists of probe and 
handle with banana socket; Model P 
13K is equipped with a 5 -foot cord 
with a banana plug at each end. 

3 

Remote Amplifiers 
RAYTHEON MANUFACTURING CO., 60 
East 42nd St., New York 17, N. Y. 
Two new remote amplifiers are avail- 
able for broadcast use. Distortion of 
less than 14 percent from 50 to 200 

r/ 
rim 

these can be pressurized. Junction 
between rigid lines and the flexible 
harness to antenna elements might 
be effected by means of the fittings 
shown below. The largest cables are 
tested to .3,000 watts at 60 cps and 
do not form a carbon track on con- 
tinuous arc -over. 

Another recent development now 
available is the Twin -X line of 
weatherproof shielded -pair cable 
suitable for f -m, television and 
amateur lead-in service. Filamented 
construction of this line keeps losses 
low. 

2 

Test Probes 
A. ROTHFUCHS, ING., Dufourstr. 107, 
Zurich 8, Switzerland. Among the 
electrical articles available from this 
manufacturer are test probes with - 

236 
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cps and less than 1 percent from 200 
to 15,000 cps with noise level 60 db 
or better is claimed for both the 
1 -channel and the 3 -channel equip- 
ments. Gain is 86 db. A 4 -inch il- 
luminated vu meter permits the re- 
mote operator to ride gain on the 

program. The smaller unit has a 
built-in power supply and consumes 
a total of 48 watts from a 110-120 
volt, 60 cps line. It measures 
161 x 9 x 7k inches and weighs 20 
pounds. Power supply for the 3 -chan- 
nel amplifier is in a separate carry- 
ing case with a compartment for ac- 
cessories. Power consumption is the 
same for both amplifiers. The power 
supply measures 101 x 9 x 74 inches. 
Total 'weight of the equipment is 54 
pounds. 

4 

Tubing and Sleeving 
WILLIAM BRAND AND Co., 276 Fourth 
Ave., New York 10, N. Y., has de- 
veloped a varnish impregnation proc- 
ess for cotton braided tubing which 
leaves the material pliable, yet with 
resistance to oils, acids and alkalies 
exceeding that of other insulating 
sleevings. Turbotuff is available in 
all standard colors and sizes up to 
No. 14, either in coils or bundles. 

5 
. Mass X-ray Unit 

NORTH AMERICAN PHILIPS CO., Inc., 
100 East 42nd St., New York 17, 
N. Y., has announced a new X-ray 
unit designed to handle 200 to 300 
chest examinations per hour. Com- 
prising the MCS-type unit are an 
X-ray tube and power supply, fluoro- 

...r... , 
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P7.4VaC STEADY D: C. POWER TOr YOURT LABORATORY EQUIPMENT WITH 

HARVEY Regulated Power Supplies 
Amplifiers, pulse generators, constant fre- 

quency oscillators, measurement equipment - 
in fact any apparatus requiring a constant 
source of laboratory D.C. power - performs 
more efficiently and effectively when teamed 
with HARVEY Regulated Power Supplies. 
Designed specifically for the job, HARVEY 
106 PA and 206 PA Regulated Power Supplies 
perform their functions with utmost precision, 
dependability and operating ease. 

The HARVEY Regulated Power Supply 
106 PA meets every need for a controllable, 
dependable source of laboratory D.C. power 
between 200-300 volts. Operates from 115 volts 
A.C.... output remains constant even though 
line voltage varies between 95 and 130 volts. 
Ripple content is less than 10MV ... two 
separate filament voltages available ... 6.3 
volts, S amps. each . parallel operation 
possible making 6.3 volts at 10 amps. available. 
D.C. voltmeter for measuring output. 

The HARVEY Regulated Power Supply 
206 PA operates precisely and efficiently in the 
S00 to 1000 volt range. It provides a regulated 
flow of D.C. power in two ranges: 500 to 700 
at y. amp; 700 to 1000 at 1/5 amp. Ripple con- 
tent 1/10 of 1% or less in any voltage... 300 
MV at 1000 volts or better. Output is constant 
within I% from no load to full load in esch 
range; regulation 1% or better. The HAR\ EY 
206 PA has many safety and operating features 
that make it as easy to use as the 106 PA. 

HARVEY RADIO LABORATORIES, INC. 
439 CONCORD AVENUE CAMBRIDGE 38, 

r-- 
MASS. 

Typical HARVEY products: Above left The HAS -CAM Model Mn-2S FM Tron.mhter. Center. The MAR -CAM Visual Alignment Signal Generale, Model 205 Ts. Rights The HARCAM Model MFT.15 FM -AM Reee{rer. Write for bullellns. 

ELECTRONICS - June 1946 
237 



4 

ii 

scopic screen, automatic 70 -milli- 
meter camera, and control stand. 
No component of the mechanical as- 
sembly weighs more than 80 pounds, 
being principally cast magnesium. 
The equipment can be unpacked and 
set up in twenty minutes. 

6 

Miniature Plugs and Sockets 
ALDEN PRODUCTS Co., 117 North 
Main St., Brockton 64, Mass., is pre- 
pared to furnish series 121P -125P 
miniature plugs and 441-445 series 

r r 

sockets with from one to five con- 
nections. Diameter of the connector 
face is 11 inch, and socket mounting 
ears have holes 1R inches apart. 

7 

Audio Amplifier 
ALLEN D. CARDWELL MANUFACTUR- 
ING Corp., 97 Whiting St., Plainville, 
Conn. The Model CE -25 high-fidelity 
audio amplifier has three high -im- 
pedance input controls, two for 
microphones and one for phono- 
graph, as well as individual bass and 
treble boost controls. Power output 

r 

is 25 watts with frequency response 
from 50 to 10.000 cps, controllable at 
the low end from minus 15 to plus 
17 db and from minus 15 to plus 22 
at the high end. Power consump- 
tion is 115 watts at 105 to 125 volts, 
60 cps. The dimensions of the equip- 
ment are 151 x 101 x 81 inches. 
Weight is 26 pounds. 

8 

Battery Holder 
SPITFIRE TOOLS, INC., 2931-35 North 
Pulaski Road, Chicago 41, III., an- 
nounces a new standard 10 -cent 
flashlight cell holder designed spe- 
cially for users of hearing aids who 
can not always conveniently purchase 

n'EREar;' 

the conventional hearing -aid type. 
A socket at the top of the holder re- 
ceives the plug. The whole assembly 
is intended to be strapped to the 
hearing -aid B battery. It retails for 
$1.50. 

9 

Breakdown Tester 
INDUSTRIAL TRANSFORMER CORP., 
2450 Belmont Ave., New York 58, 
N. Y., has two insulation breakdown 
test sets on the market, the Model 
IT -25 for portable work and the 
IT -630 with outputs from 0-3,000 
and 0-6,000 volts. A voltmeter is 
provided to show the potential of 
breakdown and an instantaneous trip 
circuit breaker in the transformer 
primary operates at the moment of 
overload. The net price is $125. 

10 

Microphone Floor Stand 
ELECTRO -VOICE, INC., South Bend, 
Indiana. A new microphone floor 
stand can be raised, lowered and 
locked with one -hand operation. 
When locked vertically, the stand is 

still free to rotate. Height adjust- 
ment of the satin -finish chrome 
Model 425 stand is from 37 to 66 

inches. Three -leg spread requires a 

maximum radius of 17 inches. It 
weighs 71 pounds and lists at $22.50. 

11 

Signal Generator 
SIMPSON ELECTRIC Co., 5200-5218 
W. Kinzie St., Chicago 44, Ill. The 
Model 415 wide -range signal gener- 
ator has been designed for service- 
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é z. TOES, RESTRICTIONS 
With the control knob mounted di - 

redly on the condenser shaft you 

are definitely limited in positioning 

both the knob and the condenser. 

The position of one determines the 

location of the other. 

Vo, ít u.Ct% .., 
56W/lITE FLEXIBLE 6/lA FTS 

By using an S.S.White Remote Control flexible shaft 

to couple the condenser to the control knob, you are 

free to place both the condenser and the control knob 

anywhere you want them. In this way you can satisfy 

all requirements of wiring, assembly, servicing, or space 

and at the same time locate controls for convenient 

operation and appearance. This applies not only to 

condensers, but also to any other variable element. 

For full details, write for 

FLEXIBLE SHAFT BULLETIN 4501 
This bulletin gives basic information and technical data 

about S.S.White flexible shafts and their application. 

LSINDUSTRIAL THE S. S. WHITE DENTAL MFG. CO. DIVISION 
DEPT. E. 10 EAST 40th ST., NEW YORK 16, N. Y.. 
FLEXIBLE SHAFTS FLEXIBLE SHAFT TOOLS AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS SPECIAL FORMULA RUSSEOS 
MOLDED RESISTORS PLASTIC SPECIALTIES CONTRACT PLASTICS MOLDING 

ate < rbHrezicaQ A' 4>4,4 9~41 gle~:42e4 
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men requiring f -m and a -m signals. 
The equipment is practically inde- 
pendent of line voltage fluctuations 
and is arranged for constant r -f out- 
put over the entire range. The out- 
put signal can be modulated in- 
ternally at 400 cps or externally from 
below 60 cps to over 10,000 cps. 

12 

F -m Broadcast Transmitters 
FEDERAL TELEPHONE AND RADIO 

Corp., Newark 1, N. J. A new line of 
f -m broadcast transmitters for the 
new f -m band, 88 to 108 megacycles, 
has been announced, with equipment 
having output powers of 1,000 and 
3,000 watts. The center frequency 

:... .. : la 

:^=1"1p .. 
+ i 

is electronically maintained within 
1,000 cps of its assignment, exceed- 
ing FCC requirements. Linear modu- 
lation is assured between 50 and 
15,000 cps even when the transmit- 
ter is overmodulated by transients as 
much as 300 percent. 

13 

Turntable and Amplifier 
GATES RADIO CO., QUINCY, Illinois, 
is now marketing a master tran- 
scription turntable with built-in_ 
amplifier. Five different frequency 

responses, selected by a switch on 
the control panel, are built into the 
three -stage preamplifier. The ampli- 
fier, housed in the cabinet, provides 
ample gain to feed other circuits hav- 
ing input level requirements up to 

_-<411111~11117.; 

..®tIE 

ü 

--.; 
minus 20 vu. Speed of the edge - 
driven aluminum turntable is adjust- 
able. The reproducer has a reed -type 
magnetic cartridge. Units are avail- 
able with either sapphire or diamond 
stylus points. 

14 

Volume Limiter 
RAYTHEON MANUFACTURING CO., 60 
East 42nd St., New York 17, N. Y. 
Designed for use in a -m and f -m 

from 30 to 15,000 cps. Inputs vary- 
¡ng from minus 40 to plus 20 db can 
be handled and the noise level is bet- 
ter than 60 db down with an output 
of 23 db. Recovery time is variable 
and under control of the operator. 
With a compression of 5 db, distor- 
tion is less than one percent. 

15 

Microphone 
AVIOMETER CORP., 370 West 35th 
St., New York 1, N. Y., in its recent 
catalog of handsets, microphones and 
headphones, features the Roger 
handheld carbon microphone de- 
signed for airlines interphone and 
radio use. It has high sensitivity, 
good noise discrimination and an un- 
breakable push -to -talk switch. 

16 

Coaxial Cable Relay 
PRICE ELECTRIC CO., Church St., 
Frederick, Maryland. Now available 
for civilian use is a relay designed 
to be placed between a coaxial line 
from an antenna and the leads to 
transmitter and receiver. The con- 
tacts are arranged to break the re- 
ceiver connection before the trans- 

-t 

,I114 

speech input systems to obtain maxi- 
mum average percentage of modula- 
tion without increase of distortion 
or overmodulation, the new volume 
limiter has a frequency response 

{ 

J w . . t J .,. .. S . s/, .I 

_ 

mitter is connected to the antenna. 
Connections to the relay are made 
with Signal Corps PL -259, or equiva- 
lent, plugs. Operating coils are 
available for 6,.12, 24, or 48 volts d -c 
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1614A 

,F4 

For Rapid Measurements of 
CAPACITANCE and INDUCTANCE 

These two portable, self-contained bridges are 
designed for use in the laboratory, in produc- 

tion testing and in industrial plants. Their 
accuracy is sufficient for a large majority of 
routine measurements. Their usefulness is 
increased considerably by their being portable, 
self-contained, battery operated, and complete 
and ready to use at all times. They are both 
housed in walnut cabinets with removable cover 
and are supplied with the 6 -volt dry battery and 
headset required for each. 

TYPE 1614-A CAPACITANCE BRIDGE 

RANGE for Capacitance: 10 micromicrofarads to 
100 microfarads in three steps; 10 micromicrofarads 
to 10,000 micromicrofarads; 0.01 microfarad to 1.0 
microfarad and 1.0 microfarad to 100 microfarads. 
ACCURACY: +2ío except on lowest range where, 
after zero of 9 microfarads is subtracted, accuracy is 
±2 microfarads +2% of dial reading. DIAL 
CALIBRATION: approximately logarithmic over two 
main decades, with compressed lower decade used for 
measurements below 100 microfarads. RANGE for 
Dissipation Factor: 0 to 45%. FREQUENCY: 1000 
cycles ±5% from internal oscillator. ACCESSORIES 
REQUIRED: if a d -c polarizing voltage is used a 2 
microfarad blocking condenser is required. Space is 
provided in the cabinet for such a condenser, not 
supplied with the instrument. Price: $105.00. 

. 

o ' 

o 
lr: 1 

TYPE 1631-A INDUCTANCE BRIDGE 

RANGE for Inductance: 10 microhenries to 100 
henries in 3 steps of 10 microhenries to 10,000 micro - 
henries; 0.1 henry to 1 henry and 1 henry to 100 
henries. ACCURACY: ±2.5% of dial reading 
between :00 microhenries and 10 henries. Below 100 
microhenries the error varies inversely as the magni- 
tude of the unknown. DIAL CALIBRATION: 
approximately logarithmic over two main decades 
with a compressed lower decade for measurements 
below 100 microhenries. RANGE for Q (storage 
factor) : 1 to 45. Other specifications are the same as 
those for the Type 1614-A Capacitance Bridge. 
Price: $115.00. 

DELIVERIES PROBABLY FROM STOCK. ORDER NOW! 

GENERAL RADIO COMPANY 
90 West St., New York 6 920 S. Michigan Ave., Chicago.5 

Cambridge 39, 
Massachusetts 

950 N. Highland Ave., Los Angeles 38. 
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CRYSTAL CARTRIDGES 
FOR PHONOGRAPH PICKUPS 

THAT The Astatic Corporation is the 

world's largest producer of Crystal Phonograph 

Pickup Cartridges is, in itself, actual testimony of 

their outstanding service and high operating effi- 

ciency. That they are preferred and used by a 

majority of the leading manufacturers of electrical 

phonographs and automatic record changers, is 

convincing evidence of their expert engineering and 

construction. 

factured to 

performance 

Astafic Crystal Cartridges are manu- 

meet today's exacting standards of 

and are individually tested and ap- 

proved for output voltage and frequency response 

before being released for shipment. Astatic Cart- 

ridges are extensively used in an ever-growing field 

of new product applications, as well as for replace- 

ment purposes or the improvement of existing 

equipment. 

.4 static Crystal Devices 
manufactured under Brash = 

Drrrlopmrnl Co. paren/1 

THE" - _ 

f- / 
CA-451-1 CORPORATION 

CONNEAU, HIO 
IN CANADA CANADIAN ASIA7IC 17D. 7ORONIO, ONTARIO 

I 

or 115 or 230 volts, 60 cps. The con- 
tacts will carry one ampere at radio 
frequencies. The relay 'measures. 
3 x 2t; x II inches and weighs 9. 

ounces. 

17 

Television Capacitors 
GENERAL ELECTRIC CO., Schenectady 
5, N. Y., announces a new line of 
small capacitors designed especially 
for television receivers. Available in 
two types, flat cylinder and tubular 

it, , 
construction, the Lectrofilm units 
are equipped with prong -type ter- 
minals. Their characteristics, 0.005 
microfarad and 5,000 to 16,000 volts, 
make them suitable for filter and al- 
lied uses. 

18 

Robot 
W: C. ROBINETTE Co., 802 Fair Oaks 
Ave., South Pasadena, Calif. The 
Motron servo Model 61A is a pack- 
aged continuous -balance control sys- 
tem of great sensitivity which can be 
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No electrical equipment can be any better than its insulation 
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This insulating varnish 
helped shipyard elec- 
trical equipment operate 
under wartime overload. 

935 
rce to rr°\ tn°,Ors o 

9°d ean of 
mOch 

ibe °n o:. . o :ej ex dr 1. 
hl coa 

SXIVINI. 
h9h ,te , 

1 Fa M'- sh °r r - 0 1 

b°kr9 vme ded FO,1"°"---)1° 
rn = 

a : J¡`' `, . buck oR` ° ' -, . r ' 
P tec 

_ - T to ' "Z T.7 

' 1 1. cas 
. ' 

chet 
- - ' I -- , 01 .. , 

, 

...and the same varnish 
can help to keep peace- 
time industry's electrical 
equipment on the job. 

-num.@ 

IN the field of insulating varnishes the General Electric 
label stands for 45 years of experience in research and 
manufacture ... large productive capacity ... expert tech- 
nical service. G -E Insulating Varnishes, which were sup- 
plied in millions of gallons for the toughest war uses, now 
are available to all industry. You can count on uniformity 
of product in every shipment because of strict G -E Quality 
Control in every manufacturing operation. For full details 
consult your local General Electric Merchandise Distribu- 
tor. Or write direct to Section RIMA- 6614, Resins and 
Insulation Materials Division, Chemical Department, 
General Electric Company, Schenectady 5, New York. 

GENERALS ELECTRIC \.1 

Ii 

INSULATINGI11 - 
. 

4 

RNISHES 

G. E. OFFERS A COMPLETE LINE OF INSULATING MATERIALS 
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PACKAGED KILOWATT 
COMMUNICATION---RADIOBEACON 

160-T 
1000 watts 

-1 to 15 MC 
Al and A3 

Local or remote 

Specifications 
POWER OUTPUT 

FREQUENCY RANGE 

EMISSION 

CONTROL 

170-T 
1000 watts 

200 to 500 KC 

Al and A3 
Local or remote 

The 160-T COMMUNICATION Transmitter is designed for airways, coastal 
harbor, police or any point-to-point service where dependable tele- 

phone and telegraph communication is essential. 
The 170-T RADIOBEACON Transmitter provides homing 

facilities for aircraft. Tone keying offers station iden- 
tification; voice modulation gives weather and 

landing information. Applicable as well 
for coastal -marine beacon and 

communication Installations. 

Details on request 

ERCO RADIO LABORATORIES @, 
HEMPSTEAD,. NEW YORK 

Manufacturers of CUSTOM BUILT RADIO APPARATUS 

applied to the automatic control of a 
variety of operations requiring hu- 
man supervision. Miniature elec- 
tron tubes control the speed and 
direction of a standard 1/15 horse- 
power induction motor according to 
the position of an input dial. The 
input dial can be actuated by small 
forces such as those resulting from 
meter movements, air vanes and 
compass needles. 

19 

Voltage Regulator 
SORENSEN AND CO., Inc., 375 Fair- 
field Ave., Stamford, Conn. The new 
Model 5000-2 electronic voltage regu- 
lator is the first designed for 230 - 
volt operation within the load range 
of 500 to 5,000 volt-amperes. The de - 

L_. 

I 

vice is unaffected by lagging power 
factor variations or frequency 
changes between 50 and 70 cps and 
stabilizes line voltage within 0.25 
percent. Harmonic distortion of the 
output wave is less than 5 percent. 

20 

Plastics Preheater 
AIRTRONICS MANUFACTURING Co., 
5245 W. San Fernando Rd., Los An- 
geles 26, Calif., now offers the Model 
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lectronics READER SERVICE .. . 

1 BRING YOUR LIBRARY 

UP TO DATE ON 

ITERATURE AND 

IEW PRODUCTS, 
Manufacturers' Literature as 

1111 as further information on New 
toducts described in this issue are 
i:iportant "working tools" for de - 
¡in and production departments. 
14 make it easy to keep up to date, 
1.ECTRONICS will request manu- 
fcturers to send readers the liter-- 
t;ure in which they are interested: 
list fill out card-we do the rest. 

PLACE Id STAMP ON CARDS 

I W TO ORDER: Fill out completely 
(itme, address, etc.) for each piece of 

1 trature or new product information you 
Ore. This service only applies to the 
c'ove and not to advertisements. Write 
rjectly to company for -information on 

it advertisements. Each circle must con- 
k the number that appears in this issue 

11 
r the article on which you desire fur- 

(fir information. This gives your request 
othority and allows the manufacturer to 
i/om we send your original request, to 
ci ress your copy correctly. 

EASE NOTE ... 
Iilthe event. this copy of ELECTRONICS is 

Kssed along to other members of your 
¿moony, please leave this sheet in for 
titiir convenience. This assures everyone' 
lIyour plant the opportunity to fill in their 
quests. When the round is completed, 
ci ds can then be detached along perfor- 
ctd lines and dropped in the mail. Each 
i'ividual request will be mailed by us to 

company offering the information. 

r.jr 

rite In circle number of Item 

scribing one catalog 

ur Company Name. {/e "/ ? .. 
f 

Lddress. 2/7LW!S f%- 
.... o5!Q,...I//moil..... 

¡Our Nome...JQ% 
!!//.8f7....Jflif6..._; 

..._ 

tour Title.. `.E.nii z. er. 
LECTRONICS, 330 W. 42nd St., New York 1E1 

1 

CARDS NOT GOOD 
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describing one item wanted-+ 
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For the Reader... 
ELECTRONICS' fundamental pol- 

icy has always been to supply its read- 
ers with all the pertinent and timely 
industry news. The ELECTRONICS' 
Reader Service supplements this policy 
by offering the reader an easy and 
effective means of obtaining com- 
plete, up to the minute data on new 

products and of maintaining at his 

fingertips comprehensive, practicable 
information on "who's doing what" in 
the industry. 

There's complete coverage in every 
issue of ELECTRONICS of the month 
by month development by manufac- 
turers of new materials, components 
and equipment, as well as brief men- 
tion of all the important, new, manu- 
facturers' technical pamphlets and 
catalogs. Some of these items will be 

of particular interest to specific design 
and plant engineers, buyers, execu- 
tives and others of our readers. They 
will want to make further inquiry con- 
cerning the new products described, 
or they will want to read and hake o 

permanent part of their industrial li- 
brary some of the manufacturers' lit- 
erature and catalogs. ELECTRONICS' 
Reader Service makes it easy for them 
to obtain in readily accessible and us- 

able form the information they desire. 

For the Manufacturer... 
ELECTRONICS' Reader Service will 

also be welcomed by manufacturers 
who are desirous of placing the com- 
plete news of their product develop- 
ments os well as their technical bulle- 
tins and catalogs in the hand of those 
members of the electronic industry ... 
including design, electrical, and pro- 
duction engineers, researchers, phys- 
icists, executives, and buyers - who 
have a particular interest in, or rep- 
resent a potential buying power, for 
their products. 

PLACE 1 e STAMP ON CARDS 

SUGGESTIONS FOR THE 
IMPROVEMENT OF OUR 
READERS' SERVICE ARE INVITED 

ELECTRONICS is constantly seek- 
ing new and improved ways of pro- 
viding its readers with the news and 
information they want and need, and 
of assisting the manufacturer in effec- 
tively delivering his message to elec- 
tronic markets. If you have any ideas 
for us, send them along. They'll receive 
prompt and grateful consideration. 

June, 1946-ELECTRONICS 
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There are several important reasons why SEALEX Bushings provide permanent 
hermetic sealing capable of withstanding severe shock and vibration. First, the 
steatite dielectric is chemically bonded to the metal electrodes and collar; second, 
matched coefficients of expansion assure a permanent bond through an extreme 
range of temperatures. Last, every bushing is subjected to an air pressure test of 
50 psi prior to shipment. 

These facts, plus the added feature that all metal parts are hot tinned to facilitate 
soldering, is your guarantee that SEALEX Bushings will meet your requirements 
to the letter. Standard types include both individual lead terminals and multiple 
headers with as many as 16 leads. Special types can be supplied to practically any 
specifications. Write for details. 

GENERAL 

CERAMICS and STEATITE CORP. 
OFFICES and PLANT: K E A S B E Y¡ NEW JERSEY 
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COTO 

CONTROL WHEELS 
for 

PROMPT DELIVERY 
Coto Bakelite Control Wheels may 

again be had in the familiar 21/4" 

31/4" diameters. They are supplied 

with aluminum scale complete, or 

wheel only as desired. 

Separate name plates in a wide 

choice of titles are also available 

for attachment on scale or for use 

over meters. 

We solicit inquiries 

on quantity orders 

COTO -COIL CO., INC. 
COIL SPECIALISTS 

SINCE 19I7 

65 Pavilion Ave. Providence 5, R. I. 
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DH dual preheater designed for use 
in plastics molding plants. Controls 
are arranged so that two different 
types of load can be used alternately 
or in any desired sequence without 
the necessity of continually resetting. 
The model illustrated is rated at 2.5 
kilowatts and measures 18 x 22 x 36 
inches. 

21 

Oxygen Detector 
BAKER AND Co., INC.,Newark 5, N. J., 
has designed the Deoxo indicator 
which shows the presence of from 

0.001 to 1.0 percent oxygen impurity. 
Such a device is particularly useful 
to the tube and lamp industry as 
well as in metallurgy. 

22 

Gas Switching Tube 
SYLVANIA ELECTRIC PRODUCTS INC., 

500 Fifth Ave., New York 18, N. Y. 

Gas switching tubes for rapid, auto- 
matic transmit -receive service in 

high -frequency systems employing 
wave guides are now available for 
use in the frequency range 8,400- 
9,600 megacycles. Two types of 
tubes, known as TR and anti-TR, are 
mounted in separate branches of the 
wave guide system. When ionized by 

the transmitter signal, they operate 
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TRAIN RADIO TO AID IN OPERATION OF 

PERE MARQUETTE'S NEW, STREAMLINED TRAINS 

"By virtue of their efficient and effective performance during the war, the nation's 

Railroads have won the respect and goodwill of the America) people. It is essential 

that this public esteem be maintained. That is why progressive railroad manage- 

ments are planning the use of many technical developments capable of making 

additional contributions to the safety and comfort of rail passenger service, and 

why the new, streamlined passenger trains which Pere Marquette soon will put 

into operation are to be equipped with train radio communication systems." 

President 

Pere Marquette Railway Company 

In designing mobile communications facilities for 

the nation's progressive railroads, Farnsworth has met 

and soh ed a number of unique engineering problems. 

For example, before train radio could be of maxi- 

mum service in streamlined t rain operation, new antenna 

techniques had to be developed. On the one hand, 

minimum clearance, far below the seventeen -to -twenty - 

inch height of the normal VI IF railroad antenna, vas 

a prime requisite. On the other hand, because human 

life, as well as valuable property, is invoh ed in passen- 

ger train movements, efficiency and reliability could 

not be sacrificed. 

Faced with this dual objective, Farnsworth engineers 
set to work. Creative engineering, coupled with careful 
field testing, resulted in the new Farnsworth VHF train 
radio antenna. Though as efficient as the taller, quarter - 
wave, ground -plane antenna, heretofore accepted as 

standard, it is only eleven inches in height. 

This new antenna is another instance of the careful 
engineering and thorough research through which 
Farnsworth railway communications systems guarantee 
maximum usefulness and flexibility with simplified, low- 
cost maintenance. Farnsworth Television (Si Radio Cor- 
poration, Dept. E-6, Fort \Vayne 1, Indiana. 

FARNSWORTH 
TELEVISION & 
RADIO CORPORATION 

Farnsworth Radio and Television Receivers and Transmitters Aircraft Rodio Equipment Farnsworth Television Tubes Halstead Mobile 
Communications and Traffic Control Systems for Rail and Highway the Farnsworth Phonograph -Radio the Capehart the Panamuse by Capehart 
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to assure now 

PERFECTION 
IN PRODUCTION 

- ' . _.. 

ROTOBRIDGE 
Checks a Circuit a Second 

Use the Rotobridge as insurance against returns, rejects and 
troublesome service calls. 

This automatic instrument checks wiring errors, resistance 
and reactance values-right on the assembly line! 
Designed for continuous 
serves you where and as 
tolerance at one point? 
another spot? Trust the 

24 -hour duty, the Rotobridge 
you direct. A 10% resistance 
A 25% capacity tolerance at 
Rotobridge to do the job with 

unfailing accuracy-and completely automatically! 
Versatile, the Rotobridge is adaptable either to several 
small -sub -assemblies, or a complete set comprising as manv 
as 120 circuits. Two or three Rotobridge units, working 
simultaneously, will inspect a 30 or 40 tube set up ... in 
five minutes! 

Write for Bulletin and Prices 

Communication Measurements Laboratory 
120 Greenwich Street, New York 

SALES j Chicago: 612 N. Michigan Avenue 
OFFICE Washington: 924 19th Street, N. W. 

248 

to permit normal transmission. Both 
tubes deionize in a few microseconds 
to permit reception with the same 
antenna and wave guide system. The 
types 1B37 and 1B35 (anti-TR) are 
designed for use with the type 
1B24 (TR) tube in standard wave 
guides with 0.4 x 0.9 inch inside di- 
ameter. 

23 

Stroboscope 
COM MUNICATION 

LABORATORY, 120 
New York 6, N. Y. 

MEASUREMENTS 
Greenwich St., 
The Model. 1210 

stroboscope can be adjusted to flash 
at any frequency from 10 to 800 cps, 
corresponding to speeds of 600 to 
48,000 rpm. A vibrating reed allows 

standardization at power line fre- 
quencies within plus or minus 3 
percent. The light source is fastened 
to the carrying handle in such a way 
that lamp and cord are enclosed in 
the cabinet when not in use. The 
cabinet weighs 193 pounds and meas- 
ures 101 x x 10` inches. 

24 

Fluid Variable Capacitor 
TIMING INSTRUMENT CO., 106 
Spring St., New York 12, N. Y. The 
Cam -Rotor variable capacitor makes 
use of a shaped rotor moving in a 
fluid of high dielectric constant and 
low power factor, continuously 

t á 
\ Ii 5 ' 
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I'm 
_,L, 

Design 
Engineer 

hat's Why . I subscribe to 
ELECTRONICS, and for the same reason, 
it's why practically everyone else in my type 
of work does too. 

"Here's what ELECTRONICS 
does for me ... 

It gives me the most complete and informative picture 
of all important electronic developments, be they [new 

government regulations, new theories, new products, 
new applications or. new literature. Each month I'm 

sure I'm 'up front' and fully informed on all pertinent 
industry news. I've learned from experience that 

I can rely on ELECTRONICS for complete, accurate, 

technically sound editorial content. 

In a word, it's authoritative. 

How about advertising content, 
Mr. Engineer? 

" When I said ELECTRONICS gave me the compre- 

hensive picture I needed I had advertising as well as 

editorial content in mind. Because ELECTRONICS 
carries the largestvolume of advertising it offers the 

best and most complete picture of available products, 
their characteristics and sources. Such information 

is of vital importance to me ... particularly when 

I specify purchases: Frankly, I spend about as much 

time on the advertisements as I do on editorial content." 

1 

i 

"My job is to dream up electronic 

equipment that will knock dollars off 

operational costs, improve end products or 

accomplish something that's never been 

done before. 

"But I can't dream in a vacuum. I must 

be 100% up-to-date on everything happen-. 

ing in my field.. I must know and under- 

stand all the newest developments if I am 

to do the creative, constructive. job that's 

expected of me. 

Mr. Manufacturer... 

to the largest, most influential 

This is not an isolated case-it's typical. 

Therefore, make sure your products are 

fully represented in each issue of 

ELECTRONICS where they will be read 

and studied by the men who design, create 

and influence purchases. Tell your story 

Yv,T }.wti 
electronic audience 

ever made available f, 

' to advertisers in 

nCs 

1 

r 

J 

A McGRILL PUBLICATION 

electronics 
DESIGN ... PRODUCTION .I.. USE 

A BC 

330 W. 42nd SI., New York 18 

Established 1930 ABP 
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START OF A 

SOLDERING JOB 

the RIGHT FLUX 
from KESTER 

The RIGHT FLUX because Kester engineers, recognized 
solder authorities for 47 years, give careful considera- 
tion to the kind of soldering that's to be done, and fit 
the flux formula to the job's requirements. 
That is why you can expect maximum results, in your 
plant, with Kester Flumes ... results which will mean 
fewer service difficulties, better product performance. 
The Kester laboratories will gladly consult with you 
about the, proper flux formula for any operation. Write 
fully, without obligation. 

KESTER SOLDER COMPANY 
4204 WRIGHTWOOD AVENUE CHICAGO 39, ILLINOIS a- nil t rf1 Eastern Plant: Newark, N. J. 

11N 

z 
S T A N WA.R D F O.R 

Canadian Plant: Brantford, Ont. 

IN.DUSTRY 

changing the area it presents to a 
fixed plate. The units are sealed and 
are claimed to be interchangeable 
with air -gap capacitors specified by 
RMA for the same service. They are 
also said to have the advantage of 
eliminating acoustic feedback. 

25 

Program Equalizer 
CINEMA ENGINEERING CO., 1510 W. 
Verdugo Ave., Burbank, Calif., has 
an equalizer designed for broadcast 
or recording work, which can also be 
used for attenuation or sound ef- 
fects. The type 4031 unit is gradu- 
ated in 2-db steps. Both ends of the 

r 

range can be attenuated 16 db or 
equalized 12 db. A key selector per- 
mits switching high -frequency peak 
equalization to 3, 5 or 10 kc. A cut- 
out key allows switching the equal- 
izer in or out with no change in the 
overall level. The equipment is sup- 
plied on a 31 -inch panel for stand- 
ard relay -rack mounting. 

26 

F-iu Tube 
GENERAL ELECTRIC CO., Syracuse, 
N. Y. Less than 150 watts driving 
power is needed to obtain 3 kilo- 
watts output from a pair of the new 
GL -7D21 tubes. They have been 
designed particularly for use in f -m 
transmitters. Ring -seal contacts and 
construction facilitate installation 
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1,0 

AD 

NAVY 

NAVY 

111V7 131.11, 
Wartime requirements for accurate smooth -working 

dials resulted in the design of these two new models. 

Both make use of the time -tested "Velvet Vernier" 

drive unit which for more than twenty years has been 

a favorite because of its incomparably smooth action 

and sensitive control. The Type AM Dial is three 

inches in diameter and is available with 2, 3, 4, 5 or 

6 scale. The four -inch Type AD Dial is made with 

2, 3, 4 or 5 scale. 

Both are handsome 

in appearance and 

moderate in cost. 

=NATIONAL COMPANY, 

DIAL SCALES 

Scale Divisions Natation 
Direction of Condenser Notation 

for increase of dial readint 

2 0-100 180° Counter Clockwise 
3 100-0 180° Clockwise 
4 150-0 270° Clockwise 
5 200.0 360° Clockwise 
6 0.150 270° Counter Clockwise 

INC., MALDEN, MASS. U.S.A. 
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Whether your assemblies are of metal, wood, 
fabric or plastic parts - or any combination of 
the four - here is fastening speed for you. To 
cut costs. To save time. With every fastening 
perfect. Never to come apart. What a luxury 
now to set rivets by hand! 

The Milford Bench Type Rivet Setter, versa- 
tile, powerful, precision -made, is the Little 
Giant of the Milford line. The others are all 
floor models, single and double spindle, accept- 

SIZE .059 

SIZE .039 

FASTENING 

Sets .60 :Rivets 
PER MINUTE 

SIZE .097 

in Metal,. Wood, Fabric, Plastic 
or any combination of the four 

MILFORD 
BENCH TYPE 

RIVET SETTER 

1 

+ - - ° - Can be 
RENTED for lim- 

ited or seasonal use 

ing rivets up to I/a" x 2". 
In fasteners and fastenings, Milford's "know- 

how" is vast. Make use of it - it's FREE. 
Whether your product is in or out of the draw- 
ing board stage, get Milford's ideas on cost- 
cutting, time -saving fasteners: semi -tubular 
rivets or special, small metal parts or fasteners. 

A sample of your product, or a blueprint, will 
start Milford engineers' fastening ideas you/ 
way. No obligation. 

THE MILFORD RIVET & MACHINE CO. 
- 859 Bridgeport Ave. 1002 West River St. 

MILFORD, CONN. ELYRIA, OHIO 
Inquiries may also be oddressed to our subsidiary: 

THE PENN RIVET & MACHINE CO., PHILADELPHIA 33, PENNA. 
Designers and Manufacturers of: SPECIAL COLD.HEADED PARTS; SPLIT, SEMI -TUBULAR AND DEEP - DRILLED RIVETS; RIVET -SETTING MACHINES; SPECIAL MACHINE SCREWS AND.SCREW MACHINE PARTS. 

and also neutralization. The anode is 
forced air-cooled and can dissipate 
up to 1,200 watts. Maximum ratings 
apply up to a frequency of 110 mega- 
cycles. 

27 

Railroad Control Unit 
AIREON MANUFACTURING CORP., Kan- 
sas City, Kansas, has developed a 
handset and control unit especially 
for railroad use in vhf and induction 
communication equipment. The hand- 

set by Electrovoice Corp. embodies 
the principles used in the lip micro- 
phone, which cuts out noise without 
attenuating the voice. Controls are 
provided for remote equipment in 
the 1030B unit which measures 
6 x 6 x 11 inches. 

28 

Television Tuner 
ALLEN B. DU MONT LABORATORIES, 
Inc., 2 Main Ave., Passaic, N. J., has 
announced details of the Inductuner, 
a continuously variable tuning device 
covering the range from 44 to 216 
megacycles. Chief advantage of 
this new system, to be included in 
all Du Mont receivers and available 
for other manufacturers, is that it 
will prevent obsolescence of equip- 
ment owing to changes of frequency 
bands. 

29 

Aid to Navigation 
GENERAL ELECTRIC Co., Syracuse, 
N. Y., has streamlined radar equip- 
ment for application to merchant 
ships. The MN -1A radar operates 
at 10 centimeters and has a range 
from 200 yards to 30 miles, with 
resolution of 100 yards or 2 percent, 
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IT'S A BEAUTY! 

RCP WAS MY BABY IN THE 
1 

SIGNAL CORPS, TOO. 

/ 

MODEL, '5 
RCP TUBE, BATTERY 
AND SET TESTER 

.<34 ' HANDSOMER, 

BETTER 
CONSTRUCTED - n- 
INSIDE AND OUT 

i 
a 

RCP Model 805 has been widely ac- 

claimed by veterans and engineers. 
Testimonials pour in like fan mail from 
all over the country attesting to its superior quality and depend- 
ability. Durably constructed in every detail to withstand rough 
portable handling, yet it is impressively attractive for laboratory 
test application. RCP Model 805 is a real technical achieve- 

ment for a triple -purpose precision instrument-and low-priced 
for maximum economy now and in the long run. 

RCP Model 805 is a complete Tube, Battery, and Set 

Tester for direct testing of all circuits, old and new 

types of receiving tubes, rectifiers, and other functions. 

Supplied with high voltage test leads in a sturdy, pol- 
ished wood case with removable cover, 14.1" x 13" x 6". 
Weight -12} lbs. 

i- 
RCP GIVES ME MORE 

FOR MY MONEY 

ON EVERY COUNT. 

RANGES: D. C. voltmeter: 0-2.5- 
10-50-250-1,000-5,000 volt s. 
A. C. volt mete r: 0-10-50-250- 
1,000-5,000 volts. Output volt- 
meter: 0-10-50-250-1,000 volts. 
D. C. milliammeter: 0-1-10-100- 
1,000 milliamperes. D. C. am- 
meter: 0-10 amperes. Ohmme- 
t e r : 0-250-2,500-25,000-0-2.5-25 
megohms. Decibel meter: -8 to 
15, 15 to 29, 29 to 49, 32 to 55 db. 

FEATURE HIGHLIGHTS: Famous Dynoptimum 
test circuit. Line fused. All filament voltages. 

Tests all acorn and ballast tubes. Tests con- 
denser leakage under rated voltages. Accurate 
battery check, tests batteries under actual load con- 
ditions. Tests separate sections of multi -purpose 
tubes. Hot inter -element short and leak tests of 
individual elements. Separate test for noise, hum 
and intermittents. Latest type built-in "Rolin- 
dex" mechanical roller tube chart. Latest type 
Germanium crystal diode rectifier assures efficient 
operation and long-term use. Rectifiers electric- 
ally rugged and will withstand high peak currents. 

FOR FURTHER DETAILS ON 
THIS MODEL AND OTHER 
RCP INSTRUMENTS 

WRITE FOR CATALOG 

RADIO CITY PRODUCTS COMPANY, INC.- 
127 WEST 261h STREET 

MANUFACTURERS OF PRECISION ELECTRONIC LIMIT 
OHM - MILLIAMETERS - SIGNAL GENERATORS 

NEW YORK CITY 1, N.Y. 

BRIDGES - VACUUM TUBE VOLTMETERS - VOLT - 
ANALYZER UNITS - TUBE TESTERS - MULTI -TESTERS 



 

WIRE COMPANY, INC. 

15 Pork Row, New York 7, N.Y. 
'"/f(acl¢ by gnyinaati dot enyina¢t! 

whichever is greater. Bearings are 
within 3 degrees. The antenna re- 
flector is a cast aluminum truncated 
parabola connected to the navigat- 
ors' equipment by wave guide or 
coaxial cable. Power required is 
1,000 watts a -c or 1,400 watts d -c. 
Price, fob Syracuse, is between 
$5,500 and $6,000. 

30 

Ground Plane Antenna 
THE WORKSHOP ASSOCIATES, 66 
Needham St., Newton Highlands 61, 
Mass. A new ground -plane antenna 
is now available for operation on the 
amateur 144-148 and 220-225 mega- 
cycle amateur bands. The radiating 
dipole and the six radials are made 

in tv<o pieces. By screwing on seven 
additional pieces, the antenna is con- 
verted from operation on the high - 
frequency band to the 144 megacycle 
band. Coaxial cables of the 72 or 
50 -ohm types can be used, although 
the lower impedance gives a better 
match. The antenna gives uniform 
coverage in all directions. 

31 

Dual -Channel Preamplifier 
THE LANGEVIN CO., Inc., 37 W. 65th 
St., New York 23, N. Y. Compact 
fixed medium gain preamplifiers 
type 111-A are now being built which 
can be mounted on a frame which is 

in turn attached to a standard relay 
rack. The equipment illustrated 
combines four audio channels and a 
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if you use electrical sheet steels 
look at the DOLLAR -BENEFITS of "Armco" 

Dollar -benefits of using Armco steels 
start with the right grade for the 
right purpose, because Armco pro- 
duces electrical sheet steels and coils 
for exacting equipment of all kinds. 

Many electrical products for home 
and industry will benefit greatly 
from lessons learned during the war. 
Notable progress has been made in 
the development of special ARMCO 

Thin -Gage Electrical Steel for all 
types of high frequency equipment. 
Besides providing many new time- 
saving and money -saving conven- 
iences, steels like these help insure 
safer transportation and faster, more 

ELECTRONICS - June 1946 

accurate communications. 
In your plant ARMCO Electrical 

Steels will give you money -saving, 
money -making results. You get clean, 
flat punchings-laminations that 
stack like a pile of silver dollars ... 
Longer die life, too, all because 
Armco sheets are flat, uniform and 
made to exacting specifications. 

Another point you will not want 
to overlook is Armco's reputation for 
magnetic efficiency. More than 40 
years ago Armco was among the 
first steel manufacturers to attack the 
core loss problem, and it has consist- 
ently led the way ever since. The 

14, 

American Rolling Mill Company, 
2441 Curtis St., Middletown, Ohio. 
Export: The Armco International Corporation 

] h".ealt 
/es149, ~ay./- Qi0i/ 
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In mechanical devices - as in music - the 
timing must be right. To insure perfect timing, 
specify Haydon Repeat and Interval Timers, 
Time Delay Relays, Contactors, Interrupters, 
Elapsed Time Indicators or other Haydon ap- 
paratus that suits your particular timing 
problems. 

Haydon Timing Devices proved their absolute 
reliability in the thousands of important meas- 
uring and motivating functions they performed 
during the war. 

Send for complete catalog. r 
HAYDONEERED TIMING 

+Ea don 
, MANUrACTUaING COMirANY 

INCORPOa.ATED 

e7a4e41.klle, eo~Cd{CiK 

line amplifier, type 102-A. Each 
channel operates from a source im- 
pedance of 30, 250 or 600 ohms into 
a load impedance of 600 ohms. Re- 
sponse of the apparatus is fiat within 
1 db over the range 30 to 15,000 cps. 
An external source of power is re- 
quired for 6.3 -volt, 1.2 -ampere fila- 
ments and a plate supply of 275 volts, 
16 milliamperes. 

32 

Three -Pole Switch 
ACRD ELECTRIC CO., 1316 Superior 
Ave., Cleveland 14, Ohio, has an- 
nounced the manufacture of a snap 
switch designed to handle three cir- 

cuits `simultaneously. Rated at 10 
amperes, 125 volts, or 5 amperes, 230 
volts a -c, the switch operates with 
pressures from 12 to 18 ounces, or 
less for special types. Its overall size 
is 3 x l l x 1 inch. 

33 

Sensitive Relay 
ADVANCE ELECTRIC 8/ RELAY Co., 
1260 W. 2nd St., Los Angeles 26, 
Calif. The type 1200 ultrasensitive 
relay is plastic enclosed, operates on 
less than 5 milliwatts power and 
will handle 1 ampere at 110 volts a -c. 
Coils are available from 1 to 30,000 
ohms. Size of the relay is 2 x 2,94 x 
11 inches and it weighs 61 ounces. 

34 

Molded Coil Forms 
STACKPOLE CARBON CO., St. Marys, 
Pa. Molded bakelite coil forms with 
anchored hairpin wire leads are use- . 

__, J 

1 - 
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The Answer to Television and 
Other High -Voltage Resistor 

Applications... 

10,000 
\IOUTS 

RE pKD Ow 
N 

B from STANDARD 

Sprague KpOlohm 

Resistor to Ground 

Completely insulated surface 
Standard Sprague Koolohm Wire Wound Resistors 
have the high insulation resistance to ground which 
you need for television and other applications where 
high voltages are involved -10,000 volts from the sur- 
face of their sturdy ceramic jackets to their resistance 

elements. Mount them anywhere without fear of 
voltage breakdown! 

In addition, Koolohms give you the 
advantages of higher resistances in 
smaller physical sizes; easier mounting; 

-461 use at full wattage ratings; and overall 
i_. 

PR 

tropicalized protection against the most 
severely humid conditions. Write for 
Catalog 1OEA. 

WOUND WITH 

CERAMIC 
INSULATED 
WIRE 

SPRAGUE ELECTRIC CO., Resistor Division, North 

E boo 

DOUBLY 
PROTECTED 

by gazed 
CERAMIC 

SHELLS and 
MOISTURE -PROOF 

END SEALS 

Adams, Mass. 

0 1s. 
J 1 119 

TRADEMARK REGISTERED U.S. PAT. OFF. 

The Greatest Wire -Wound Resistor Development in 20 Years 
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THIS SPACE RESERVED FOR rt 

SIT DOWN, SIR, AND RELAX. 

That's it! Settle back in this over- 
stuffed chair and relax! Com- 
fortable, Ah -h -h -I Here, sir, is 

your scotch and soda. Now 
then, forget your business cares 

and worries, get ready to enjoy yourself - leave your trou- 
bles to Macallen. Because wherever Mica is used in any form, 
Macallen has the vast resources, the wide technical experi- 
ence and the physical equipment to take care of your re- 
quirements perfectly. 

If your product is generators or motors, transformers, con- 
densers, switches or anything that requires Mica, you can 
rely on Macallen's more than half a century working with 
Mica. Get ready to enjoy yourself - leave your troubles 
to Macallen. 

When You Think of MICA, Think of MACALLEN 

=17- 

TH 
16 MACALLEN STREET-BOSTON 21 

CHICAGO: 565 W. Washington Bird. CLEVELAND: 2005 Leader Bldg 

ful as a support for direct windings 
or for tubes previously wound. 
Molded iron sleeve cores are also 
available for production of coils hav- 
ing fewer turns of wire and high Q. 

35 

Pushbutton Switch 
GENERAL CONTROL CO., 1200 Soldiers 
Field Road, Boston 34, Mass., an- 
nounces a new Model MPB nine-posi- 

93 

,:0 . 
, 

` 1 1 

`I 4 

i'i.-1 1 1 
ó,, , 

¡, 1,' ,ry`c` ¡^J - t i 

tion switch made in either locking 
or non -locking types. Contacts are 
fine silver and are rated at 10 am- 
peres, 125 volts, 60 cps for a non - 
inductive load. 

36 

Transformer Bushings 
GENERAL CERAMICS AND STEATITE 

Corp., Keasbey, N. J. Hermetically 
sealed bushings in multiple and 
single -terminal styles are available 
with current -carrying capacities 
from 1 to 20 amperes and voltage 
flashover in the range from 2,000 to 
40,000 volts rms. Made of stainless 
steel permanently glazed to steatite, 
they can be soldered without dam- 
age, and will withstand 20 cycles of 
thermal shock from minus 55 to plus 
125 C. All bushings are tested to a 
pressure of 50 pounds per square 
inch. 

37 

Fifty Wafter for Planes 
RADIO CORPORATION OF AMERICA, 

Camden, N. J. The model AVT-49 
transmitter weighing little over 40 

pounds is capable of supplying 50 
watts output on any one of four pre - 
tuned frequencies in the range 3 to 
13 megacycles. Transmitter and 
dynamotor power supply operating 
from 12 or 24 volts d -c are contained 
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COMPLETELY SELF-CONTAINED 

IN A 14 -INCH CASE! 

MODFI 
152 

IT'S THE PRECISION MB INSTRUMENT 

AVAILABLE IN VOLTMETER OR SHUNTED AMMETER RANGES! 

SPACE REQUIREMENTS are really cut to a minimum 

with MB miniatures. They are ready for immediate 

installation in equipment or panelboard ... with all 

accessories entirely enclosed within the anodized 

aluminum housing. 

The basic MB high -precision movement is the 

smallest produced. It has a I -inch diameter, and in a 

11/2 -inch case, there's ample room for MB -designed 

multipliers. A standard rectifier, or thermocouple 

for RF type instruments, is also mounted to the 

THE 

base plate in alternating current instruments. 

In addition to small size and simplicity of design, 
MB instruments are also noted for their fine per- 
formance. They're accurate to within 2% of full scale 

at any point; are sturdily built and securely sealed 

to withstand hard use and to give long, satisfactory 
service. Available in round and square shapes .. . 

in voltmeters, millivoltmeters, ammeters, milliam- 
meters, and microammeters. Write for full details 
and specifications. 

1 BMANUFACTURING COMPANY, INC. 
331 East Street, New Haven 11, Conn. 

MINIATURE ELECTRICAL INSTRUMENTS FOR ANY+,P,URPOSE 
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From Blueprint 
to. 18,000Per Day 

Weeks and 2 Days s 
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Here were the requirements-a quality 

ting plastic part ... a price ceiling 
w 
volume pro- 

duction , , ,early deliver date. And 
beat every 

How? The dies were 
made 

in 
our own 

done shop. 
them.mples were submitted put into 
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approval 
the time dies were t 

productiono 

obtained.mldiFromingen- 

ious 

molding rate reached 18,000 pieces 

Our engineers devised an ghat 
day mach 3 

in our machine tool shop 

wos lete ther four required finishing 
would comp 

opera- 

tions at one time. this know-how in devising ways 

It is this service, at the low- 

estand 

means to produce a better product 

price consistent with quality work that is build- 

ing 

are doing for 
And what we 

anuoing for 

others 
H 

canF 
Taylor M lis- 

Co.,w8 do for 
ayou. 

ilwaukee 10, 

Co., 3078 W. Metnecke Ave.,A 

TAYIAR°FMILWAUKEE 
CUSTOM MOLDERS OF It711 1Cr ' PLASTIC AND RUBBER PARTS 

in one unit. A small control box 
separated from the other equipment 
by a 15 -foot length of cable provides 
microphone input to the transmitter 
and a selector switch for the desired 
operating frequency. Operation on 
c -w telegraphy is possible with an 
addition furnished in kit form. 
There are several features which in- 
crease the flexibility of the trans- 
mitter, such as removable meters 
and a circuit breaker instead of 
fuses. 

38 

Five -Position Switch 
GENERAL CONTROL, Co., 1200 Soldiers 
Field Road, Boston 34, Mass. The 
Model MCF, 5 -position cam -lever 
switch has a single hole mounting. 
Of the five positions, all but the 

center can be made locking or non - 
locking. Fine silver contacts are 
rated at 10 amperes, 125 volts for 
a -c noninductive loads. A single bolt 
assembly allows removal of the con- 
tacts for soldering in the most con- 
venient location. 

39 

Personal Plane Radio 
AIRCRAFT RADIO CORP., Boonton, N. 

J. Complete two-way airborne com- 
munication is offered the private 
pilot in a package consisting of vhf 
five -channel transmitter. 1-f receiver 
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JOE MACJERK'S 
STICKING HIS 
FINGERS IN HOT 
TELEVISION SETS 

AGAIN! 

For 
optimum 
performance 
in the 

\I service 
4007 field 

Radio 
Maintenance 
Magazine. 

LAST TIME 
THE BOSS SWORE 
HE'D CUT JOE'S 
SALARY AND BUY 
"RADIO 

MAINTENANCE" 
FOR HIM! 

k 4/". lave 

Articles monthly on: 

Television - AM - FM ' Public Address Systems 

Test Equipment - Tools - Service Kit 

Shop Layout - Service Bench 

Trouble Shooting 

Business News 

Radio Maintenance 

is not sold on 

newsstands 

RADIO MAINTENANCE MAGAZINE 

460 BLOOMFIELD AVE., MONTCLAIR, N. 

.1 
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BILL ME LATER 

NOTE: By enclosing payment, 
thus eliminating billing expense 
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and control unit. The transmitter 
utilizes new frequencies assigned 
for use with CAA airport stations. 
The receiver covers 190 to 550 kc, 
thus including service from range 
stations outside the 200-400 kc band 

40 

Sensitive Relay 
THOMAS A. EDISON, INC., West 
Orange, N. J. The Model 103 relay 
has been designed for use in thermo- 
couple and photocell circuits, since 

it requires only from 1 to 10 micro - 
watts of power for operation. Con- 
tacts will handle ampere in a non - 
inductive circuit. Construction of 
the relay is an inversion of the 
d'Arsonval galvanometer movement 
in that the armature is a permanent 
magnet and the coils are stationary. 
Two coils are supplied so that they 
may be used differentially or in 
series aiding. The unit is enclosed 
and mounted on a standard seven - 
pin tube base. It weighs 0.15 pound 
and is 21 inches high. Diameter is 
14 inches. 

4I 

Broad -range Analyzer 
WESTON ELECTRICAL INSTRUMENT 
Corp., Newark, N. J. The Model 779 
meter has five overlapping a -c and 
d -c voltage ranges, seven d -c cur- 
rent ranges, four d -c resistance, and 
five decibel ranges. Each d -c voltage 
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General Plate 

AI Thin Layer of Precious Metal 

Plus Inexpensive Base Metal 
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Gives You Precious Metal 
Performance ... ECONOMICALLY 

Solid metal performance at a cost slightly more than base 
metal ... that's what you get with General Plate Laminated 
metals. 

In addition to economy, these versatile laminated metals 
give you such advantages as ease of fabrication, workability, 
high corrosion resistance, better electrical performance and 
long life. They are available in flat stock, tube pr wire .. . 

inlaid, covered one or both sides. Some fabricated assem- 
blies such as electrical contacts are also available. 

Investigate General .Plate Laminated Metals, today. Use 
them in such applications as electrical equipment, chem- 
ical apparatus, electronic devices, appliances, mobile equip- 
ment and instruments. 

General Plate engineers are available for consultation on 
your metal problems. Write for their services. 

GENERAL PLATE DIVISION 
of Metals & Controls Corp., Attleboro, Mass. 

50 Church St., New York, N. Y., 205 W. Wacker Drive, Chicago, III., 2635 Page Drive, 

.Altadena, California, Grant Bldg., Pittsburgh, Po. 
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Conant 
Instrument 

Rectifiers 
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SPECIFICATIONS (STANDARD TYPES) 

Col. 1 2 3 4 6 6 7 9 10 

Mount. Color. PEAK ELECTRICAL RATINGS 

Inter. Dimensions Ina 0l Termin,l tosten Inter Con - NA 

net (Inches) Spew Weight Ter- Number tane000 nAIMnt Ilnuous Lhl 
Type Series Circuit A B C D E Site (Gums mineb 1 2 3 4 Volts Mils Volts MIN Volts Mils Price 

N 500 I .890 .500 .485 .800 .328 6.32 13.012 4 red no Dlk nu 30 100 20 60 10 30 57.50 

NS 500 2 .890 .SOO .445 .800 .360 6.32 9.158 3 sed no Dlk - IS 100 10 60 5 30 2.70 

T 500 3 .890 .500 .4s5 .800 .360 6.32 9.158 3 no red no - 30 100 20 60 10 30 2.70 

N 500 4 .890 .500 .400 .800 .392 6.32 7.730 2 red no - - 15 100 10 60 5 30 1.50 

8 160 I .595 .485 .375 .250 .250 2.56 3.400 4 red no Pik no 30 IS 20 10 IO S 3.50 

BNS 160 1 .625 .550 .375 .250 .250 2.56 2.880 3 'red no DIM - IS 15 10 10 5 5 2.70 

BE 160 3 .625 .550 .375 .250 .250 2.56 2.880 3 no red no - 30 IS 20 10 10 5 2.70 

BN 160 4 .625 .550 .375 .250 .250 2-56 2.700 2 red no - - 15 IS 10 lO S 5 1.50 

B -C 160-C I .345 .297 .310 .220 .200 none 1.743 4 red no IAno 30 IS 20 10 lO 5 3.00 

BNS-C 160-C 2 .345 .297 .310 .220 .200 none 1.385 3 red no Llk - 15 IS 10 10 5 5 2.70 

BT -C 160-C 3 .345 .297 .310 .220 .200 none 1.385 3 no red no, - 30 IS 20 10 10 5 2.70 

BN-C 160.0 4 .345 .297 .310 .220 .200 none 1.293 2 red no - - IS IS 10 10 5 5 1.50 

Over ninety per cent of all rectifier requirements are served by 12 types -4 basic 
assemblies in 3 series. These 3 series are the three primary units of Conant rec- 
tifiers. Special types, however, can be developed as needed, and you'll find 
Conant ready to cooperate. 

SERIES 500 UNITS are for general applications requiring greater 
óutput current for meters, relays or other apparatus requiring more 
than 1 milliampere. Recommended for all such applications at com- 
mercial and the lower audio frequencies. Will also operate up to 
50,000 c.p.s. in special applications wherein accuracy of readings is 
not essential. 

SERIES 160 and 160-C are for applications requiring good fre- 
quency response over the entire commercial and audio range and 
especially when the meter, relay or other apparatus requires less 
than 1 milliampere for operation. In some special applications these 
units may be operated at frequencies up to 15,000,000 c.p.s. with 
special circuit treatment. 

SPECIAL TYPES are available in both series 500 and 160-C. When 
requesting a quotation on a special type include a sketch of the 
rectifier required or a circuit diagram showing source and fre- 
quency of the input voltage, resistance and kind of load, required 
load current and the ambient temperatures. 

SERIES 500 Disc diameter .500 inch. Area each disc .15 square inch. 
Furnished with 3" braided, tinned copper leads. Finished in clear 
lacquer. Nickel plated end plates. 

SERIES 160 Disc diameter .160 inch. Area each disc .02 square inch. 
Furnished with 3" stranded, tinned double silk covered copper 
leads. Nickel plated case. Assembly sealed with specially developed 
moisture proof compound. 

SERIES 160-C Disc diameter .160 inch. Disc area, lead wire and 
length and moisture proof seal are identical with Series 160. Dimen- 
sions of the nickel plated case have been reduced to the most com- 
pact size. These units may be mounted in .a standard midget fuse 
clip. 

Conant Instrument Rectifiers are available from leading radio job- 
bers everywhere -consult your local jobber. 

co' 

Jnái~ment ~riem 
ELECTRICAL LABORATORIES 
6500 0 STREET, LINCOLN 5, NEBRASKA, U. S. A. 

20 yesey St.. New York 7, New York 518 City Bank Bldg., Kansas City 8, Mo. 1 526 Ivy St., Denver, Colo. 
B5 E. Goy St., Columbus, Ohio I 2 1 2 Camp St., Dallas 2, Texas 4214 Country Club Dr., long Beach 7, Col. 
600 S. Michigan Ave., Chicago 5, M. 378 Boulevard N. E., Atlanta, Go. Export Div.,75 West St.,New York 6,N. Y. 

1 215 Harmon PI., Minneapolis 3, Minn. 401 8 Greer Ave., St. Louis, Mo. 50 Yarmouth Rd., Toronto, Canada 

range is available at 1,000 or 20,000 
ohms per volt. Readings are made 
on a standard 4 -inch 50 -microampere 
meter. The instrument is contained 
in a wooden carrying case 61 x 91 x 
4i inches. 

42 

Vitreous Resistors 
WARD LEONARD ELECTRIC CO., Mount 
Vernon, N. Y. announces the addi- 
tion of the type M vitreous enameled 
resistors to the standard line. Re- o 

sistance values from 0.1 to 80,000 
1 

ohms with tolerances above one ohm 5 

plus or minus 5 percent are avail- 
able. They meet Army -Navy speci- 
fication JAN -R-26 for characteristic 
F resistors. Power ratings are from 
8 to 155 watts and continuous opera- 
tion at 275 C is possible. 

43 

Totalizing Resistance Decade 
THE DAVEN CO., 191 Central Ave., 
Newark 4, N. J. In order to obviate 
errors in reading and totalizing the 
resistance set up on a decade box in 
laboratory and factory measure- 
ments, the type 751 is provided with 
a counter dial which displays the 
total number of ohms. This feature 
has also been included in an attenu- 
ator network and calculating indi- 
cator manufactured by the same 
company. 

44 

Studio Console 
RAYTHEON MANUFACTURING Co., 

Waltham, Mass., has just released 
details of a speech input studio con- 
sole suitable for use in either a -m or 
f -m broadcasting. One arrangement 
of the equipment would allow its use 
in handling two studios, a control 
room announcing microphone, two 
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HEAD STYLES 
3 

BYOZUS 

STUD 

NEW GROMMET 

i.e 
... 

SPRING ASSEMBLY 

CUTÁWAY VIEW OF 

COMPLETE DZUS ASSEMBLY 

uj" 

Dzus engineers have helped industry solve many 
intricate fastening problems by knowing just the 

right type of fastener head to fit a given application. 
Shown here are just a few of the many different 
styles available to meet practically any requirement: 

Simple, light, durable - these Dzus spiral cam 
fasteners can be installed in any solid or laminated 
materials - wood, metal, fiber, canvas, plastics, etc., 

regardless of thickness. Look to Dzus for the answer 
to your fastening problem. Dzus Fastener Co., Inc., 
Babylon, New York. In Canada: Railway and Power 
Engineering Corp., Ltd. 

SEND to Dept. E for a copy of the new Dzus catalog. More and more 
manufacturers in all fields of industry are finding that Dzus spiral cam 
fasteners squarely meet all the requirements for a dependable fastener. 

* The word Dzvs is the registered trade mark of the Dzus Fastener Co Inc. 
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You get OUT ofuphrl. 
your product exactly what'YOU 
PUT INTO IT! 

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 Rosin Core Solders 
d government specifica- 

tions In purity, and are 
g teed to meet A.S.T.M. 
Class A specifications for 
solder. _i t 

TOP performance and long life are +he two 
things every manufacturer aims to get out 

of his product, to retain customer -popularity 
against ever growing competition. 

Where inferior materials are used, product 
failure results. You get OUT of your product 
exactly what YOU PUT INTO ITl 

Nowhere is this more forcefully demon- 
strated than in Glaser Solders and Fluxes. 
Through peace and war, for over twenty-four 
years, they have withstood the severest service 
tests. 

This explains the steady trend toward Glaser 
Plastic Solder for Radio, Radar, fine electrical 
instruments, and Electronics in general. Tech- 
nicians in these fields have learned that Glaser 
"quality" products are dependable. 

Put Glaser Solder into your product for the 
"sustained performance" that safeguards your 
prestige. 

Consult our Engineering Department 
on your soldering and flux problems. 

GLASER LEAD CO., INC. 
31 Wyckoff Avenue, Brooklyn 27, N. Y. 

OUR 24TH YEAR OF DEPENDABLE- SERVICE TO AMERICAN INDUSTRIES 

turntables and 14 incoming lines. A 
feature of the circuit wiring permits 
studio auditioning of a preceding 
program, but prevents simultaneous 
connection of microphone and 
speaker in the same room, thus 
avoiding audio feedback. Power is 
furnished from a separate pack. 
Frequency response of either the 
line or monitor amplifier is flat 
within plus or minus 2 db from 30 
to 15,000 bps. kt an operating level 
of 20 db the signal-to-noise ratio is 
about 60 db. 

45 

Power Pack 
JAMES MILLEN MANUFACTURING Co., 
Inc., 150 Exchange St., Malden, 
Mass. The Millen 90201 power pack 
has been designed to mount directly 
on the chassis of a complete equip- 

ment or to operate as a portable 
unit. Safety covers are provided for 
the high -voltage terminals. Regu- 
lated voltage up to 200 volts at 85 
milliamperes and unregulated volt- 
ages up to 350 volts d -c are obtain- 
able as well as 6.3 volts a -c. 

46 

R -f Amplifier Tube 
SYLVANIA ELECTRIC PRODUCTS Inc., 
500 Fifth Ave., New York 18, N. Y., 
announces a new tube designed espe- 
cially for f -m and television receiver 
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ARE THESE YOUR QUESTIONS 

ABOUT DIRECT PROCESS 

BLACK LINE PRINTS? 

, o 

How much space will I need 
toinstall BW equipment? 

Because it is so compact in construction, BW printing 
and developing equipment can be installed in a corner 
of your drafting room or engineering department, or in 
a private office. The Bruning printer -developer shown 
above-largest of many Bruning BW machines-meas- 
ures only 65" wide, 61" deep and 71" high. Bruning 
equipment requires no plumbing-no provision for ex- 
haust fumes, because there are none. 

7t- 

Will I need 
specially trained operators 
to make BW black line prints? 

No-any intelligent person can quickly learn to make 
Bruning BW Prints, with their black lines on white 
backgrounds. Remember, too, that even the high volume 
Bruning printer -developers require only one operator. 
All Bruning equipment is designed for ease of use. 
Operation is exceptionally simple-no complicated gad- 
gets to confuse operator. 

Can I have 
cut sheet and roll 
stock production, too? 

Yes-Bruning BW printing and developing machines 
offer you the advantages of either roll stock or cut sheet 
production. When cut sheets are used, Bruning provides 
sheets of BW sensitized paper cut to the exact size of 
your tracings-thus saving trimming time and waste. 
The Bruning line of equipment is complete-providing 
exactly the right equipment for your needs. 

You Get These Six Major Advantages with the BRUNING BW SYSTEM 

chines 

tI simple method for making black line or 
t t ery requirement 

1. versatile, 

ence in analyzing printmaking needs. colored line prints directly from tracings. 

2. 17 years expert 

3. A complete line of materials, including white and 

green -tinted papers, thin, medium and card -weight 

papers,ne prints, BW 
black, 

originaled 
or brown 

itra ings and BWrans- Fiilm 

parrentsis supplementroduction. 
for intenss ifying pencil lines in rep 

4. A complete line of printing and developing 

to i rep 

5. A continuing service 
and 3notl 

s every. 
just BW 

thing forr the engineerdraftsman, 
equipment. Buying a BW machine is, therefore, not a 

"one time sale." 

6. Continuing research and development in the cus- 

tomer's interest. 

CHARLES BRUNING COMPANY, INC. 

NEW YORK 

Atlanta 
Kansas City 
St. louts 

Since 1897 

CHICAGO 

Boston 

Milwaukee 
San Francisco 

Detroit 
Newark 

Seattle 

LOS ANGELES 

Houston 

Pittsburgh 

CHARLES BRUNING COMPANY, INC. 
47I2-18 Montrose Avenue, Chicago 41, Illinois 

Gentlemen: I want to know more about Bruning 
BW Prints and equipment. Please send me informa- 
tion. 
Name 

Company 
Street_- _______ ________ 

City State _ 
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Model shown is from W2C 
series: 2000 to 3500 watts; 
powered by Onan two -cyl- 
inder, water-cooled engine. 

FOR RADIO AND 
ELECTRONIC APPLICATIONS 

ONAN ELECTRIC GENERATING PLANTS 
supply reliable, economical electrical service 
for electronics and television applications as 
well as for scores of general uses. 
Driven by Onan 4 -cycle gasoline engines, 
these power units are of single -unit, compact 

design and sturdy construction. 
Suitable for mobile, stationary or 
emergency service. 

. 
f] 

D. W. 
3552 Royalsfon 

Capacity range:350 to 35,000 
wolfs; 115 to 660 volts A.C., 
5010 800 cycles; 6to 800 volts 
D.C.; combination A.C.-D.C. 
types. 

ogP 9 / 

\ 
ONAN & SONS 

Minneapolis 5. Minn. 

dog/ a "Pocket -Size" OSCILLOSCOPE 

7%1111CKETSCOP 

So SMALL in size (4" x 51/2" x 10") 

So LIGHT in weight (51/2 lbs.) 

So COMPLETE in performance 

So INEXPENSIVE in price (555 net) 

Plus WIDE-ANGLE VISION: on 
shelf, on floor, on bench 

Plus RETRACTABLE LIGHT SHIELD: 
for increased visibility 

FOR DELIVERY : 

Contact your nearest job- 

ber. If he doesn't have the 

POCKETSCOPE available, 
contact us direct. 

WATERMAN PRODUCTS CO. 
INCORPORATED 

Phila. 25, Pa. 

WATERMAN PRODUCTS 

- 

* 

r -f stages. Designated the 7AG7, 
the sharp cutoff pentode features a 
maximum grid -plate capacitance of 
0.005 micromicrofarad and operates 
under the following typical condi- 
tions: heater; 6.3 volts, 0.150 am- 
pere; plate voltage, 250; current, 6 
milliamperes; screen voltage, 250 
volts; current, 2 milliamperes. The 
tube is supplied in a T-9 bulb with 8 - 
pin lock -in base. It measures 24 
inches overall and has a maximum 
diameter of lie inches. 

47 

Tunable -coil Form 
JAMES MILLEN MANUEACTURING CO., 
Inc., 150 Exchange St., Malden, 
Mass. The No. 74001 coil form is 
permeability tuned, shielded and 

equipped with prongs so that it can 
be plugged into a standard octal 
socket. The base is low -loss mica - 
filled Bakelite; the i -inch diameter 
form is polystyrene, suitable for use 
up to 35 megacycles. 

48 

Interference Filter 
SPRAGUE PRODUCTS CO., North Ad- 
ams, 1\Iass., is manufacturing a line 
of small, self-contained filter units 
called Filterols. They are designed 
to be mounted on the frame of the 
device causing interference and con- 
sist of a network with three connec- 

1 
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D1 ST'O R T I'Ó k. . . 

PROVIDE -.MORE- UNIFORM 
TUBE, CHARACTERISTICS 

WITH ANODES OF 

ONE OF the big advantages of using graphite for 
anodes is the high thermal emissivity of this 

remarkable material. Because "National" graphite 
is almost an ideal black body, it is a nearly perfect 
heat radiator. In fact, no other anode material even 
approaches "National" graphite in this respect. 

This means that anodes of "National" graphite 
will operate at lower temperatures for a givdn 

amount of energy dissipated. Thus, all tube parts 
will operate at a lower temperature, resulting in less 

distortion and more uniform tube characteristics. 

In addition to this important property, here are 
others that, combined, make "National" graphite a 

most valuable anode material: High electrical and 
thermal conductivity, low electron emission, ex- 

tremely low thermal expansion, and no melting 
point! Furthermore, graphite can be machined into 
intricate shapes to very close tolerances. 

The full story on the possibilities of graphite for 
your anodes may be had by getting in touch with 
National Carbon Company, Inc. 

This graph shows the total energy radiation from gra- 
phite and other anode materials in watts per sq. cm. 
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NATIONAL CARBON COMPANY, INC. 

Unit of Union Carbide and Carbon Corporation 
The word "National" is a registered trade -mark 

of National Carbon Company, Inc. 
uCC 

General Offices: 30 E. 42nd St., New York 17, N. Y. 
Division Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 
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10009 10007 

10065 
10008 

The Millen Group 
of Plain Dials 

The No. 10007, a, end 9 g,oup of nickel diver 
Own dwls with speaway d..gn.d Nekton') 

tubs hove .ccorNeby reamed brass bushing* 
so es le insure conc.n.idly. The d,elf them. 
selves ere .nsuleled from one hubs by means 
o f spoor ring molded u. poor of The knob. The 
.mall 10007 out Is .vedobl. wle valor 1110' 
siondord sad. or 250. IN poseneeme.r use. 
No. 10003 is vents dnv* device fo, us. suds 
No. 10001, 3YI" dad. The knobs es else 
..,l.34. less d.eis, fo, come. uses. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

,s-rr 

LYI 

tions one of which is grounded to 
the can. Three types in the range 
from 1 to 35 amperes at 115 volts a -c 
or d -c and one unit for 220 volts a -c 
or d -c, rated at 20 amperes, are pres- 
ently available. 

49 

Amateur Crystals 
BLILEY ELECTRIC Co., Erie, Pa., has 
announced a new plated crystal for 
amateur frequencies. Secondary elec- 
trodes under spring pressure clamp 

the Type AX2 plated crystal sur- 
faces to provide better thermal dis- 
sipation and improved frequency 
stability under high -drive condi- 
tions. 

50 

Lightweight Telephone Wire 
UNITED STATES RUBBER Co., 1230 
Sixth Ave., New York 20, N. Y. De- 
signed with geophysical prospecting 
in mind, a small -diameter wire is 
dipped in insulating material which 
has remarkable resistance to rough 
handling. The resultant conductor 
is light in weight and therefore suit- 
able for uses wherein quantities 
must be carried by hand. 

51 

tudio Frequency Meter 
GENERAL ELEcralc Co., Syracuse, 
N. Y., has announced a new audio 
frequency meter, Type YE -5, which 

IMri Year Or.: away M w first M 

Start Your Own 
RADIO SERVICE 

SHOP 
C. 

TEST EQUIPMENT 
TUBES, PARTS, TOOLS 
Act ~Mal M.et it.. .W a d.eeaAd 1.. ,i mv:o. Irm ram ~ma mama. ~imam 
moo u poáNále tta.r d ram ta.. N. I.0 
No ~a. Wm s w.nMr, wee ./-1730 
up D.s.ls ar.. ny.rl W,e e. M/0m. 

RCP 448 

$24.50 net 
i 

RECORD CHANGERS 
YTAN.o,TUOAA 51OC 011.77 
Wllataa.CNICAOO . he.... . .... 37.30 

HALLICRAFTERS SX-28A 
$223 

SUPER DEFIANT +3123 
SAO CHAMPION . -0R 
t1b1RIDER MARINE .. . 32311l 
840 SE It MODEL App,.u.etc y 
SYYRIDER JR. $41 . 

0111.50 
11000 
111.50 
71.50 
33.30 

I HAMMARLUNDHG-149-X$129 

TRIPLETT 625-N 
101M10 rdo, per c-dt D C. 
'MAO oho. cr s IA/' 
S' Sci4-10PM15STQUALITI 
l l31 D C. \ alt Ham" l Ewa 
(0) A C \'dt Law,. LI kw 
( 31 OHM Reye. 4.1-1111»1111.111» 

I M 
(350 C. C mat Rays I Ma. 

as 10 AI.a. 
PLUS OUTI'U1 sad Da. 

HA All LA 

$45.00 .ab *di led.. 

PHILCO BEAM OF LIGHT 
Seleul.,m Gin ed7. m Wan, 1 o 

10% depa.t teqwnd ae all C.0 D. urban. 3% 
ar.ae{.rtellw Idlae.r as eiders d 031.00 e 
arre twaw.peal.d b7 wt7tw.t Y Id. I Masacmu" 

K H V U SUPPLY & 

ENGINEERING CO., Inc. 
027 SEIDEN AVE. DETROIT I. MI(N. 
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"There's a: Meyercord 
Decal for o 

,. 
. . conirercial SorfeCe 

every kind of 
. 

;:::;:. :.. . 

THIS PRACTICAL "SLIDE -RULE" 
WILL HELP YOU SELECT THE RIGHT 

¿ + 

M EYE RCORD DECAL NAMEPLATES 
Don't take a chanceon just "any Decal" 
to do your product identification job. 
Conditions, type and use of surface 
should determine the kind of Decal and 
adhesion method. Meyercorcl techni- 
cians have prepared this Decal Selector 
to assist in the selection of the right 
Decal ...for use as trademarks, instruc- 
tions, patent data, etc....particularly 
on difficult surfaces. There's a 

Meyercord Decal for every surface, 

from standard Kwik-Ways to highly 
specialized types resistant to acid, abra- 
sion, temperature extremes, moisture..: 
for application on any shape or kind 
of commercial surface. No rivets, bolts 
or screws required. They can be pro- 
duced in any size, design or number 
of colors. Write today for the new 
Meyercord Decal Selector to help you 
specify the right Decal. Please address 
your inquiries to Department 9-6 

° 

TN E.. MEVER.CORD C 
World's Largest' Decalcómania. Manufacturers 

5,3 2 3 WEST' LAKE STREET CHICAGO 44, 
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HARVEY'S 
IN and OUT 

DEPT 

Y - It comes in suddenly and 
goes out rp pidly ... It's sur- 
plus math:dal that Harvey 
carefully selects because we 
know it will be valuable to 
some laboratory or plant. 
Below are a few represen- 
tative samples of the sur- 
plus buys in stock when this 
publication went to press. 
Some of these may no longer 
be available, since quanti- 
ties are generally limited, 
but there will be others . 
laboratory and production 
test equipment in first class 
condition lust as useful, 
just as low priced! If what 
you want is not listed, keep 
in touch with us. We can 
probably supply It soon. 

BC -221-125 to 20,000 kc. Fre- 
quency Meter $39.50 

SC-I-122-A-Laboratory Standard 
Signal Generator; 34-134 Mc.; 
.1 volt output $79.50 

NC-100-ASD-Signal Corps Com- 
munications Receiver; 200-400 
and 130p-30.000 kc.; a.v.c. and 
b.f.o. $115.00 

LM-15-Navy Crystal Calibrated 
Frequency Meter; 125 kc. to 20 
Mc. Complete with spare parts, 
spare tubes, spare crystal 

$125.00 
RBL-3 - Navy Long Wave Re- 

ceiver; 15-600 kc. in 6 bands; 
with spares $59.50 

GR 805A-Laboratory Signal Gen- 
erator $750.00 

RG-11/U-73 Ohm Coaxial Cable. 
Minimum length 100 feet. per B. 

12c 
Carter Dynamotor -5.5 volt input; 

350 volt, 150 mils output. Brand 
new $14.95 

Precision Crystal Unit CR-IA/AR 
-Grade A; 5000 kc $1.95 

OA S ¡ARC - Crystal Oscillator 
Unit including 2 Pierce (»cilia. 
tors and modulator. Complete 
with four 9002 tubes $6.95 

Hewlett-Packard 200 BR Audio 
Oscillator - 20.20,000 cycles; 
rack mounting 5100.00 

Remember, for news of surplus 
you con use, call HARVEY first! 

Telephone: LOngacre 3-1800 

C 
LnSL ' r'.I c) ,11 p rI t ti i J 
103 West 43rd St., New York 18,--N. Y.- 

MEN 

-° 
. . - .__.._ - 

will be 
branches 
a -m and 
metering 

found useful in many 
of the electronic field for 
f -m broadcasters, in tele - 
and in various phases of 

manufacturing. A range switch is 
provided so that maximum accuracy 
of readings from less than 20 pulses 
per second to 50,000 cps is provided. 
Input voltage for operation of the 
meter can vary between 105 and 125 
volts with no more than 1 -percent 
variation above or below the true 
reading. 

52 

Power Triode 
GENERAL ELECTRIC CO., Syracuse, 
N. Y., announces manufacture of a 
new three -electrode transmitting 
tube, type 7C29, particularly de- 
signed for operation up to 110 mega- 

/ 

cycles as a class C r -f amplifier. 
Plate dissipation under forced air 
cooling is 500 watts. Typical opera- 
tion in an open -line circuit with a 
plate voltage of 2,800 volts shows a 
power output per tube of 600 watts. 

53 

Pipe Locator 
NILSSON ELECTRICAL LABORATORY, 
Inc., 103 Lafayette St., New York 13, 
N. Y. The Model 112 pipe locator 
consists of a transmitter and re- 
ceiver. The transmitter unit is con- 
nected to the pipe or', conduit and 
remains stationary. The receiver, 
equipped with a three -stage ampli- 
fier and headphones, is used in trac- 
ing the pipe by a signal which at- 

uuEiLinF 
POSITIVE PRINT 

PAPERS 

ELIMINATE 
THE NEGATIVE 
In Print. Making 

You Save Time With Wei - 
line ... lots of time ... by 
producing positive prints di- 
rect from your engineering 
drawings. 

You Eliminate the Negative 
... and get perfect work -prints 
every time. The dry - direct 
process uses no wet chemicals. 
No washing and drying. No 
curling. 

You get Choice of Blue or 

Red Line Prints on white back- 
ground. Helps to tell prints 
from different depts. 

You get Intermediate 
Originals with Sepia lines on 
transparentized paper ... that 
save draftsman's time in mak- 
ing design changes . . . and 
speed up print production. 

Write for Free Sample 
Book and Full Information 

ADDRESS DEPT. EL 

J.H.WEIL&CO. 
1315 CHERRY STREET 
PHILADELPHIA 7, PA. 

DRAFTING MATERIALS 
SENSITIZED PAPERS 
ENGINEERING INSTRUMENTS 
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INIS OUO-DIODE 

Now...a Germanium 

Crystal Duo -diode 

THE 1N35 
CONSISTS OF TWO MATCHED 

"INTEGRALLY MOUNTED CRYSTAL DIODES. 

The 1 N35 is a precision circuit element, 
accurately adjusted, ruggedly constructed. 

Germanium crystal is cut from 
0.6 mm. sheet, optically ground 
smooth on one side, and silver- 

* soldered to tip of brass screw. 

Whisker is formed from tung- 
sten wire 75 microns in diam- 
eter, and soldered to screw. 

Loop provides spring pressure. 

Whisker Is adjusted for correct for- 
ward and back resistance. Isolantite 
cartridge is wax -filled to maintain 
correct adjustment and render 

moisture -proof. 

Pigtails are silver -soldered 
to precision-forrhed contact 
cups, and cups are welded 

over end caps. 

CONSTRUCTION DETAILS 

OF THE 1N35 

TYPICAL CIRCUITS 

RIGHT - The 1 N35 in frequency discriminator circuit. 

BELOW - Full wave rectifier second detector circuit. 

, lF 
INPUT 

6 

OUTPUT 

The Sylvania 
1N35 

(SHOWN ACTUAL SIZE) 

The 1N35 Duo -diode, a new circuit element 
developed by Sylvania Electric, consists of two 
Germanium Crystal Diodes mounted in a single 
assembly that facilitates mounting. 

The two crystal diodes are matched for 
values of forward and back resistance, under 
conditions typical of those anticipated in actual 
use. In addition, the 1N35 is tested for R.F. 
loading on a tuned circuit. 

The 1N35 is valuable wherever full -wave 
rectification, modulation or demodulation is 

required in a balanced circuit. Potential appli- 
cations include FM discriminators, bridge rec- 

tifiers, ring modulators, demodulators, and 
varistors. 

TENTATIVE SPECIFICATIONS 
Each diode used in the 1N35 has the following 
tentative characteristics: 

Peak Inverse Anode Voltage 
Peak Anode Current (sine wave) 
Average Anode Current 
Surge Current (transient peak) 
Back Conduction at 50 volts 
Operating Frequency Range 

50 volts 
60 mo max 
22.5 ma max. 

200 ma max. 
2 mo max. 

0-100 me 

Inquiries are invited concerning applications 
of the 1N35. 

IF 

INPUT 

ONE IN35 DUO -DIODE UNIT 

OUTPUT 

SYLVANIAo ELECTRIC 
Electronics Division ... 500 Fifth Avenue, New York 18, N. Y. 

MAKERS OF ELECTRONIC DEVICES; RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS 
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VIBRATION 

Rugged-precision built-resists vibration. Time delay control ranging 
from a fraction of a second to several minutes. Setscrew adjusted. 

Write for complete information and catalog. No obligation. 

AGASTAT 
Electro -Pneumatic TIME DELAY RELAY 

ELIZABETH aGa NEW JERSEY 
AMERICAN GAS ACCUMULATOR COMPANY 

BAKELITE SHEETS, 
RODS ANA TUBES 

7=1 

On special mill ship- 
ments we can give 
prompt delivery. Also 
complete fabrication 
service backed by over 
20 years of experi- 
ence. 

ELECTRICAL 

INSULATION CO., INC. 
12 Vestry St., New York 13, N. Y. 

1 

tains maximum audibility closest to 
the pipe. Distance to which pipe 
may be traced varies upon conditions 
and may be from 2,000 to 5,000 feet. 
Carrying case to hold the complete 
equipment measures 15 x 91 x 7f 
inches and total weight is about 10 
pounds. 

54 

Vacuum Variable Capacitors 
JENNINGS RADIO MANUFACTURING 
Co., San Jose, Calif., announces de- 
velopment of a new variable vacuum 
capacitor. Seven complete revolu- 

Ir 1.: 

tions of a shaft are required to cover 
the range of capacitance so that no 
additional vernier is necessary. The 
models illustrated have ranges of 50 
to 250 and 5 to 25 micromicrofarads, 
with peak voltages of 10,000 and 20,- 
000 volts, respectively. 

55 

Coil Checker 
STARR AND THORNBURY, 4101 Rhodes 
Ave., North Hollywood, Calif. The 
Kartron Coil Checker is essentially a 
device to measure the Q of a coil, and 
is useful in manufacturing to indi- 
cate shorted turns or open windings. 
An average operator can check as 
many as 5,000 coils a day, detecting 
a single shorted turn of number 44 
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The Electrodynamic Speaker 
-the first voice of all modern 

sound reproduction. 

SPEAKERS 

Magnavox... 
loud -speaker headquarters since 1915 

HE electrodynamic speaker, invented 
1 by Magnavox engineers in 1915, revo- 

lutionized the world of sound and made 
possible the development of all modern 
public address systems, radios and movies. 

Now, after three decades of continuous 
research and development, Magnavox is 

not only the oldest, but also the largest 
manufacturer of quality speakers. 

Magnavox designers and engineers 
have achieved a breadth of experience and 
knowledge that enables them to meet your 

CAPACITORS 

specifications exactly. Magnavox supplies 
quantity requirements of the manufactur- 
ing trade-over 150 models are offered. 

Our staff of trained engineers and 
designers stands ready to apply its develop- 
ments to any of your speaker and com- 
ponent problems. Feel. free to call on 
them at any time. And when you need 
speakers-specify Magnavox! There is no 
substitute for experience. The Magnavox 
Company, Components Division Fort 
Wayne 4, Indiana. 

y r a n a vox 
has served the radio industry for over 30 years 

S O L E N O l D S . ELECTRONIC EQUIPMENT 
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BURGESS 
simplifies your 

problem of 

NEW DRY 
BATTERY 
DESIGN 

eV4i Gf3 ;=- -' ...._ ' tr, 

FOR SPECIAL APPLICATIONS 
... Burgess makes it easy to de- 
velop just the battery you need for 
new instruments or electronic 
equipment. 
USE THIS HANDY CHECK SHEET 

... you can easily fill in the com- 
plete details required for your spe- 
cial battery ... enables Burgess 
engineers quickly to provide you 
with correct and complete data on 
just the battery you need. 
Send for this free check shéet to 
put at your disposal the complete 
Burgess engineering facility. 

HUNDREDS of special batteries 
have been developed by Burgess 
engineers for new applications... 
the battery you need may be 
among them. Consult Burgess 
today! 

SEND THIS COUPON! 

BURGESS BATTERY CO. 
Freeport, Illinois Dept: E-6 

Send me the free check sheet to aid in 
new battery development. 

Name 

Company 

Address 

City State 

wire in a winding of 10,000 turns. 
There is no danger of electrical 
shock to the operator. The coil 
checker operates from a 110 to 120 
volt, 50 to 60 cps line. Overall di- 
mensions are 6 x 6 x 12 inches. List 
price is $150. 

56 

Supersonic Generator 
FISHER SCIENTIFIC CO., 717 Forbes 
St., Pittsburgh 19, Pa., and Eimer 
and Amend, Greenwich and Morton 
Streets, New York 14, N. Y. The 
Crystalab Ultra-Sonorator produces 
500 watts of radio -frequency energy 
at 100, 400, 700 and 1,000 kilocycles. 
Input power is obtained from any 
110 -volt, 50 to 60 cps line. These 
units are suggested as having use- 
fulness in application of supersonic 
energy to physical, chemical and bio- 
logical fields of research. 

57 

Grid -control Rectifier 
ELECTRONS INCORPORATED, 127 
Sussex Ave., Newark 4, N. J., an- 
nounce a new grid -control xenon -gas 

,r = 

rectifier, type EL C3J. Filament 
voltage is 2.5; current, 9 amperes; 
peak forward voltage 750; peak plate 
current, 30 amperes. The tube is 
6A inches long. 

58 

Direct -coupled Amplifier 
AMPLIFIER COMPANY OF AMERICA, 
396-398 Broadway, New York 13, 
N. Y. The Model ACA-100DC am- 
plifier has been designed for studio 
monitoring, microphone and speaker 
measurements or any other exacting 
audio service. Response from 20 to 
20,000 cps is within plus or minus 
1 db. The amplifier develops 23 watts 

A major 
advancement 

in the 

recording blank 
field .. . 

dO/ea1 

GUARANTEE 

GOULD-MOODY 

MElac%seaeN. 
ALUMINUM 

RECORDING BLANKS 

e e e at no increase 
in price ! 

After prolonged research and experi- 
mentation, we have Introduced techno- 
logical improvements Into "Black 
Seal" blanks that not only Increase life 
span, but materially enhance the other 
finer characteristics of these blanks. 
And so positive are we of the worth 
of these perfected "Block Seals" that 
we're offering them to you on an un. 
conditional ten-year guarantee basis. 

You can't afford to be a 
recording isolationist e . e 

"Black Seal" blanks will not rip up, 
disintegrate or powder after the first 
playing if kept in storage for any 
long period of time. You are in no 
danger of losing valuable recordings 
in what, up until now, you hove con- 
sidered your safe library of recording 
blanks. No matter how well you may 
be satisfied with your present blanks, 
you can't afford to be a recording 
isolationist. Try "Block Seals"-if, for 
any reason whatsoever, you aren't 
satisfied, return them at our expense, 

THE GOULD-MOODY co. 

Rec.:dueq 11~K4 Diaieiaer 

395 BROADWAY' NEW YORK 13, N.Y. 
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1 TELEVISION Euimenf 

POLARAD Television 
SYNCHRONIZING GENERATOR 
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MODEL PT101 

Features 
Built in 3" oscilloscope with synchronized 
sweeps for viewing important pulse wave 
forms. 

Synchronized marker system for checking 
pulse width and rite time. 

Fast lock -in action for motion picture appli- 
cations. 

Extreme stability, insured by deriving all 
pulses from leading edge of master oscilla- 
tor pulse. 

Wide band delay line for adjusting delay 
times without distorting pulse wave forms. 

Dish -pan construction to allow for maximum 
accessibility for maintenance. 

SPECIFICATIONS: 
525 line, interlaced, 60 fields, 30 frames, RMA 
synchronizing pulses held to tolerance specified 
In the NRTPB report of 1945. 

19 

for studio laboratory manufacturer 

Dual Regulated D. C. POWER UNIT 
This unit consists of two independently 
regulated d -c power units which are design- 
ed to meet the operational requirements 
of television equipment or other apparatus 
where close regulation and low ripple con- 
tent are important. The unit mounts in a 

standard type relay rack. Dish -pan Con- 
struction is used, thereby permitting equal 
accessibility to front and rear components. 

Each Power Unit has its own power 
switch, fuses, pilot light and voltage control. 

SPECIFICATIONS 
A. C. Line IIS Volts, 50/60 cps. 
D. C. Voltage 250-300 Ripple less 

than 0.001/, 
D. C. Current 400 MA Each Unit. 
Impedance less than 1.50 ohms. 

MODEL PTIIID 

Wide Band VIDEO AMPLIFIER 
Designed for usé as an oscilloscope deflec- 
tion amplifier for the measurement and view- 
ing of pulses of extremely short duration and 

rise time. Supplied in a portable cabinet, 
19-I/4" x 22" x 14-3/4", and consists of an 
amplifier unit, a low capacity probe, and a 

power unit. Amplifier gain is 41.5 DB. 

The amplifier is supplied with a frequency 
compensated high impedance attenuator 
calibrated in 10 DB steps from 0 to 50 DO. 

A fine attenuator control is also provided to 
cover a range of 10 DB. 
Frequency Range. Flat within 3- Ilk db from 100 

cps to 20 MC. 
Input Impedance. a) Probe: 12 MMF + 470000 
ohms. 

b) Input Jack: 30 MMF + 470000 ohms. 
Output Impedance. 18 MMF + 5000 ohms each 

side push pull. 
Max. Input Voltage. 600 Volts peak to peak 

with probe. 
Max. Output Voltage. 56 Volts peak to peak 

(push pull). 
Low frequency range extended per specifica- 

tions. 

a 

100 cps to 20 MC 
MODEL V 

Television Camera CHANNEL AMPLIFIER 
Designed for black and white or color television camera chains. Can be used 
with either orthicons or iconoscopes. 

The features incorporated into 
this amplifier provide maximum 
operating flexibility. 
Frequency Response: -- 1.5 db. to t 

megacycles. Less than 2% tilt for 60 
cps square wave. 

Gain: Voltage gain0. Input level- 
.02 volts across 75 ohms. Output=l.0 
volts across 75 ohms. 

Features: Dual output tubes. Streaking 
correction for inconoscopes. Remote 
gain and black level control. Gamma 
correction. Video black level auto- 
matically held constant with respect 
to blanking, black reference regard- 
less of average scene brightness. 

ro_ a 
Eeee,e~ed &plod«, 
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MODEL TC 

135-B LIBERTY STREET, 

NEW YORK 6, N. Y. 

REctor - 2-0534 
REctor - 2-4484 

a 
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New "DIALCO" PLN-849 Pilot Light 
features the 

New Neon NE -51 Bulb - ! 
With _1 

1 

BUILT-IN 
RESISTOR 
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 the 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 type. 
(5) High resistance to vibration or shock. (6) Supplied 

complete with General Electric Neon 
NE -51 Bulbs. May also be adapted 
to accommodate General Electric 
Radio Panel Bulbs such as 47, 44, 
etc., for loss voltage circuits. Bulbs 
removable from front of panel. Aiso 

(patent Pending) 

BUILT-IN 
RESISTOR 

N HOUSED 

IN SPRING 
CONTACT 
EYELET 

Write for Four Page Illustrated 
Brochure 

WRITE FOR NEW 

DIAL LIGHT C 

ILLUSTRATED 
BROCHURE1:1 I 

.910>t a, 17t.C. 

900 BROADWAY NEW YORK 3, N. Y. 
Telephone: ALgnnyuin 4-518011-2-3 

Precision That Meets Cost -and -Delivery Promises 
THIS PART was turned over to us 

with costly jig fixtures and tools. 
But to keep our cost -and -delivery 
promises, we found it preferable to 
retool the job ourselves. 'Tolerances 
on this part ran as close as +.0005 
inches,-.0000. All machined surfaces 
had to be finished to super -smoothness. 

Such precision is our business here 

at Ericsson-has been for more titan 
35 years. We are glad to consult with 
manufacturers whose products are 
more effectively marketed with close - 
tolerance parts produced economically. 

ERICSSON 
ESTABLISHED 1911 

ERICSSON 
SCREW MACHINE PRODUCTS CO., INC. 

25 LAFAYtIIt Sr Rttt. BROOKLYN I, a, Y. 

QéAAA N-,,:- 
,AM,C1,IrIL31 CO N A.R4ENICA 

4:414414411: 

output with less than 1 -percent dis- 
tortion. Two inputs are provided, 
each 500,000 ohms. Outputs of low 
impedance and 500 ohms are avail- 
able. Power consumption is 150 
watts. Overall dimensions are 171, 
x 10 x 10 inches. Net price of the 
amplifier is $177 complete with 
cables. 

59 

A -e Line Regulator 
SORENSEN & CO., INC., Stamford, 
Conn. A low-cost regulator has 
been designed which holds line volt- 
age within plus or minus 0.5 percent 
of adjusted value during variations 
of input voltage from 95 to 125 

f 

A 

I 

LL 

volts and variations in load from 50 
to 500 volt-amperes. Regulation of 
the Model 500 is accomplished elec- 
tronically, without moving parts. 
Frequency variations as much as 10 
percent have no effect on its opera- 
tion. Harmonic distortion is less 
than 5 percent. The price is $98. 

60 

Audio Meter 
RADIO CORPORATION OF AMERICA, 

Camden, N. J. The model 306-A 
audio -frequency meter is self-con- 
tained, operating from a 1,17 -volt, 50 
to 60 -cps line and requiring 70 watts 
of power. Frequencies from 0 to 
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using SORENSEN ELECTRONIC REGULATORS 
SORENSEN REGULATORS are based on a unique prin- 
ciple that results in extremely accurate voltage regulation 
-independently of variations in INPUT VOLTAGE, LINE 

FREQUENCY, LOAD & POWER FACTOR, within wide 
limits. 

Regulation is accomplished electronically without mov- 

ing parts of any kind. This means QUICK RESPONSE, 

LOW MAINTENANCE and LONG LIFE. 

Whatever the peculiarities of your regulation problem, 
investigate the SORENSEN REGULATOR. 

Here are a few of the characteristics available in the 
various models: - 

Regulation Accuracy 0 2% 

Load Ranges 25 V.A. to 5 K.V.A. 

Harmonic Distortion 5% max.' 
' Less than 2%-Special Models. 

Response Time 6 cycles max. 

Adjustable output voltage. 
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THE MODEL 500 

Load range SO V.A. to 500 V. A. 

Regulation accuracy ±0.5% 
Price $98.00 

F.O.B. Stamford, Conn. 

Write for descriptive bulletin 

SORENSEN & CO., INC. 
375 FAIRFIELD AVE STAMFORD, CONN. 
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Check These Exclusive 

KWIKHEAll 

SOLDERING 

lIA 

} 

* SAVES TIPS 

* SAVES TIME 

* SAVES EFFORT 

* SAVES WEIGHT 

* SAVES CURRENT 

* SAVES THE IRON 

HOT IN 90 SECONDS 
READY FOR USE .. 
Kwikheat's built-in thermostat main 
tains proper, even heat for most effi- 
cient, economical operation. Can't 
overheat ... saves tips ... requires 
less retinning. Powerful, 225 watts, 
yet light weight (14 or.), well-bal- 
anced with cool, protecting handle. 
Complete with #1 tip ... $11.00 

6 TIP STYLES 

Interchangeable 
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. . . ASK YOUR JOBBERI 

e. 

50,000 cps with amplitudes from 1. 

to 200 volts rms can be measured 
with an accuracy of plus or minus 
2 percent. Waveform errors are 
practically eliminated. The unit 
measures 81 x 19 x 13E inches, 
weighs 41 pounds and costs $275 net, 
fob Camden. 

61 

Molded Capacitors 
NORD MANUFACTURING Co., Inc., 
Bridgeport, Conn., announces a new 
line of molded tubular capacitors. 
Available in capacitance ranges from 

,133~1133.,fr_ 
, 

0.001 to 0.1 microfarad and up to 
1,000 volts d -c, the new units have 
the advantage of smaller physical 
size than in more conventionally 
enclosed types. 

62 

Long -Life Rectifier 
FEDERAL TELEPHONE and Radio Corp., 
Newark 5, N. J. A midgét, 5 -plate 
square -stack selenium rectifier has 
been designed to replace the rectifier 
tube in modern portable receivers 
which employ battery, a -c, or d -c. 
Besides having many times the life 
of the type 117Z6 tube it replaces, its 
action is practically instantaneous, 
no warm-up period being necessary 
for its operation. The type 403D- 
2625 unit has a rated current -carry- 
ing capacity of 100 milliamperes d -c 

F 
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SPECIALIZED 
PAPER 

FOR 

WIRE 
WRAPPI 

'"i 

A variety of treatments to meet 
every wire and cable wrapping re- 
quirement - includes crepeing for 
pliability; supérior strength; cor- 
rosion resistance; weather proofing 
and special attention to uniformity 
for production winding. 

Let us help you find the most 
efficient and economical Electrical 
Paper for your purpose- send us 
your requirements. 

FREE BOOK 

Contains data 

on Electrical 
Paper proper- 

ties an.d a 

wide variety 
of samples. 

rr/u4i 

AN PR Ip© 
ti 

REO. U.S. tItt t,,t PAT.OrP. 

CENTRAL PAPER COMPANY 
INCORPORATED 

2442 LAKESHORE DRIVE, MUSKEGOH, MICH 
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LOCK -IN 
(Glass Bonded Mica) 

Chassis Hole -1%6" dia. 

Mounting Centers -13/46' 

Mounting-Top or Bottom 

OCTAL 

Chassis Hole -1%6" dia. 

Mounting Centers -1%6" 

Mounting-Top or Bottom 

BYE 
SOCICETS 

Lo ck-In, Octal, and Hon phot.c 

LOCK -IN 

Chassis Hole -1%%s" dia. 

Mounting Centers-ls/is" 

Mounting-Top or Bottom 

OCTAL 

0 

Chassis Hole -1" dia. 

Mounting Centers -1%%6" 

Mounting-Top or Bottom 

With or without Grounding Lugs 

Write today for 
complete details .. . 

LOCK -IN 

Chassis Hole -1%6" dia. 

Mounting Centers-i%6" 

Mounting-Top or Bottom 

With or without Grounding Lugs 

NON-MICROPHONIC 
(Miniature) 

Chassis Hole- ih1 ' dia. 

Mounting Centers-r/." 
Mounting-Top or Bottom 

JHUGH 53 

IE 
INCORPORATED 
18 W.CHELTEN UDC. 

PHILA., PENNA. 

t 

1 
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RUGGED Screw Terminals 

for a RUGGED Rheostat 

HARD.WICK, 
RHEOSTATS 

The sturdy screw terminals are 
integral with the massive ce- 
ramic winding core-a great core 
that gives 25% more capacity. 
These solid screw studs cannot he 
deformed nor ripped loose. 

And this is only one of several 
exclusive features of this line of 
rheostats, ranging from 50 to 500 
watt capacity. 

Our 10 watt and 25 watt rheo- 
stats also, and many different 
types of Hardwick -Hindle resist- 
ors, offer. other exclusive advan- 
t ii ges. 

Write us today. Our engineers 
are at your service. 

HINDLE, INC. 
and RESISTORS 

Subsidiary of THE NATIONAL LOCK WASHER COMPANY 
NEWARK 5, N. J. ESTABLISHED 1886 U. S. A. 

7Áe FINEST MICROPHONES 
,,.rP.A.anIRECÓRDING/ 

1 
. . .._, .... . 

AMPERITE 
VELOCITY 

MICROPHONE 
,WITH 

PATENTED 
ACOUSTIC 

COMPENSATOR 

181 

D 

/U¢w P. G. 

DYNAMIC 

AMPERITE KONTAK MIKES 
IDEAL ' FOR AMPLIFYING 
STRINGED', INSTRUMENTS 

usth WITH ANY 'AMPLIFIER 
AND WITH' RADIO SETS. 

ASK YOUR JOBBER ... WRITE FOR FOLDER 

° ER1TE 
561 BROADWAY NEW YORK 

WITH NEW 
SUPERIOR 
ELIPSOID 
PICK UP 

PATTERN! 

and a peak inverse voltage of 330 
volts. Less heat is dissipated than 
that from the tube rectifier. It will 
be useful in other apparatus where 
requirements are comparable. The 
unit measures 11 x 11 x fI inches. 

63 

Metal Detector 
RADIO CORPORATION OF AMERICA, 
Camden, N. J. The electronic metal 
detector protects product quality and 
expensive finishing machinery, such 
as saws, plastic molds and textile 
equipment by detecting, rejecting or 
marking material containing bits of 
metal. Alarms and special fittings 
for specific manufacturing details 
can easily be added to the three 
standard models available. The 
equipment is particularly adaptable 
to conveyor belt applications. 

Literature 

64 
Lamps and Fuses. Solar Electric 
Corp., Warren, Pa., has just re- 
leased its new 1946 catalog describ- 
ing a complete line of incandescent, 
fluorescent and special lamps as 
well as plug and cartridge fuses. 

65 
Factors and Formulas. I -T -E Cir- 
cuit Breaker Co., 19th and Hamil- 
ton Streets, Philadelphia 30, Pa. 
Bulletin 4508 includes sections on 
definitions of basic units, mensura- 
tion conversion factors, electrical 
conversion factors, temperature 
conversion formulas and prefixes. 

66 

Standard Radio Symbols. Sun Ra- 
dio and Electronics Co., Inc., 122- 
124 Duane St., New York 7, N. Y., 
has reissued the two -page chart, 
"Graphical Symbols for Electronic 
Diagrams," reproduced from ELEC- 
TRONICS. These symbols have been 
abstracted from the American Stand- 
ards Association publications Z32.10- 
1944 and Z32.5-1944 and present in 
a convenient form those of greatest 
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THE NEW 

SIGMA 
SERIES 41 RELAY 
is streamlined for high volume 
applications and yet offers the 
standard of quality inherent in 
all Sigma Relays. 

Construction Features: 
Beryllium copper armature and 
contact springs. 

Spring reedtype, armature hinge 
with low'reluctance gap. 

High permeability, lowresidual 
iron parts 

H R(de). R2(ue) 41 F2(.c), F(de) 
Size: 

Unenclosed types: 1" x 1 7/32" x 
2 3/16"* 
Plug-in types: 112" x 114" x 17/8 
high. 
* (Lung dimension includes full 
length of mot ' C bracket). 

Minimum Input Requirements: 

20 milliwatts for D.C. types. 
0.1 voltamperes for A.C. types. 

Contacts: 
S.P.D.T. 

Ratings up to 15 amperes with low 
voltage D.C. or up to 1 K.W. mean - 
descent lamp load at 115 volts A.C., 
with sufficient input power. 

For critical performance re- 
quirements at minimum 

cost specify the Sigma 
Series 41 Relay. 

Sig 'a Instruments, INC. 

RELAYS 
62 Ceylon St., Boston 21, Mass. 

e a = 1214 
a 

q142ui PROGRESSIVE DIES etch 

GOAT PRECISE -FORMED STAMPINGS 
Sase //t4s e y¿ c Su ctsteeery f rOduetlo c 

New techniques in construction and use of high speed, auto- 
matic, single operation, multiplestage, progressive dies, in 
conjunction with the GOAT ,Precision Feed (U. S. Pat. No. 
2,250,520), make possible: higher production speeds, lower 
scrap losses, less tool maintenance, overall lower costs, and 
closer tolerances than ever before possible. On lots of 500,000 
or more the savings are indeed worthwhile. 

S44U4. JaHeitte4 tYL cáCIli úr94 
LET 

¿S Pvt cadt edtúxated 
/ 

REOfs16p /3 
ADDRESS DEPT. EL 

'OR 
GOAT METAL STAMPINGS, INC. sf,(Mvtyo 

Affiliate of The Fred Goat Co..., Inc. 
`314 :DEAN STREET . BROOKLYN ,N. Y.. 

.- 

TESTING 
TRANSFORMERS 

' 1' 
;,r.: ;r, t, 

1;;- 15 

Write 
for 

Complete 
Information 

1 

Dongan high potential test- 
ing transformer for insul- 
ation break -down tests. 
Equipped with primary 
switch, pilot and safety 
light. Capacity 250 V. A. 
Primary 115 or 230 volts, 60 
cycle. 

Dongan Spec. #7692A-Secondary 2500 volts 
maximum In steps of 100 volts. 

Donqan Spec. #76926-Secondary 5000 volts 
maximum In steps of 200 volts. 

Dongan Spec. #7692C-Secondary 7500 volts 
maximum in steps of 200 volts. 

DONGAN ELECTRIC MFG. CO. 
2977 Franklin Detroit 7. Mich. 

D O IxGAn 

TRANSFORMERS 
The Dongan Line Since Nineteen -Nine 
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PAGE 

FOR EXAMPLE OF 

CREATIVE ENGINEERING 

ON A HIGH PLANE 

Perhaps you will wonder why 
Cardwell would bring out a com- 
munications receiver at this time, 
when there are many excellent re- 
ceivers on the market. 

I did,..too, until I saw what our 
engineers were developing. Now, 
when I see what a combination of 
features is offered by the Cardwell 
Fifty -Four, I can realize that here 
was a job that just had to be done 
some day. 

Just read the fifteen outstanding 
features on the opposite page. 
These are all combined in a com- 
pact seventy pound unit, .designed 
and developed for the most critical 
professional requirements. 

For instance, the turret mechanism 
for band changing is something 
that would only be developed by 
"an engineer's engineer". It en- 
ables you to change bands from 
those supplied to any you might 
require as quickly as you can re- 
move and replace ten screws. New 
tuning strips, which we will sup- 
ply for any desired band, can be 
quickly incorporated without the 
use of a soldering iron. 

Add to this grounded grid R. F. 
Amplification and the unusually 
good signal to noise ratio 9nd you 
are only beginning to get the story. 

The specifications tell a much more 
complete story than I ever could 
and I shall be glad to send them to 
you. Just drop me a card. 

Sales Manager 

THE ALLEN D. CARDWELL 
MANUFACTURING CORPORATION 

MAIN OFFICE S. FACTORY 

97 Whiting Street, Plainville, Conn. 

use in the industry. Copies are avail- 
able free by writing to the company 
on business letterhead. 

67 

Resistor Publication. The Outlook 
is published monthly by the Centra - 
lab Div. of Globe -Union, Inc., Mil- 
waukee, Wis. Volume 2, Number 9, 
dated April 1946, lists a replace- 
ment control line, stock of special 
controls and describes various 
stages in the production of the 
proximity fuze. 

68 
Plastic Radio Cabinets. American 
Cyanamid Co., Plastics Div., 30 
Rockefeller Plaza, New York 20, 
N. Y. The new catalog describing 
molded Beetle plastics includes an 
extensive treatment of radio cabi- 
net design, with emphasis on ap- 
pearance, strength and ventilation. 
Several different types of radio 
cabinets are graphically discussed. 

69 

Broadcast Audio Equipment. Radio 
Corporation of America, Camden, 
N. J., has a 78 -page catalog of 
speech -input equipment suitable for 
use in a -m, f -m and television 
broadcast stations. The equipment 
listed ranges from microphones to 
jack panels. Suggested equipment 
lists and studio layouts are in- 
cluded. The booklet is priced at 500. 

70 

Mobile Communications. Radio Cor- 
poration of America, Camden, N. J. 
A 28 -page booklet is available de- 
scribing systems and equipment for 
26 to 42 megacycle f -m equipment 
for police, fire, public utility and 
other agencies requiring mobile and 
emergency communications. 

71 

Retail Radio Business. B'nai B'rith, 
Vocational Service Bureau, 1746 M 
Street, N. W., Washington 6, D. C., 
has published a 347 -page volume 
entitled "Careers in Retail Business 
Ownership" from which the chap- 
ter on "Electrical Appliance and 

Radio Store" has been issued as a 
separate item at 150 a copy. The 
practical merchandising informa- 
tion should be of great value to the 
veteran considering entering this 
field. 

72 ' 

Relays. Ward Leonard Electric Co., 
31 South St., Mount Vernon, N. Y. 
Bulletin 130 replaces Bulletins 131 
and 132 describing single and mul- 
tipole relays, latching and double - 
throw relays. The types described 
are principally useful for light con- 
tactor duty, control of single- 
phase motors and 'other heavy duty 
electronic applications. 

73 

Power Supply Vibrators. The Ra- 
diant Corp., 3571 W. 62nd St., Cleve- 
land 2, Ohio, has issued a complete 
listing of vibrator types with their 
equivalent Radiart replacement vi- 
brator number. This is a most use- 
ful publication for the maintenance 
and repair technician. Other in- 
formation sheets are available 'de- 
scribing a line of car antennas and 
complete vibrator power supplies. 

74 

Transformers. Thordarson Electric 
Mfg. Div., Chicago 10, Ill. Catalog 
No. 400-FX describes the complete 
line of transformers, chokes and 
voltage regulators manufactured. 

75 

Coils. Meissner Manufacturing Div., 
Mt. Carmel, Ill. Three small receiv- 
ers, a signal calibrator and signal 
analyzer are described in a catalog 
which covers the line of coils, trans- 
formers and chokes available from 
the manufacturer. Replacement 
coils and i -f windings are also de- 
scribed. 

Window was the name applied to 
sheets of aluminum foil about the 
size of a small pane of window glass 
and used to foil enemy radar sets. 
Thin strips as dipoles proved more 
economical and were called chaff. The 
Germans dropped the stuff too, but 
we had more aluminum. 
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a communications receiver with unusual engineering features 

This newly -developed receiver com- 
bines many design and engineering 
refinements within surprisingly com- 
pact dimensions. It opens up a whole 
new area of possibilities in the indus- 
trial and commercial communications 
fields. Following are just 15 of its 
many features. Check them against 
your requirements. 

1. Full turret type R.F. Section. 
(Sturdy turret of original design assures ab- 
solute mechanical and electrical stability.) 
2. Wide Frequency Coverage. 
(Range to 54.0 mcs.) 

3. Secondary Frequency Standard. 
(Built-in 100-1000 kcs. Calibrator.) 
4. High Signal to Noise Ratio. 
(Two grounded grid RF Amplifier stages 
nssure actual receiver noise less than 6 
db above thermal!) 
5. "Custom-built" Gang Condensers. 

(Specifically designed by Cardwell for this 
receiver.) 

6. Electrical Band Spread. 
(Pointer travel-better than 101/2 inches on 
every range.) 

7. Direct reading linear type dials. 
(Excellent visibility-only the chosen range 
and corresponding band spread in view at 
any band switch setting. Nor -Glare dial 
illumination with dimmer control on front 
panels.) 

8. All miniature Tubes. 
(IR including rectifiers.) 

9. Mechanical Coupling Provisions. 
(Shafts are brought out at rear for linkage 
to other units.) 

10. Threshold Squelch. 
(Operating level controllable from 5 to 
100,000 micro volts.) 
11. Temperature Compensated Oscillator. 
(Stability is better than 100 parts per mil- 
lion per degree centigrade.) 
12. New Type Noise Limiter. 
13. Unit Construction. 
(Receiver and power supply combined in 
one sturdy lightweight unit.) 
14. Heavy Duty Speaker. 
(Lightweight tilting unit, wall or table 
mounting.) 

15.8 Watts Audio Output. 
(Push-pull class AB-with five available 
output impedances.) 

WRITE FOR COMPLETE TECHNICAL BULLETIN 

THE ALLEN D. CARDWELL MANUFACTURING CORP. 

MAIN OFFICE 

8 FACTORY: 
97 WHITING STREET 

PLAINVILLE, CONN. 
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NEWS OF THE INDUSTRY 
Sunspots cause radio blackout; shoran used 
for mapping; receiver production and sales 

figures; radio plants expand and move 

Operation Crossroads 
REAR ADMIRAL W. S. Parsons, re- 
sponsible for the measurement and 
reporting of all findings from the 
atomic bomb tests at Bikini, an- 
nounced that the technical staff 
would consist of nine divisions, all 
under Dr. E. A. Sawyer, Technical 
Director of Operation Crossroads. 
Duties of each division are as fol- 
lows: 

(1) Bomb operation is the respon- 
sibility of the Los Alamos Labora- 
tory of the Manhattan Engineer 
District, who will deliver two bombs 
to the Joint Army -Navy Task Force 
ready for use. 

(2) Blast, pressure, and shock in 
free air and water (independent of 
ship structures) will be measured as 
functions of distance and time. The 
most numerous instruments are ball 
crusher gages that measure air pres- 
sure by the deformation of a soft 
copper ball by a steel piston in a 
narrow cylinder,, and aluminum foil 
meters that measure air pressure by 
the rupture of aluminum foil. Strain 
and displacement gages account for 
the majority of instruments used to 
observe and measure blast effects 
considered capable of causing struc- 
tural damage to ships and their 
equipment. Blast effects on the deck 
of target ships will be determined by 
the amount of crushing of empty 
five -gallon gasoline tins. Navy drone 
aircraft which will fly in the prox- 
imity of the blast will be equipped 
with velocity, gravity, time and alti- 
tude recorders, while Army drone 
aircraft will carry television trans- 
mitters, recorders and flight ana- 
lyzers to report and record the effect 
of the detonation wave on the oper- 
ating characteristics of aircraft. 

(3) Wave motion and oceanog- 
raphy men will use supersonic echo 
sounders to measure the vertical mo- 
tion of target ships and buoys at a 
distance from the explosion, while 
pressure recorders on the bottom 
will record water depth versus time. 

Seismographs will be set up on the 
islands around the atoll to observe 
the propagation of the shock waves 
through the earth. 

(4) Electromagnetic propagation 
and electronics, under Captain C. L. 
Engleman of the Navy Bureau of 
Ships and Colonel D. F. Henry of 
the Army Air Forces, will study the 
effect of the atomic bomb explosion 
on both ground and sky wave trans- 
mission, radar reflective properties 
of the bomb cloud, and the intensity 
of the atmospheric. electrical disturb- 
ances developed by the explosion. 
Radar and spherics equipment will 
be used to measure electromagnetic 
propagation. Army Air Forces 
drones will carry Geiger counter 
warning circuits and transmitters to 
determine the effect of the bomb ex- 
plosion on radio propagation in the 
5-9 megacycle region. 

(5) Radiological safety includes 
tracking the movement of radioac- 
tive air and water masses caused by 
the blast. The primary safety device 
is the portable Geiger counter. 
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Indicator console of modern echo ranging 
sonar having built-in bearing deviation in- 
dicator to help operator keep the projector 

trained on a moving submarine 

(6) Radiometry involves meas- 
urement of light in the visible spec- 
trum and the adjacent ultraviolet 
and infrared, using spectrographs to 
obtain the spectral distribution of 
the first flash, photoelectric units to 
reveal the intensity of the first flash 
as a function of time, and bolometers 
to measure total radiant energy. 

(7) Radiation work, involving 
measurement of gamma rays, neu- 
trons, etc, will not be publicized, in 
accordance with current security 
restrictions. 

(8) Remote measurements involve 
tidal data, shock and radioactivity at 
Midway, Wake, Kwajalein, and Eni- 
wetok in the central Pacific area. 

(9) Technical photography in- 
volves hundreds of cameras used for 
ground and aerial photographs made 
before, during, and after the bomb 
drops. 

Sonar Tactics 

IN THE EARLY MONTHS of 1942 U- 
boats were sinking ships faster than 
we replaced them, and we were losing 
the Battle of the Atlantic. Our suc- 
cess in attacking submarines after 
we detected them was less than five 

percent -95 out of 100 got away. 
Sonar was detecting the U-boats, 
but in the crucial moments of the 
attacks, something was inadequate. 

An analysis showed that at critical 
phases sonar lost contact for two 
reasons: (1) U-boats hearing our 
pings becoming louder and faster 
judged the moment of our attack 
and submerged below the sonar 
beam. The remedy was the "creeping 
attack" delivered by two escorts- 
the first maintained contact at a 

fixed range and ping interval while 
coaching the second attacker at very 
low speed over the U-boat; (2) U- 

boats created disturbances by back- 
ing down, turning sharply, or eject- 
ing chemicals that generated clouds 
of bubbles which momentarily re- 
flected strong echoes. These echoes 
simulated a second or third U-boat 
and confused the attackers while the 
hunted submarine sneaked off be- 
hind his false targets. The counter- 
measure was to promulgate infor- 
mation by radio on this U-boat trick, 
and to issue instructions to anti- 
submarine vessels to maintain "dop- 
pler" contact, which is obtained only 
from moving targets. Sonar-asdic 
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C-200 Harmonic 
FREQUENCY GENERATOR 
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RECEIVER 
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IN THE 

DESIGN, DEVELOPMENT 
and MANUFACTURE of 
VHF and UHF EQUIPMENT 

LAVOIE LABORATORIES are well prepared 
with trained personnel and special equipment 
to handle every phase of design, development 
and manufacture of VHF and UHF equipment. 
As SPECIALISTS in this type of production, you 
are assured of precision work based on "know- 
how" plus methods and technique developed 
especially for HIGH frequency work. A few 
typical examples are illustrated. 

ZavoteacZaklyitoried, 
RADIO ENGINEERS AND MANUFACTURERS 

MORGANVILLE: N. J. 

. 4 . 

5144,6vlWits 

.fe .Rent 
k8 J 

LAVOIE Products Include: 

FREQUENCY STANDARDS 
FREQUENCY METERS 

RECEIVERS 

TRANSMITTERS 
ANTENNAS and MOUNTS 

Specialists in the Development and Manufacture of UHF Equipment 

ELECTRONICS - June 1946 287 



-\`r 
*./ 

M -32A 

Specifications 
Motor Type KS -837 *Speed 1140 R.P.M. 

Model IS 225S 115 V. A.C. 60 cycles 

Approx. 1/20 H.P. Split phase induction 

Continuous duty 

Where quiet, vibrationless operation 
and long life are essential, we recom- 

mend this special 
for your continuous -duty fan and 
blower applications, such as oil, 
gas, or steam unit heaters-oil burn- 
ers - air-conditioning units -- etc. 

Construction features: Motor is total- 
ly enclosed. Tubular steel stator 
housings are rabetted to fit die cast end 
bells, providing perfect alignment. 
Bronze sleeve bearings are grooved for 
best oil distribution. Oversize felt oil 
retainers feed oil to shaft through two 
spring tension wicks at each bearing. 

Resilient neoprene motor mount- 
ings absorb vibration -- are not 
affected by oil and grease. Can be 
furnished with standard motor 
mounting dimensions. Finished in 
black, baked enamel. Length over 
bearings, 83/8". Houaiag diameter 
4-27/64". Weight 15 lbs. 

Orders for this motor are now in 
production. If you need special mo- 
tors for your products, write for in- 
formation. 

Specialists in special motors - 
John Oster Mfg. 4 Main 

St.,Racine,Wis.synch split phase, capacitor, 
shadedple Co., synchronous, send pole 

in fractional h.p. ratings. 

f 

Doughnut Coils for electronic and telephone purposes. 

High Permeability Cores ore hydrogen annealed and 

heat treated by a special process developed by DX engi- 

neers. Send us your "specs" today-ample production 

facilities for immediate delivery. 

DX RADIO -PRODUCTS CO. 
GENERAL OFFICES 1200 N. CLAREMONT AVE., CHICAGO 22, Ill., U.S.A. 

b 

COILS 
'the heart of a good receiver' 

y 

_' 

ALLEN 

Small screws for 
electronic devices 

Tiny hex -socket Cap Screws and Set 
Screws steeled to stand amazingly tight 
set-ups. Cap Screws in the numbered 
sizes from I to 10 inclusive; Set Screws 
from No. 2 to 10. 

The Cap Screws are Allen "pressur- 
formd" for maximum strength of head 
and socket. Threads also formed by 
pressure -process to a high Class 3 fit. 

The Set Screws have die -cut threads 
accurate to a high Class 3 fit, with per- 
fectly -formed hex sockets. The screws 
can be held on either end of the handy 
hex keys and turned into the tapped 
hole without fingering. Allen Hand 
Drivers are available to facilitate fast 
assembling. 

In radio and television sets, radio 
telephones, radar equipment, elec- 
tronic controls, these screws HOLD 

fine adjustments and intricate 
assemblies. 

Order of your /oral Industrial Distributor 

THE ALLEN MFG. CO., 
HARTFORD 1, COHN., U. S. A. 
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men soon learned to read through the 
false targets and erroneous attacks 
on bubble clouds ceased. 

Scientific research groups found 
that sound travelling in warm sur- 
face water bends sharply downward 
when it passes through a thermo- 
cline, a region where temperature 
decreases sharply with depth, and 
results in very weak echoes being 
returned from submarines beneath 
the thermocline. Thermoclines may 
cause loss of sonar contact, and U- 
boats may hide under thermoclines. 
Tables and tactical rules were sup- 
plied to ships for use In predicting 
maximum echo ranges, spacing be- 
tween escort vessels and the interval 
between successive sonar pings. 

Allied submarines in the Pacific 
used bathythermographs to hide un- 
der thermoclines. Hydrographic 
charts were provided to show the 
type of bottom in various operating 
areas because submarines are more 
likely to be detected over sandy 
bottoms which reflect sound than 
over mud bottoms which absorb 
sound. Charts also indicated the 
areas in which intense "shrimp" 
noises probably would mask the 
sounds created by submarines. 

Play -by -Play Story 

An example of the battles between 
U-boats and our carrier escort "Kil- 
ler Groups" was the sinking of 
the U-233 by escort carrier USS 
CARD and destroyer escorts, USS 
THOMAS and USS BAKER. 

First contact with the U-boat was 
made on July 2 when CARD aircraft 
sighted a swirl about 200 miles 
off Halifax. Radio-sonobuoys (ELEC- 
TRONICS, April 1946, p. 154) were 
dropped around the swirl and con- 
tact with the U-boat was maintained 
throughout the day, although inter- 
mittent bad weather forced recall 
of the aircraft and interrupted ,the 
receipt of signals from the buoys on 
several occasions. Thé destroyer 
escorts conducted a sonar search in 
the area without results. Sonar con- 
ditions were poor, and bad weather 
prevented further aircraft search 
until July 5. On July 5 the CARD 
made sonar contact and streamed her 
foxers (underwater noise makers) 
to attract the U-boat's acoustic hom- 
ing torpedoes away from the ship's 
propellers. At 7:13 p.m., the CARD 
dropped depth charges, and at 7:20 
p.m., the BAKER made a second 
depth charge attack which resulted 
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sories-parts for all radio and elec- 
tronic use ... for building, repair, 
maintenance .. . for engineer, ama- 

teur, serviceman, sou,tdman, retailer 
... complete lines of tubes, instru- 
ments, tools, speakers, condensers, re- 
sistors, relays, etc.... PLUS a radio 
set department offering latest postwar 
models ... PLUS the exciting line of 
MULTIAMP Add -A -Unit Amplifiers 
offering many innovations in public 
address units exclusive with Concord 
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Complete, New Concord 
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of guaranteed quality RADIO SETS, 
PHONO-RADIOS, RADIO PARTS, 
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-TOOLS, AMPLIFIERS AND ACCESSO- 
RIES, AMATEUR KITS AND SUP- 
PLIES, ELECTRONIC EQUIPMENT... 
page after page of post -war -engineered 
equipment and parts you have long been 
waiting for. All standard, top-quality 
lines. Thousands of items. Money -saving 
prices. And fast service, direct from our 
two centrally located warehouses in 
CHICAGO and ATLANTA. 
See the first peacetime line of Concord 
Radio Sets in new, modern cabinets with 
a host of post-war features. See the thrill- 
ing MULTIAM P Add -A -Unit Amplifiers, 
brand new in the field, with sensational 
new flexibility, fidelity, and power- 
EXCLUSIVE with CONCORD. 
See the vast stock of everything you need 
in equipment and parts ... see them in 
the new, comprehensive Concord Cata- 
log, just off the press. Your copy is ready ... and it's FREE. Rush coupon today. 
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BEFORE YOU BUY AN FM 
TRANSMITTER-Investigate! 
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MANUFACTURERS 
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ARMSTRONG 

PHASE -SHIFT 
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RADIO ENGINEERING LABS., INC. 
Long Island City, N. Y. 

ZOPHAR Emulsions 

Waxes, 
Compounds 

and 

Materials for potting, dipping or impreg- 
nating all types of radio components Or all. 
kinds of electrical units. Tropicalized 
fungus proofing waxes. Waterproofing 
finishes for wire jackets. Rubber finishes. 

Inquiries and problems invited by our en- 
gineering and development laboratories. 

Zophar Mills, Inc. has been known for its dependable service and 
uniformity of product since 1846. 

ZOPHAR MILLS, Inc. 
ESTABLISHED 1846 

117 26th STREET, BROOKLYN, 32 N. Y. 
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For quick starting, uniform 
speed and quietness, equip 
your new phonographs and 
record -changers with Smooth 
Power motors. From the wide 
and modern GI line, accu- 
rately and carefully built, you 
can select exactly the right 
motors for your needs. 

Then you'll be sure of 

giving 'your customers that 
smooth, all 'round perform- 
ance that builds good will ... 
and sales. For motors you can 
always depend upon, stand- 
ardize on Smooth Power. 

THE GENERAL 
.. 

INDUSTRIES co. 

DEPT. ME ELYRIA, OHIO 

290 
June 19« - ELECTRONICS 



in a huge geyser of water mixed 
with oil. 

Sonar cortact was regained a few 
minutes later and the radar operator 
reported a large pip at 1,200 yards. 
Simultaneously, the bow of the U- 
boat broke the surface at a steep 
angle on the radar bearing. Accu- 
rate and heavy gunfire was opened 
at a range of 1,200 yards. The 
BAKER then passed 75 yards ahead 
of the U-boat and fired her port K - 
guns. The charges straddled and 
detonated close aboard on both bows 
of the submarine. The gunfire was 
continued 'while the BAKER again 
passed close ahead of the U-boat and 
dropped a pattern of depth charges. 
At this time, members of the U- 
boat's crew wereobserved astern of 
the submarine, and others were 
abandoning ship. The THOMAS 
which also was firing, then closed in 
on the U-boat, and rammed her just 
aft of the conning tower. The sub- 
marine sank beneath the THOMAS. 
About 30 survivors were recovered. 

Iou Ballistics Conference 
A GRADUATE CONFERENCE devoted to 
the behavior of mass spectrometers, 
electron microscopes, and other elec- 
tronic devices depending upon elec- 
tron or ion beams is to be held from 
June 24 through July 13, 1946 at 
Agricultural and Mechanical College 
of Texas. Lecturers will be Dr. Ladi- 
slaw Marton of the Division of Elec- 
tron Optics, Stanford University, 
and Dr. John A. Hipple of Westing- 
house Research Laboratories. A 
matriculation fee of $8 is charged 
for the three-week course, and those 
completing it satisfactorily will re- 
ceive four semester hours of gradu- 
ate credit. Further details can be ob- 
tained from J. G. Potter, Head, De- 
partment of Physics, A. and M. Col- 
lege of Texas, College Station, Texas. 

Sunspots 
ONE OF THE LARGEST sunspot groups 
even seen crossed the solar disc be- 
tween January 29 and February 11, 

1946 and was accompanied by very 
pronounced radio and other terres- 
trial effects. This sunspot group 
partially returned, after one rotation 
of the sun, between February 27 and 
March 13. It was again associated 
with terrestrial effects, though much 
less severe. 

The region around the sunspot 
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. is a major element in Chicago 
Transformer's service to the Electronic 
Industry. If special transformer appli- 
cations -are involved in your new pro- 
duct plans, C. T.'s engineering staff 
offers the all-around experience and 
know-how that will best fit these items 
of your component requirements.: 

t 

CHICAGO TRANSFORMER 
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Note: 
The Library comprises 
a selection of books 
culled f r o m leading 
McGraw - Hill publica- 
tions in the radio field. 

especially selected by radio specialists .of 
McGraw-Hill publications 

to give most complete, dependable cov- 
eralls eraoe of tact, needed by all whose Melds 

are orounded on radio fundamentals 

Os available at a special price and terms 

These books cover circuit phenomena, tube 
theory, networks, measurements, and other 
subjects-give specialized treatments of all 
fields of practical design and application. They 
are books of recognized position in the litera- 
ture-books you will refer to and be referred 
to often. If you are a practical designer, re- 
searcher or engineer in any field based on radio, 
you want these books for the help they give in 
hundreds of problems throughout the -whole 
field of radio engineering. 

5 volumes, 2559 pages, 2558 illustrations 

Eastman's FUNDAMENTALS OF 
VACUUM TUBES, 2nd edition 

Terman's RADIO ENGINEERING, 2nd 
edition 

Everitt's COMMUNICATION ENGI- 
NEERING, 2nd edition 

Hund's HIGH FREQUENCY MEASURE- 
MENTS 

Henney's RADIO ENGINEERING HAND- 
BOOK, 3rd edition 

SPECIAL LOW PRICE EASY TERMS 
Special price under this offer less than cost 

of books bought separately. In addition, you 
have the privilege of paying In easy inetall- 
mente beginning with $2.60 in 10 days after 
receipt of books and $4.00 monthly thereafter. 
Already these books are recognized as standard 
works that you are bound to require sooner or 
later. Take advantage of these convenient 
terms to add them to your library now. 

FOR 10 DAYS' EXAMINATION SEND THIS 

i ON-APPPROVAL COUPON 

McGraw-Hill Book Co., 330 W. 42nd St., N.Y.C. 18 

Send me Radio Engineering Library for 10 days' 
examination on approval. In 10 days I will send 
$2.60 plus few ants postage. and $4.00 monthly 
till $18.60 Is paid. or return books postpaid. (We 
pay portage on orders accompanied by remittance 
or first Instalment) 
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Company 
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For Canadian book prices write Embassy Book Co., 
12 Richmond Bt. E.. Toronto 1 
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You can put controlled elements 
wherever good design dictates . 

when you use Walker -Turner Flex. 
Ible Shafting in your products. It 
goes around and over obstacles- 
takes up minimum space-central- 
izes controls for convenient opera- 
tion, no matter where the condens- 
ers, rotary switches, etc., are 
located. 

Scientifically engineered and care- 
fully wound to produce smoother 
power flow, sensitive control and 
trouble free operation. Write for 
further Information. 

WALKER -TURNER CO., Inc. 
PLAINFIELD, NEW JERSEY 
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these portable electric power plants 
are manufactured to give dependable 
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ditions. Write today for specifications. 
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A.C. 120 to 440 

Volts, 50 and 60 
Cycles, Single or 
Three Phase, 

DEALERS Some profitable fron' 
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3700 East Olympic Boulevard 
PIONEER ELECTRIC CO. Los Angeles 23, California 
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was observed to be very bright in 
the light of the hydrogen alpha line, 
and several solar eruptions or flares 
were seen. Associated with these 
flares were sudden ionospheric dis- 
turbances manifested by radio fade- 
outs lasting from a few minutes to 
several hours. These are caused by 
a sudden great increase in ultraviolet 
light which creates such high ioniza- 
tion in the D region of the iono- 
sphere that high -frequency radio sky 
waves are absorbed. Propagation 
paths nearer the subsolar point 
(noon, equatorial region) are dis- 
turbed the most. Since this type of 
disturbance is caused by a solar 
eruption, only a radio propagation 
path of which a part is in sunlight 
is affected. 

The leader spot began to pass the 
sun's central meridian on February 
4, but the follower spot, which was 
the larger and more significant, did 
not pass the central meridian until 
the early hours of the Greenwich 
day of February 6. A little over 24 

hours later, a period which agrees 
well with the theoretical time re- 
quired for particles to travel from 
the sun to the earth, severe terres- 
trial disturbances were noted. Bril- 
liant displays of aurora borealis 
were reported, with some auroral 
display actually visible at Washing- 
ton on the nights of February 6 and 
7. A great geomagnetic storm began 
suddenly at 1019 GCT on Feb. 7, 

according to the Cheltenham, Md., 
magnetic observatory of the United 
States Coast and Geodetic Survey, 
and lasted until 2300 GCT, Feb. 8. 

Warnings of the radio transmis- 
sion conditions expected because of 
this solar outbreak were issued by 
the Interservice Radio Propagation 
Laboratory at the Bureau. Daily 
warnings of disturbed radio condi- 
tions, primarily on transmission 
paths across the North Atlantic, 
were issued February 7 to 11 from 
the Bureau's station WWV and by 
other means. 

This type of radio disturbance is 
characterized by rapid or flutter 
fading, accompanied by very weak 
field intensities. The higher fre- 
quencies are usually blacked out be- 

cause of abnormal depression of the 
critical frequencies of the F2 layer 
of the ionosphere, and direction - 
finder observations become unreli- 
able. After the most severe part of 
this disturbance was over, the day- 
time hours were characterized by 
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Circuits, Cavity Resonators, Pulse Generators, Wave 
Guides, Klystrons, Magnetrons and other tubes. Are 
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to help you, by providing the Know-how and 
ability that is required. 

In our proved method of instruction, you learn 
not only how but why! Easy -to -read -and -under- 
stand lessons are provided well in advance, and 
each student has the benefit of individual guidance 
and supervision from a trained instructor. This 
is the basis of the CREI method of training which 
many thousand professional radio men have com- 
pleted during the past 19 years. CREI courses 
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"Midget" model 
is especially de 
signed for crowd- 
ed apparatus or 
portable equip- 
ment. 

MIDGET 

TYPE 

600 

Solid silver contacts and stainless sliver 
alloy wiper arms. 

Rotor hub pinned to shaft prevents un- 
authorized tampering and keeps wiper 
arms in perfect adjustment. 

Can be furnished In any practical 
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request. 

TECH LABS can furnish a unit for every 
purpose. 
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6427 RAVENSWOOD AVE., CHICAGO 26 
MANUFACTURING METALLURGISTS 

METAL 
STAMPINGS 

ONE stamped metal 
parts can now be 
supplied In any 
quantify on short 
notice. Twenty 
years experience In 
producing all types 
of cups. sleeves, 
Ranged shapes, and 
fabrications to spe 
cification. Tools, 
jigs, fixtures pro- 
duced on premises 
for precision and 
economy. 

INQUIRIES INVITED 

THE ENGINEERING CO. 
DANIEL KONDAKJIAN 

1T WRIGHT ST., NEWARK, N. J. 

THERE'S A DRAKE 
SOLDERING IRON - 

FOR -EVERY" TYPE OF 
ELECTRONIC WORK 

From that mighty mite 

the Drake No. 4011 to the high- 
speed production "honey" 

the Drake No. 600-10 there is a 
high quality Drake Soldering Iron "just right" for the jot). 

Drake Ileat Controls anti the 
Drake "Magic Cup" Stand are 
important soldering aids. 

SEE 
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PARTS JOBBER 

DRAKE ELECTRIC WORKS, INC. 
3656 LINCOLN AVE. CHICAGO, ILL. 
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very high absorption, as indicated by 
very weak field intensities. This pro- 
longed type of disturbance is most 
noticeable on the radio transmission 
paths crossing the auroral zone. For 
this reason the reception of all Euro- 
pean stations in the United States 
was difficult or impossible during 
this ionosphere storm. 

The leader of the sunspot group 
returned to the solar disc on Febru- 
ary 27 and the follower on February 
28. The group as a whole was some- 
what less than half of its original 
size but was still in the class of large 
sunspots. The follower, the signifi- 
cant part of the group, crossed the 
sun's central meridian on March 6 

and was last seen on March 13. The 
group was shrinking in size as it 
disappeared from view. 

New Television Studios 
LONG-RANGE TELEVISION program- 
ming needs are anticipated in 
DuMont's new television studios, 
located in the John Wanamaker 
Store in New fork City. The facili- 

r " 1 141 ' [ 

1.i 

Shooting dentist's office scene in one of 
DuMont's new television studios for station 

WARD in New York City 

ties provide four complete studios 
and their control rooms, and for 
feeding video and audio signals into 
a master control room where, after 
final monitoring, the signals are 
passed to the uptown transmitter of 
station WABD. 

Shoran Used for Mapping 
CHIEF PEkCETIM E use of shoran, re- 
cently revealed short-range version 
of loran, is expected to be in map- 
ping, where it can provide fixes on the 
earth's surface with greater accuracy 
than has ever before been possible. 
Research on this application is now 
going forward at Buckley Field, Col- 
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Burlington Panel Instruments are designed and built .to give 
dependable service with guaranteed accuracy. They are 
available in a complete line of AC or DC Ammeters, Volt- 
meters, Milliammeters, and Microammeters. The' wide selection 
of sizes and case styles offer instruments that are ideal for 
your particular application. 

Write today for full details - our engineers will recom- 
mend the precision Burlington Instruments required to solve 
your instrument problems. 

BURLINGTON INSTRUMENT ,CO. 
110 Fourth St., BURLINGTON, IOWA 

PANEL INSTRUMENTS VOLTAGE REG 
ULATORS AUTOMATIC SYNCHRO- 
NIZERS FREQUENCY REGULATORS 
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orado under the direction of Lt. Col. 
Carl I. Aslakson of the U. S. Coast 
and Geodetic Survey, with airborne 
photographic work being done by the 
311th reconnaisance wing of the 
AAF. 

As now used, a shoran -equipped 
plane sends short-wave radio signals, 
pulsing at 20 times per second, to 
each of two ground stations-at Den- 
ver and Cheyenne for the present ex- 
periments. The stations transmit 
these signals back to the plane, where 
they produce pips on a thin circular - 
line trace on the radar screen in 
front of the operator in the plane. A 
third pip represents the plane on the 
screen. The operator adjusts dials 
until the three pips merge into one, 
at which instant the exact distances 
to the two ground stations are shown 
on two dials calibrated in thou- 
sandths of a mile. At this moment 
a camera photographs the dials and 
another camera photographs the 
ground vertically below, preserving 
the fix for future use. 

Charts and maps can be drawn 
from a number of these fixes, and 
older maps can be recalibrated for 
accuracy. Since each point is located 
individually, errors do not increase 
with the number of measurements 
made, as they do when ground sur- 
veys are made along a line. With 
shoran a point may be located within 
10 feet at a range up to 300 miles 
from the ground stations. A geo- 
detic control network of the world is 
possible, with control stations about 
every 500 miles. 

Radio Set Sales Figures 
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SHIPMENTS OF domestic radios 
rose from about 750,000 units for 
February to approximately one mil - 

(Continued on page 298) 
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RAWSON 
ELECTROSTATIC 

VOLTMETERS 
Type 518 
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Now available to 35.000 VOLTS 
Measure true R.M.S. values on A.C., no 
waveform or frequency errors. 

NO POWER CONSUMPTION 
Leakage resistance greater than one mil- 
lion megohms. These meters may be used 
to measure. 

STATIC ELECTRICITY! 
Ideal for measuring high voltage power 
supplies with zero current drain. Rugged, 
well -damped movement. All elements sur- 
rounded by metal shielding for accuracy 
and safety. 

Write for new bulletin. 

RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
111 POTTER ST. CAMBRIDGE, MASS. 

Representatives 
Chicago - New York City - Los Angeles 

JONES 2400 SERIES 
PLUGS and SOCKETS 

- - 

r 
P-2406-CCT 

A new series of Plugs 
and Sockets designed 
for highest electrical 
and mechanical effi- 

ciency. Improved 
Socket Contacts pro- 
vide 4 individual flex- 
ing surfaces which 
make positive contact 
over practically their 
entire length. 

The Contacts on both 
Plugs and Sockets are 
mounted in recessed 

pockets great- 
ly increasing 
leakage dist- 
ance, increas- 
ing voltage 

5.2406-SB 
rating. Mold- 
ed BM 120 

Bakelite insulation. Plug and Socket con- 
tacts are silver plated. The finished ap- 
pearance of this series will add consider- 
ably to your equipment. 
The 2400 Series are interchangeable with 
all units of the corresponding No.400 Series. 

Send today for general catalog No. 14 

listing and illustrating our complete line. 
of Plugs, Sockets and Terminal Strips. 

-" 

1'PJ 
. 

110WflAD B. JOf1ES COmPfifly 
2460 W. G60itG6 ST. CHICAGO 18 

for Delicate Soldering Tasks 

VULCAN 
Pygmy d 
ELECTRIC 

SOLDERING 

TOOLS 

STANDARD 1/4 INCH 
Also Available 3/16 Inch 

Finds its way in where there 
is little clearance or cramped 
space. 
Particularly useful for meters, 
electrical instruments, small 
radios and similar articles. 

VULCAN ELECTRIC COMPANY 
DANVERS, 10, MASS. 

Makers of a wide variety of Heating Elements for 
own products and of Heating Specialties 

assembly info mans- 
}haf use electricity. 

eight years ago ' 

.. rtgel~ PIONEERED 
the manufacture of 

.SCREW -TYPE 
POWDERED 
IRON CORES 

... today Pyroferric 
- is manufacturing a 
full line of standard 

'sized Powdered 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 ° 

specifiéatlon address your inquiry to 
The ."daddy". of - 

CO. screw -type pow= y 
dered iron'.cores- 'P. I R O. ERRIC 
made.8 years ago.' 

175 VARICK ST. I NEW YORK 14, N. Y.-. 
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PHOTO ELECTRIC 

CELLS . 

4 t`¡ " 

U 

r 
h l 

Many Standard Mountings. 

In addition to the 
housed model shown 
here, with its plug-in 
contacts, Bradley also 
offers tube socket, nut - 
and -bolt types and pig- 
tail contact mountings. 

The shapes of Lux- 
tron photocells vary 
from circles to squares, 
with every' in-between 
shape desired. Their 
sizes range from very 
small to the largest 
required. 

For direct conversion 
of light into electric 
energy, specify Brad- 
ley's photocells. They 
are rugged, lightweight 
and true -to -rating. 

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. 

lion for March, as shown in the ac- 
companying chart prepared by the 
Civilian Production Administration. 
For January the breakdown by set 
types is reported by RCA as follows: 

Type of set Unite Salon 

Table set 
Console set 
Portable set (battery and/or 

a -o/d -c 
Auto set 
Farm battery set (table or 

console) 
Elec. phono. & wireless 

record players 
Table combination set 
Console combination set.. 
Apparatus without cabinets 

Total 

434,360 27,212,700 
310 14,560 

'22,893 434,0011 
22,39-I 550,100 

17.896 349,400 

19,8.31 467,600 
27,708 923,800 
5.431 382,300 
264 3.000 

551,077 210,317,400 

Receiver Production in 1946 
RESULTS OF AN FCC questionnaire 
point to a probable production of 
over 22,0Q0,000 broadcast receivers 
of various types in 1946. The 85 
manufacturers reporting include all 
but four of those expected to be sub- 
stantial producers, and the estimates 
by these (as of April 1, 1946) point 
to a total set production substan- 
tially larger than for any prewar 
year. The estimate of 1,800,000 f -m 
sets is about nine percent of total 
production; the Commission hopes, 
in the light of the rapid progress 
being made with f -m on the station 
side, that manufacturers may revise 
their production schedules to include 
a greater proportion of f -m receivers. 
As of April 1, 1946, the Commission 
had received applications for 834 
f -m stations in addition to the 50 
stations now on the air, and had 
made 383 conditional grants to f -m 
applicants. 

Estimated production figures for 
broadcast receivers of various types, 
with the number of manufacturers 
reporting production plans for each 
type, are as follows: 

Type of reeeiver 
Nunl- 
ber of 
tnanu- 

fucturers 

Number 
of 

receivers 

A -lit hand only 
F-tn hand only (88-108 100 
A -m band. I' -m band (88-108 

me) 
Television band only 

(channels 1-13). 
A -in hand, F -m hand (88-109 

me), television hand, 
(channels 1-13) 

A -m hand, television band 
(channel., 1-131 

Ron hand, television hand 
(channels 1-13). 

Television (channels 1-61... 
.A-nt band, television band 

(channels I 6) 
SI iscellaneous 
Receiver type unspecified.. . 

Total production of re- 
ceivers 

76 
8 

41 

13 

14 

7 

85 

16,736.882 
86,286 

1.689,750 

44.706 

5-1 .606 

500 

lJ10 

4.000 

10.0110 
21.250 

_.481,000 

1.129,760 

í 

INDUCTOR 
HEADQUARTERS 

,tr 

,p j1, 
h; 

10? gg, 
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.. 
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l' 

a 
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lug -in Type 
AIR -WOUND 
INDUCTORS 
No other type of coil can equal B & W 
AIR Inductors for all-around efficiency. 
AIR WOUND Inductors are lighter, 
easier to tap, wound to uniform pitch, 
have exceptionally low dielectric loss 
(no winding form in coil field) and are 
extremely durable. There is little about 
them to break if dropped. Even if bent 
completely out of shape, they can easily 
be repaired. B & W 
types include stand- 
ard, fixed and swing- 
ing link assemblies 
in sizes ar nd ratings 
for almost any ap- 
plication. Write for 
catalog. 

WE'LL MATCH ANY INDUCTOR 
REQUIREMENT 

.,, t 
11,7 

BARKER & 
WILLIAMSON 

Dept, E-66, 235 Fairfield Avenue 
Upper Darby, Penna. 
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l 
. also pioneers 

in the design and 
manufacture of 

Ceramic, Porce- 
lain & Steatite in- 
sulators,Anfennas, 
Hook -Up Wires, 
Shielded Micro- 
phone Cable and 
S. J. Cable. 

Specify and use 
"Birnbach" products. 
Complete Stock at 
your jobber. 

BIRNBACH RADIO CO., Inc. 
105 HUDSON ST. NEW YORK. 13, N. Y. 

.11 

CUSTOM ("MA...) MOLDED 

PLASTICS PARTS 
FOR THE ELECTRONICS INDUSTRY 

e0..ft.'ee00les Waded .. to meet specific 

requirements... by an experienced organization 

.. tooled for the production of plastics parts 

for electrical or general applications. Inquiries 

acknowledged promptly. 

Aittivat 
and a tanaa4sactavle.isuj Co- 

335 NORTH WHIPPLE ST.'. CHICAGO 12, ILL. 

\ New ATLAS 
"HI -Conversion" 

Re-entrant Speakers 

: a 

M9e4a/r7Y1- eoo 

Advancement on Sound Equipment has kept pace with allied fields. 
That means Progress has been greatly accelerated during the past few 
years. New models incorporate such a vast number of improvements 
that preceding models are almost entirely antiquated. 

Get acquainted with the newly completed, redesigned and restyled 
Atlas Sound Equipment-and know the perfection of modern, up-to-the- 
minute performance. Write for illustrated catalog sheets. 

._ m,e.. . ,. ' 
C >:C):: : P t . R .A : T -> ,t):1' 

1449 39th Street Brooklyn 18, New York 

rr 

- - ,: 1 

REGULATED POWER SUPPLY 
250-450 VOLTS 

Wide fields of application have been opened up both in 
research and industry for this unit. A -C ripple is negligible 
and extreme care has been taken to eliminate high -fre- 

quency noise. Regulated power supply units are invaluable for 
such applications as amplifiers, television pulse generators, 
constant frequency oscillators, and measuring equipment. 

Other G -E regulated power -supplies are available in the follow- 
ing ranges: 180-300 volts 160-1500 volts Dual Regulated 

Write today : Electronics Department, Specialty Division, 
General Electric, Syracuse, N. Y. 

GENERAL ELECTRIC 
ít4.52 

Electronic Measuring Instruments 

-_.. .-i_ _.:.,-_-_. " . 
( 
Mm 

41. . . 

. .f. 
. 

. .. 
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NEW and Ready for you! 

Allied's 1946 
CATALOG. 

oil Radia cued 

I 

LARGEST AND MOST COMPLETE 
STOCKS... Under One Roof 

You'll find this new Buying Guide 
extremely helpful and valuable today! 
Places over 10,000 items at your 
finger tips-for research, mainten- 
ance and production. Includes parts, 
tubes, tools, books, test instruments, 
public address and communications 
equipment. Concentrates all leading 

.I 

makes here in one large central stock 
to give you faster, more efficient, more 
complete service-saves you time, 
work and money. Whatever you 
need ... it pays to check with Allied. 
Write, wire or 'phone Haymarket 6800. 

Eor.4«..¿9¿ ' cud Elea/ro 

ALLIED RADIO CORP. 
l 833 W. Jackson Blvd., Dept. 24F-6, Chicago 7, Illinois 

FREE 
Seoul Ait 

NOW 

..s 

_7 -111J.1122. ...M1= . . REM . r .. .~M ttt ~ ~ / / - . q e l ta~.r-MiH . / . MOM tM-.- 'PEZIl17 

, w V V : : la ..- la 

~ . -r.- 
1J aa 

\I F 
aaAoa'.t AIRCRAFT, POLICE 

15,k :) Frequency Range 1000 KC to :4111Y". 
µC1S 

, 10.5 M C 

Ç 
Type Z -l. the new standard crys- 

tal unit for marine, aircraft and 
police service, is a precision low 
temperature coefficient unit that 
meets all F.C.C. requirements. 
Temperature coefficient less than 
2 cycles per MC. °C. Calibrated to 
within .005% of specified frequency. 

for MARINE, 

SINCE V 1934 

i 
PfTfRSfN Rf4DIO COMPRNY 

2/00 WEST /ROADWAY- HOME 2760 

COUNCIL BLUFFS, IO wfi 

F-rn adapter@ 
F -m converters 
Other 
Units supplied to other+ 
Units for export 

Total for. all receive 
types 

4 
3 
1 

2 
16 

47,0(5) 
37,000 
1,000 

'10,000 
877,050 

21,081, 810 

MEETINGS TO COME 

JUNE 20-23; SOCIETY FOR THE PROMO- 

TION OF ENGINEERING EDUCATION ; 

annual meeting, Jefferson Hotel, St. 
Louis, Mo. 

JUNE 24-26; SOCIETY FOR EXPERI- 
MENTAL STRESS ANALYSIS; spring 
meeting, Statler Hotel, Buffalo, N.Y. 

JUNE 24-28; AIEE 1946 SUMMER 

CONVENTION ; Statler Hotel, Detroit, 
Mich. Technical program includes 
sessions on electronics, a conference 
on servomechanisms, and sessions 
on automatic control devices. 

JUNE 24-28; ASTM ANNUAL MEET- 
ING AND EXHIBIT; Statler Hotel, 
Buffalo, N. Y. 

SEPT. 10-14 ; NATIONAL CHEMICAL 
EXPOSITION; Coliseum, 15th and Wa- 
bash Ave., Chicago, Ill. 

SEPT. 16-20; INSTRUMENTATION FOR 

TOMORROW-EXHIBIT AND CONFER- 

ENCE; Wm. Penn Hotel, 'Pittsburgh, 
Pa.; daily technical sessions and pro- 
gram of short educational courses. 

OCT. 3-5; NATIONAL ELECTRONICS 

CONFERENCE; Edgewater Beach Ho- 
tel, Chicago, Ill.; technical programs 
under three main heads-communi- 
cations, industrial electronics, and 
scientific and medical developments. 

OCT. 10-11 ; TELEVISION BROADCAST- 

ERS ASSOCIATION CONFERENCE; Wal- 
dorf-Astoria Hotel, New York City; 
latest television equipment will be 
exhibited. 

BUSINESS NEWS 

THE ELECTRONICS ENGINEERING CO., 

Gary, Indiana, has been formed for 
the conduct of design, development, 
and service in electronics, sound, 
and radio by Henry B. Young, Elmer 
E. Crump, Henry J. Bell, John Hud- 
son, P. A. Brown, Eugene Smith, 
and Edward W. Brown. 

JAMES G. BIDDLE Co. has consoli- 
dated its offices and factory at a new 
location, 1316 Arch St., Philadelphia. 

ILLINOIS CONDENSER CO. is moving 
into a new plant at 1616 North 
Throop St., Chicago, where they will 
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To_nHE MANUrnCTUane OP 

,+Kfin4c4144z `'IK4s Radiatl 

* STAR 
DOUBLE-CHECK SYSTEM 

#JE -I O - Miniature socket 
wiring plug for accurate 
alignment of miniature 
socket contacts during 
wiring. Precision cast of 
zinc base alloy - Pins of 
stainless steel. 

#JE- 12 - (Hardened 
tool steel insert) or 
JE -I3 (Stainless steel 
insert) Miniature tube 
p i n straightener to 
obtain a perfect fit 
when the tube is 

Placed in the set. 

For complete information 
and prices-write 

RADIO ACCESSORY DIVISION 

STAR EXPANSION PRODUCTS CO. 
147 Cedar St., New York 6, N. Y. 

`'k? HOW H= 
BUILD 

LAMP ANNUNCIATORS 
Kirkland Bulls -I -Units are ideal for this purpose. 
Just provide the proper size holes in the panel, 
then insert the Kirkland units and lock into 
place. Many different units to choose from. 
Assembly is then ready for installation. 
Connect incoming wires and place 
in service. Typical unit illustrated 
above made with 12 units. 

KIRKLAND Pioneer 
IN D 1 C A T'1 -,N G L A M P S 

F - 

TYPE T2 UNIT . ' I 
.,;.,,...atr ..°... C 

Small and modern, molded of bakelife. 
For use with slide -base switchboard 

bulb (24 volts, 0.038 Mao. Amp) 
with resistor on 120-220-440 volts. 

Overall dia. Lens -Cap 3/4". 

LIST PRICE (less bulb) Tat. 

Write Today for Catalogue 

The H. R. KIRKLAND.CO.1,. Morristown, N. J. 

The Most Indispensable Reference in Radio -Electronics 

Electronic Engineering Muster Index 

IEC . RoN 
T 

ERINI/G. 

ErIgg INIygX 

C, 
NfA" 

° 
1945 

3925 

Cloth 
r/:rla/, 
320 pages 

A master compilation of over 15,000 titles, 
articles and texts selected for their value to the 
research engineer, this INDEX covers the years 
1925-1945 and enables you to survey twenty 
years of research literature on any subject in a 

matter of minutes! 

Vitally Needed In Every Laboratory and Library 

COMPLETE IN ONE VOLUME 

PART I 
January 1925 to 

December 1934 

PARTIAL LIST OF 

Bell Laboratories Record 
Bell System Technical 

Journal 
Communications 
Electrical Communication 
Electrical Engineering 
Engineering 
Electronics 
Electronic Industries 
Jour. of Applied Physics 

PART II 
J y 1935 to 

June 1945 

PERIODICALS INDEXED: 

Journal of I.E.E. 
General Electric Review 
Physical Review 
Proceedings I.R.E. 
Transactions of A.I.E.E. 
Transactions of A.S.M.E. 
Radio News 
R.C.A. Review 
Wireless Engineer 

A $500 Reference Library in One Volume for $17.50 

Descriptive circular on request. 

ELECTRONICS RESEARCH PUBLISHING COMPANY 
2 West 46th Street New York 19, N. Y. 

4 1r I 

sl 

MANUFACTURERS OF RADIO, ELECTRICAL 

AND ELECTRONIC COMPONENTS 

OKA ' 
7300 HURON- RIVER DRIVE 

We2 ObicdiQn 

DEXTER, MICHIGAN 
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Right where 
it belongs 

PUTTING THE HORSE 
.BEFORE THE CART 

for finer instrumentation 

Victoreen sub -miniature vac- 

uum tubes, series VX with 10 

milliampere filament operation, 

grid current of 10.14 amperes 

and grid resistance of 1016 

ohms or greater, offer tubes 

especially designed for exact- 

ing circuit requirements-rather 

than the expediency of using 

circuits designed around ex- 

isting tube characteristics. 

AVAILABLE AS PENTODES, TETRODES, 

TRIODES AND DIODES 

S1ye 

... and filling another 
long recognized need 

Victoreen Hi-meg vacuum 
sealed resistors supply the 
demand for a stable preci- 
sion resistor in a range of 
100 to 10,000,000 megohms. 

Write for technical data on 
VX tubes and resistors. 

THE VICTOREEN INSTRUMENT CO. 

3800 PERKINS AVENUE 

CLEVELAND 14, OHIO 

Ir. 

install new and modern machinery 
for the manufacture of oil, paper, 
and electrolytic capacitors. 

WESTINGHOUSE ELECTRIC CORP. has 
formed a Specialty Transformer De- 
partment with Chris H. Bartlett as 
manager. This new section of the 
Sharon Transformer Division will 
handle engineering, manufacture, 
and sale of radio and other electronic 
transformers and specialty trans- 
formers of a similar character. 

UNIVERSITY LOUDSPEAKERS, INC. is 
the new name of University Labora- 
tories, New York, N. Y. 

ALLEN B. DUMONT LABORATORIES, 
INC., Passaic, N. J., announces the 
purchase of the Doherty Building in 
Clifton, N. J., adding 150,000 sq ft 

{ 

New DuMont plant at Clifton, New Jersey 

of production space in a four-story 
building occupying an entire city 
block or about 81 acres of ground. 

COLUMBIA WIRE & SUPPLY CO. has 
moved into its own building at 5734 
Elston Ave., Chicago. 

NATIONAL RESEARCH CORP. is build- 
ing new quarters on the Charles 
River Basin, Cambridge, Mass., adja- 
cent to Massachusetts Institute of 
Technology. 

UNITED STATES TELEVISION MFG. 
CORP. announce removal of their 
offices and factory to 3 W. 61st St., 
New York City. 

NEW ENTERPRISES, INC., 84 State St., 
Boston, Mass. has been organized to 
provide financial assistance in prov- 
ing the value of new scientific and 
engineering developments and proc- 
esses or in expanding existing small 
businesses that show promise of be- 
coming profitable enterprises. 
TELEVISION PRODUCTIONS INC., a 
Paramount Pictures subsidiary, has 
placed on the air its new television 
transmitter atop Mt. Wilson, highest 
television site in the world with an 
altitude of 6,000 feet. Programs 

Maximum Dependability 

Minimum Size 

ADuVANCE 
SERIES 6000 
MIDGET TELEPHONE TYPE 
A. C. or D. C. Relay 

Used in AIRCRAFT REMOTE CON- 
TROL, RADIO and RADAR for 
maximum dependability and mini- 
mum size with these special fea- 
tures: 

HIGH VIBRATION RESIST- 
ANCE to 12G at loo milliwatts 
D.C. in coil. 
DOUBLE CONTACTS on each 
blade, which gives double the as- 
surance of good contact. Platinum 
silver alloy contact material, rat- 
ing 1.5 amperes at 115 volts A.C. 
LOW OPERATING POWER of 60 
milliwatts on D.C. or approx. 
watts A.C. Coil resistance 1 to 
10,000 ohms. 
MIDGET SIZE, 1" x 11/4" x 114", 
21/2 oz. (Type 6004, D.P.D.T.) 
MOISTURE PROTECTION of 
coil by cellulose acetate insula- 
tion, varnish vacuum impregna- 
tion, second varnish dip and 
baking. 
You Need an Advance Telephone 
Type Relay for - 
HIGH UNIT PRESSURE of small, 
hemispherical contacts, no waste 
contact area. 
POSITIVE MECHANICAL 
ALIGNMENT of armature to core, 
of contact to contact. 
PIVOT BEARING HINGE be- 
tween armature and frame as- 
sures minimum of friction-max- 
imum life. 
SWITCHING CAPACITY from 
single pole single throw to 4 pole 
double throw. 
OPERATING POWER moder- 
ately low. 
TRUE ECONOMY OF DESIGN, 
correct materials used where 
needed, excess eliminated, no 
waste space. 

Catalog with complete 
description and prices 
will be sent by return 
Air Mail by - 

°C) 

I "'dvonceAr%ys 
ADVANCE 

ELECTRIC & RELAY CO. 
1260 West 2nd Street 
Los Angeles 26, Calif., U. S. A. 

Phone Michigan 9331 
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Booklet Tells How to Use 

1 
WHAT 15 

l 

FLOCK 
An interesting and colorful book- 
let on their product has been pre- 
pared for your information and 
convenience by the makers of Cel- 
lusuede Cotton and Rayon Flock. 
Brief, clear explanations give all 
the facts you'll want to knosL about 
this versatile coating material; what 

it is made of; how it is applied; how it can he used. In the pages 
of this booklet you may find the answer to one of your manufac- 
ing problems. You will be 
interested, too, in the col- 
orful and unique applica- 
tion of Cellusuede on the 
booklet cover. Write for 
your copy. 

44, 

O`SgRIM I NAT¡p° 

4111 4A. ' 
n r 

» 
io 96 

fia v.:5 

Also manufacturers of high 
grade cotton and silk cov- 

ered wires, cotton and silk 

coverings over enamel coated 
wires, and all constructions 
of Litz wires. A variety of 

coverings made to custom- 

ers' specifications, or to re- 

quirements determined by 

our engineers. Complete de- 

sign and engineering facili- 
ties are at your disposal; 
details and quotations on 

request. 

ENAMELED 

MAGNET 
WIRE 

A product, resulting from many years of 
research in the field of fine wire manu- 
facture, that meets the most rigid re- 
quirements of radio and ignition coils. 
A new coating method gives a smooth, 
permanently - adherent enameling, and 
mercury -process tests guarantee perfect 
uniformity. Great flexibility and tensile 
strength assure perfect laying, even at 
high winding speeds. If you want re- 
duction in coil dimensions without sacri- 
ficing electrical values, or seek a uniform, 
leakproof wire that will deliver extra 
years of service, this Hudson Wire'prod- 
uct is the answer. 

kg.ja/ 
HUDSON WIRE CO. 

WINSTED CONNECTICUT 

J r P ' ORIG 
Sp1 

WORKS LIKE A 

SCREW DRIVER 

Speeds Production I 

Standard 
Sizes, Hex, 
Square or Knurled, 
Chuck Type with many 
Tools for many uses 

Radio and Electrical Shops 
Need them 

Send for Catalog No. 
141 picturing a lull line 
of Automobile. At 
and Radio Tool,. 

a 

- 

SPINTITE 
T-8 SET With Stand 

7 Popular Sixes 
Plastic Handles 

WALDEN 
WORCESTER 

ISTEVENS WALDEN, INC. 
468 SHREWSBURY STREET 

WORCESTER, MASSACHUSETTS 
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You'll save time and money if you order your 
Terminal Boards ready-made from C.T.C. Just 
send in complete specifications and in short 
order you'll receive perfectly cut and finished 
linen hakelite boards with quick soldering 
C.T.C. Lugs firmly anchored in exact position 
.and ready to use. 

Boards can be furnished ss ith any type of C.T.C. Lug 
and in a variety of thicknesses. 

Write for complete information or, better still, send us 
your specifications and let us show you just how inexpen- 
lively and quickly we can meet them. 

CAMBRIDGE THERMIONIC CORPORATION 
439 Concord Avenue Cambridge 38, Mass. 

. The meeting of extraordinary 
applications-the designing and 

developing of new and specialized 

transformers-these ore the day-by- 

day jobs Electronic Engineering is 

known for doing well. 

will meet your most 

exacting requirements, ordinary or 

unique-and the finest engineering 

talent and most complete electronic 

laboratories available are ready to- 

day to consult with and help you. 

"SPECIALIZED 

elk 
ENGINEERS" 

Electronic Engineering Company, Inc., 3223-9 W. Armitage Ave., Chicago 47, III. 

304 

will be relayed an airline distance of 
18 miles from the Hollywood studios 
of \V6XYZ to its Mt. 1Vilson trans- 
mitter having a 100 -mile radius re- 
ception range. 

ELECTRONIC CORPORATION OF AMER- 
ICA has moved all manufacturing and 
sales operations to its new plant at 
170-53 Street, Brooklyn, N. Y. 

SiIALLCROSS MFG. CO., Collingdale, 
Pa. has acquired the manufacturing 
rights and licenses to produce Vari- 
aten attenuatoi-s, gain sets, and 
other resistance devices manufac- 
tured by the Cinema Engineering 
Co. of Burbank, Calif. Engineering 
and special designing will continue 
at the Burbank plant, but all produc- 
tion is being transferred to the Col- 
lingdale plant. 

NOhIA ELECTRIC CORP., New York 
City, has purchased manufacturing 
facilities and inventories of Oxford 
Tartak Radio Corp., Chicago, and 
has formed Oxford Radio Corp. as 
a wholly -owned subsidiary of Noma 
to carry on the loudspeaker business. 

AUDIO DEVICES, INC., Stamford, 
Conn., has opened its new research 
laboratories devoted exclusively to 
sound recording and research. Er- 
nest \V. Granck, research director, 
is ill charge. 

AIR DESIGN, INC. is the new short- 
2ned firm name of Airdesign & Fab- 
rication, Inc., Upper Darby, Pa., 
manufacturers of transformers for 
the electronic industry. 

ESSEX ELECTRONICS recently occupied 
new plant quarters in Berkeley 
Heights, N. J. where it will manu- 

New plant of Essex Electronics 

facture coils, chokes, and trans- 
formers for the radio and electronics 
industry. 

AmARON MFG. CORP., Los Angeles, 
Calif. is a consolidation of Asco Mfg. 
Co. and Standard Engineering Lab- 
oratories, formerly of Pasadena. 

TREFZ MFG. Co., manufacturers of 
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 SOFT SOLDER. RINGS 
AND PREFORMS 

SILVER SOLDER RINGS 

COPPER BRAZING 
RINGS 

Large range of wire 
sizes carried in stock 
for immediate fabri- 
cation into Rings and 

Preforms. 

ELECTRONIC SPECIALTIES 
MANUFACTURING COMPANY 
127 North Mein, Street, Elkhart. Indiana 

-- It AD E X i I 
v +a> 

`° ̀  I 

, . I 
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" 

ILD .._ /, CHICAGOili /;i/I\\\ 
an future peace -time 

production, Radex will 

uphold its war -won re- 

putation by the scope 

and caliber of its ser- 

vice to the radio and 

electrical industries. 

Radex Corporation 
53 W. Jackson Blvd., Chicago 4,111. 

`v. 

NORTHERÑ 
Otahttt /àchettp PA 

EXPERIENCE 

Since 1909 
Originality backed -up by years of practical experi- 
ence is what really counts when it comes to 
producing plastics for products efficiently, economic- 
ally and on schedule. 
Northern provides that type of experience plus 
complete quantity production facilities. Specially 
designed equipment is available for producing un- 
usual type plastic jobs, impossible to duplicate with 
standard molding presses. 
Our engineers will be glad to help you with any plastic problem. 

INDUSTRIAL CHEMICAL CO. 

38 Years of Plastic Molding Experience 

7-11 ELKINS ST., 50. BOSTON 27, MASS. 

.MJtJAKD 
CRYSTALS 

For commercial airline, civilian aircraft, marine, police, railway, 
automotive, and other communication equipment. 

Complete line for the amateur bands. 

Custom units for laboratory, experimental, and 
specialized applications. 

Let us engineer your frequency control problems. 

Write for free catalog and other information. 

STANDARD Pizzo COMPANY 
Established 1936 . 

Quartz Crystals and Frequency Control Equipment 
Office and Development Laboratory 

SCRANTON, PA, CARLISLE, PA., P. O. Box 164 CARLISLE, PA. 
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AN6TIEt 
SPECIAL BY 
PROGRESSIVE 

P9-j7 

ACTum. 
512E pOtENS MORE I 

CATALOG SNOWS knishes on any metal 

set. Weeson 
output: 

Special heeds, threads endpro- 
or alloy adapted to anly specials, suggesting cata- 

log. 

savings 
pieces. 

ot you, illustrated latest cdec- 
ion per 1M standardand ene' 

other purchasing log includes weig 
Catalog ls. 

purin of (racoons, 

eering help°' write for 

The PROGRESSIVE 
0.1MFI . O. 

50 NORINoOD 
n TOR 

ENLARGED FOR 
DETAIL 

top c ' twill Ak rC.) lit ( - 

D.C.to A.C. CONVERTERS 
The Janette Rotary Converter is a simple, practical method for 
obtaining Alternating Current when only D.C.power is available. 

u ' -- 

Janette 
556 Monroe Sl.t. . ehicacpy 6, II.L. 

..1 to 3.2 K. V. A. 
Janette was one of the first manufactur- 
ers to build converters especially for use 
with A.C. electronic tube devices. Since 
their inception these machines have es- 
tablished a world wide record for relia- 
ble, efficient, quiet, trouble free opera- 
tion, under the most adverse conditions. 
TWO TYPES are available; one for 
commercial applications, the other for 
marine service. Special filters for sup- 
pressing conducted and radiated noise 
voltage interference can be supplied. 
If you want a really dependable 
converter, guaranteed for one year, 
we suggest you TRY A JANETTE! 
May We Send Literature? 

- 
T-.. 

- 7k; 

t1_ 

e+as. wÍ t 

J 

fixed and variable wire -bound re- 
sistors and potentiometers, have 
consolidated their three plants into 
one location at 511 E. 164th St., New 
York City. 

MINNEAPOLIS - HONEYWELL REGU- 
LATOR Co. has purchased a new plant 
at Leaside, on the outskirts of 

-- 

111\' y r 
New Honeywell plant In Toronto. pur- 
chased from Small Electric Motors (Can- 

ada) Ltd. 

Toronto, that will triple its Cana- 
dian manufacturing facilities for 
controls. 

JFD MANUFACTURING Co. has ac- 
quired a new factory site in Brook- 
lyn, N. Y. on which a modern two- 
story building will be erected as 
soon as construction materials are 
available. 

ELECTRONICS -ROCHESTER INC., Cox 
Bldg., Rochester, N. Y. has been 
established as a consulting and fab- 
ricating service for single units or 
quantity orders of specialized elec- 
tronic control devices. 

PERSONNEL 

H. H. SCHWARTZ has joined the staff 
of Dee Electronics Limited, Mont- 
real, Canada, as communications en- 
gineer. 

J. ERNEST SMITH now heads the 
microwave communication engineer- 
ing department of Raytheon Mfg. 
Co., after 12 years with RCA where 
he rose from student engineer to 
division head of RCA Laboratories. 

9 

J. Ernest Smith F. R. Hensel 

F. R. HENSEL has been elected vice- 
president in charge of engineering 
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I Optical p Glass 
Specialties 

Television Reflectors 

Precision -polished optical 
face plates for cathode ray 

tubes 

Optical lenses, prisms 
and flats 

FS Precision -Bore Glass Tubes 
with bore exact within .0002" 

Contact us for 
such requirements 

FISHSCHURMAN CORPORATION 
230 East 45th St., New York 17, N. T. 

. lJ S 

- .,. 
STEATITE 

CERAMIC 
Properties and Characteristics of Our 

LAVITE 51-5 Steatite Ceramic Body 
Compre.sive Strength 96,000 lbs. per square inch 

7,200 lbs. per square ench 
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 

1 Lose Factor 2 90 , megacycle 
Power Factor 4 46 l 

DensitySpecific 
gravity 2 664% 

Density (Iron. above 99 avlty)...0.096 lbs. per cubic loch 
R.srdne.s (Mohr .c le)r 
Softening Temperature 2 350Fe 
Linear Coefficient of Expansion 6 13010-e 
Moi.lu,e Ab.orpt)on (AVOW D -116.42.A) O 009% 

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 excellent 
workability makes it ideal for all high frequency 
applications. 
We will gladly supply samples for testing. 

Tensile Strength 

D. M. STEWARD MFG. COMPANY 
Main Office & Works: Chattanooga, Tenn. 

Needham, Moss. Chicago Los Angeles 
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MOLDED 

RESISTORS 
59401-1Veade)171istou 

PGNa. 

TYPE 65X 
Actual Size 

Other types available 
in the lower values 

RESISTOR 
BULLETIN 

4505 

GIVES IOU DETAILS . 

It shows illustrations 
of the different 

types of S. S. White Molded Resistors 

and gives details about construction, cP¡ne 

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 ore 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 

SIWHITEINDuSTRIALTHE 
S.S. WHITE DENTAL MFG. CO. DIVISION 

DEPT, L TO EAST 40th ST., NEW YORK te, N. Y.. 
glxl.11 SWAM 11151"1 SMUT TOOLS Alicia,, ACCItSO.IIs 
/Marl Cunina one OfIMDIRO loot, nlClat,o,MUlA v.ene 
smote nssOm PLUM( ~SWIM CORfAC3 MASTICS MOWN* 

OKc V /41uratCutá A,I,4,4 %,ut!scadztaC (sKtwfrtlacs 

Pl.A S TI(;( 1\ j* 

CAPACITORS 
S 

Cp 

ORDINARY 
PAPER 

CAPACITOR 

Have You an .Application for 
a Capacitor Weighing, 1/, of 
Comparable Paper Capacitors 

because 
they 

----------- 
aeronautical 

engineers 

favored 
by saving of 10g/o 

are average s, as 

pinst rand smaller. ¡s an a increases, of 

ore lighter capacitors, 
there of 

coPacitors 

On 
weight. 1 A the voltage 

weight 
Is 

rating 

theIs saved. 
much as /o specify capacitors 

Weight 
is afactor, 

ust óonsPlastl( 
film dielectric 

caP If 
Condenser Produc/x Company 
1375 NORTH SRANCH STRf ET CHICAGO 22, ILLINOIS 
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WHAT TYPE OF 
Jewel Assembly 

DO YOU NEED? 
No matter what type or size of Jewel 
Light Assembly you need, chances 
are we can produce it for you quickly, 
more satisfactorily,. and at lower 
cost! Here, every facility is avail- 
able for high speed quantity produc- 
tion ... speedy, efficient, economical 
service. Drake patented features add 
greatly to the value and dependa- 
bility of our -products. 

You'll like the friendly, intelligent 
cooperation of our engineers. Let 
them help you with signal or illu- 
mination problems. Suggestions, 
sketches, cost estimates or asking 
for our newest catalog incur no 
obligation. 

DRAKE MANUFACTURING CO. 

1713. W. HUBBARD ST., CHICAGO 22, ILL. 
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at P. R. Mallory & Co., Inc., Indian- 
apolis, Ind. He holds more than 140 
patents on alloys and metallurgical 
processes, and has been chief metal- 
lurgical engineer for Mallory since 
1934. 

ARTHUR J. SANIAL announces the 
opening of a consulting engineering 
office in Flushing, N. Y., specializing 
in electroacoustics and audio elec- 
tronics. 

KARL KRAMER has been transferred 
from the engineering to the sales 
department of Jensen Radio Mfg. 
Co., Chicago, Ill. 

ROBERT L. WOLFF becomes chief radio 
and electronics engineer at Centra - 
lab, Division of Globe -Union Inc., 
Milwaukee, Wis., after four years 
with Western Electric Co. and four 
years with Wells -Gardner. 

íC 

"I' 

R. L. Wolff F. J. Gaffney 

F. J. GAFFNEY, former head of the 
measurement and test equipment 
group at MIT Radiation Laboratory, 
has been appointed chief engineer of 
Polytechnic Research and Develop- 
ment Co., Brooklyn, N. Y. Before 
the war he was chief engineer for 
Browning Laboratories. 

BEN WAXLER, formerly chief radio 
engineer of David Bogen and of 
Regal Electronics, is now chief radio 
engineer of Globe Electronics Corp., 
New York City. 

ALBERT PREISMAN has been made 
vice-president in charge of engineer- 
ing at Capitol Radio Engineering 
Institute, Washington, D. C. Prior 
to joining CREI three yen rs ago he 
was senior engineer at Federal Tele- 
phone and Radio Corp. 

JOHN D. KRAus, formerly with Radio 
Research Laboratory at Harvard 
University, has been appointed Asso- 
ciate Professor of Electrical Engi- 
neering at Ohio State University. 
J. ALBERT WOOD joins the Thayer 
School faculty of Dartmouth College 

111111111 - 
SELENIUM 

RECTIFIERS 

;It 

Se -6 M Series 

A group of several 
half -wave rectifiers 
rated up to 4000 volts 
peak inverse, 5 milli- 
amperes D.C. Illus- 
trated are models Se. 
6M55-112 and Se - 
6M28 -HI. 

Bradley engineers 
have had wide ex- 
perience with rectifica- 
tion problems involv- 
ing instruments, elec- 
tronic devices and 
power applications. 
They will glady spec- 
ify the proper selenium 
rectifier for your cir- 
cuit, or design and pro- 
duce a special unit for 
you. 

Illustrated literature, 
available on request, 
shows more models of 
selenium rectifiers, plus 

a line of copper oxide 
rectifiers and photocells. 
Write for "The Bradley 
Line." 

.. 

BRADLEY 
LABORATORIES, INC. 

82 Meadow St. New Haven 10, 'Conn. 
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IMMEDIATE DELIVERY! 
WRL Multitester 

Sturdy Steel Case 
30-60 Degree Angle 
Stand it up or Lay 
it Down 
CAT. NO. 16-491 

$18.75 
TEST LEADS 
CAT. NO. 17-459 $60 

Ranges: DC Volts -0/5/50/250/500 V, AC Volts - 
0/10/100/500/1000V, DC Mills -0/10/100 Stills. 
Ohmmeter Low Range 0-500 Ohms. High Range - 
0 -100,000--1 Meg. 3" Meter with sturdy D'Aronsval 
movement. Size 51 x S a 3%. 

Phono Amplifier Kits 
Complete with tubes, speaker, 
stamped chassis, resistors and 
condensers. Many other kits also 
available. Cat. No. 7-271. $9 5 59.50 ea. Lots of 3, ea.... 

On our toes at all 
times to give you the 
best in radio and 
electronic devices of 
all kinds. Immediate 
delivery to all parts 
of the world from 
the heart of America. 

WE INVITE INQUIRIES FROM 
AGENTS, IMPORTERS, BROKERS 

FREE! 52 Page Packed with savings in radio, 
Catalog electronic, and general merchan- 

dise. Send for your copy today. 
Handy Tube Base Calculator 25c 
Giant Radio Reference Map 15c 

Address Dept. E-6 Council Bluffs, Iowa 

WRL LOW PRICED 
TRANSMITTER KITS 

15, 35, 70, and 150 
Watt types 

Jlsctsa 
LAORATORIL _,, INCORPORATED 

Formerly Wholesale Radio Laboratories 

RELIEFS 

HEATER PLUG CONTACTS 

CURE TAP CONTACTS 

Complete 
line for all faappli 

Lions 

Many sizes ready 

When 

literature and 

somPles, please 

for 
a 510íe wire size. 

HEYMAN MANUFACTURING 
COMPANY 

510 Michigan Ave. Kenilworth, 

Transformer Type SPEED IRON* 

FOR 
SOLDERING 

IN TIGHT PLACES 

5 SEGO 
Short pistol, length and slender 
loop type tip permits working in 
close quarters and around sharp 
corners. Tip easily formed by 
hand to fit the job. 
BUILT-IN TRANSFORMER PRINCIPLE FOR 

FAST SOLDERING HEAT . 

115 VOLT -60 CYCLE -100 WATTS 

ALWAYS READY TO USE 

STAYS TINNED - NO TIP BURNING 

INEXPENSIVE TIPS EASY TO REPLACE 

IMPACT RESISTING CASE 

WELLER MFG. CO. 
515 NORTHAMPTON ST. EASTON, PA. 

*TRADE MARA REO V. 5. PAT. OFI.. 

LOW VOLTAGE' 

HIGH CURRENT 

\EfaMEW 
ii.li..ila rY ffIEEE rat MM. MM 

SPEEDS UP 

WORK. 

PERFECTLY BALANCEINta 
EASY TO HANDLE dip 

NOW AVAILABLE! 
STUDENT'S 

OSCILLOGRAPH 
BY 

eie 
New, ultra -simple measuring and 
recording instrument of unusual accuracy and dependability. 
Specifically designed and built to meet the long -felt need in 
Colleges and Technical Schools for a low -price precision test- 
ing until adaptable to general laboratory and field work. 

Embodies instant magazine loading, simultaneous view- 
ing and recording, automatic brilliancy. control, and four 
operating speeds: 48", 24", 12", and 6" per second.. Operat9s 
from 110 -volt a -c outlet. Weighs 40 lbs. Measures 10" wide 
by 171/2" long x 101/2" high. 

Write for Bulletin SP -183 Hathaway Instrument Co., 1315 
S. Clarkson St., Denver 10, Colorado. 

HATHAWAY INSTRUMENT CO., Denver 
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 ALL SOLDER WIRE 

LOOKS THE SAME 

FROM THE OUTSIDE 

TRI-CORE'S 
TRIPLE -FLUXING 

Makes the Difference 

FASTER, BETTER SOLDERING! 

SAVINGS IN LABOR & MATERIALS 
Tri-Core's arrangement of three independently filled cores places 
them closer to the surface. Heat hits flux in a flash, releasing flow 
instantly. Solder flows faster too, which gives results found in 
solders of a much higher tin alloy content. Hence-a real saving 
of tin, reflected in lower solder costs. 

Write Today for Tri-Core Test Sample ... and Descriptive Bulletin 

ALPHA METALS, Inc. 
Single Core, Rosin and Acid Filled Special Core Solder, 
Wire, Bar, Sheet, Preforms. Lead and Tin Products. 

371 HUDSON AVENUE BROOKLYN, 1, N. Y. 

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 

Ec-"teA-PI 
41 CHESTNUT STREET, NEW HAVEN, CONNECTICUT, U.S.A. 

as assistant professor of electrical 
engineering, and will direct elec- 
tronics work in the school's new elec- 
trical engineering course. He was 
formerly assistant director of the 
radar school at MIT. 

J. ELMER HOUSLEY, district power 
manager for Aluminum Company of 
America, will be the next president 
of the American Institute of Elec- 
trical Engineers and will take office 
August 1 for one year. 

LAWRENCE BAILEY, formerly radio - 
radar materiel officer in the U. S. 
Navy, has joined the staff of Spec- 
trum Engineers, Inc., Philadelphia, 
Pa. Before entering the Navy he 
was on the engineering staff of sta- 
tion WBEN, Buffalo, N. Y. 

WELDON E. RHOADES, who served as 
a personal pilot for General Mac- 
Arthur in the Pacific, has been 
appointed director of the air naviga- 
tion -traffic control group of the Air 
Transport Association of America. 
His duties will include flight -testing 
and evaluating the more than 15 
electronic systems already in the 
field for control of air traffic both on 
the airways and when landing. 

BURTON E. SHAW, newly elected vice- 
president of Photoswitch Incorpor- 
ated, Cambridge, Mass., will have 
charge of engineering and produc- 
tion. He formerly held a similar 
position at Watts Regulator Co. in 
Lawrence, Mass., and holds many 
patents on control devices. 

B. E. Shaw U. R. Furst 

ULRICH R. FURST is now associated 
with Furst Electronics, Chicago, Il- 
linois. a new firm manufacturing 
industrial electronic equipment for 
measurement and control applica- 
tions. He previously was chief elec- 
tronic engineer of Russell Electric 
Co. 

JAMES I. BENJAMIN has been ap- 
pointed manager of the Radio and 
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Specializing in the production of highest 
quality Alnico Magnets in all grades 
including new triple strength No. 5. 

Production material checked to assure 
highest uniform quality of product. 
Castings made to customer's special 
order on the basis of sketches or blue 
prints furnished. 

Information and suggestions furnished 
on request. 

MANUFACTURERS Of NIGH COERCIVE MAGNETIC ALUM 

MAGN.ETIC:CORPCRDIiI 
2126 L FORT STREET, 

DETROIT 7, MICHICAN 

in Washers 
Especially important in electrical products, 
where VIBRATION is an enemy. 

QUADRIGA QUALITY WASHERS 
Made exactly to your specifications for greatest precision. 
PROMPT DELIVERY any washer material, any type, any 
quantity, large or small. 
Also SMALL METAL STAMPINGS, any design. 

Send for QUADRIGA Catalog 
Many photographs. Valuable engineering data. 

THE QUADRIGA MANUFACTURING CO. 
incorporated I894 

& SMAL WASHERS.L.M[TAL STAMPINGS 
AWest Grand Ave. Chicago 10, Illinois 

4..GOSES HYDROGEN 

11 NITROGENOXYGEN 
COMPLETE FORMING MIXTURES 

GAS PRODUCTION CARBON DIOXIDE 
PLANTS INSTALLED ACETYLENE 
FOR LOWEST COST HIGHEST QUALITIES ANY QUANTITY 

OPERATION . . . DELIVERED ANYWHERE 

AMERICAN GAS & CHEMICAL CO. 
HARRISON, NEW JERSEY Contracted Complete Service on All Gases 

ARGONNEON 
HELtUMKPVPTON 

XENON 

SP&R1 

C- 
-`._ . 

:"=g U 

MAIL 

COUPON 
FOR 

"Pocket Library of Engineering Data" 

... AND A BAGFUL OF 

SCRE4, 
ar 
1ST!! 

R!NM' 
'QOD 

If you use screws, nuts, bolts, washers, 
rivets, let us send you FREE the new 
"Pocket Library of Engineering Data," a 
fingertip reference to machine screw 
weights, decimal equivalents, machine 
screw thread dimensions, and decimal 
equivalents of twist drills. Also, you will 
be interested in receiving FREE a bagful 
of STRONGHOLD samples. This typical 
cross-section tells a better story than words. 
STRONGHOLD offers one dependable 
source of supply for every type of fastener, 
produced by modern equipment in our 
own factory. 

NET PRICE CATALOG 
An up-to-date fastener encyclopedia, refer- 
ence guide, specification chart, and NET 
price list of precision -made STRONGHOLD 
products. Every purchasing agent and every 

engineer who speci- 
fies fasteners should 
have a copy. Mail 
coupon now. 

MANUFACTURERS 

SCREW PRODUCTS 
270 W. Hubbard Street. 

Chicago 10, Ill. 

It's Faster to Phone 
WHitehall 4680 
Standardize on 

STRONGHOLD 
PASTE THIS COUPON ON YOUR LETTERHEAD AND MAILI 

MANUFACTURERS SCREW PRODUCTS 
270 W. Hubbard St., Chicago 10, III. 

Please send me the items checked below, 
"Pocket Library of Engineering Data". 
Bagful of STRONGHOLD screw products. 

l] NET Price Catalog. 
Prices on attached request. 

Neme 

Position -- 
Company 

Address..._. 

City, Zone, State. 
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PRECISION PARTS 

RECIPE 
FOR PRECISION 

Precision tools, used daily to machine to 
close tolerances, must themselves be built 
with hairbreadth accuracy. Here is an Ace 
recipe that worked successfully for one 
such precision instrument-a size and 
burnishing tool! 

Start with high-speed Delloy steel. Ma- 
chine it in the rough. Heat-treat according 
to the specifications for that particular 
steel (Rockwell C63 66). Grind the shank 
in a centerless grinder to a tolerance of 
plus or minus .00025". Place in a cylin- 
drical grinder, grinding the sizing and 
burnishing diameters of the bit to a 
tolerance of.plus 0", minus .0005". Result: 
a fine precision tool, a product of Ace 
skill down to the last ten -thousandth 
of an inch. 

This is just one example taken at ran- 
dom from the hundreds that pass through 
the daily grind here at Ace. Ace offers a 
complete service for the production of 
small parts and assemblies . . . in "any 
quantity, to tolerances of .0001" 
whether the material is steel, non-ferrous 
metal, or glass. With Ice, you purchase 
all your precision work in one place from 
the tool and die stage, on through stamp- 
ing, machining, heat -treating and grind- 
ing. All of the work is carried out under a 
single roof, a single, competent manage- 
ment. Send us a blueprint, sketch, or 
sample for quotation. 

e 

up-to-date, efficient equipment, 
from tool crib to inspection bench .. . 

ACE MANUFACTURING CORPORATION 

for Precision Parts 

1255 E. ERIE AVE., PHILADELPHIA 24, PA. 

Electronic Division of the Lewyt 
Corp., Brooklyn, N. Y. 

S.1hIUEL J. Nov1Cx has been. elected 
chairman of the board for Elec- 
tronic Corporation of America, 
Brooklyn, N. Y. His former position 
as president of the firm is being 
filled by Garrard Mountjoy, who 
moves up from vice-president in 
charge of engineering. 

\\INFIELD WAGENER, at one time 
chief engineer for Heintz & Kauf- 
man and (in 1944) head of the tube 
division of Litton Engineering Lab- 
oratories, recently joined the sales 
engineering staff at Eitel-McCul- 
lough, Inc., San Bruno, California. 

MARTIN D. WHITAKER, director of 
Clinton Laboratories operated by 
Monsanto Chemical Co. at Oak Ridge, 
Tenn., will begin his new duties as 
president of Lehigh University June 
1. His position at Oak Ridge is being 
filled by Dr. Eugene P. Wigner, 
member of the Princeton University 
faculty and an authority on nuclear 
physics. This laboratory is one of 
the few places in the world having a 
chain reacting pile for fundamental 
research in nuclear physics, radio 
chemistry, and atomic energy. 

JOHN ASHTON has opened a radio 
laboratory in Greenwich, Conn., for 
general radio engineering practice. 

JOHN L. REINARTZ has returned to 
RCA after seven years as communi- 
cations and electronics officer in the 
Navy, and will be in charge of the 
amateur radio program at their Lan- 
caster, Pa. plant. 

L. H. ROBINSON, until recently a 
Major in the Signal Corps, accepted 

MICROWAVE TOWER 

-i.T'F7511d1 

Artist's sketch of 300 -foot tower now under 
construction for microwave and electronic 

- experiments at the Nutley, N. I. site of 
Federal Telecommunication Laboratories 
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QUALITY PRODUCTS 
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BATTERY ELIMINATORS 
FOR CONVERTING A.C. TO D.C. 

New Models ... designed for testing 
D.C. electrical apparatus on regular 
A.C. lines. Equipped with full -wave 
dry disc type rectifier, assuring noise- 
less, interference -free operation and 
extreme long life and reliability. 

Eliminates Storage Batteries and 
Battery Chargers. 
Operates the Equipment at Maxi- 
mum Efficiency at All Times. 
Fully Automatic and Fool -Proof. 

, 

. :'. 
ATR 

LOW POWER INVERTERS 
FOR INVERTING D.C. TO A.C. 

Another New ATR Model ... designed 
for operating small A.C. motors, elec- 
tric razors, and a host of other small 
A.C. devices from D.C. voltages 
sources. 

ATR --- 
. 

Í 

STANDARD AND 
HEAVY DUTY INVERTERS 

FOR INVERTING D.C. TO A.C. 
Specially designed for operating A.C. 
radios, television sets, amplifiers, ad- 
dress systems, and radio test equip- 
ment from D.C. voltages In vehicles, 
ships, trains, planes, and in D.C. 
districts. 

WRITE FOR NEW CATALOG- 
JUST OFF THE PRESSI 

TELEVISION & RADIO CO. 
Ouuldy Products Sour 1931 

itERICAN PAUL t, MINN. U. S. A. 
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'FAMOUS SINCE 1892 ...ewe. 
fur Better Record Performance 

11. 

[Me t w t t MT t11MCMr6rUrrmr i., 
°11.110tf -yy. 

---__ ..--_ # 

I AcTONE ! 
I TRANSt:RIpr10N NEEDLES I 

r s 
1' 

011. IIIO[[ SSIOÑAI PECORO,M1CS, YI 

This is the needle that has 

set Performance Standards in 
laboratories and studios the 
world over! It is remarkable 
for hi -fidelity playback . . , 

and our drastic SHADOW - 

GRAPHING eliminates all ex- 

cept perfect points. A profes- 

sional's needle, indeed, vindi- 
cating the BAGSIIAW slogan: 

Alter all .. . 

you can't beat the BEST! 

IV. ACTION. GI., INC. 
SOLO 111511M ION 

370 SEVENTH AVENUE NEW YORK 1, N. Y. 

DUF EX SHOCK MOUNTS`. 

TUBULAR AR Type 

.. 
1-1\ 

.. E. 

TOO I.EX BEARO!GS 

CONTROCVIBRATION 
ELIMINATE SHOCK "8 "NOISE : 

HARRIS PRODUCTS. 
COMPANY 

5106 Cowan Ave. .Cleveland 4,,0hio 
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VACUU.N! CONDENSERS 
qan .9ndoptbdai and G'aoisnrshüccdiaws /albs 

Low power losses-High conductivity glass 

seal. No high resistance metals used, which 
in some vacuum condensers, seriously limit 
the use of the unit on the higher frequencies. 

Silver plated copper terminals. An ideal 
conductor for radio frequencies-No solder 
connections. 

Heavier plates-chemically treated. 

RATINGS 
Series 60G3 
12-250 mmf 
Pk. Volts 32,000 
Pk. Amps 60 
Length Overall S Inches 
Diameter 31/[ Inches 

Standard Tolcranccs 

Less surface 
glass path. 

Trio threaded mounting holes - center 
threaded mounting hole. May be seriesed 

by single stud, center to center; parelled 
by bolting ends to conducting bus-either 
thru Frio or center holes; stand-off mounted; 
mdunting methods prevent frequency drift. 

Electrically and mechanically "heavy-duty." 

leakage due to increased 

GILANDUN ELECTRONICS 
14 UNION AVENUE CAMPBELL, CALIFORNIA 

. 
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A\ . 

CENTERED,r'. . 
E\'`IN 

''' 1 OPERÁTION 

The DI-ACRO Bender 
make, perfectly centered 
eya from rod or strip stock 
at high hourly production 
rates. Both eyes and cen- 
tering bend are formed 
with one operation. Any size eye 
may be formed within capacity of 
bender and ductile limita of ma- 
terial. 

DI-ACRO 
Bander No. 2 

Forming radius 
6' approx. Capa- 
city y5' round 
cold rolled steel 
bar, formed cold 
to l' radius. Also 
Bender No. 3, 
with forming ra- 
dius 9' approx. 

CENtERED EYE 

With DI-ACRO Benders 
DI-ACRO Precision 
Bending is accurate to 
.001' for duplicated 
parts. DI-ACRO Benders 
bend angle, channel, rod, 
tubing, wire, moulding, 
strip stock, etc. Machines 
are easily adjustable for 
simple, compound and 
reverse bends of varying 
radii. 

é1 
Send for CATALOG 

"DIE -LESS" DUPLICAT- 
ING showing many kinds 
of "dieless" duplicatipg 
produced with DI.ACRO 
Benders, Brakes and Shun. 

DI-ACRO Is Pronounced 'DIE-ACK-10" 

DI-ACRO Bandee 
No. 1 

Forming radius 2' 
approx. Capacity 
ITT' round cold 
tolled steel bar or 

equivalent. 

..0,CISI 
C NE fi'flEILIí1 unn mfb. co. 

``'4ss pppUCp' 321 EIGHTH AVENUE SOUTH MINNEAPOLIS 15, MINN. 

cA 13aá -word f_or r,ce/_[e«ce 

PUR-ATONE 

YEARS nnTEnnns 
DEPENDABILITY 

ALL TYPES FOR 

AUTOS 
HOMES 
MARINE 

A. M. - F.M. - TELEVISION 

Make pleased customers and 
bigger profits . ask your 
distributor for BRACH Purotone 
ANTENNAS. 

Special - purpose transmitting an- 
tennas designed for volume pro- duction to your own specifications. 
Collapsible - sectional - direc- tion finding - radar and coaxial type. All sixes, lengths and me- 

. tenets. Consult us on your needs. 

L. S. BRACH MFG. CORP. 
200 CENTRAL AVENUE NEWARK, N. 

WORLD'S OLDEST AND LARGEST MANUFACTURERS.OF RADIO ANTENNAS AND ACCESSORIES. 
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a position as radio communications 
engineer with Galvin Mfg. Corp., 
Chicago, Ill. 

G. F. METCALF has been appointed 
manager of G -E's Electronics Labor- 
atory in Syracuse, N. Y. and will 
have charge of electronic research 
for the Electronics Department to be 
located in the ten -million dollar elec- 
tronics headquarters plant now be- 
ing built. He has been with G -E 
since 1928 except for service with 
the Signal Corps, from which he re- 
tired with the rank of Colonel. 

. 1~ 
Of 

l_ 
G. F. Metcalf A. Ellett 

ALEXANDER ELLETT, who as head of 
NDRC Division 4 directed develop- 
ment of the v -t proximity fuze and 
other still secret scientific weapons, 
has joined Zenith Radio Corp., Chi- 
cago, Ill. as director of research. 
Prior to joining NDRC in 1940 he 
was professor of physics at the Uni- 
versity of Iowa. 

ALBERT D. SILVA joins Columbus 
Process Co., Inc., Columbus, Ind., as 
director of engineering and chair- 
man of the board. For the past ten 
years he has been with Noblitt- 
Sparks Industries, where he served 
as chief radio engineer and as di= 
rector of electronic research. 

PAUL ROSENBERG has established a 
firm of consulting physicists known 
as Paul Rosenberg Associates, with 
offices in New York City. Work will 
be done in radar, ultrasonics, tele- 
vision, optics, and physics. 

F. A. WANKEL, NBC Eastern Divi- 
sion engineer, takes over supervision 
of the technical broadcast operations 
of NBC television in New York. This 
operations group was recently sep- 
arated from the technical develop- 
ment group. 

FRITZ FRANKE, formerly chief engi- 
neer in charge of research and de- 
sign, is now assistant sales manager 
for the Hallicrafters Co., Chicago, 
Ill. 
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Rowe - No. 7 

Permanent 
Magnetic 
Driver Unit 

Find Out Now 4 bout 

*S T A R* 
CERAMICS. 

There are many kinds for 
special uses, such as appli- 
cations calling for resistance 
to electricity, heat, moisture, 
c h e m i c a l s 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. 

YOU GÉT MANY 

extras3Ar-;`: 

CalaZ 

Extra power, extra long life, extra freedom 

from break -downs, extra ease of replace- 
ment these are but a few of the 

many extras you get in the ROWE No. 7 

PERMANENT MAGNET first choice 

of sound engineers who investigate thor- 

oughly and analyze carefully. 

The 3 lb., 4 oz. ALNICO Magnet gives 

power and permanency; combined voice 

coil and diaphragm assembly heads off 

trouble, provides for quick replacement if 

necessary. Write for circular 40-E giving 
complete details. 

ELECTRONICS DIVISION 

1!111111; ñduViries 
3120 MONROE ST.,TOLE DO 6; OHIO 
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ONE - USER OF H -B - 

Red -Top THERMO-REGULATORS 
says . P. 

s Of tempera- , 
method sfaotóry 

If all other sati . 

dl we s, I 
tare control during 

as 
therm 't sleep 

have lost a 
to 

War . 

' 
An unsolicited testimonial from 

the director of one of America's 
largest research laboratories. 

And this statement is based on the use of H -B 

Thermo -Regulators which after 17 years of continuous 

service orb still going strong. Investigate the limitless 

applications of the H -B Red -Top Thermo -Regulator 
(adjustable thermostat) for accurately holding, con- 

trolling or limiting temperatures-automatically. 
Adjustable between minus 35° and plus 350° F. Write 
us for catalog No. 14, just off press. H -B Instrument 

Company, 2524 N. Brood St., Philadelphia 32, Pa. 

DOUBLE 

DIM0h0 

HERMOMETERS THERMOSTATS rl RELAYS 
i 

THERMO-REGULATORS HYDROMETERS 
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SAY MODERN METHODS 

SLASH SCREW COSTS 86% 
By Means of Special Developments 

KEENE, N. H. (Special) -A saving of 

858,653 in screw. costs alone for one cus- 

tomer, together with a reduction in weight 

amounting to 3t'4 tons, is the remarkable 

achievement credited to engineers of the pi 
S 

New England Screw Company of this city. 
al 

The saving was made through development 

of a special screw which replaced two screws ttl 

formerly used. le to our a 

"This saving is d 
at the president of fi 

Engineering Department," 

the SO year old firm, declared today. "Our r 

customer asked us to develop a single part to a 

replace two screw machine parts which were 

the bottleneck in otherwise high-speed pro- 1 

duction. Subsequent research revealedn how 
E 

we could make a saving of 
ho other. In actual E 

on one llem and 230 a%p 

of brass w 

production we used 23,370 pounds tl 

wire as against 87,172 before. And the single u 

part does the job better!" 

Illustration on lett shows 
one 

of 
them. 

many 
Their I 

special screws develop y 

Engineering Department t 

will gladly co-operate with 

the engineers of any man- 

ufacturer using standard 

or special screws or head- 

ed shanks. The new cata- 

log which fully describes 

the manufacture of New 

England Screws, will be 

sent to any company re- 

questing it. 
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Sc 
sa 
tb 

in 
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NEW ENGLAND SCREW CO. 

KEENE, NEW HAMPSHIRE 

The following Tubes are available 
for IMMEDIATE DELIVERY 

Tape 
W L 655/658 
WI. 652/657 
W L 681/686 
WI. 762 
KU 627 
GL 415 

W L 632A 
FG 17 
FG 154 
FG 95 
RK 69 
R K 73 
2C33/RX233A 

872 R 
GL 4466 

IGNITRONS 
Make 

WESTINGHOUSE 
WESTINGHOUSE 
WESTINGHOUSE 
WESTINGHOUSE 
WESTINGHOUSE 
GENERAL ELECTRIC 
THYRATRONS 
WESTINGHOUSE 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
RAYTHEON 
RAYTHEON 
RAYTHEON 

MISCELLANEOUS 
RCA (Beam Power Tube) 
G.E. (Light House Tube) 

Price 
5165.00 

55.00 
30.00 
19.00 
11.00 
30.00 

16.00 
6.00 

17.75 
16.00 
5.00 

1.72 
5.00 

103.00 
10.00 

d' 

Thousands of still hard to i 
t 

t items a I. 
ways in took at 'Federated ` 

am 
-Our industrial t 

dlvi.ion Is at your di.posal with court.. 
and prompt service elwere. 

CaeaarEaERIUnCM 

ederated urchaser ucOarooars 
baton of RADIO- ELECTRONIC 

wed SOUND EQUIPMENT 

80T Park Place, New York 7 
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WE don't guarantee that the 
NEW BUD METAL WALL TYPE 
SPEAKER CASE will stand up 
against a sledge hammer . but 
we do say that it is not subject to 
the cracking, splitting and warping 
that characterize ordinary wooden 
speaker cases. 

This new metal wall type speaker 
case is not only superior in appear- 
ance and construction . but it 
has reproduction capabilities equal 
to the finest wood housings. Keyway 
holes are provided for wall mount- 
ing and there are four embossed feet 
on the bottom in case you require its 
use on a table or other surface. It 
is finished in a rich brown wrinkle. 
Your local distributor will be glad 
to show this BUD Speaker Cabinet 
to youl 

BUD 
Can Supply All Your 

Needs! 
. . . with the latest types of equip- 
ment including: condensers-chokes - coils - insulators - plugs - 
jacks - switches - dials - test 
leads - jewel lights and a complete 
line of ultra -modern cabinets and 
chassis. 

BUD ' ADIO,, INC. 
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CLEVELAND 3, OHIO 

NEW BOOKS 
Two -Way Radio 
BY SAMUEL FREEDMAN. Ziff -Davis Pub. 
Co., Chicago 1, Ill., 506 pages, $5.00. 

THIS BOOK COVERS briefly the ele- 
ments of two-way radio communica- 
tion, including frequency selection, 
licensing, equipment necessary, pur- 
chasing, and power supply; it takes 
up various types of equipment and 
systems-mobile and fixed stations, 
antenna systems, amplitude and fre- 
quency -modulation equipment, induc- 
tion radio and guided carrier sys- 
tems, frequency modulation, and 
microwaves. Next come descriptions 
of various types of applications- 
railroads, police, fire, forestry, high- 
way and public transportation, 
marine aeronautical and personalized 
uses. Finally, the author describes 
maintenance and repair practices, 
licenses and regulations and typical 
systems. 

The chapter on highway and public 
transportation is incomplete in re- 
spect to local transit systems. Sub- 
way, surface and elevated electric 
transit systems are briefly covered, 
but mostly from the standpoint of 
direct communication with passen- 
ger -carrying, vehicles. Several in- 
stallations exist, however, where 
two-way communication is main- 
tained between system headquarters 
and dispatchers in automobiles, with 
excellent results, whereas few if any 
installations on passenger -carrying 
vehicles are beyond the experimental 
stage.-K.S.P. 

One World or None, 
Edited by DEXTER MASTERS and KATH- 
ARINE WAY. McGraw-Hill Book Co., 
Inc., New York 18, N. Y., 1946, 79 
pages, $1.00. 

A COLLECTION OF reports by out- 
standing atomic scientists, giving 
their individual personal opinions on 
the significance of the atomic bomb 
to the future of the world, based in 
most instances on personal associa- 
tion with the Manhattan Project. 

Of especial interest to readers of 
ELECTRONICS is Chapter 7, "There 
Is No Defense", by Louis N. Ride- 
nour, who served at Radiation Lab- 
oratory, MIT, and was radar advisor 
to General Spaatz in Europe in 1944. 
He states that IFF (Identification of 
Friend and Foe) was an abject oper- 
ational failure, giving so many diffi- 

: UAW - 
COPPER:;OXIDE 

RECTIFIERS 

` . 

Coprox Model CX-2E4F2 

A full -wave rectifier 
rated up to 4.5 volts 
A.C., 310 volts I).C., 5 
milliamperes D.C. 

'Coprox" rectifiers 
by Bradley have spe- 
cial features that as- 
sure long life, easy as- 
sembly and accurate 
performance. All rat- 
ings of Bradley recti- 
fiers are conservative. 
Bradley engineers are 
available to assist you 
in the development, 
production and appli- 
cation of special recti- 
fiers for special jobs. 

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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Mobile Aiitestiness 
and Almon dings 

Gel /he Signals 
Premax Tubular Antennas . . . in rigid 
and adjustable models . . . are doing an 
outstanding job in many types of commer- 
cial installations. Being made of tubular 
steel or aluminum, they are light in weight 
yet can withstand severe shocks. many spe 
cial and standard designs are available, to- 
gether with suitable mountings. 

Prenicix Proc/uc/s 
Division Chisholm -Ryder Co., Inc. 
4611 Highland Ave., Niagara Falls, N. Y. 

&tanate yowl rS~ ea 1% 

uktk 00051e0e 
P 

ROVIDES 
'lb three stand- 

ard voltages- 
.1, 1.0 and 10.0 
peak to peak 
volts. AC op- 
erated and 
adaptable f o r 
all make oscil- 
loscopes. No 
warm - up time 
makes the Vol- 
tascope ready 
f o r immediate 

- - use. eV' A self-contained 
instrument - no 

bigger than your hand. Foot-proot- 
$1 5.00 no tubes and fuse protected. Net 

price. F.O.B. New York City 

Dual Regulated 
D. C. POWER 

UNIT 
'rico independently 
regulated D.C. power 
units designed to 1 

meet requirements 
where close tegula- 
lion and low ripple 
content are important. 
Stomas in a stand- 
ard Upe relay rack 1 

110 x 175%1. No elec- 
trolytic condensers are 
used. 

Each Power Unit has its own power switch. ruses. 
pilot light, and voltage control. 

Specifications: 
115 Volts AC 50/60 cps 240-285 DC Volta 

400 DC StA each unit Ripple less than 0.001% 
Impedance less than 1.50 ohms. 
Net Price F.O.B. New York City 

$300.00 Portable Metal cabinet 525.00 

r 

OCo o 
lecttaMtca eanr,taery, 

135A LIBERTY ST., NEW YORK 6, N. T. 

n; 
- t 

. 8.- 

Specialists in intricate 
electrical mechanical assemblies 

Illustrated above is an example of the type 
of work Gray knows how to do - and do 
well. We're open now for contracts and sub- 

contracts in this highly specie I i zed field. 
Write to Laurence McCulloch, address below. 

RAY MANUFACTURING CO. 
W. E. DITMARS, President 

230 Park Ave., N. Y. 17, N. Y. 16 Arbor St., Hartford 6, Conn. 

CUP WASHERS 
for Binding Screws 

/0re/errecl 
as a source of pre- 
cision -made 
WASHERS and 
STAMPINGS 
manufactured to 
your specifications 

WHITEHEAD STAMPING CO. 
1691 W. Lafayette Blvd. Detroit 16, Michigan 

v WIREF01l 

SEO,pAlE55 
10114G 

.. 

.:.11NM 
h. RIBBON 

ELECTRONIC USE 

a7.4-5-.5' .- . 

,; . 

WIRE - S HEET 

S No 
A(LOnAVER RF 

!NOLUXES 

FOR YEARS A LEADING SUPPLIER OF PRECIOUS METALS 
TO THE ELECTRIC AND ELECTRONICS INDUSTRIES. 

ak 

THE AMERICAN PLATINUM WORKS NEWARK E SAN J . 

Si. 

PRECIOUS .METALS SINCE 1875 
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NEW ENGINEERING 
NEW DESIGN NEW RANGES 

30 RANGES 
Voltage: 5 D.C. 0-10-50-250-500-1000 

at 25000 ohms per volt. 
5 A.C. 0-10-50-250-500-1000 
at 1000 ohms per volt. 

Current: 4'A.C. 0-.5-1-5-10 amp. 
6 D.C. 0-50 microamperes - 
0 -1-10-50-250 milliamperes - 
0 -10 amperes. 

4 Resistance 0-4000-40,000 ohms -4- 
40 megohms 

6 Decibel -10 to +15, +29, +43, 
+49, +55 

Output Condenser in series with 
A.C. volt ranges 

MODEL 2406 

Volt Ohm 
Milliamm eter 

25,000 OHMS PER VOLT D.C. 

1 

STANDARDS ARE SET BY 

SPECIFICATIONS 
NEW SQUARE LINE" metal 
case, attractive tan"hammered" 
baked -on enamel, brown trim. 

PLUG-IN RECTIFIER - 
replacement in case of 

overloading is as simple as 
changing radio tube. 

ma 
READABILITY-the most 
readable of all Volt-Ohm- 

Mllllammeter scales -5.6 Inches 
long at top arc. 

Model 1400 is similar bsl Gas D.C. volts 
Ranges al 5000 ohms per volt. 

Write for complete description 

riplett 
ELECTRICAL INSTRUMENT CO. 

61.UFFTON = OHIO 

AC 

TYPES OF 

TERMINAL BLOCKS 

BURKE, with 10 styles of 

Terminal Blocks each in a 
wide selection of sizes, oilers 
complete, efficient method 
for centralizing the connect- 
ing of wires at one point of 

control. These bakelite 
blocks are molded under 
high pressure and cured at 

constant temperature for 
long periods to provide a 

solid homogenous insulat- 
ing medium. 

m o 
AND. DC MOTORS. AND GENERATORS 

Address: 
1166 

W. 12th 
St. 

.BURKE Tenia1'BLOCKS 
BURKE ELECTRIC COMPANY ERIE, PENNSYLVANIA 

culties in the European Theater that 
its use was entirely abandoned after 
D-day in Normandy except for a few 
small special missions. In the Pacific 
it often failed to serve its intended 
purpose when most sorely needed, 
main troubles occurring under con- 
ditions of heavy traffic-when there 
were many aircraft in range of a 
single radar set. With future air 
traffic even denser, detection and ac- 
curate identification of approaching 
atomic missiles while they are still 
several hundred miles from the tar- 
get becomes a real problem. Prob- 
lems of interception with guided 
missiles are then taken up one by 
one, and the over-all summary of the 
Situation presents clearly the hope- 
lessness of any defense against a 
surprise atomic bomb attack.-J.M. 

Radar 
By ORRIN E. DUNLAP, JR. Harper & 
Brothers, New York 16, N. Y., 1946, 208 
pages, $2.50. 

A POPULAR VERSION giving a little of 
everything about radar-what it is, 
how it works, who invented it, what 
it did in the war, and what its peace- 
time possibilities are. By avoiding 
engineering aspects of his subject 
and covering the multitudinous as- 
pects of radar as briefly as possible, 
the author achieves his goal of bring- 
ing the book within the understand- 
ing of a schoolboy. 

The 1946 American 
Television Directory 
Published by American Television So- 
ciety, Inc., 271 Madison Ave., New York 
16, N. Y., First Annual Edition, 144 
pages, $5.00. 

A SUMMARY OF TELEVISION'S status 
as seen by some 50 authors who have 
recently been active in this field, 
along with tables and compilations 
having reference value for those con- 
cerned with the advertising and pro- 
gramming aspects of television. 

Elecirons in Action 
Uy JAMES STOK'LEY, IVhittlesey House, 
t1lcGraw-Hill Book Co., Inc., New York 
18, N. Y., 320 pages, $3.00. 

FOUR CHAPTERS ti -ace the behavior of 
an electron, starting with its antics 
on a piece of amber rubbed by Thales 
along about 600 B.C. and going on 
through modern electron theory, the 
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What Makes A 

Mailing Click? 

Advertising men agree 
-the list is more than half 
the story. 

McGraw-Hill Mailing 
Lists, used by leading manu- 
facturers and industrial serv- 
ice organizations, direct 
your advertising and sales 
promotional efforts to key 
purchasing power. They 
offer thorough horizontal 
and vertical coverage of 
major markets, including 
new personnel and plants. 
Selections may be made to 
fit your own special require- 
ments. 

New names are added 
fo every McGraw-Hill list 
daily. List revisions are 
made on o twenty-four hour 
basis. And all names are 
guaranteed accurate within 
two per cent. 

In view of present day 
difficulties in maintaining 
your own mailing lists, this 
efficient personalized service 
is particularly important in 
securing the comprehensive 
market coverage you need 
and want. Ask for more 
detailed information today. 
You'll probably be surprised 
at the low over-all cost and 
the tested effectiveness of 
these hand-picked selections. 

14dG 

Mc CRAW -HILL 
DIRECT MAIL LIST SERVICE 

McGraw-Hill Publishing Co., Inc. 

DIRECT MAIL DIVISION 

330 WEST' 42nd ST. 

NEW YOQK 18 N. Y. 

4 . 

For advertising and 

book rates, call your 

cogency 

2Kffi© EffiG°65 
Mhsz ook 

or write .. 
A DIRECTORY OF AMERICAN INDUSTRY 

29 E. HURON ST. CHICAGO 11, ILL. 

^z 

SMALL PARTS 
Filaments, anodes, supports, springs, 

etc. for electronic tubes. Small wire 
and flat metal formed parts to your 
prints for your assemblies. LUXON 
fishing tackle accessories, double 
pointed, pins, fine sizes wire straight- 
ened. Inquiries will receive prompt 
attention. 

ART WIRE AND 
STAMPING CO. 

227 High St. Newark 2, N. J. 

PERMANENT MAGNETS 
Alloys: COBALT CHROME ALNICO 

THOMAS 8 SKINNER STEEL PRODUCTS CO. 
1116 E. 23rd St., Indianapolis 5, Ind. 

The making of permanent magnets is 

an alloy, too ... of experience, engi- 
neering, facilities. We'll be glad to 
tell you more. Write for bulletin. 

Thomas & Spinner 
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CHECKS-GRADES 
RESISTORS 

100 Ohms to 100 Megohms 

At a GLANCE 

D 

Clipperd 
AUTOMATIC 
RESISTANCE 

COMPARATOR 

\( \I 
Type 
PR -4 

Here Is the Instrumept that reduces pre -1 

cision checking of Inc ',mine shipments of 11 

resistors, factory outpus matching or grad- 
ing to close tolerance liIll's. a simple pro- 
duction routine) 

"Standard" resistor is connected across 
terminals at left. Operator then places 
resistances to be checked across "un- 
known" terminals In center. Face of large, 
easily -read meter In center Illuminates, 
showing percent of deviation from standard 
within limits of -25% to +30%. NO 
OTHER OPERATION IS REQUIRED, reduc- 
ing inspection time to absolute minlmuml 

Rugged laboratory construction and care 
ful calibration assure accuracy of better 
than -±-1% throughout entire range of 100 
ohms to 100 megohms. Line variations, 
105.125 volts A.C., automatically compen- 
sated for by special newly -developed elec- 
tronic bridge circuits. An instrument that 
pays for Itself quickly and saves you time 
and labor costs for years thereafter. Write 
for complete details and specifications, to- 
day. 

Instrument above is one of a number of 
Specialized Electronic Test instruments we 
maufacture. We'd be interested to leans 
your specific test instrument requirements. 
Your name on our mailing list will also 
keep you posted on latest developments. 

a a 

EXPANDED FACILITIES and NEW 
HIGH-SPEED EQUIPMENT PERMIT 
US TO QUOTE ON QUALITY R. F. 

COILS FOR A FEW MORE DISCRIM- 
INATING CUSTOMERS. WHAT ARE 
YOUR R.F. COIL REQUI'EMENTS? 

ELECTRO MAGNETIC WINDI,v3S 

R. F. COILS SUB -ASSEMBLIES 

Z'1lppard 
INSTRUMENT 

LABORATORY 
INC. .1440 

CHASE AVE. CINCINNATI 23, O. 

Edison effect, conventional vacuum 
tubes and phototubes, klystrons, 
magnetrons, and finally the disk -seal 
tube. The remainder of this book is 

a fascinating and technically pleas- 
ing story of what electronics is doing 
in industry, in the laboratory, in 
medicine, and in war. From the vast 
array of applications in each branch 
of electronics the author has wisely 
chosen those having a maximum of 
human interest. 

Television Simplified 
By MILTON S. KIVER. D. Van Nostrand 
Company, Inc., New York, 375 pages, 
$4.75. 

THE AUTHOR in his preface to this 
book states, "It is the purpose of this 
volume to aid the thousands of radio 
men and women who will design, 
construct and repair television sets 
to bridge the gap between the mod- 
ern 'pure' sound receiver and the 
more complex television circuits." 
The book should, however, also ap- 
peal to the large class of people who, 
while they are not engaged directly 
in television work, want to find out 
how television receivers work. Some 
knowledge of broadcast receivers and 
familiarity with circuit diagrams is 
necessary for profitable use of the 
volume, but no mathematical back- 
ground is required. 

The book deals essentially with 
television receivers. The first chap- 
ter, however, contains a description 
of the basic processes and elements 
of the transmitter, including camera 
tubes, scanning, and the addition of 
blanking and synchronizing pulses 
to the picture signal. The second 
chapter contains material on the 
propagation characteristics of radio 
waves with frequencies near 50 
megacycles. From here on, the vari- 
ous parts of a television receiver are 
discussed in detail in nine chapters. 
The last three chapters are devoted 
to color television, frequency modu- 
lation, and the servicing of television 
receivers. The last chapter serves 
partly to coordinate and apply the 
information presented earlier in the 
book. The servicing problem is ana- 
lyzed by breaking the receiver into 
four divisions: horizontal deflection 
circuits, vertical deflection circuits, 
video circuits, and the power supply. 

The material presented appears to 
be up-to-date. A large number of 
diagrams accompanies each chapter, 
and a somewhat incomplete "Glos- 

esijSite 
.0006" and up 

ALLOY "A" 
Nickel-Chroml- 
ur alloy, re 

sists oxidation at elevated 
temperaturess up to 2100° 
F. Also used for axed 
non - maºnetic 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- 

dustrial equipment and 
domestic opPliances. Op- 
erating temperatures up 
to 1700° F. Specific re- 
sistance 675 Ohms/C.M.F. 

ALLOY"4S" 
55% Copper, 
45% Nickel, 

with constant resistance 
over wide range of tem- 
peratures. Specific resist. 

once 294 Ohms/C.M.F.; 
temperature coefficient 
0.00002 Ohms per deg. 

F.; 32-212 deg. Used In 
winding of precision re- 
sistors, rheostats, and 
electrical meosuring de- 

vices. 

KANTHAL 
Exclusive man- 
ufacturers and 

distributors of KANTHAL 
wire. An alloy containing 
iron, Chromium, Alumi 
nuns and Cobalt ... for 
operating temperatures 
between 2100° and 2462° 
F. Three grades, A -I, AS, 
DS; resistivity 872, 837, 
812 Ohms/C.M.F., re- 
spectively, at 68° F. 

and Fine Wire Screen 

IN Tungsten, Molybdenum, 
and OTHER METALS AND SPECIAL AL- 

LOYS; ALL MESHES IN STANDARD 

WIDTHS, OR WIRE -MESH PARTS FABRI- 

CATED TO ORDER. 

THE C. O. JELLIFF 
MFG. CORP. 

123 PEOUOT ROAD, 
SOUTHPORT, CONNECTICUT 

WIRE CLOTH 
DIPPING BASKETS 

LEKTROMESH 
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PROFESSIONAL SERVICES 
Consulting - Patents - Design - Development - Measurements 

in 

Radio, Audio, Industrial EIectronic Applications 

ASSOCIATED ELECTRONICS 
COMPANY INDUSTRIAL 

0% LISTS 
PR 

ING 
Engineering Research & Development 

Product Dralgn Market Itegearch 
Sales Brochures Technical Manuals 
Field Surreys Laboratory Analysis 
Oomplere Rnglnerring Service Por All Indurfrlee 

131 Nassau Street, New York 7, N. Y. 

MICHAEL BOZOIAN 
Consulting Service In Electronics 

Instrumentation & Controls Design-Develop- 
ment - Models Literature & Patent Survey 
Recommendations For New Laboratories, 

Telephone 8511 

702 Fifth Street Ann Arbor, Mich. 

H. RUSSELL BROWNELL 
Consulting Engineer 

Specializing in Measurements & Testing 
Instruments & .Techniques - Electrical - Elec- 

tronic - Magnetic. 

188 West 4th St. New York 14, N. Y. 

E. STUART DAVIS 
Consulting Engineer 

Itesearch-Design-Development 
Itadlo - Carrier Current Supersonics - Radiant 
I3,erge - Control and Measurement - Methods end 
Devices, Communication Transportation A In- 
dustrial applications. 

Marine Laboratory facllltle, aboard 
the yacht "ELECTRON" 

422 N. E. River Drive Ft. Lauderdale, Florida 

STANLEY D. EILENBERGER 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Deet gn-Development-Modele 

Complete Laboratory and Shop Facilities 
0309-13-27ths Ave. 

Kenosha, Wis. Telephone 2-4213 

ELECTRIC RESEARCH 
ASSOCIATE 

ERA will apply progressives, war -proven de- 
velopment In electronic research . . . count- 
ing.. . timing . measuring ... industrial con- 
trols . . to your manufacturing advantage. 

Box 333, 305 linden Ave., South San Francisco. Cal. 

ELM LABORATORIES 
Research and Design 

RADIO TRANSMITTERS AND RECEIVERS 
Designs for Home Radios. Electro -Mechanical 
Devices and Components. 
20 South Broadway Dobbs Ferry, New York 

Phone-Dobbs Ferry 1058 

F. T. FISHER'S SONS 
LIMITED 

Consulting Engineers 
Broadcast Transmitters, Antenna Systems, 
Studio Equipment, Mobile and Fixed Com- 
munication Systems. 

1425 Dorchester St. West. Montreal 

PAUL E. GERST & CO. 
CONSULTING ENGINEERS 
Specialists in 

Electrical Product Design 
FJ. Machinery. Apparatus & Applications 
El. Appliances. HI -Frequency Apparatus 

Electronics. Radio Communication 
205 W. Wacker Dr. Chicago 6. III. 

C. M. HATHAWAY 
Consulting Engineer 
Product Development 

Project Engineering Production Designs 
Planning Tool and Method Engineering 

ELECTRICAL MECHANICAL ELECTRONIC 
1315 S. Clarkson Street Denver 10. Colorado 

HODGSON & ASSOCIATES 
Physics, Mathematics, Research, Develop- 

ment & Patent Consultants. 
Satisfaction guaranteed. Submit your problem 

for a preliminary survey without cost. 

Sherman Oaks. California 

J. L. A. McLAUGHLIN 
Designer of 

Common lent ions Receivers 
Specializing In tha elimination of heterodyne 

interference. 

P. 0. Box 529. La Jolla, Calif. 

NATIONAL DESIGN SERVICE 
Designers and Developers of 

FACTORY TEST EQUIPS= 
TELEVISION IL?. SWEEP GENERATORS 

F.M. SIGNAL GENERATORS 
COMPLETE CENTRALIZED MODULATED 

SYSTEMS 
90 Liberty St. New York 6, N. Y. 

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 

Electrical and Mechanical Engineering Problems 
Instruments and Control Devices Electronics 
Specialists in Colorimetry. Spectrophotometry and 

Industrial Color Control 
Laboratory and Shop Facilities 

202 Darby Road Llanerch, Pa. 
Phone Hilltop 6910 

G. W. RHEIN 
Engineering Consultant 

Radio Communication Elect flanks 
Complete Development and design for 
manufacture with engineering models. 

St. Paris Pike Springfield. Ohio 

PAUL D. ZOTTU 
Cons -tilting Engineer 

INDUSTRIAL ELECTRONICS 
High Frequency Dielectric and Induction Heating 
Applications, Equipment Selection. Equipment and 
Component Design, Development, Models. 
314 Washington St. Newton, Mass. 

BIG -9240 

RAYMOND M. WILMOTTE INC. 
A Complete Engineering Service 

for the 
Applicat' of Electronics to Industry 

Consultation Design Construction 
236 W. 55 St. 1469 Church St. N.W. 
New York 19, N. Y. Washington 5. D. C. 

Pro;iípt ANSWERS to business problems... 
The Searchlight Section brings business needs and "opportunities" 
to the attention of men associated in executive, management, sales 
and responsible technical engineering and operating capacities with 
the industries served by these McGraw-Hill publications. USE IT. 

Classified Advertising Division 

McGRAW-HILL PUBLISHING CO. 

330 W. 42 Si. New York 18, N. Y. 

Air Transport 
American Machinist 
Aviation 
Aviation News 
Business Week 
Bus Transportation 
Chem. & Met. Eng. 
Coal Age 
Construction 

Methods 
Elec. Contracting 
Elect. Wholesaling 
Electrical Mereh. 

Electrical World 
Electronics 
Engineering & Mining 

Journal 
Engineering News - 

Record 
E. & M. J. Markets 
Factory Mgt. & Maint. 
Food Industries 
Power 
Product Engineering 
Textile World 
Welding Engineer 

ELECTRONICS - June 1946 
321 



WESTFIELD METAL PRODUCTS 
WESTFI 

WASS. 
;lbw, 

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 

EISLER EQUIPMENT 
.. complete and diversified for every phase 

- of electronic 
- "TRANSFORMERS 

in all types-furnace, distribution, power, phase 
changing, air, oil, induction, water cooled, plate, filament and auto -transformers. 
Filter chokes and inter -phase reactors. 

r----- - TRANSlORMlRS FOROCERAT/ON /N GOMMI/N/CA7/OÑ L/RCU/TS 
I 7NIrRPNA3f HEACTORS--IIUV'MrinvHeh+lR F -CJ TRAASIptnfRS i 

if ' = F 
r 
`a k 

- ri ' 
6L . 

Transformen supplied from %4 to 300 K VA. 

.M9'3 "Cal 
.r. ` 

. ir 

24 Head Radio Tube 
Exhausting Machine. 

EISLER Spotwelders 
from y. to 250 KVA. 

EISLER Compound 
Vacuum Pump. 

* EISLER machines are in 

use and in production by 

99% of all American radio 
tube and incandescent lamp 
manufacturers and through- 
out the world. 

-CHAS. EISLER 
EISLER ENGINEERING CO. 
751 SO. 13th ST. (Near Avon Ave.) - NEWARK 3, NEW JERSEY 

sary of Television Terms" is included 
at the end of the book. The presenta- 
tion is pleasant and manages to in- 
clude a great deal of useful informa- 
tion in spite of the limited prerequi- 
sites imposed upon the reader.- 
RALPH J. SCHWARZ 

Television Show Business 
BY JUDY DuPUY. General Electric Co., 
Schenectady, N. Y., 246 pages, $2.50. 
PEOPLE CONCERNED with the pro- 
gramming aspects of television have 
long awaited a report on the experi- 
ence to date in this field. This hand- 
book partially supplies the need. Part 
I reviews experiments conducted at 
WRGB between 1928 and 1945. Indi- 
vidual programs are described. 

Part II describes the mechanics of 
program production-the television 
system, studio, cameras, lights, make- 
up, acting, etc. Of special value are 
the sample script, the section on 
audience surveys, and General Elec- 
tric's lighting for television. 

The book is generously and su- 
perbly illustrated but completely 
lacks any consideration of a funda- 
mental theory of television program- 
ming. It is unfortunate, and mis- 
leading to the newcomer, that so 
monumental a report gives the im- 
pression of a "program recipe book". 
Careful outline discloses the refrains, 
"Rehearse!" "Plan camerá shots!", 
which seems to imply that the art of 
television programming is still creep- 
ing for lack of a flexible system.- 
V. M. BRADLEY 

Hackh's Chemical Dictionary 
Edited by JULIUS GRANT. The Blakis- 
ton Co., Philadelphia 5, Pa., third edi- 
tion, 1946, 925 pages, $8.50. 
OVER 57,000 DEFINITIONS, covering 
the vocabulary of chemistry and the 
collateral terms of physics and other 
fields that have in recent years be- 
come so closely related to the ever - 
broadening field of general chem- 
istry, are given. Numerous tables 
and diagrams add to the value of this 
famous standard reference work, 
brought up to date in this third edi- 
tion by addition of the latest avail- 
able data on atomic disintegration. 
On practically every page will be 
found one .or more definitions or 
biographies definitely pertinent to 
electronic medicine, nuclear physics, 
electronic applications to industrial 
chemistry, and to electronics in gen- 
eral.-J. M. 
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Electron Tube Machinery 
of every type, - standard, end epeeist design 

Specialists in Equipment for the manufac- 
ture of Radio Tubes, Cathode Ray Tubes, 
Fluorescent Lamps, Incandescent Lamps, 
Neon Tubes, Photo Cells, X-ray Tubes 
and other glass or electronic products, on 
production or laboratory bast. 

"kid .1.va;:.x£ 

EncmEERInG company 
1307.1309 Seventh St., North Bergen, N. J. 

Strip Insulated Wires 
QUICKER.... SETTER 

with ae7 s 
AUTOMATIC WIRE STRIPPER i..$p..de Production 
Strips Insulation from all types of 
wire - instantly, easily, perfectly. 
Just press the handles end the job 
is done. Cuts wire too. Strips 800 
to 1000 wires per hour. Available 
for all size solid or stranded wires 
-No. 8 to No. 30. List Price $6.00. 
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 sk to 50 ICVA AC ARC TRANSFORMERS, special and standard types WELDERS INCANDESCENT LAMP manufacturing equipment from 100 to FLUORESCENT TUBE MAKING EQUIPMENT 
ELECTRONIC EQUIPMENT, vacuum pumps, etc. 400 Amps 
WET GLASS SLICING and cutting machines for laboratory use 
GENERAL GLASS working machines and burners 
COLLEGE GLASS working units for students and laboratory 

EISLER ENGINEERING CO. 
731 So. 13th St. (near Avon Ave.) Newark. New Jersey 

HETERODYNE 
ELIMINATORS 

If you are troubled by 
heterodyne Interferene 
eoneult 

J. L. A. McLaughlin 
P. O. Box 529, La Jolla. Calif. 

This 

CONTACTS 
Section 

supplements other advertising 

in this issue with these addi- 

tional announcements of prod- 

ucts essential to efficient and 

economical operation and main- 

tenance. Make a habit of check- 

ing this page, each issue. 

Classified Advertising Division 

ELECTRONICS 

MICROMETER for 

FREQUENCY kitter 
Transmitters 

METER from 1.5 to 58 me.,. 
within 0.01 per cent 

LAMPKIN LABORATORIES 
Bradenton, Fla., U. S. A. 

............. .............w .....u....u ......... ... . ................... ............ ...................... ..... 
I . 

WOW* . 
. ............ .. . . 

REX RHEOSTAT COMPANY, BALDWIN.I.I., N. Y. 

PROTECTED s, UNPROTECTED 

RHEOSTATS 
WITH LUBRICATED CONTACTS 

ROTARY DRIVE RHEOSTATS 
WITHOUT BACK LASH 

PROTECTED 8. UNPROTECTED 

ADJUSTABLE RESISTORS 
UP TO 1000 WATT 
PROMPT SHIPMENTS 

kflf.MGRAPH 
CONFERENCE, TELEPHONE, DICTATION 
Permanent recorders & Instantaneous play -back 
machines for all Industrial purposes. Safety aim 
cost 5o per hour. 

MILES REPRODUCER CO.. INC. 
812 B'way, Dept. E, New York, 3, N. Y. 

lr 
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. 

.4 development of 

H. CROSS Co. 
15 Beekman St.. New York 7,N.Y. 

MORE RF KILOWATT HOURS 
PER DOLLAR WITH 

F.&O 
TRANSMITTING TUBES 
Inquiries Invited-Let to explain how 
Savings are effected and the F á O 
greater guarantee. 

FREELAND & OLSCHNER PRODUCTS Inc. 
611 Baronne St.. New Orleans 13, La. 

Raymond 4756 

High Power Tube Specialists Exclusively 
(5 KW to 100 KW) 

18 YEARS IN RADIO 
GET THIS 

7te141 CATALOG 
By This Old Firm 

,ELECTRON 

. 

BUgTTIN. APPLF. 
.....'. . 

Latest developments in 
radio and electronic 
parts and devices, new- 
est ham gear, gadgets 
for experimenters, bar- 
lgains in war surplus 
Items. 

FREE 
TO YOU 

Mail the coupon be- 
low and get this 
new catalog FREE. 

BURSTEIN-APPLEBEE CO., 
1012 McGee, Kansas City 6, Mo. 

Send me FREE catalog advertised in 
Electronics. 

1 AM 
STATE CONNECTION IN INDUSTRY 

NAME 

ADDRESS 1 

TOWN STATE_ 
__sm./ 
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SEARCHLIGHT SECTION 

LOOK! 

ELI,M POWER TUBES 
$294 puehpull R F bean 

power empliMith 
lo Í eiopm's 

allyeflicim4 to200Holtn' Irequencies 
Iste rpiu. !g , ntiags src: P e 

!\ wglte plate dissipatlo in 
$495 

saNr 
pPStlk 

i 

of the 

BARG. 
_.I t. 

ACORN TU BES 
Cona óghRÑRehased, Sensa. 
Stock No W °"°ally 12.85-$5 ! 

StockNo, Wp423: T)Pe 9S4 
° No W TYpe 955 

StockNo "IS 424: T 
Socket ' WPS425 YPe 956. 

R'8464forraóotr, 
1,71'e 956. 

Le. 

t 

441 

rT , Bargain Flyer ins - I 1- i`. taludes test instruments, 
record changers, eommu- 

t nication receivers, ham transmitting tubes 
Ñ 

and many other electronic items you need 
a today. Big new catalog coming! Get your 

name on our list! 

11 

1 
1 ita4)io Wire 
i Teleeisson hoc. 
Q NEW YORK 13 BOSTON 10 NEWARK 2 

I 

111 

1 
I 

Originators and 
Marketers of 
the Famous 

QryPlfe.dQd ó 

Cut out coupon, poste on penny post cord, mail today, 

R. W. T. Dept. EF6 

100 AVENUE OF THE AMERICAS, NEW YORK 13 

Gentlemen: Send me FREE copy J your Laren Bargain 

Flyer and put my ,sWne on lilt for your Big New Catalog 

INAME 

IADDRESS 

I 

I 
1 

I 

1 

1 

' 
I 
I 

CITY ZONE_ , 

Bácktalk 
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. 

Germanium Rectifier 
Dear Editor: 
I READ with considerable interest the 
article by E. C. Cornelius on "Ger- 
manium Crystal Diodes" on page 118 
of February ELECTRONICS. 

Mr. Cornelius emphasizes that: 
"It was found, however, that a few 
metals with slight impurities, ex- 
hibited highly polarized nonlinear 
characteristics. The metals silicon 
and germanium possess these prop- 
erties to a very marked degree." 

In this statement no mention is 
made as to who originated the use of 
germanium as a crystal detector. 
May I bring to your attention that 
I mentioned this possibility in an 
article on the germanium aluminum 
equilibrium diagram, published in 
1926 on page 682 of "Metall and 
Erz." A germanium crystal was used 
successfully to detect radio waves 
and this fact was duly reported. 

W. J. KROLL 
Albany, Oregon 

Tube Numbering System 
Dear DIr. Henney: 
Is THE PRESENT system of type num- 
bers for vacuum tubes up to date? 

A 35W4 is similar to a 35Z5-GT/6, 
but is labelled much differently. I 
suggest a change in the present type 
numbers, a system to indicate style, 
filament potential, circuit, and issue. 

First, a letter to distinguish be- 
tween metal, miniature, lighthouse, 
etc, each style of construction bear- 
ing a different letter. 

Second, a number designating fila- 
ment potential, rounded off to the 
nearest volt. 

Third, a letter indjcating the cir- 
cuit, with a different letter for diode, 
triode, beam tetrode, etc. 

Fourth, a number which we might 
call the issue number to differentiate 

HARRISON HAS IT! 
In addition to our complete stock 
of all standard lines 'we have these 

outstanding 
HARRISON SELECT SURPLUS VALUES 

LONG WAVE RECEIVERS 
Navy Model RAK 7 

15 to 600 Kilocycles. 6 Tube Re- 
ceiver with AVC, Noise Limiter 
Band Pass Filter-Tuneable Audio 
Filter-Band Witching-Precision 
Dial -3 . tube .Voltage . regulated 
Power Supply for 115 v--60 cycle 
A.C. Optional Battery Operation. 
Excellent for Marine and Aviation 
W a,,' . 

Brand New in original crate, 
complete with Power Supply, Steel 
Chest full of spare tubes and parts, 
lull instructions. S79.50. 

(Discount on quantities) 
HSS TUBES 

All new, fully guaranteed. HK24G 
(3C24/VT204) an FB Tube for 
VHF. 90 watts Class C output. 
Gov't inspected. Regular Amateur 
Net Price was $9.00, reduced to 
$6.00; but Harrison sells theta for 
only 51.69 ea. 3 for $4.45. 

15 TUBE VHF Receiver-See our 
May Q.S.T. ad Pg. 1531or details. 

Model BC406-A S29.75 
Since 1925-Distributers of all top brands 

1 ` i .ÁRRISON 
BJr. ieJ:Y:11L9J¿ 

11 WEST BROADw AY NEW YORK CITY 7 

pwsr,InsY 7.9554 

JA,OAICA aeArCH - 172.31 - 5E,unnc p.4102 

WANTED 

Television Engineer 
Experienced television receiver 
senior engineer. 

Radio Engineer 
Experienced home set senior 
engineer. 

Both positions offer excellent 
opportunity and pay. Permanent. 

UNITED STATES TELEVISION 

MFG. CORP. 
3 W. 61st St. New York 23, N. Y. 

Manufacturer's Representative 

SALES ENGINEER 
Representing Minnesota, North Dakota, South 
Dakota and parts of Wisconsin. Iowa and Ne- 
braska. 
Desires additional lines of radio parts, tubesand 
equipment. of Man quality. 
Also desire lines of equipment requirino engineering 
ability and experience for sales. Installation. super- 
vision of installation, maintenance and repair. 
Have all necessary licenses required for installation 
and test work (Master Electrician, Registered Pro 
fessional Engineer. Radio Operator). Willing to 
maintain service agency. Will spend a period of 
time at manufacturer's plant to become acquainted 
with manufacture, design and test procedures of 
specialized connn,unlcation equipment. 

R 1-170, Electronics 
620 North Michigan Ave.. Chicago I I. III. I 

TAdditional Searchlight ad vent Ishii uu pstSSH 
325-327). 
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ID SEARCHLIGHT SECTION 
WANTED 

FACTORY MANAGER 
Thoroughly experienced In quantity pro- duction of small electro mechanical arts. cles. Must have good production experi- ence background covering equipment, machinery problems, tooling, plant layout. etc. Must have thorough knowledge plant operating systems, scheduling methods. This is an excellent position for the right man who must be hard worker and a leader. The man we want may now be employed as factory manager, assistant factory manager or superintendent in this field and ready for more responsibility. Replies will be held in strict confidence. Medium sized company, location Newark, N. J. 

P-168. Electronics 
330 \Vest 42nd St., Ne, York 18. N. Y. 

WANTED 

FACTORY ENGINEER 
We have openings in our Factory Engi- neering Division for two outstanding men. These men would require an experienced background of at least five years engº- neering work on factory problems relat- ing to receiving tube manufacture. An 

engineering degree would be helpful, but 
the primary requirements of the positions are the experience and the ability to suc- cessfully solve the every day problems 
encountered in the manufacture of receiv- ing tubes. 
Apply by letter to Personnel Department, National Union Radio Corporation, Lans- dale, Pa. 

POSITION VACANT 

RADIO INSTRUCTORS. Receiver servicing experience. College degree preferred. 3600 
a year to start. 34200 after four months. Work in the heart of the Radio Industry. Write Raleigh G. Dougherty. 168 Market Street, Newark 2, New Jersey. c/o New York Technical Institute of New Jersey. 

EMPLOYMENT SERVICE 

SALARIED POSITIONS 52,500-525.00. This thoroughly organized confidential service of 
36 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. Retaining fee protected by refund provision. Identity cov- ered and present position protected. Send only name and address for details. R. W. Bixby, Inc., 278 Dun Bldg., Buffalo 2, N. Y. 

POSITIONS WANTED 

EXPERIENCED VACUUM tubes and incan- descent lamps glass man. PW-172. Electron- ics, 620 N. Michigan Ave., Chicago 11, Ill. 

RADIO ENGINEER: desires responsible posi- tion designing and developing communica- tion or commercial receivers. Four years ex- perience in communication and export receiver design. Including production engineering. Also five years field servicing experience. At present project engineer with large concern. B.S. de- gree. Age 28, prefer midwestern location. PW-173, Electronics, 520 N. Michigan Ave., Chicago 11, III. 

GRADUATE ELECTRICAL Engineer, age 30, desires position with a future In reliable company. Am interested in sales engineering. field work, and practical engineering applica- tions. Three years experience servicing radio and electronic equipment, one year as purchas- ing engineer for electronics laboratory, war- time experience In large New England research and development laboratory on electronic prob- lems. Radio amateur since 1931. Desires posi- tion where this experience would be of more value to company than pure engineering. PW-174, Electronics, 620 N. Michigan Ave., 
Chicago 11. III. 

ENGINEER -PHYSICIST: 39, with B.S. and 
M.S. degrees in E.E. and Ph.D. degree in 

physics seeks teaching or development engi- 
neering position In middle or far west. Has fourteen years Industrial experience from em- ployments with V, estinghouse, Philco, Panama 
Canal and General Electric in design. develop- ment and application of electrical power equip- ment; and five years experience teaching both 
E.E. and radio at evening schoole. P\V-176. Electronics, 330 W. 42nd St.. New York 18, N. Y. 

WANTED: TOP FLIGHT DESIGN ENGINEER 

FOR SENIOR ADMINISTRATIVE POST 

Must have substantial prior experience in 
carrying the full responsibliity of an engi- 
neering department that has a long suc- 
cessful record in producing complete and 
varied linos of radio transmitters for com- 
mercial services, including FM and AM 
Broadcasting, Point -to -Point Communica- 
tion. Aviation Marine and Police. The man 
we are seeking must be a graduate Elec- 
trical Engineer with a full, all -embracing 
theoretical knowledge, combined with ex- 
tensive practical application. His experi- 
ence should include first hand knowledge 
of important recent FM and AM and Micro- 
wave developments in the communication 
field. 

Because the man selected for this impor- 
tant post must assume great responsibility. 
his compensation wit consist of a high 
bracket salary, plus a production bonus 
incentive. This arrangement will afford 
him a most unusual opportunity to earn 
a very substantial income, directly in pro- 
portion to his demonstrated ability. 

Our company (located in Now York C11y) 

has been established for many years and 

enjoys a world-wide reputation for high 
ateindard, custom-built communication 
equipment. Our war record Is unexcelled 
and our post-war expansion program 
which Is already under way, forecasts an 
important position In the forefront of the 
communication Industry. 

This is a job for a man who has reached 
a ceiling In his present position and must 
make a change to Increase his income, or 
an assistant chief engineer who has not 
been permitted the full employment of his 
capabilities. Write to us. telling enough 
about your qualifications and past experi- 
ence to warrant an Interview. All com- 
munications will be held In strictest con- 
fidence. Our organization knows about 
this advertisement. Address your letter to 

P-167, Electronics 

330 West 42nd St., New York 18. N. Y. 

POSITIONS WANTED 

QUALITY CONTROL Engineer. E.E. graduate 
32, 4 years quality control experience with 

U. S. Signal Corps, 2 years total inspection 
experience, desires responsible position in East- 
ern U. S. Would consider consulting basis. 
available now. P\V-176. Electronics, 330 \V. 
42nd St.. New York 18, N. Y. 

ELECTRICAL ENGINEER: available for com- 
pany ivith Far East relations. Present con- 

tract as manager of Engineering dept. In 
China expires in July. Engineering and execu- 
tive experience of 19 years in remote control. 
regulation technique. switch gear, measuring 
Instruments as well as general engineering. 
power stations, boilers, waterworks, etc. Ex- 
perience in establishing of production in Far 
East. Age 43. Desires situation either in United 
States or in China. PW-177, Electronics. 330 
W. 42nd St.. New York 18, N. Y. 

PHYSICAL CHEMIST: Ph.D. extensive experi- 
ence in lamp and electronic tube design, 

manufacturing and materials, high -vacuum 
technique. Interested in research or develop- 
ment position as senior engineer. New York 
Metropolitan area preferred. PW-178. Elec- 
tronics, 520 N. Michigan Ave., Chicago 11, Ill. 

SELLING OPPORTUNITY WANTED 

FIELD ENGINEER: available: 6 years good 
Eastern contacts with engineers and purchas- ing departments in aircraft, electronic. and 

transportation fields; 12 years In sales work; 
good record: E.E. degree; age 34. Desires good 
line to represent on salary and commission. 
SA -179. Electronics, 330 W. 42nd St., New York 
18, N. Y. 

GRADUATE RADIO 

ENGINEER 
Four years experience in electronic and 
radio manufacturing; three years dralting, 
four years general engineering and office 
practices; part time teaching. Adequate 
background for handling managerial re- 
sponsibilities. Self.educated, good stu- 
dent, mathematically and mechanically inclined. Somewhat prefers electro -me- chanical design or electronic control de- 
velopment in mid western location, 

PW-165, Electronics 
620 North Michigan Ave., Chicago 11, Ill. 

ELECTRICAL 
DESIGNER 

fully capable of developing automatic 
witch gear equipment. Practical experi- 
ence on electric coin machine, music ma- 
chine, automatic telephone, step switches, 
etc.. very essential. 
If you can qualify, this opportunity will 
offer future with permanent employment 
and good salary. When applying for posi- 
tion, please stale fully past experience, 
qualifications, salary expected. and avail- 
ability. 

P-117. Electronics 
520 North Michigan Ave., Chicago 11. Ill, 

RADIO ENGINEER 
Circuit Design 

Home Receiver Experience 
Write Box EM 8820 

EQUITY 
113 W. 42 St. New York City 

Production Manager 
We want a man whose record shows 

consistent progress in the production end 
of the Electronics Industry, INCLUDING 
PRE-WAR experience. He must demon- 
strate that ho can develop a supervisory 
group into a hard-hitting TEAM and that 
he is qualified to work on an equal footing with a high caliber engineering and staff 
group, starting salary to 58500. 

Write in detail. All replies held strictly 
confidential. 

P-106, Electronics 
330 West 42nd St.. New York 18, N. Y. 

SALES REPRESENTATIVE 
WANTS LINES 

Chicago and Vicinity 
Prime materials or parts for Mechanical. 
Electrical, Radio and Radio Paris Manu- facturing Trade. 

RA -110, Electronics 
520 North Michigan Ave.. Chicago 11. Ill. 

(Additional Searchlight Section Ads on pages 324, 326 and 327) 
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CALIFORNIA REPRESENTATION 
OFFERED 

To radio and electronic manufacturare now looking for firmly established and thoroughly experienced sales agency. Correspondence Invited. 
"IN RADIO SINCE 1911" 

RA -133, Electronics 
930 West 42nd St., New York 18, N. Y. 

NATIONAL. DISTRIBUTION' 
AVA ILA OLE 

For Manufacturers who make products suitable for sale to radio and electronic 
Jobbers. We have a complete sales staff for national and export distribution. Reply with samples or description of products. 

HA -870, Electronics 
330 West 42nd St.. New York 18, N. Y. 

, ... ........................ 
HAZELTON INSTRUMENT CO. 

Electric Meter Laboratory 
Electrical instruments, Tube Checkers 

and Analyzers repaired. 
War surplus meters converted for civilian use. 
140 Liberty St., New York, N. Y. 

Tel. BArclay 7.4239 

WRITE FOR .24 P. CATALOG OF 

ETE 
AND INSTRUMENTS 

VOLTMETERS BRIDGES (Wheatstone) 
AMMETERS MEGOHMMETERS 
MICRO RHEOSTATS 

AMMETERS VARIABLE 
OHMMETERS TRANSFORMERS 
FREQ. METERS RELAYS 

ELECTRO-1ECHcv,,).a. 
329 CANAL ST., N. Y. 13, N.Y.. 

PAN-OSCILLO RECEIVER 
Performs Work of 4 Units 

Latest design, 9- Oscilloerope, Panoramic Adapter, 
8pnchroscope, Receiver (when used with converter). 
Push-pull vertical and horizontal amplifiers. Ideal 
for laboratory, television. and general use. 60 cycle 
transformer provided (If wanted Installed and tested 
add 36.00 extra.) 

Original') 12.000-your cost with 21 tubes 
797.50 P.0.11. 

Write for picture flyer or send 50c for eighty - 
pace technical manual. 
50 SeSWn Motors 110 V. AC 60 Cycles Direction 
Indicators $12 a pair. 

WESTCHESTER ELECTRONIC PRODUCTS 
29 Milburne St., Bronxville, N. Y. 

FOR SALE 

Complete laboratory setup Including two induction 
furnaces adjustable to possible commercial produc- 
tion setup-a 5000 volt and a 20.000 volt power 
supplies and complementary equipment. Will be 
priced for quick sale. Details on request. 

CONSOLIDATED PROCESS CORP. 
350 FIFTH AVENUE, NEW YORK 1, 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 tulles, eto. 

AMERICAN ELECTRICAL SALES CO., Inc. 
65-67 East 8th St. New York N Y 

FOCUS COILS 
Television Focus Coils Shunt Type for 
all New C.A. Tubes. 33.50 in quantity. 

113-160, Electronics 
330 West 42nd St., New York 18. N. Y. 

Miuiosrl oj. MOLDED CAPACITORS 
¡a4 .Pounecikie cgialamestí 

War Assets Corporation stocks of 
mica, silver -mica, and molded oil - 
paper capacitors have solved critical 
shortages ... 
Here's an example ... One manufacturer 
was recently supplied with 286,000 units 
, , , ordered by phone and shipment made 
within 24 hours . . . quantities involved 
varied from 2,000 to 115,000 units with 
capacitances ranging from 75 to 300 Mmfd. 

. at a substantial saving. 
Standard Ratings-Government Inspected 

WRITE, WIRE, OR PHONE 

TOBE DEUTSCHMANN CORPORATION CantTil, 
Camicicnu0820 

Acting as Agents of War Assets Corporation 

Remler Appointed 
Agent for 

WAR ASSETS 

CORPORATION 
(Under Contract No. 59-A-3.48) 

. . . to handle and sell a 

wide variety of 

ELECTRONIC 

EQUIPMENT 
released for civilian use 

Write for Bulletin Z7 -E 

Remler Company Ltd. 
2101 Bryant Sr. San Francisco 10, Calif. 

REMLER 
Since 1918 

Radio Communications Electronics 

w 

RELAYS 
Surplus, Qty 

400 ohms. 28 
Send for 

P. O. 
Boonton, 

4700, D.P.S.T. 
volt, 1"x2"x2 t" 
Specifications 
Box 97 

New Jersey 

SURPLUS PARTS 
and 

EQUIPMENT 
Engineers are invited to Inspect our 
display of surplus Government -owned 
electronic parts and equipment. 
55,000 sq. ft. teeming with worthwhile 
items! All material Inspected and 
tested; backed by usual 90 -day manu- 
facturers' guarantee. 

Sorry, no retail sales; all pur- 
chases against company orders only. 

COMMUNICATION 
MEASUREMENTS 

LABORATORY 
Central Agent for War Assets Corp. 

Display Room: 350 W. 40th Street 

Main office: 120 Greenwich St., New York 6 

MANUFACTURERS - JOBBERS 
PRECISION RESISTORS 

Over 1,000,000 in stock! 
SELECTOR SWITCHES 

Mallory 1331 - 1341 - 1351 -1361 
. . and other types 

MOLDED PAPER COND. 
.006-.01 -.02-.05-.1 MFD. 

GENERAL ELEC. 3" METERS 
Square 0-1 DC MA 

OTHER HARD -TO -GET ITEMS 

Write for catalog 

A. MOGULL CO. 
161 Washington St. N. Y. 6, N. Y. 

Dept. B 

CONDENSERS 
SURPLUS 

RESISTORS 

2000 50mfd. 50 V. Bathtub 450 400 ohm-l0 watt .15 
Mallory BS -39 3.50 300 25 ohm -25 watt .15 

1000 31 ohm -25 watt .10 
600 1000 ohm -10 watt .15 

All new parts in miar. bulk packing. 
HOME ELECTRONICS, 2366 Bentley Ave., Los 

300 24m1d. 300 V. Bathtub 
Mallory BS -56 .50 

SWITCHES 
500 type F3 swltchette 

General Electric .30 
300 Acro-sw. type XD -1L .30 

JACKS 
200 Mallory 8705 .40 
200 Mallory Á703A .30 

Anteles 25, California 
4 
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ELECTRONIC Surplus 
TEST OSCILLATOR 

AND HETERODYNE FREQUENCY METER 

' ! 

'( 

$ -, :. 

7 ' f" t- ` 

r 

Ir. 
Radar Test Equipment, Model LU-3, Type CRB-60ACT 

Frequency Meter and Test Oscillator 

Radar Test Equipment, Model LU-3 is designed to provide 
a rapid and accurate method of checking or aligning the high - 
frequency circuits of certain types of radar and radar -beacon 
transmitters and receivers. The set is a combination test 
oscillator and heterodyne frequency meter. 

TESTS OsCILLAToR.-When used as a test oscillator, the 
equipment will deliver a carrier signal, continuously variable 
within either of two ranges (465 to 475 or 488.5 to 498.5 
megacycles per second), amplutude-modulated by a sine -wave 
voltage at 30 kilocycles per second, or pulse -modulated at 1000 
cycles per second with a pulse length of 10 microseconds. The 
output can he radiated from the antenna or taken across a 50 - 
ohm coaxial cable. 

HETERODYNE FREQUENCY METER. -The set will measure the 
frequency of received signals within the L and H ranges (465 
to 475 or 488.5 to 498.5 megacycles per second). Headphones 
are supplied for detecting the heterodyne note. 

FREQUENCY RANGER -From 465 to 475 megacycles per second 
and from 488.5 to 498.5 megacycles per second. At the zero 
point on the FREQUENCY DEVIATION (1h11 the equipment will 
transmit or monitor a signal with an accuracy of 0.025 per cent. 
At the maximum deviation of the dial the accuracy is within 
0.05 per cent. 

TYPE OF FREQUENCY CONTROL.OF CALIBRATION OSCILLATOR. - 
Quartz crystal in grid circuit of V -101A. 

TYPES OF EMISSION. -R -f carrier with sine -wave or pulse 
modulation. 

SINE -WAVE MODULATION. -Type: Amplitude. Method: Grid 
modulation of output tube. Modulation Frequency: 30 1 kc 
per sec. Modulation Capability: 30 to 100 per cent. 

PULSE MODULATION. -Method: Grid modulation of output 
tube. Pulse Frequency : 1000 cps ± 25 per cent. Pulse Length 
(at half amplitude) : 10 microseconds ± 25 per cent. Modula- 
tion Capability : 100 per cent. 

PULSE SIGNAL. -Frequency : 1000 cycles per second ± 25 
per cent. 

From 6000 -obis receptacle 
Load resistance, ohms 6000 50,000 plus 
Voltage, de (positive peak) 21 min. 65 

From 50 ohm receptacle 
Load resistance, ohms 50 1,000 plus 
Voltage, do (positive peak) 10 min. 17 

NOMINAL CARRIER OUTPUT. -Antenna: Approximately 10 
milliwatts. Output Cable, 50 -ohm: Approximately 10 micro- 
volts. 

POWER SUPPLY. -Single-phase alternating current. Voltage: 
80 or 117 volts. Frequency: 50 to 800 cycles per second. Con- 
sumption : approximately 0.4 amp at 117 volts or 40 watts at 
a power factor of 0.80. Power Factor: 80 per cent. 

Conies complete with one spare tube of each type plus a full 
set of Navy equipment spare parts in a metal spare parts box. 
Price F.O.B., N.Y.C., is y465.00 

If you need further information send for an instruction book 
free of charge. 

NEW INSULATION TEST SET 

._. .- -y,.... 

Range 0-1000 Meg - 
ohm, S00 colts D.C. 

'Prue OHMMETER indication by cross -coil, ratio meter. 
Heavy duty Generator with centrifugal voltage regulator. 
Molded bakelite case. External guard circuit. Indicator and 
generator powered by Separate Alnico permanent magnets. Gen- 
erator model self powered -no batteries or other power source 
required. Meets U. S. Government Spec. Navy Type G and 
Army Signal Corps Type 1-48-B. Direct reading -no ratios to 
set -no switches to turn. All resistors are wire wound. 

These instruments are brand new, come complete with carry- 
ing cases, test leads, instruction books and a 90 -day guarantee. 
Only $65.00 F.O.B., N.Y.C. 

SYNCHROSCOPE 
Navy type CJA-60 ACM For SR Radar Set 

Very high grade Syncroscope excellent for very high frequency 
work. Has the following tubes: 
3BP1-3 in. cathode ray tube 5Ú4G -Full wave rectifier 
6AG7-Video amplifier tube 2-iVRo 150/130 -Voltage regu- 
6SN7GT-Multivibrator oscil- lator 

lator tube 6SN7-Sweep generator 
3B24 -High voltage rectifier 6SN7-Triggering tube 

$.5!1 
Comes.50.complete with one spare tube of each type, all complete 

SURPLUS WHOLESALE LOTS 
NEW VACUUM TUBES 

THESE TUBES ARE ALL NEW. IN ORIGINAL BOXES. 
MFGD. BY R.C.A., HYTRON, RAYTHEON, SYLVANIA. We 
will sell only the minimum of $100.00 worth or the entire 
quantity of any one item that may add up to less than the 
above sum. 
4000-#954 $ .35 
265-#955 $ .35 
265-tí956 1 .35 
1500-it6SN7 $ .45 630-3lVR 150/30 $ .55 400-#6AG7 $ .80 
315-#31424 (same as 2x2) $1.25 315-#5U4G $ .30 315-#3BP1, cathode ray 14.50 

NEW METERS 
These meters are ALL NEW, absolutely standard In all re- 
spects, Round Flush Bakelite. We will sell only in lots of 50 
or more of any one item. 
1000 -Weston 2%, Model 517, AC voltmeter 0-150 
1000 -Weston 2%, Model 506, DC voltmeter 0-20 volts, 

1000 ohms per volt 
450 -Weston 2%, Model 507, Ext. couple, 750 Ma 

Radio Frequency, BLACK SCALE. Caption Is - Antenna Current Indicator Controlled Scale 
characteristics 

250-G.E. 3%, Model A022, AC voltmeter, 0-150 100-G.E. 3%, Model A022, AC voltmeter. 0-300 150-G.E. 3%. Model A022, AC ammeter, 0-5 Amper 
coll. 0-50 Amper scale 

100-G.E. 3%, Model A022, AC ammeter. 0-50 Am- 
peres, self containedea. 

400-G.E. 3%, Model A022, AC ammeter, 0-80 Amperes, 
self contained ea 

OIL FILLED CONDENSERS 
ALL NE\V CONDENSERS, G.E., PYRANOL AND SPRAGUE VITAMIN Q. Minimum quantity to be shipped on any one item will he 50 pieces. 

750 50 MFD at 25 V DC. 
1200 10 MFD at 1000 V DC. 
3000 10 MFD at 600 V DC. 

130 4 MFD at 600 V. DC. 
1000 1 MFD at 4000 V DC. 
3400 I MFD at 3000 V DC. 

'1300 1-MFD at 2000 V. DC. 
200 .25 MFD at 3000 V. DC. 

1200 .05 MFD at 16000 V DC. 
432 2x .15 MFD at 8000 V DC. 
404 3x .6 MFD at 90 V DC. 

11.00 
$1.75 
$1.50 
$1.00 
$ 2.75 
$2.25 
$1.50 
$ 2.00 
$ 3.00 
$1.75 
E .40 

$2.60 

$3.00 

$1.75 
$4.00 
$6.00 

$3.50 

$3.75 

$3.75 

MARITIME SWITCHBOARD Words 4-8217 336 Canal St., New York 13, N. Y. 
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BOOKS cee;lyned to4 Me ENGINEER 

UNDERSTANDING 

MICROWAVES 
by VICTOR 1. YOUNG 

For those who have not previously con- 
sidered radio waves shorter than 10 
centimeters. Provides foundation for 
understanding various microwave devel- 
opments of past five years. To simplify 
explanations, mathematics are placed in 
footnotes wherever possible. 

CHAPTER HEADS 

The Ultra High Fre- 
quency Concept Sta- 
tionery Charge and its 
Field . Magneloslatics 
Alternating Current 
and Lumped Con- 
stants Transmission 
Lines Poynting's 
Vector and Maxwell's 
Equations . Wave - 

guides Resonant 
Cavities Antennas 
Microwave Oscilla- 
tors Radar and 
Communication Sec- 
tion Two is devoted 
to descriptions of 
Microwave Terms, 
Ideas and Theorems. 
Index. 

SPEED AND' SIMPLICITY 

A -C 

CALCULATION 

CHARTS 
Student engineers will find 
that this book is invaluable. 
It simplifies and speeds any 
work involving AC calcula- 
tions. The book contains 146 

charts. Covers all AC cal- 
culations from 10 cycles to 
1000 megacycles. 

160 PAGES-PRICE $7.50 

OUT IN MAY-OVER 400 PAGES - PRICE $6.00 
ORDER TODAY 

JOHN F.RIDER:-PUBLISHER, INC. 
- 404 FOURTH AVE'.NUE, NEW YORK 16, N.Y. 

Export Division: Rocke-International Electric Corp.; 13 E. 40th Street, New York 16, N.Y. 

ACCENT ON ACCURACY... NEW SIGNALLING TIMER! 
No more guess -work or mistakes with the new Signalling Timer Model 
Series S, on any job. To the second, it accurately controls any time 
cycle for which it is set, and when that interval of time has elapsed, 
visual and audible warning is given as the circuit is broken. Precise 
and inestimably valuable in any capacity where split-second timing 
is essential. Write for particulars. 

INDUSTRIAL' TIMER::;CORPORATION 
110 EDISON PLACE_ tD Timm, NEWARK, NEW JERSEY, 

between successive tubes which bear 
the same first three digits. This is in 
keeping with the industrial practice 
of assigning drawing numbers. An 
A2B3 might signify a particular con- 
struction of one -volt triode of which 
two or more similar types exist. 

This system should not only take 
care of all needs for a long time 
but should remainconsistent without 
the necessity of tacking on additional 
symbols such as are now required for 
GT tubes, single -ended tubes, etc. 
The type number of any one tube 
would carry enough information to 
compare numerous tubes without 
reference to comparison charts, or at 
the very least would certainly be 
more descriptive than the present 
system. 

Currently, one must either know 
all the tubes, ask questions every 
time tube types are discussed, or 
describe a given tube by a series of 
guesses, words, or perhaps gestures. 

EDWIN DYKE 
Rngineering Dept. 

Calvin Alanufaota ring Carp. 
Chicago, llltuui.. 

. S 

Tube Numbering Mess 
Dear Sir: 
ONCE UPON A TIME, as the fairy sto- 
ries go, the RMA had a system for 
numbering electron tubes. Like snow 
on a New York street, it did not re- 
main in its pure form long, what with 
S in the wrong place for single ended, 
G and GT, X, M, GT/G and a lot 
more prefixed, suffixed and just plain 
affixed. 

Now we have a nice mess of tubes 
with apparently 2, 3 and 4 -volt fila- 
ments which actually operate on any 
voltage the designer could think of, 
and have 22, 24, 25, or 35 internal 
elements all connected to a four or 
five -pin base-if we believe the old 
numbering system. 

Remember, I only have to teach 
the stuff. 

J. D. RRDER 
Professor, Electrical Engineering 

Iowa State College 
Ames, Iowa 

Club members of the Cleveland Auto- 
mobile Club will have emergency calls 
routed from a fixed station to four 
portable mobile units in service 
trucks. First experimental grant for 
construction has been approved by 
FCC. 
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Clare & Co.. C. P 
Clarostat Mfg. Co., Inc 
Clippard Instrument Laboratory, Inc 
Cohn & Co., Sigmund 
Collins Radio Co 
Communication Measurements 
Conant. Electrical Labs 
Concord Radio Corporation 
Condenser Products Company 
Continental -Diamond Fibre Co 
Cornell-Dubilier Electric Corp 
Corning Glass Works 

Cossor, Ltd., A. C 

Deutschmann Corp., Tote 
Dial Light Co. of America, Inc 
Dinion Coil Co., Inc 
Distillation Products, Inc 
Dongan Electric Mfg. Co 
Drake Electric Works, Inc 
Drake Manufacturing Co 
Driver -Harris Co. 
Dumont Electric Corp 
DuMont Laboratories, Inc., Allen II 
Durez Plastics & Chemicals, Inc 
DX Radio Products Co 
Dzus Fastener Co., Inc 

6 
278 
190 
173 
283 
294 
308 
69 

8 
22, 37 

175 
288 
265 

Eastern Air Devices, Inc 
Eastern Electronics Corp 
Eastman Kodak Co., X -Ray Div 
Eby, Inc., Ilugh H 
Eisler Engineering Co 322, 323 
Eitel-McCullough, Inc. 89 
Electrical Insulation Co.. Inc 274 
Electronic Engineering Co., Inc 304 
Electronic Specialties Mfg. Co 305 
Electronics Research Publishing Co. 301 
Electrons, Inc. 188 
Engineering Co., The 294 
Erco Radio Labs. Inc 244 
Ericsson Screw Machine Products Co.. Inc 278 
Essex Electronics 329 

16 

310 
159 
281 

Farnsworth Television and Radio Corp 247 
Federal Tel. & Radio Corp 30 31, 203 
Federated Purchaser, Inc 315 
Fenwal, Inc. 29 
Ferranti Electric, Inc 174 
Finch Telecommunications. Inc 232 
Fish-Schurman Corporation 307 
Formica Insulation Company 18 
Franklin Mfg. Corp.. A. \V. 88 
Freeland & Olschner Products, Inc 323 

Gear Specialties 21 
General Aniline & Film Corporation 16, 17 

General Cement Mfg. Co 323 
General Ceramics and Steatite Corp 245 
General Electric Co 14. 15. 35, 50, 74, 178 

186, 207, 227, 243, 299 
General Industries Co 290 
General Magnetic Corp 311 
General Plate Div. of Metals & Controls 

Corp. 263 
General Radio Company 241 
Giannini and Co. Inc., G. M. Autofight 

Instrument Div. 262 
Gilandun Electronics 313 
Glaser Lead Co., Inc 266 
Goat Metal Stampings, Inc 283 
Goodrich Chemical Co.. B. F 332 
Gould -Moody Co 276 
Graphite Metallizing Corp 186 
Gray Manufacturing Co 317 
Guardian Electric Mfg. Co 193 

Hallicrafters Company 33 
Ilammarlund Mfg. Co.. In^ 10 
Hardwick, Hindle, Inc 282 
Harris Products Co 313 
Harvey Radio Company 272 
Harvey Radio Laboratories, Inc 237 
Hathaway Instrument Co 309 
Havdon Manufacturing Co., Inc 256 
H -fi Instrument Company 315 
Heinemann Circuit Breaker Co 195 
Flelipot Corp., The 86 
Hewlett-Packard Company 39 
Hexacon Electric Co 204 
Heyman Manufacturing Co 309 
Hudson Wire Co 303 
Hunter Pressed Steel Co 85 
Flytron Radio & Electronics Corp 25 

Imperial Tracing Cloth 184 
Indiana Steel Products Co 38 
Industrial Timer Corporation 328 
Insl-X Co., Inc 172 
Towline Corp. of America 206 
International Resistance Company 157 
Irvington Varnish & Insulator Co 223 

Inside Back Cover lack & Ileintz Precision Industries. Inc..62, 63 
DelurAmsco Corp. 76 lanette Mfg. Co 306 
De Mornay Mudd, Inc 211 Jefferson Electric Co 213 

Raven Company 

, . . .. _ 
n 

MIDGÉT. 
I..F. 

TRANSFORMER 

for 
PERSONAL RADIOS 

Specifications: 

INPUT and OUTPUT 

IRON CORE 

456 KC. 

%"x %"x.2" high 

Orders accepted for 

PROMPT DELIVERY 

Precision manufacturers of all 
types of IF and RF coils, 
chokes, and transformers. 

. ESSEX 
ELECTRONICS - 1060 Bread St., Newark, N. J. . _ 
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SPECIAL ALLOYS made to 
meet individual requjrements. 
Write for list of stock alloys. 

SIGMUND COHN & CO: 
44 GOLD ST. NEW YORK 

SINCE 1901 

Jelliff Mfg. Corp., C. O 320 
Jensen Radio Manufacturing Co 47 
Johnson Co.. E. F 224 
Jones Co., I- loss ard B 297 

Kahle Engineering Co 33 
Karp Metal Products Co.. Inc 45 
Kenyon Transformer Co., Inc 84 
Koster Solder Co 250 
Keuffel & Esser Co 3 
Kirkland Co., H. R 30 1 

Ksvikheat Division, Sound Equipment Corp 28 0 

Lanspkin Laboratories 323 
Langevin Co.. The 231 

Segel Co., Henry P 
Selenium Corp. of America 
Shakeproof, Inc. 
Sigma Instruments, Inc 
Sillcocks-Miller Co. 
Sola Electric Co 
Sorensen and Co., Inc 
Sprague Electric Co 
Stackpole Carbon Co 
Standard Piezo Company 
Standard Pressed Steel Co 
Standard Transformer Corp 
Star Expansion Products Co 
Star Porcelain Co 
Sta -Warm Electric Co 
Stevens -Walden. Inc. 
Stessard Mfg. Co., D. M 
Stupakoll Ceramic & Mfg. Co 

313 
185 

59 

283 
190 

73 
279 
257 

78 

305 
229 
160 
301 
315 
190 
303 
307 
201 

Lapp Insulator Co.. Inc ... 
Lavoie Laboratories 
Lewis Electronics 

43 
287 
66 

Superior Electric Co 
Superior Tube Co 
Supreme nstruments Corp 
Sylvania Electric Products, Inc 

171 
24 

226 
273 

Macallen Co., The 258 
Machlett Labs., Inc 81 Taylor Manufacturing Co 260 
MacRae's Blue Book 319 Tech Laboratories 294 
Magnavox Co., The 275 Thermador Electrical Mfg. Co 186 
Maguire Industries, Inc 42, 
Mallory & Co., Inc.. P. R 90, 

205 
155 

Thomas & Skinner Steel Products Co 
Tibbetts Industries, Inc 

319 
64 Manufacturers Screw Products 

Marion Electrical Instrument Co 
311 
230 

Timing Instrument Co., Inc 
Tinnerman Products, Inc 

13 
161 

MB Manufacturing Co., Inc 11, 259 Transmitter Equipment Mfg. Co., Inc 57 McGraw-Hill Book Co 292 Triplett Electrical Instrument Co 318 McLaughlin, J. L. A 323 Tung -Sol Lamp Works, Inc 235 Merit Coil & Transformer Co 296 Turner Company, The 208 
Meyercord Company 271 
Mica Insulator Co 70 71 
Micro-Ferrocart Products, Div. of Maguire 

Industries. Inc. 205 Union Carbide & Carbon Corp 41, 269 
Micro -Switch Corporation 26, 27 United Transformer Corp 2 
Midwest Molding & Mfg. Co 299 
Miles Reproducer Co.. Inc 323 
Milford Rivet & Machine Co 252 
Millen Mfg. Co., Inc., James 270 Valpey Crystal Co 200 
Mitchell -Rand Insulation Co., Inc 189 Victoreen Instrument Co 302 
Monitor Controller Co 184 Vokar Corporation 301 
!gyrates Corporation of America 53 Vulcan Electric Company 297 

National Carbon Co., Inc 269 Waldes Kohinoor, Inc 183 
National Co., Inc 251 Walker -Turner Co., Inc. 292 
National Research Corporatoin 44 Ward Leonard Electric Co 36 
National Screw and Mfg. Co., The 181 Waterman Products Co 268 
New England Screw Co 315 \Veil and Co., J. H 272 
North American Philips Co., Inc 197 Weller Mfg. Co 309 
Northern Industrial Chemical Co 305 Western Electric Co 4 3 

Westfield Metal Products Co., Inc 322 
Westinghouse Electric Corp 61 
Weston Electrical Instrument Corp 52 

Ohmite Mfg. Company 215 Whistler & Sons, Inc., S. B 7 
Onan & Sons, D. W 268 White Dental Mfg. Co., S. S 239, 307 
O'Neil -Irwin Mfg. Co 314 Whitehead Stamping Co 317 
Oster Manufacturing Co., John 288 Wilcox Electric Co.. Inc 32 

World Radio Laboratories, Inc 309 

Par -Metal Products Corporation 228 
Permo. Inc. 
Permoflux Corporation 

294 
218 

Zophar Mills, Inc 290 

Petersen Radio Co 300 Phillips Screw Manufacturers 75 
Pioneer Electric Co 292 
Polarad Electronics Co 277, 
Potter and Brumfield Sales Co 

317 
220 

Potter Co., The 194 
Premax Products 317 
Press Wireless Mfg. Corp 225 
Presto Recording Corp 87 Printloid, Inc. 12 PROFESSIONAL SERVICES 321 
Progressive Mfg. Co 306 Pyroferric Co. 297 

Ouadriga Manufacturing Co 311 . 
Quaker City Gear Works, Inc 202 

Radex Corporation 
Radio City Products Co.. Inc 

3 05 
2 53 

SEARCHLIGHT SECTION 
Radio Corp. of America, Victor Div. 

9. 79. Back Coy er (Classified Advertising) 
Radio Engineering Labs., Inc 2 90 Radio Maintenance Magazine 2 61 EMPLOYMENT 324, 325, 326 
Radio Supply & Engineering Co., Inc 
Radio Wire Television. Inc 
Rauland Corporation 
Rawson Electrical Instrument Co 

2 70 
32 4 
1 99 
29 7 

REPAIRING 
SPECIAL SERVICES 
USED EQUIPMENT 326, 

326 

326 

327 
R -B -M Mfg. Co 
Research Engineering Corp 
Revere Copper & Brass, Inc 

16 3 
17 6 

2 8 

American Electric Sales Co., Inc 
Communication Measurements Laboratory 

326 

326 

Rex Rheostat Co., Inc 
Richardson Company 

32 5 
23 4 

Communications Equipment Co 

Consolidated Electronic Process Corp 
326 

326 
Rider Publisher, Inc., John F 
Rockbestos Products Corp 
Rowe Industries 

32 8 
8 0 

31 5 

Electro -Tech. Equipment Co 
Harrison Radio Corp 

326 

324 

Home Electronic Products 326 

Maritime Switchboard 327 

Scientific Electric Div. of "S" Corrugated Mogul) Co.. A 326 
Quenched Gap Co 219 

Scovill Mfg. Co., Waterville Screw Prod- 
ucts Div. 165 

Remler Co. Ltd 
Tobe Deutschmann Corp 

326 

326 

Seeburg Corporation, J. P 34 Westchester Electronic Products 326 
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Y ma V 
Mo CRAW -HILL 

OIR I MAIL LIST StAVICI 

MAILING LISTS 

THAT 

WORK.... 
McGraw-Hill Industrial Mail- 
ing Lists are a direct route 
to today's purchase -control- 
ling executives and techni- 
cians in practically every ma - 
lot Industry. 

These names are of particu- 
lar value now when most 
manufacturers ars experienc- 
ing constantly increasing dif- 
ficulty in maintaining their 
own lists. 

Probably no other organisa- 
tion Is as well equipped as 
McGraw-Hill to solve the com- 
plicated problem of list main- 
tenance during' this period of 
unparalleled changes in in- 
dustrial personnel. These 
lists are compiled from ex- 
clusive sources, based on 
hundreds of thousands of 
mail questionnaires and the 
reports of a nation-wide field 
staff, and are maintained on 
a twenty-four hour basis. 

Investigate their tremendous 
possibilities In relation to 
your own product or service. 
Your specifications are our 
guide in recommending the 
particular McGraw-Hill lists 
that best cover your market. 
When planning your Indus- 
trial advertising and sales 
promotional activities, ask 
for more facts or. better still. 
write today. No obligation. 
of course. 

McGraw-Hill 
Publishing Co., Inc. 

DIRECT 

MAIL 
DIVISION 

130 WEST 42nd STREET 
NEW YORE, 11. N. T. 

^Sol" - 
Loma 

u ax 
EAIt-ACEPTAB IL1TY 
Driving, patient years of intensive specialization have 

enabled AUDAX to master wide range thoroughly. 

'Today even the lowest priced MICRODYNE has a range 

to 7,000 cycles - other models to 10,000 cycles. 

Yes, wide' range makes for naturalness, but is highly 

objectionable if without quality. Thus, of two singers 

capable of reaching high C. one may have a pleasing 

voice' the other, not at all. It is so with pick-ups, too. 

To achieve ear -acceptability, all other factors must be 

satisfied. Of these, vibratory -momentum is most impor- 

tant. The only way to test ear -acceptability of a pick-up 

is to put it to the EAR TEST. 

MICRODYNE's sharp, clean-cut facsimile performance - regardless of climatic conditions - is a marvel to all 

who know that ear -acceptability is the real criterion. 

Send for comp fimenFury cord of 
"PICK-UP FACTS" 

. THE 
STANDARD 

BY WIIICH 
OTHERS 

ARE .JUDGED 

AND 

VALUED 

Ai1DAK COMPANY 
500 Fifth Avenue. New York 18 

"Creators of Fine Electro -Acoustical Apparatus since 1915" 
t 
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*are insulated 
GS011 

Is erywinthls 
modern h °use 

i I' 
1 

STARTING with buried service entrance cable, 

jacketed and insulated with GEON, all the wire 

used in this modern house is insulated with this 

modern material. 

That's because wire insulated with GEON offers so 

many advantages-excellent electrical properties, to 

name one of the most important. Insulation made from 

GEON is flame resistant; increases safety, reducesfire 

hazard. Because of íts outstanding electrical properties 

insulation made from GEON may be 

used in thin coatings which means 

more conductors per conduit. It's 
smooth, too, easy to handle and in- 

stall; quickly identified because the 

entire NEMA color range is avail - 

eon 
73#/új.07,47,...á 

% 

able. And, of course, it's Underwriters' approved. 

As soon as the house is completed, more wire in- 

sulated with GEON will make its appearance. It may 

be in the form of appliance, lamp, and telephone wire. 
Or it may be the hookup wire now being used in mod- 

ern radio sets and other electrical devices. 

All of GEON's advantages are available to users in 
domestic, industrial or utilities wiring. The next time 

you order wire or cable from your sup- 

plier be sure to specify insulation made 
from GEON. Or for help with specific 

applications please write Dept. F-6, 

B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 

B. F. Goodrich Chemical Company A DIVISION OF 

THE B. F. GOODRICH COMPANY 
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DESIGNED TO MEASURE POWER OUTPUT 

at fixed impedance and fixed frequency 

at fixed frequency and variable load 

at fixed load and variable frequency 

A . . I 

i . 

, 

f 

J 

OP -182 
Power Range: 0.1mw to 5 watts. 
Inspeciance: 40 values. 

2.5 to 20,000 Sl 

Accuracy: ±5%. 

. 

4 

ALSO " 
to determine internal impedance or 
optimum load 

to measure insertion loss of a network 

e to measure noise pick-up level 

to test band width, selectivity, fidelity, 
sensitivity 

ro 

The DAVEN OP Series Power Output Meters offer a selection 

of four models for measuring the effect of power and load 

on audio amplifiers, filters, Oscillators and similar equip- 

ment, as well as for standard radio receiver tests. Types 

OP -182 and OP -961 are widely accepted for their wide 

flexibility, accuracy and durability. Types OP -193-A and 

OP -193-8 are especially adapted for noise pick-up level 

work in testing radio receivers, where the use of headphones 

is desired. A special three -position switch enables use of 

headphones circuit, meter circuit, or both simultaneously. 

OTHER SPECIFICATIONS 
INDICATING METER 

Rectifier type AC, calibrated 1 to 50mw and 0 to 17 DB. Refer- 
ence level 0 08 = 1mw. 

METER MULTIPLIER 
OP182, OP -193-A, OP-193.13-Extends meter power reading, 0.1 

to 100 X scale; DB reading, -10 to +20 DB, in 10 DB steps. 

OP -961 - Extends meter power reading, 0.1 to 1000 X scale; 
DB reading, -l0 to +30 DB, in 2 D8 steps. 

MOUNTING 
OP -182 - Block metal panel, hand rubbed walnut cabinet, 
12"x6"x6" 
OP-961Black metal panel, ventilated metal case, 12"x7"s6/2". 
OP -193-A, OP -193-13- Black bokelite panel, portable cabinet 
with ,removable cover, 133/4"x7M"x51/u". 

HAVE YOU A DAVEN CATALOG IN YOUR FILES? 

THE 

1$1 CENTRAL AV.ENIIE 
NEWARK ó NEW ))CR/E! °'r.. 

'ro . 

® . 

0 

OP-193-A-OP-193.8 
Power range:'O.1mw to 5 watts. 
Impedance: 

OP -193-A-113 values, 400 to 20.000 S2 

OP -193-8-40 values, 2.5 to 20,000 S? 

Accuracy: ±5%. 
Special Feature: Provision for use-' of 

headphone and/or meter. 

{,,x5,",: 
'`;, v; 
kb4... 

`_\J .- .,',,,,"o 
. ' .rv;n arwir K 

COMPANY 

-ao = .; . 

r 

, v-" .i . .:. , 

OP -961 
Power Range: 0,1 to 50 watt's. 
Impedance: 40 values, 

2.5 to 201000 f 
Accuracyr ±2%. 

. . 
[i . ., ., . . . 



RCA 
8D21 TWIN POWER 

TETRODE 

An important 
contribution to 

Television // 
Broadcasting - 

T THE RCA -8D21 Push -Pull Power 
Tetrode for television and FM broad- 

casting service is a radical departure from 
previous transmitting tube designs in that 
high -power capability at very high frequen- 
cies is achieved through the use of an ex- 
ceedingly compact, high -current -density 
structure in which all electrodes are water- 
cooled close to the active electrode areas .. . 

resulting in a concentration of power in a 
tube only 12 inches in over-all height and 
54 inches in diameter! 

The structure features a thoria-coated, 
multi -strand filament; low inter -electrode 
capacitances; excellent internal shielding 
between input and output circuits; internal 
neutralization of the small feedback capaci- 

1 
Fit 

7/ ACTUAL 
J/ SIZE 

10 Kw Input 
at 300 Mc 

Unusual construction Is indicated by this view of the header with fila- 
ment, grid #1 and grid #2 in position. Precision cast and machined. 
electrodes are connected to water ducts for Internal cooling. 

Lance to eliminate need for external 
neutralization; internal by-passing of 
screen to filament to maintain the r -f 
potential of the screen at ground poten- 
tial; and relatively short internal leads 
with consequent low inductances. 

Because of electron optical principles 
incorporated in its design, the 8D21 
has high power sensitivity and thus its 
driving -power requirements are low. 

When used as a Class C, grid - 
modulated, push-pull, r -f amplifier in 
television service, the 8D2 I has a maxi- 
mum plate -voltage rating of 6000 volts, 
a maximum total plate input of 10,000 
watts, and a total plate dissipation of 
6000 watts. It may be operated with 

TUBE DEPARTMENT 

maximum rated input as high as 300 Mc. 
A technical bulletin on the RCA -8D21 is 

available on request. RCA Tube Applica- 
tion Engineers will be glad to work with 
you in adapting this or any other RCA tube 
type to your equipment designs. Address 
RCA, Commercial Engineering Depart- 
ment, Section D -6F, Harrison, N. J. 

PRINCETON 
LABORATORIES 

THE FOUNTAINHEAD OF 
MODERN TUBE DEVELOPMENT IS RCA. 

RADIO CORPORATION of AMERICA 
HARRISON. N. J. 


