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AMPEREX 

... the high 
performance 

tube 

B 

WATER and AIR COOLED 

TRANSMITTING and RECTIFYING TUBES 

Amperex engineers have made many important contri- 

butions to the refinement of electron tubes. One "Amper - 
extra" of note is the development of a means of assuring 

positive contact between the plate and wire support. Vary- 

ing and unreliable high resistance contacts have been 

eliminated by clinching and riveting. And it ís this 

method of joining the plate and its supports that makes 

for a steady, constant flow of plate current. 

The sum total of all "Amperextras" adds up to cost 

efficiency in broadcasting, industrial, electro -medical and 

amateur radio applications. An Amperex engineer is avail- 

able for consultation on your present or postwar problems. 

A111PEREX ELE[TROt1It CORPORATION 
., 

79 WASHINGTON STREET, BROOKLYN 1, NEW YORK 

Export Division: 13 E. 40th St., New York 16, N. Y. Cables: "ARLAB" 

IN THIS WAR, YOU GIVE WHAT YOU'VE GOT...DONATE A PINT OF BLOOD TO THE RED CROSS TODAY 
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lapaness 
components 

Illustrated 
obtained from the 

Pacific war 

theatre for 

the UTC Research 

Laboratory 
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A recent UTC analysis of Japanese components substantiates the conclusive 

superiority of products of American design and construction ... for example. 

on transformer components... 

;JAPANESE unit weighs 8 OZ. 
...felled on 15 minute suhmert$on tut 
...trery starrier frequency range, 

OTC hermetic ounce. weigh/1 1 OZ. 

.,.takes lull hermetic sealing hair - 
...has twice the frequency rags. 

MAY WE COOPERATE WITH YOU ,ON DESIGN SAVINGS FOR YOUR APPLICATION... WAR OR POSTWAR 

YIP 
150 VARICK STREIT NEW YORK 13, N. y. 

EXPORT DIVISION: 13 CAST Otf STREET, NEVI YORK IS, N. Y.. CABLES: "MAW 
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Put your hand 
here! 

PARAGON 
REG. U. S. PAT. OFF. 

DRAFTING 
MACHINE 

HANDLING is believing. Get the finger tips of your left hand on 
the control ring of a PARAGON Drafting Machine. The 

lightest pressure is all you need to set the scales at the angle you 
want, anywhere on the drawing board. Your right hand is always 
free. For the full story of PARAGON features, convenience and 
handsome modern appearance, write on your letterhead to Keuffel 
& Esser Co., Hoboken, N. J. 

KEUFFEL & ESSER CO. 
EST. 1867 

Drafting, Reproduction, Surveying 
Equipment and Materials. 
Slide Rules. Measuring Tapes. 

CHICAGO : DETROIT . ST. LOUIS NEW YORK HOBOKEN a SAN FRANCISCO LOS ANGELES MONTREAL 
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this new 
Westinghouse Tube! 

Westinghouse announces the production of a 

new electronic tube-a Pliotron no larger 
than a man's hand but delivers two and one- 
half kilowatts of plate power. It is low in cost 
hn t high in quality, and is designed for appli- 
cations in dielectric and induction heating, 
and in ANI and F\T radio transmission. 

I t is small and compact even though air 
cooled, and designed to deliver full plate out- 
put at frequencies up to and including the 
present F1 T band. 

Designers of electronic devices will find in 

the small size and large output of this tube 
the answers to man of their problems. Li 

addition, it has the same rugged depend- 
ability that characterizes all Westinghouse 
Electronic Tubes. 

The outstanding features of the WL-473- 
which are exclusively Westinghouse-will 
appeal to N ou. Ask your nearest Westinghouse 
Electronic Tube Distributor or write to the 
Westinghouse Electric and Manufacturing 
Co., Lamp Division, Bloomfield, N. J. for 
complete information. 

,r/f, fuT 
t! !1 WESTINGHOUSE PRESENTS John Charles Thomas Sunday 2:30 EVPT., N.B.C. * Ted Malone Monday, Wednesday, Friday -10:15 E WT-Blue Network. 

ELECTRONICS - December 1944 
5 



THE REPUTATION 
of Tobe 

1 
Capacitors for long life rests 

on a record of .practically no 

I"returns". Ratings are always 

conservative. Constant research 

manufacturing skill born 

of long, specialized experience 

... frequent, rigid inspectións- 

these are the "secrets" of Tobe's 

ability to master difficult speci- 

jiI 

fications, like those of the new 

[ American War Standards. The 

1 

"DP" Molded Paper Capacitor 

shown below is an example. It 

5 is made of high grade Kraft 

tissue paper and aluminum foil 

A -mineral oil impregnated and 

molded in low -loss Bakelite. 

Ú' Leads are tin copper wire. 

. Whatever your capacitor prob- 

'' lems, Tobe engineers will 

gladly work with you. 

1 Inquiries and requests 

for samples will' receive 

prompt attention. 
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Noreen¡an's Tower in Newport, R. 1. 

One of Americas oldest structures, 

said to bare been built by the Vikings 
about 1040 A.D. 
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LONG WE ASSURED t0 

SPECIFICATIONS"DP" MOLDED PAPER CAPACITORS 

CAPACITANCE 
.001 to .04 MFD 

WORKING VOLTAGE 
See chart at right 

Flash test 3 times rated DC «orking voltage 

SHUNT RESISTANCE ...At 185°F- 1000 megohms or greater 

At 72°F-50000 megohms or greater 

WORKING TEMPERATURE RANGE ....Minus 50° F to plus 185° F 

OPERATING FREQUENCY RANGE Upper limit 40 megacycles 

Q at one megacycle-average 20 

At 1000 cycles .004 to .006 

13/16" x 13/16" x 19/64" 
POWER FACTOR 

DIMENSIONS 

QSVtSCH 

94 ' ; 
SMALL PART IN VICTORY TODAY ON' MASSACI"' A 

f !'C 

, ;OW 

Capacity 
in MMFD 

DC Working 
Voltage 
Rating 

TOSE & AMERICAN WAR 

STANDARDS DESIGNATIONS 

"A" Characteristic "6" 

1000 600 CN35A102 CN35B102 
CN35B15/ 1500 600 CN35A152 

2000 600 CN35A202 CN35B202 
2500 600 CN35A252 CN35B252 
3000 600 CN35A302 CN356302 
4000 600 CN35A402 CN35B402 
5000 600 CN35A502 CN35B502 
6000 600 CN35A602 CN358602 
7000 600 CN35A702 CN35B702 
8000 600 CN35A802 ' CN35B802 

10000 400 CN35A103 -. CN356103 
20000 200 CN35A203 CN35B203 
30000 150 CN35A303 CN35B303 
40000 100 CN35A403 CN35B403 

BIG PART IN INDUSTRY TOMORROW 

6 
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An Important Statement 
BY MYCALEX CORPORATION OF AMERICA. 

1 

Issued in an Effort to Clear up and to 
Avoid Continued Confusion in the Trade 
IT has come to our attention that in some quarters electronic 'engineers 

and purchasing executives are under the erroneous impression that the 
MYCALEX CORPORATION OF AMERICA is connected or affiliated 
with others manufacturing glass -bonded mica insulation, and that genu- 
ine "MYCALEX" and products bearing similar names are all "the same 
thing" . . . are "put out by the same people" . . . and "come from 
the same plant." 

THESE ARE 
The MYCALEX CORPORATION OF 
AMERICA is not connected or affiliated 
with any other firm or corporation man- 
ufacturing glass -bonded mica insulating 
materials. 

2 
The word "MYCALEX" is a registered 
trade -mark owned by MYCALEX COR- 
PORATION OF AMERICA, and identi- 
fies glass -bonded mica insulating mate- 
rials manufactured by MYCALEX COR- 
PORATION OF AMERICA. 

3 
The General Electric Company, by vir- 
tue of a non-exclusive license it had 
under a MYCALEX patent through the 
MYCALEX (PARENT) COMPANY 
LTD., was permitted to use the trade- 
mark "MYCALEX" on its glass -bonded 
mica insulating materials. 

4 The MYCALEX CORPORATION OF 
AMERICA has behind it over 20 years 
of research leadership, dating back to 
work done by the original MYCALEX 
(PARENT) COMPANY, LTD. of Great 
Britain, from which it obtained its Amer- 
ican patents. MYCALEX- CORPORA- 

TMk 1MSTOR 
11q. U. tt. Pv. Of, 

THE FACTS: 

5 

6 

TION OF AMERICA owns U. S. patents 
and patent applications on improved 
glass -bonded mica insulation marketed 
under the trade -mark "MYCALEX". 

The products of MYCALEX CORPOR- 
ATION OF AMERICA are: (a) "MY- 
CALEX 400"-the most highly per- 
fected form of MYCALEX insulation, 
approved by the Army and Navy as 
Grade L-4 insulation. MYCALEX 400 
is sold in sheets, rods and fabricated 
form. (b) "MYCALEX K"-an ad- 
vanced capacitor dielectric with a 
dielectric constant of 10 to 15, which 
can be fabricated to specifications. 
(e) MOLDED MYCALEX available to 
specifications in irregular shapes and 
into which metal inserts may be in- 
corporated. 

"MYCALEX" in the forms described 
above is made by exclusive formulae and 
exclusive patented processes. It is utterly 
impossible for any one other than the 
MYCALEX CORPORATION OF 
AMERICA to offer any product, simi- 
lar in- appearance, as "the very same 
thing". 

MYCALEX CORPORATION of AMERICA 
"Owners of 'MYCALEX' Patents" 

Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20, N Y. 

Plant and General Offices: Clifton, N. J. 
ELECTRONICS - December 1944 
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ri/ -onstant'checking of plating solutions and rigid quality con - 
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L 

trol gives Hammarlund variable capacitors a finish that will 

last a lifetime under' practically every operating condition. 

THE HAI 1MoA'RLUND MFG..CO., INC., 460 W. 34TH ST., 'N.Y.-C. 

'MANUFACTURERS OF' PRECISION COMMUNICATIONS 'EQUIPMENT ' 
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DOES THIS HARVEY "AMPLI-STRIP" 
9ee Te li;ane ? 

It does if you need thoroughly dependable 
I -F and AUDIO Amplification. The HARVEY 
"AMPLI-STRIP" was designed and developed to 
provide a compact, convenient and practical 
Audio and I -F Amplifier. Custom-made to meet 
your electrical characteristics. This tested and 
proved "AMPLI-STRIP" will meet your most ex 
acting performance standards. 

The "AMPLI-STRIP" provides an excel- ' HARVEY. 
OF CAMBRIDGE 

lent example of how the knowledge and expe- 
rience gained by HARVEY through years of spe- 
cialization in the radio -electronic field results in 
practical, efficient, reliable apparatus. 

Why not let HARVEY of Cambridge help you 
to bring to a successful solution any of the 
present or projected radio -electronic problems 

that may be troubling you? Just get 
in touch with 

HARVEY RADIO LABORATORIES, INC. 
439 CONCORD AVENUE CAMBRIDGE 38, MASS. 

HARVEY 
"A ..I.UHX-25 

A 25 -Watt 
General Purpose 
Radio Telephone 

Transmitter 

Available for operation between 1.5 M.C. and 30 M.C. 

11 

New HARVEY 
206 PA REGULATED 

POWER SUPPLY 
for Laboratory 
D. C. Source- 

RANGE 500 
to 1000 VOLTS 

500 to 700 at 1/4 ampere 
700 to 1000 at .2 ampere 

ELECTRONICS - December 1944 
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The Rotary 
"Stepper' 

is another 
striking 

example 
of the 

Unusual 
applications 

to which the ROTARY 
Relay can be 

adapted. 

The Type 82 Rotary 
stepping 

unit is a compact 
twelve posi- 

tion driving 
mechanism 

which operates 
a shalt extensión 

through 
360° in twelve 

progressive 
steps. 

When built up as shown above, the unit provides 
a twelve 

position 
selector 

switch, which indexes 
one position for each 

momentary 
current 

impulse. 
The unit will drive up to 

three wafer switches, 
or any other load not in excess of 

twelve 
ounce -inches 

torque. 
This unit can be made to 

operate 
clockwise 

or counter -clockwise. 

The actuator 
can be furnished 

as a direct drive indexing 

the load with the current 
impulse, 

thus the switching 
opera- 

tion is complete 
the moment 

the solenoid 
operates, 

or the 

actuator 
can be furnished 

as a spring drive, indexing 
the 

load following 
the current 

impulse. 
In this case, the 

switching 
operation 

is accomplished 
by spring action fol- 

lowing 
each current 

impulse. 

The current 
required 

to operate 
this unit will depend upon 

the torque 
required 

for a particular 
application. 

We will 

furnish 
a suitable 

coil if load is specified. 
For a twelve 

ounce -inch load a twelve 
Ohm coil drawing 

two amperes 

from a 29 volt D.C. supply would be required. 

The unit is available 
for operation 

from Direct Current 
only. 

ReiArs, CON /ROIS, AND 

Ct 

_ / /. 
MAGNETIC Devices 

. 
' 

lei tor our 
w/i another member dour 

ROTARY 
RELAY 

amily II 
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tel ry 
ounuaRay" 
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d reríod 

drear- ¡Peelfeoohola^d det detail 
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ntertno 

other Pricy 
Relays tr.. Motor 

lgreYi4adPo+rwCntoeror,Wrlre 

today /or 64 Caralar. 

FREDERICK. MARYLAND 
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FG235A 
-The G -E ignitron 
for resistance welding 

-> 

"WAI , _rt.%JS- 
-7-"c 

- y`Y . 
- 1f . . i 

rti l 

FG238B 
rij;!; -The G -E ignitron 

for converting a -c fo d -c 

,The 

steel -jacketed 
sealed sealeá ignitron 

aao7/vii 6Fe/etilc 

TtlE glass ignitron facilitated the application of 
e ectronic tithes to high-speed resistance welding 
and to the conversion of a -c to d -c without the use 
of rotating equipment. But it was General Elec- 
tric's development of the sealed, water-cooled 
stainless -steel envelope or jacket that gave the 
ignitron the sturdiness that made it practical for 
industry's use. 

Steel, instead of glass, not only gave the ignitron 
the ruggedness to avoid mishaps front external 
sources, but, more important, permitted water 
cooling which enabled tubes to he built that handle 
ten times the power for a given size of tube. 

The present G -E steel -clad ignitron has the newly 
developed G -E low -current ignitor points that fire 
accurately and uniformly; that possess longer life 
and require less power. The G -E steel ignitron also 
incorporates a new type of anode seal with increased 
resistance to electrolysis. 

G. E. HAS MADE MORE BASIC ELECTRONIC -TUBE 
DEVELOPMENTS THAN ANY OTHER MANUFACTURER 

As a result of these G -E developments, G -E steel 
ignitrons offer an exceptionally long life and de- 
pendable performance. Their operating costs are 
lower compared to motor -generator equipment, be- 
cause of higher efficiency over the entire load range. 
This efficiency provides appreciable power savings. 

Descriptive literature available. G -E electronic ' 
tube engineers will be glad to discuss the selection 
of G -E steel ignitrons for your products or man- 
ufacturing processes. Write for Bulletin ETI-12, a 
convenient listing of all G -E electronic tubes for industrial application. Address Electronics De- partment, General Electric, Schenectady, N.Y. 
OTHER G -E TUBES ARE FIRST IN INDUSTRY, TOO! For example, General Electric developed the Iltyratron tulle, which usu- ally teams up with the ignitron where precision control is needed-as in "timing the shots" in high-speed spot welding. The G -E thyratron is also used to maintain constant speed in power tools regardless of variations in load. 
Tune In "The World Today" every eve. except Sun. at 6:45 E.W.T., CBS. Sunday listen to G -E "All Girl Orchestra," 10 P.51.E.W.?'., ARC. 

GENERAL ELECTRIC 
ii.ce-ceso 

ELECTRONICS -December 1944 
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FM CO.VE.RAGE 
DAY AND NIGHT 

2640 SQ. ML 

.AM 
DAY 

530 SQ. MI. 

- ... 

AM T14NIGHT 4, 
72 SQ. MI. 

Effective signal -coverage comparison of an FM station and a 1400-kc AM station. 

Most AM stations could enjoy better coverage by switching to FM. More- 

over, their FM signals would neither cause interference with other stations 

nor be affected by interference from other stations. 

Station interference pattern produced by AM stations on 

the 1400-kc channel. Dots indicate location of stations. 
Large circles indicate possible 400 -mile interference range. 

At night, areas in which the circles overlap usually are 

subject to serious heterodyne interference. This pattern is 

typical of many crowded regional and local channels. 

PLAN YOUR FM STATION NOW -50 FM BROAD- 

CAST STATIONS ARE ON THE AIR AND OVER 300 
APPLICATIONS ARE PENDING. Write for the General 
Electric booklets covering FM station planning, equipment 
description, and general station operation. These publica - 
I ions describe G -E transmitters, antennas. associated equip- 
ment. and contain operating data from FM station records. 

STUDIO AND STÁTI'OÑ -EQ1.ITM'ENT TRANS-MI°TTE'-RS 

GENERAL ELECTRIC 

J 

12 
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THE PRE-WAR G -E 1 -kw FM TRANSMITTER 

General Electric's post-war II5,1 equipment will in- 
clude significant developments in circuits, components, 
and layout that, will contribute directly to the quality 
and economy of your broadcasting system. 

ESTABLISH A POST-WAR PRIORITY ON DELIVERY 
OF YOUR FM EQUIPMENT. In order to enable 
you to obtain a post-war priority on delivery of trans- 
mitters and associated equipment. General Electric 
offers you the "G -E Equipment Reservation Plan." 
This plan will assure you of prompt post-war delivery 
of your transmitting equipment. Write for your copy 
of "The G -E Equipment Reservation Plan."Electronics 
Department, Grneml Electric. Seheneetady, IV. Y. 

5 times the 

coverage by day 

35 times the 

coverage by night 

Regardless of your present power, if you face a coverage 
problem, if you share a crowded channel, consider FM. In 
nearly every case FM will provide better coverage of the 
same area at less cost, or better coverage of more area at 
the same cost. 

Wherever station interference presents a problem, look to 
FM for better coverage. Consider, for example, the case of 
the 1400-kc channel in the broadcast band. Here, eighty- 
five AM stations share the same frequency. Eighty-one of 
them are rated at 250 watts and at night are capable of 
causing serious heterodyne interference up to 400 miles. 
This interference greatly reduces nighttime coverage. 
Engineering data indicate that under conditions of average 
ground conductivity (3 x 10-14 EMU) and with an antenna 
height of 331 feet, the effective range of these stations over 
flat country would be: 

AM Service Range Coverage 
Day 13 miles 530 square mi es 
Night 4.8 miles 72 square miles 

Compare this with the coverage cf a 250 -watt FM station 
using a single -bay antenna 331 feet high broadcasting over 
the same terrain: 

FM Service Range Coverage 
Day and Night 29 miles 2640 square miles 

Thus, FM gives five times the coverage by day; thirty-five 
times the coverage by night! To your audience this means 
improved service. To you, this means a larger audience 
and better service to advertisers. 

When you plan your FM station, make full use of General 
Electric's vast background of experience in the FM field. 
G.E. is the one manufacturer with experience in designing 
and building complete FM systems-from transmitters to 
receivers. G.E. has designed and built more FM broadcast 
transmitters than any other manufacturer. G.E. has fur- 
nished a large percentage of today's half -million FM home 
receivers. G.E. has supplied six complete studio -transmitter 
FM relay links with thousands of hours of regular opera- 
tion to their record. General Electric's experience in the 
FM broadcasting field includes more than three years of 
programming through its own FM proving -ground station 
WGFM at Schenectady, where every transmitter develop- 
ment is tested before it is offered to the industry. 
Tune in General Electric's "The World Today" and hear the news from 
the men who see it happen, every evening except Sunday at 6:45 E.W.T. 
over CBS network. On Sunday evening listen to the G -E "All Girl Or- 
chestra" at 10 E.W.T. over NRC. 

NNAS ELECTRONIC TUBES HOME 'RECEIVERS 

FM TELEVISION AM GEfr' 
ELECTRONICS - December 1944 
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vKI AND NOTHING ELSE! 

Making wire-that's the full time, all time job of 

Roebling wire specialists. Wire Specialization- 

that's the secret of Roebling quality. 

When you see thename Roebling on a reel or coil 

-you know it has real significance. It stands for 

integrity in electrical wires and cables-integrity 
that has been the watchword of generations of 

Roebling wire specialists. 

Give your product the plus in safety and depend- 

ability which Roebling electrical wires and cables 

assure. Available in types for all purposes-from 
portable cords and magnet wire to heavy power 

cables. 

JOHN A. ROEBLING'S SONS COMPANY 
TRENTON 2, NEW JERSEY 

Branches and Warehouses in Principal Cities 

Magnet Wire .. Lyn 
Ihelic resin coated 
pocks mere copper in 

_ less space-retains 
flexibility and dielec 
Inc.í strength under 
adverse conditions. 

ROEBLING 

. 
, 

'" 

PACEMAKER IN 
WIRE PRODUCTS 

WIRE ROPE AND STRAND FITTINGS AERIAL WIRE ROPE SYSTEMS COLD ROLLED STRIP ROUND AND SHAPED WIRE 

AIRCORD, SWAGED TERMINALS AND ASSEMBLIES SUSPENSION BRIDGES AND CABLES ELECTRICAL WIRES AIID. CAa&K 

MSS ~I AND NETTING MION AND LOW CARSON ACID AND BASIC OPEN HEALTH BT1ELI 
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FOR INVIISTRY 

The National Union Laboratories are 
now available to complete your 
established engineering facilities 

- . 
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There is no need to postpone your electronic 
research program, awaiting the day when com- 
petent engineers, costly equipment and scarce 
materials can be obtained. You can start right 
now and be far ahead by having Naiional 
Union Laboratories take over this highly spe- 
cialized part of your work, thus rounding out 

N 

1. ' 

' r . Is 
.. ,. 

\. 

the development activities of your existing 
engineering group. 

Whether you are interested in a single proj- 
ect or a complete service-we invite you to 
investigate National Union Electronic Research. 
Let's talk it over. There is no obligation what- 
ever. Please address inquiries to Department E. 

NATIONAL UNION RESEARCH LABORATORIES 
National Union Radio Corporation Newark 2, New Jersey 

ELECTRONICS - December 1944 
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ELECTRONIC 
HEATING 

TUBES BY 

975 M 

KU 23 

FOR the widely varying con- 

ditions of load and frequency encountered 

in electronic heating "just any tube" is not 

good enough. Only specially designed tubes are 

capable of delivering a full life of efficient operation 

for this unusual function. 
UNITED-a front line pioneer-has for many years 

been the leading supplier of tubes for the most widespread 

field of R -F heating ... Diathermy. 
Heavy Duty oscillators and power supply mercury recti- 

fiers by UNITED are popular among users of H -F induction heat- 

ing because they "stand up" under the fluctuating demands of this 

application. 
To lower your operating costs, through increased life expect- 

ancy of your tubes, equip with the UNITED tubes, ideally designed 

for H -F heating . . . Write for technical data and tube inter- 

change information. 

UNITED ELECTRONICS COMPANY 
NEWARK 2 NEW JERSEY 

TRANSMITTING TUBES EXCLUSIVELY SINCE 1934 
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FREE -TO ENGINEERS 

`This 25 6 'Paoniiandbook EXIBCE 
SHAFTS 

: $: 5. oo. g o. {B..DE. 15ION L I ly 
"'. ' ...[NDU ST:I oRK, s."1. 

Ne 

THE S. S. W TE DENTAL 

rE/NDUSTR/AL 

RIGHT OFF THE PRESS this Handbook 

completely covers the subject of flexible shafts. 

- It presents full information and engineering 

data on the two classes of flexible shafts- 
power transmission and remote control. 

- It gives a clear picture of the range and 

scope of available shafts of each class- 
including illustrations and descriptions of 
many actual applications. 

- It explains in detail the procedure of mak- 
ing a flexible shaft application-including 
how to select the right shaft for a specific 
set of conditions and how to work out all 
application details. 

HOW TO GET 
YOUR COPY 4 

We will be glad to send a copy of this Hand- 
book free, to any engineer who has an im- 

mediate, or possible future, interest in flexible 
shafts. We make only this understandable 
provision - that you write for your copy on 
your business letterhead and indicate your 
position or title. 

DIVISION 
- DEPT. E, 10 EAST 40th ST., NEW YORK 16, N. Y. 

FLEXIBLE SHAFTS AIRCRAFT ACCESSORIES 
MOLDED PLASTICS 

MOLDED RESISTORS FLEXIBLE SHAFT TOOLS 

ELECTRONICS-December 1944 
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A camera clicks in Moscow. Thirty minutes later, via 

Press Wireless radiophoto circuit, the picture is in 

Times Square, ready for the newspapers. 

Today, swift, dependable and accurate radio trans- 

mission and reception of pictures, drawings, blue- 

prints and other graphic material ís of vital impor- 

tance not only to the papers but to many other agencies as well. 

Mindful of this, Press Wireless is making constant improvements 

ín its radiophoto technique and equipment. 

An example is the trans -receiver shown here. It can send or 

receive a radiophoto, uses either amplitude or frequency modu- 

lation of the sub -carrier, is compact, easy to operate and reliable. 

The trans -receiver is one of several advanced units Press 

Wireless has designed and is manufacturing chiefly for war 

today,-for peace tomorrow. 

PRESS WIflELESS, INC 

te 

- 
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-t 

ARCSS ts D tRL OR RH iCPSs' :sc. 
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RUP 
PRINTER 

SYSTEMS 
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Executive and Sales Office 
s 

fourpMEMrD 

1475 BROADWAY, NEW YORK 18 

'RIO DE JANEIRÓ MONTEVIDEO BERNE SANTIAGO DE CHILE NEW YORK CHICAGO 

111 

LOS ANGELES- LONDON HAVANA 
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KNOWN THE WORLD OVER r' 

Itf 
®' 

CHICAGO TELEPHONE SUPPLY 
COSITIC 

ELKHART INDIANA 

" 

.1/ 

This is the new 13/e" diameter, wire wound vori 
able resistor, 352 Series, with resistance value up 
to 20,000 ohms linear and with the same boklite 
housing and grounded metal construction as the 
popular 1 t/4" 252 Series. (This resistor only, shown 
of actual size.) 

Chicago Telephone Supply Company 
is an internationally known manufac- 
turer of the finest variable resistors for 
all applications. Behind these products 
are a modern scientific mass produc- 
tion organization and many years of 
intensive research. 

o 

When wartime demand slackens, 
Chicago Telephone Supply Company's 
tremendous production facilities and 
unexcelled craftsmanship will be 
turned once again to civilian produc- 
tion of wire wound and carbon types 
resistors. 

iiida,ftlfaceg~ts oft v-Lty é ccci nieclea.aeícu / e...V psatote$ di,.ace 1896 

VARIABLE RESISTORS, PLUGS AND JACKS 
SWITCHES, TELEPHONE GENERATORS, RINGERS 

REPRESENTATIVES BRANCH OFFICES 
R. W. Farris S. J. Hutchinson, Jr. 2600 Grand Avenue 401 North Brood Street Kansas City 8, Missouri Philodelphio 8, Pennsylvonio Phone, Victory 3070 Phones Walnut 5369 

Frank A. Emmet Co. 
2837 West Pico Boulevard 
los Angeles 6, Colifornia 
Phone, Rochester 9111 

IN CANADA 
C. C. Meredith & Co. 
Streetsville, Ontario 

ELECTRONIC/ - December 1P44 
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The recognized quality and dependability 

of AAC quartz crystals is the result of AAC's 

wide experience as one of America's largest 

producers of transmitters and other precision 

radio equipment. AAC quartz crystals and 

crystal units have proved so outstanding ín 

meeting intricate specifications and exacting 

requirements that they are today demanded 
by many of the world's greatest airlines, radio 

manufacturers, various branches of the armed 

services and other government agencies. 

This practical achievement background- 
phis AAC's staff of skilled engineers and 

modern -to -the -minute manufacturing facili- 

ties is ready to meet your crystal needs ad- 

vantageously. Rapid delivery of standard 

types-also special types, ground and mount- 

ed to your specifications. 

ELECTRONICS DIVISION 
Kansas City, Kansas NOW . 

.e. 

WRITE now for your 
free copy of the new 
AAC crystal catalog 

_ 
giving detailed facts 
about AAC quartz crys- 
tals and crystal units. 

l 

/- 
/ 

gloclarZ 

et o. 
1. . 

AIRCRAFT 
RADIO and 

Kansas City, Kans. 
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PRECIStOLI*kLN1Y 
PRECIE-P-ERféM-A- . 

PROVED IN USE! , 
. 

There is no question about AAC crystals meeting the 
most exacting requirements under severe operating 
conditions. Their reliability has been tested and proved 
a thousand times over ... in battlefront service to the 
armed forces ... in helping to keep the communication 
systems of many leading airlines working efficiently... 
in meeting the quality demands of radio manufacturers. 
The list of users of AAC crystals shown below is a 
tribute to the engineering skill and fine manufacturing 
facilities behind AAC crystals. 

Braniff Airways, Inc. 
Chicago & Southern Air Lines, Inc. 
National Airlines, Inc. 
Northwest Airlines, Inc. 
Pan American Airways System 
Pan American -Grace Airways, Inc. 
Pennsylvania -Central Airlines Corp. 
Transcontinental & Western Air, Inc. 

Colonial Radio Corp. 
Columbia Broadcasting System, Inc. 
Stewart -Warner Corporation 
Western Electric Company, Inc. 
Zenith Radio Corporation 

Remember, crystal production is only one of AAC's 
services to the aviation and electronics industries. The 
production of airborne and ground radio equipment at 
the rate of more than 30 million dollars yearly for U.S. 
government and leading airlines demonstrates the wide 
scope and high rating of AAC manufacturing ability. 

ICCESSORIES CORPORA TION 
ELECTRONICS ENGINEERED POWER CONTROLS 

New York, N. Y. Burbank, Calif. Cablé Address: AAC PRO 

a134 

ELECTRONICS - December 1944 
21 



.'_ , , ',VA 

>.. ; , 
'.W 

rf+ . 

1iNYAA MI 

SMALLEST PAPER. 
CAPACITOR -. - 

TYPE 
yet 100% 

P5N MOISTUREPROOF 

all. /a 

r,-~ 

Mao 

TYPE 
P4N 

FEATURES 

\) 

1. Bakelite Reeinold Ends. Lead wire cannot 

pull out, even under hot conditions. 

2. Non -Inductive. 

3. Excellent Temperature Coefficient. 

4. Very high leakage Resistance. 

5. Fine Power -Factor. 

6. Range from 20 MMFD to .25 MFD. 

From 150 volts to 600 volts. 

7. Types P4N, P5N for. 100% humidity opera- 

tion. 

8. Types P4. P5 for 95% humidity operation. 

Samples and price list on Request 

BUY EXTRA WAR BONDS . . 

Pend, . . . 'TIL THE WAR IS OVER. 

DOMO... 
ELECTRIC CO. 

MFR'S OF, 

CAPACITORS FOR EVERY REQUIREMENT 
34 HUBERT STREET NEW YORK, N. Y. 
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A URES ONE S, ANDARD OF EXCELLENCE 

REGARDLESS OF QUANTITY 

Unique production systems work side by 
side with a versatile engineering organiza- 
tion to build the utmost in efficiency into 
every TEMCO transmitter. Regardless of 
quantity, be it one, ten or a thousand units 
... every TEMCO-built transmitter receives 
the benefit of superb construction and engi- 
neering design. 

Your expert eye will easily recognize the 
marks of finer craftsmanship evident in these 
TEMCO-built products, although only one 

special Power tube Life test rack was built 
in contrast to hundreds of these 150GS trans- 
mitters. 

Delivered from the same production lines, 
all were endowed with every advantage of 
TEMCO'S advanced engineering skill. 

Whether you need but one or many units 
of a particular design put TEMCO produc- 

. tion flexibility to work for you. Write for a 
copy of our newest illustrated catalog. 

TRANSMITTER EQUIPMENT MFG. CO., INC. 
345 Hudson 

4$J ceo 

Street, Now York 14, N. Y. 

RADIO COMMUNICATION 
EQUIPMENT 

1 
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NIMBLE FINGERS Experienced Sangamo operators develop 
such a pronounced sense of touch that their handling of MICA in its 

initial slate of preparation-that of splitting-is accomplished with 
the greatest dexterity and finesse. "Nimble fingers" inaugurate a 

quality control through ability that is maintained through each 

process of CAPACITOR production. Thus, faithful performance of 
the smallest to the largest unit has its beginning in the intricate 
art of MICA SPLITTING. 

SANGAMO ELECTRI.0 
1 8 9'8 MI C A CA PA C.I'T.O"R S _. i . .. 

. 
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The many 
Processes MICA CAPACITORS that are required 

in 
IN 

these are MICA Involve numerous Producing 
G MICA 

1 

SPUTTING critical' Sangamo 

Photo 
INSPECT/ON, operations. 

Some shows 
a 

MICA GAUGING, 
MICA PUNCH- 

ING, 

operation of 
and 
operators 

performing 
STACKING. 

The large Perafio °Perofors 

spe- 

cialized 
n of splittingPerforming the y designed tables, 

the modern 
Alms from layout to facilitate modern li 

block Mica, 
highly 

oPe- 
excellence 9htin9 and 

Note the of Production, the spacious 
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.t...J.l. . .11.j..11~ . -- Arákreral... 

: 

COMPANY SPINGFIELD 
ILLINOIS', 

WAT;T: -H0UR-: M-ETERS .` 

MICA 
CAPACITORS 

Only the finest obtainable electrical MICA is 

used for the dielectric of Sangamo NI IC \ 
CAPACITORS. The largest quantities of high 
grade block Mica (so called because it is still 
intact as a block -and not split into individual 
laminations) come from India, although sonic 
Brazilian, Argentine, and domestic Micas are 

equally satisfactory. 
For the manufacture of Capacitors, block 

Mica must be split into uniform, thin lamina- 
tions. The voltage breakdown depends upon 
the thickness and quality of the Mica lamina- 
tions, while the uniformity of the finished ca- 

pacitors depends, in large treasure, upon the 
uniformity of the thickness of laminations. 

Even in these clays of mass production and 
automatic processing machinery, Mica Splitting 
is still necessarily a hand operation, for no 
machines have been developed to split Mica 
satisfactorily. Deft fingers can usually split Mica 
into laminations to within 0.0005 inch of the 
required thickness. 

There are many methods of splitting Mica. 
Some operators prefer to split Nlica using a flat 
knife-others use a needle. In some cases the 
Mica is laid on a glass, plastic, or wooden plate 
and laminations are split from a flat surface- 
other operators hold the Mica in the air while 
splitting. But no matter which method is used, 
it is imperatise that injuries, such as scratching 
of the surface, or fracturing of the edges, be 
avoided during the splitting operation. 

TIMES S.WITCI É'S 
ELECTRONICS - December 1944 
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SAVE WEIGHT 
in low-tension circuits 

For a given conductor size, Lexel insulation 

weighs about 25% less than extruded insu- 

lation. That's a valuable saving in a wide 

variety of low-tension uses where weight is 

a factor. It's much less bulky, too, for a given 

voltage resistance. This permits compact 

design, usually important in instruments, 

controls and similar applications. 

The main reason for 
this reduced weight ís that 

the conductor is always 
perfectly centered. It is 

heat -sealed in a continu- 

ous helical tube of tape 

throughout every inch or 

mile of its length. No extra 

material is needed to in: 
sure sufficient insulation. 

"LEXEL" is a registered 

trademark of 

The Dobeekmoa Compeer. 

THE 

with 

In spite of its light weight and low bulk; 

Lexel meets strict requirements of high 

dielectric strength, high insulation resist- 

ance, flame-retardant qualities and ex- 

tremely low moisture absorption. This is 

proved by its wide acceptance in rigid mili- 

tary specifications. 
These qualities of Lexel will extend its 

value to many peacetime products. If your 

designs call for low-tension circuits, be 

sure to consider Lexel. Ask for detailed 

information and samples of Lexel tape or 

insulated wire for your experimental use. 

CUSTOM-MADE INSULATION 

1s a regular service, Dobeckmun engineers also develop 

laminated insulation products, custom-made to special 

purpose specifications, such as slot cell and phase insula- 

tion for motors, insulation for shipboard cables and other 

uses. If your requirements are unusual, call on us. 

MADE BY THE MAKERS OF DOBAR LAMINATED PAPER INSULATION 

OBEC 
COMPANY 

INDUSTRIAL PRODUCTS DIVISION CLEVELAND 13, OHIO 

WESTERN SALES HEADQUARTERS SAN FRANCISCO 4; CALIF. 

26 
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Raytheon Voltáge Stabilizers 
CONTROL Output Voltage to ±'/2% 

Eef72 
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I LOClA`1OGETII\O r ' 130 
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VECTOR RELATIONS FOR FULL LOAD AND VARIABLE UNE VOLTAGE 

PRINCIPLES OF OPERATION 
The stabilizer consists of two transformers with the 
primaries in series. One of these transformers operates 
at high magnetic density. This transformer with the 
higher saturation is partially resonated by means of a 
condenser. The secondary of the two transformers are 
connected in series opposed. Careful design results in 
the various voltages adding up vectorially producing 
the desired output changes compensating for dif- 
ferences of individual voltages. The resultant is a con- 
stant output voltage. This action is illustrated above 

in the chart of vector relations of voltage. 

A Raytheon Voltage Stabilizer ... built into new 
equipment or incorporated into apparatus not having 
voltage regulation ... improves the performance and 
assures reliable, accurate operation of the equipment. 
It stabilizes varying line voltages from 95 to 130 
volts to plus or minus % %. Entirely automatic in oper- 
ation, the Raytheon Voltage Stabilizer has no moving 
parts, nothing to wear out. Simply conned it and for- 
get it. Write for Bulletin D148-537. - 

RAYTHEON 
MANUFACTURING COMPANY 

190 WILLOW STREET, WALTHAM, MASS. 
MANUFACTURERS OF VOLTAGE STABILIZERS, RECEIVING AND TRANSMITTING TUBES AND COMPLETE ELECTRONIC EQUIPMENT 

The coveted Army -Navy "E", for 
Excellence In the manufacture of 
war equipment and tuber, flies 
over all four Raytheon Plants 
where over15,000 mén and wom 
en are producing for VICTORY. 

ELECTRONICS - December 1944 
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n Electrical Insulation ...the first1 

Above: One of the earliest 
Edison by -polar gener- 
ators-now on display at 
the Míca Insulator Com- 
pany plant in Schenec- 
tady. It is still in operat- 
ing condition. 

Electrically powered equipment and the Mica 

Insulator Company have grown up together... 

and it's a far cry from our first manufactured 

insulation to the multiple materials we're 

producing today. During the fifty years of our 

business existence, virtually the entire span of 

electrical history is encompassed ... from the 

early Edison bi-polar generators (for which we 

made sheet mica insulation) to the gigantic 

turbo -driven jobs of today and tomorrow. Since 

1894, our birth date, electricity has stretched its 

slender tentacles to the farthest corners of the 

country. It has powered the growth of our 

industrial stature and nurtured the evolution 

of the electronic wonder world. No longer earth- 

bound, it soars the skies and sails the seas... 

it flings Man's voice, Man's philosophies, his 

music and now his image, full around the world. 

And every step of the path, faltering or fleeting, 

6y 
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has depended on the certain sheathing of the 

insulation which harnesses and guides the flow 

of electrical energy. 
Our job-small but important-has been to 

keep pace with the constant flux and growth of 

the electrical world, and to provide dependable 

insulation-designed and made for each pro- 

gressive stage in electrical development. And, 

while it's pleasant to realize that we've done that 
job, mere age or past privileges are not tempting 

Mica Insulator Company to sit back and regard 

its laurels. We're too impressed with the need of 

keeping ready our every resource for the job 

ahead. Electrical manufacturing, electronics, 

communications, public utilities-even repair 

and maintenance fields will need new insulations 

-fabricated with the care and craftsmanship 
that comes only with experience. Mica Insulator 
Company's job therefore, lies ahead ! 

ICA INSULATOR 
28 
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half hundred years were the hardest 

«11, 
A SINGLE SUPPLY SOURCE FOR M,sE41 . 

DIVERSIFIED INSULATION MATERIALS 

Mica Insulator Company offers to the electrical industry today a 
single supply source for a completely rounded line of insulations, 
both in standard fórm and made -to -specification. Branch offices, 
distributors and fabricators are strategically located in industrial 
centers from coast to coast, providing fast service on fabrication 
and delivery of special parts ... as well as expert assistance 
for consultation on problems affecting insulating materials. 

Manufacturers and designers now planning postwar products 
are invited to investigate, through our nearest sales office, the 
advantages to be obtained by utilizing the fifty years of insula- 
tion experience which is ours ... and yours for the asking. 

FABRICATORS 

NEW YORK 14, N. Y., Mico Insulator Company, 200 Varick St. 

NEW YORK 3, N. Y., Insulating Fabricators Inc., 12 E. 12th St. 

S. BOSTON 27, Mass., Insulating Fabricators of New England, Inc., 22 Elkins St. 

CHICAGO 51, III., Lamicoid Fabricators, Inc., 3600 Potomac Ave. 

CLEVELAND 7, Ohio, The Kirby Company, 13000 Athens Ave. 

HOUSTON 10, Tex., Bakoring, Inc., 1020 Houston Ave. 

BRANCH OFFICES 

CHICAGO: 600 West Von Buren Street CLEVELAND: 1276 West 3rd Street 
DETROIT: 285 Columbus Avenue CINCINNATI: 3403 Hazelwood Avenue 

Sales Representatives: 
BAKORING, INC.: 1020 Houston Avenue, Houston 10, Texas 

THE TRIANGLE PACIFIC COMPANY 
SAN FRANCISCO: 1045 Bryant Street SEATTLE: 95 Connecticut Street 

LOS ANGELES: 340 Azusa Street 

COMPANY 
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WILCO facilities 

Expanded to Meet 

Wartime Needs! 

.But Postwar Industry will be 

the ultimate gainer from the 

many new WILCO products 

and developments 

As the Hourglass indicates . . . at the 

coining of peace. the skill and experience 

gained in the development and application 

of new WILCO products and techniques 
will mean much to automotive, electrical 

appliance and many other types of manu- 

facturing customers. 

Though now chiefly applied to the war 

effort, these new WILCO developments are 

destined to play as vital a role in the post- 

war industrial "comeback" as they are now 

playing in scores of wartime applications. 

Thermostatic Bimetals. Electrical Con- 

tacts, and Precious Metal Bimetallic Prod- 

ucts are such important factors in the pre- 

cision performance of ships, planes. tanks. 

guns, and various instruments of the Army 

and 1\avy that the II. \. Wilson Company 
has found it necessary to enlarge its facili- 

ties and develop these important new prod- 

ucts and techniques. 

in the postwar period no company will 

he better equipped to meet individual re- 

quirements for Thermostatic Bimetals and 

Electrical Contacts on any desired scale 

than the II. A. Wilson Company, pioneers 

in this field. 

WILCO PRODUCTS ARE: Contacts- 
Silver. Platinum, Tungsten, Alloys. Sin- 

tered Powder Metal. Thermostatic Bimetal 
-high and Low Temperature with new 

high temperature deflection rates. Precious 

Metal Collector Rings for rotating controls. 
Silver Clad Steel. Jacketed Wire-Silver 
on Steel. Copper, Invar, or other combina- 
tions requested. Rolled Gold Plate. Special 
Materials. 

TILE H. A. WILSON COMPANY 

105 Chestnut Street. Newark 5, New Jersey 

Thermometals-Electrical Contacts 

Precious Metal Bimetallic Products 

30 
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it's attention to 
Human skill can't be scientifically tested. That's 
why it is always the unknown quantity in manu- 
facturing. But experience is a reliable guide to 
measuring the true value of skill. In building C -D 

Capacitors precision work is backed by the accu- 
mulated experience of conscientious men and 
women, some of whom have been with Cornell- 
Dubllier for nearly the whole of our 34 years of 
existence; others for five, ten and twenty years of 
loyal service. 

To the human element in making C -D Capacitors 
are added the finest facilities-the careful selection 
of flawless materials. These, together with the 
expert workmanship of trained minds and skilled 
hands, have given Cornell-Dubilier a reputation 
for quality, for minute attention to every detail, 
and dependability since 1910. Cornell - Dubilier 
Electric Corporation, South Plainfield, New Jersey. 

ALSO AT NEW BEDFORD, 
BROOKLINE, WORCESTER, 
MASS., PROVIDENCE, R. I. 
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C -D PAPER TUBULAR CAPACITOR TYPE OT 

Non -inductively wound, spe- 
cially sealed and impregnated, 
small in size, with high safety 
factor.Type DT is uniform in 
electrical properties and has 
rigidly anchored wire leads. 
A specially -treated tube keeps 

Out nwisture. 

CORNELL- DUBILIER 

CAPACITORS, 

!MICA DYKANOL PAPER 

,WET AND DRY ELECTROLYTICS 

tto 
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The march of Hytron receiving tube prog- 

ress down through the years is fascinating. 

One looks back on tubes, tubes, and more 

tubes: battery, AC, AC 'DC, diodes, triodes, 

pentodes, beam tetrodes, multiple purpose 

types, G's, MG's, BANTAM GT's-and 
now the miniatures. Price and size have 

been drastically cut; quality and perform- 

ance, amazingly improved. 

Hytron has made them all. Its long 

and varied experience is priceless in a 

complex industry where probably never will 

all the answers be known. In making 

radio tubes, painfully acquired practical 

pIDESt 

teil;* 

\\H\\\\\\Lw 

atop/ \\\. ` \1 `- 
' 

\+Y\ r 
. 

`__ . 

:""1"1","1"e",.. 

. ` . .vv000vwo\\\ 

experience must supplement the formulae 

of science. 

With an eye to present and futúre,Hytron 
is concentrating its production of receiving 

tubes on preferred BANTAM GT types 

needed for war-for today's civilian re- 

placements -and ultimately for post-war. 

Its wartime activities are teaching Hytron 

new techniques of miniature production. 

Many potentially popular Hytron minia- 

tures are in development. Typical American 

dissatisfaction with anything but perfection 

continues: the parade of Hytron receiving 

tubes marches on. 

E)<CIUSIVE 
MAMUEACEURER 

o RADIO RECEIVING 

Mac wro "'Celt w.. tootvaws 

WISP ("WWI* 
SALE M 

BUY ANOTHER WAR BOND 
NEWBURYPOR7, 

MAS S. 
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Variable Tuning Condensers, Push Button. Tuning 

Mechanisms and Actuators, 'Phonograph Record Changers 

1 

A NEW DIVISION 
UNDER THE DIRECTION OF 

LEE GOLDER 
identified for more than 20 years with 
the manufacture of radio speakers. 

Millions of radio components on the 
far flung battle areas ofthe,world bear the 
G.I. insignia. What they have accomplished 
is already in the archives. 

Behind General Instrument's record 
of achievement in the quantity production 
of electronic equipment for military use, 
stands nearly a quarter ceñtury of highly 
specialized production and experience in 
the field of radio components for home re- 
ceiving sets. 

... and now 

a 

The addition of a complete line of 
speakers is, therefore, not a venture into a 
new field, but the logical outgrowth of our 
expanded facilities, developed by wartime 
activities and increased resources in the 
radio equipment industry. 

The resourcefulness and ingenuity-the 
expanded and perfected facilities that made 
this mammoth production possible will be put, 
without stint, behind our new speakers. Set 
manufacturers will know what this will mean. 

GENERAL ELECTRONIC APPARATUS CORP. 
., 

0 

ENv 

A SUBSIDIARY OF 

GENERAL INSTRUMENT CORP. 
829 NEWARK AVE., ELIZABETH 3, N. J. 
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Aerovox selection ranges from tiny "postage - 

stamp" molded-in-bakelite units to giant porcelain - 

'cased stack -mounting units. These many varied 

types are standard with -Aerovox-in daily produc- 

tion-available at quantity -production prices. 

The following factors are suggested in guiding 

your selection: 
Electrical: (a) Capacitance and tolerance; (b) D.C. 

voltage rating; (c) Current -carrying capacity and 

frequency characteristics; (d) Allowable tempera- 

ture rise and maximum operating temperature; (e) 

Special characteristics such as temperature co- 

efficient, retrace, etc.; (f) Special operating condi- 

THERE'S A 

TYPE FITTED 
PRECISELY TO 

it YOUR NEEDS... 

AEROVOX 
MICA 

SPECIFY AEROVOX 

Be sure you have the Aerovox 
Capacitor Manual in your 
working library, for general 
guidance. And for final insur- 
ance covering satisfactory re- 

sults, just specify Aerovox 
Capacitors. - 

lions such as high humidity, altitude, extreme 

temperatures, etc. Mechanical: (g) Basic type; (h) 

Terminals; (i) Case; (j) Mounting holes; (k) Name- 

plate data. 

Yes, Aerovox expects you to select that type best 

fitting your particular requirements in every way. 

And Aerovox ís ready to help you make the proper 

selection. Remember, Aerovox Application Engi- 

neering - that "know-how" second to none in the 

industry-can make all the difference 

between disastrous makeshifts and 

the most satisfactory results. 

INDIVIDUALLY TESTED 

AEROYOX CORPORATION, NEW BEDFORD, MASS., U.S.A. . SALES OFFICES IN ALL PRINCIPAL CITIES 

"t1 
Export: 13 E. 40 ST., .NEW YORK 16, N. Y. .. Cable: :ARLAB' In .Canada:- AEROYOX CANADA. LTD., HAMILTON,' ONT. 
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FOOD 'PRODUCTS /s 

DRUGS AND 
CHEMICALS 

TEXTILES 

DEHYDRATION - 

STERILIZATION - 

.0; .YOUR ,PRODUCT? 

THERMOSETTING 
PLASTICS 

)THERMOPLASTICS 

RUBBER 

WOOD PRODUCTS 

YOUR °COMPETITORIS PRODUCT? 

ih.!,rÍvLtroú 
ELECTRONIC HIGH FREQUENCY HEATERS 

. , in these general fields and specific applications, as well as in countless 
others, make possible better, quicker and, in most cases, cheaper processing 
than by any other known method. 

the Therni trop method of accurately controlled internal heat generation 
in non-metallic materials may revolutionize your industry and your business. 

A wealth of practical knowledge on electronic high trequency heating appli- 
cations is yours for the asking. Describe your problem to us today- 
let's plan for tomorrow. 

Standard sizes from 500 watts to 30 kilowatts output. 
Units of special sizes and frequencies built to order. 

Thérm.afron Dívision 

RADIO RECEPTOR' :COMPANY, 
2.:11 WEST 19th STREET NEW YORK 11. N. Y. 

SINCE. 1922 IN RADIO AND ELECTRONICS 
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COLONEL JOHN CASEY, Manager, 

Chicago Municipal Airport .. 
Colonel Casey said," The growing complexities of airport traffic make it ever more important 

that -private planes and regular operating passenger aircraft be equipped with up-to-date, reliable 

two-way radio, if high standards of safety are to be maintained. One important factor is ... r 

got 

ti 

-' 

"A FOOLPROOF POWER SUPPLY FOR 
RADIO OPERATION" 

Colonel Casey, Electronic Laboratories has long been aware of the 
need for reliable power supplies especially adapted for aircraft use. 
One of E -L's exclusive developments along this line involves vibrators. 
operating in parallel which assures a reserve power source for extra 
protection. These Vibrator Power Supplies-both light and heavy duty 
-are specially designed for complete reliability at very high altitudes. 

The life of E -L Vibrator Power Supplies is far beyond the customary 
overhaul requirement. With these units maintenance time is cut ro a 

minimum-only a small fraction of the time previously required. 
Other E -L developments for the aircraft field include units for flash- 

ing wing lights and for instrument panel illumination. This equipment 
has wide application for the light plane field as well as for large aircraft. 

The economy and versatility of 'Vibrator Power Supplies are also 

available to the marine field-where units have been designed to pro- 

vide fluorescent lighting, radio -telephone operation and electrical ap- 

pliance use-as well as many other fields where it is necessary to con- 
vert current to specific voltage and type requirements ... Lec E -L engi- 

neers consult with you on your power -supply problem. 

'-F_ O 

AIRCRAFT 

STANDARD POWER SUPPLY 
MODEL SC -1096 

Model SC -1096 is a typical E -L Vibrator Power 
Supply which meets the requirements of aircraft 
radio use. This unit was designed for the Canadian 
Signal Corps to operate radio transmitters. Input 
voltage: 12 volts DC, or 110-117 volts AC at 
50-60 cycles. Output voltage: 2000 volts at 125 
ma., 400 volts at 25 ma., 250 volts at 10 ma.. 250 
volts at 5 ma., 10 volts at 5 amps., 12 volts at 
1 amp. Output power: 480 watts. Dimensions: irx12l' x 7W. 

'i 

:: ... 
.. :i .. ® -.,;;:y;;,¿ 

' LABORATORIES -INC-: 
_- -- - -- - - -- -----I N, D L A'N A P 9 LJ 5 

VIBRATOR POWER SUPPLIES FOR LIGHTING, COMMUNICATIONS, AND ELECTRIC MOTOR OPERATION ELECTRIC, ELECTRONIC AND OTHER EQUIPMENT 
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NO "DOCTORED -UP".. 
iT 

HERS/ON OF AN OLD IDEA .irs 
A 20L+á CENTURY 

DES/ON THAT TOOK YEARS OF 

RESEARCH 

ANA TEST/N6» ; 

TO DEVELOP! 

In ease and speed of driving, there 
s nothing quite like the Phillips 
recessed Head Screw. 

That's because the Phillips Recess 
vas developed from scratch-not just 

I idapted from some older, less satis- 
actory type of recess. It's an eugi- 
teered recess ... with years of costly 
esting and research behind each 
Iesign feature. 

As a result, every angle, every flat 
eslane, every dimension of the 
'hillips Recess makes a definite con- 
rihution to easier, faster, more 
!fücient screw driving. 

The recess walls are angled just 
right to eliminate fumbling starts, to 
let workers utilize their full turning 
power. The 16 fiat planes are pro- 
vided to hold even worn drivers 
snugly. And the depth of the recess 
is exactly figured to give unusual 
strength to Phillips Screw Heads, 
and make it easy to keep Phillips 
Bits and Drivers lined up with the 
axis of the screw. 

To Make Wartime Quotas 
and Peacetime Profits ... 

get the faster starting - faster driv- 
ing-stronger, better -looking fasten- 

/ Dun i SCREWS 
WOOD SCREWS ,MACHINE SCREWS SELF=TAPPINGSCREWS:.'.STOVEBOL.TS 

American Screw Co.. Providence. R. I. 
Atlantic Screw Works, Hartford, Conn. 
The Bristol Co,. Waterbury. Conn. 
Central Sorer Co., Chtc.ego. 111. 
Chandler Products Corp.. Cleveland, Ohio 
Continental Screw Co., New Bedford, Mass. 
The Corbin Serene Corp.. New Britain. Conn. 
General Screw Mfg. Co.. Chicago, III. 

The H. M. Harper Co.. Chicago. Iii. 
.International Screw Co.. Detroit, Mich. 
The Lamson A Sessions Co., Cleveland, Ohio 
Manufacturers Screw Produrls. Chicago. Ill. 
Milford Rivet and Machine Co., Milford. Conn. 
The National Screw A Mtg. Co., Cleveland, Ohio 
New England Screw Co Keene. N. H. 
ParkerKalon Corp.. New York. N. Y. 

ings that only screws with Phillips 
Recessed Heads can give you! All 
over the country, manufacturers are 
switching to Phillips Recessed Head 
Screws to speed up assembly and cut 
costs. Give your assembly depart- 
ment "a shot in the arm" - change to 
Phillips Screws, too. Available in all 
head styles, types, and sizes! 

1 

IDENTIFY IT I 

Center corners of 
Phillips Recess are 
rounded .,. 
NOT square. 

Bottom of Phillips 
Recess is nearly 
flat... 
NOT tapered to o 
sharp point. 

Pawtucket Screw Co., Pawtucket. R. I. 
Pheoll Manufacturing Co.. Chicago, W. 
Reading Screw Co., Norristown. Pa. 
Russell Burdsall de Ward Bolt & Nut Co., Port Chester, N. Y. 
Seovill Manufacturing Co., Waterville, Conn. 
Shakeproof Inc., Chicago, 111, 
The Southington Hardware hito. Co., Southington, Conn. 
Wolverine Bolt Co.. Detroit. Mich. 
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PICTUIRE QUALITY IN BLACK ANI) WHITE AND IN FULL COLOR! 

Sharper, more brilliant pictures 
than ever before possible are now 

a reality with Federal's new broad- 
band television technique .. 
In a revolutionary contribution to 
the television art, Federal's system 
permits combining sight and sound 
on one carrier frequency .. . 

For the broadcaster-a single trans- 
mitter, and consequently, lower 
first cost, lower power consumption, 
less space requirement, and fewer 
high power tubes... 
For the television audience - a 

'4 

idál lphoé ána Rad/oJ2rporatio# 
. ., 4~ 7f so, e.t 

simpler, less expensive receiver, 
more compact and efficient, and re- 
quiring fewer tubes. 

This great forward stride is the 
logical outcome of Federal's long 
list of achievements in the field and 
the contribution of Federal's en- 
gineers to the development of the 
"Micro -ray" more than a decade 
ago ... the forerunner of modern 
television technique. 

And as a result ... Federal has been 
selected by the Columbia Broad- 
casting System for the construction 

of its new telei ision transmitter 
atop the Chrysler Tower in New 

York. 

Federal's modern television tech- 

nique will also be reflected in an 

equally advanced Federal tele- 
vision receiver for the home .. . 

producing the finest picture quality. 

Federal has the experience, the 
facilities, the technique, needed to 

build television equipment for any 

broadcasting requirement. For the 
best in television - see Federal first. 

Newark 1, N. J. 
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This is a special-purpose electronic part. It is a plug - 
receptacle assembly for use with rack -panel type of 
mounting. Twenty-four silver-plated phospher- 
bronze contacts are provided, each male and female 
contact full floating between steatite plates. Heavy 
guide pins and matching holes in the frame assure 
perfect alignment. 

We don't know that your product has any need for . 

such a part as this. We do know, however, that this 
part is most exactly suited to its special requirement 
just as are hundreds upon hundreds of other parts 
which have been created through Lapp engineering 
and Lapp production facilities directed to the solu- 
tion of specific problems. 

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

. 

. . 
L 

.. ENGINEERED TO A SPECIFIC NEED 

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

There may be a way you can improve performance, 
cut costs and cut production time through use of 
Lapp -designed and Lapp -built sub -assemblies. We'd 
like to discuss your specific requirements with you. 
Lapp Insulator Co., Inc., LeRoy, N. Y. 

ELECTRONICS - December 1944 
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FERRANTI 

... for .QUALITY 

-WAR BONDS 
for VICTORY 

Mow.. . 

thanks to 

Increased 

Production Facilities 

FERRANTI 
"Proven Quality" 

TRANSFORMERS 
CHOKES, FILTERS and ALLIED PRODUCTS 

can be delivered 

WITHOUT DELAY... 

Mark of 
PROGRESS .and QUALITY 

Our many years of experience are yours 

to help meet your technical requirements 

FERRANTI ELECTRIC, 'INC. 
RCA BUILDING 

,NEW YORK 20 NEW YORK 
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ORDER ONE AND SEE FOR YOURSELF 

THE REINER 530 

square wave generator ., .. has a' very special feature 

It is individually hand calibrated to± 500 over the entire range. 

Also worth talking about - and worth having, are the, other waisted 

features of the 530-it-can be synchronized with any external frequency 
source, decade Multiplier (4 steps), positive synchronization with ahy 

standard 'generator, output voltage ín steps or continuously variablk. 

If you're interested in saving time and greater accuracy, order the 
Model 530 today. It is designed to operate 110-125 volts, 60 cycles 

AC - and costs only $95.00. 

.nw , 
'~ -r 

Ll 

l 

J 

FOR MORE INFORMATION ON THIS AND OTHER REINER EQUIPMENT SUCH AS OSCILLOSCOPES AND 
t SIONAL GENERATORS, WRITE REINER ELECTRONICS CO.. INC.,152 WEST 25TH ST., NEW YORK t X.Y. 

oo) 

FEATURES OF THE REINER 530 
*DECADE MULTIPLIER (4 steps)increases useful 
range. The accuracy of the frequency calibration 
is=5% over extended periods. *OUTPUT VOLT- 
AGE-may be varied in fixed steps or continu- 
ously varied by means of variable voltage 
potentiometer . . . with the latter, output Imped- 
ance is from 0 to 2,000 ohms. Approximately 20 
volts maximum voltage output. *OUTPUT IM- 
PEDANCE - 100-200-500.600.1,000-2,000 ohms. * LEADING EDGE TRANSIENT TIME - .3 micro- 
seconds. Positive to Negative halt cycle ratio to I 
within 10%. *POWER SUPPLY designed to oper- 
ate on 110.120 volts, 60 cycle, A.C. is available 
for other voltage or line frequency at slight addi- 
tional cost. *POWER CONSUMPTION: 30 watts. 
*FUSE PROTECTION: I ampere. 

ELECTRONICS 

ELECTRONICS - December 1944 
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START WITH YOUR JOB 

WRITE 

FOR THIS 

BOOKLET 

It contains details of FCC 
Tool Steels Cast To Shape 
and of other important 
Forging and Casting Divi- 
sion specialties that may 
offer you money -saving 
production ideas. Get your 
copy-write for it today. 

Address Dept. E-26 

VV& D. .. 9478 

v 
HEN it's dies you're making 

-small 'or large-or various 

other forming tools or gages or 

certain fast -wearing parts of ma- 

chines, FCC Tool Steel Cast To 

Shape can really save you money. 

Very intricate shapes can now be 

cast in one piece within an eighth - 

inch of finished size. This means 

that you pay for less steel to begin 

with, and reduce machining time 

substantially. 

Air Hardening, Oil Hardening 

and special Hot Work Tool Steels 

of various grades-each a thor- 

oughly dependable performer in its 

class-are available in this modern, 

economical form. 

Prompt delivery under CMP. 

4//egtieny LyAI/Hm 
STEEL CORPORATION 
Forging and Casting Division 

DETROIT 20, MICHIGAN 
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reater Accuracy Over 
Longer Periods 

TONE SOURCE IN 

e 

HERRON NULL DETECTOR 

r ¡The Sherron Nu1TDátector is a necessary adjubct to 

all A. C. Bridge measurements,. such as, A. C. re- 

sistance, impedance, capacity and others, and is 

used to' indicate rapidly and accurately when that 
' bridge is at balance or null point.. 

The standard Sherroá Null Detector is designad to 

give an appreciable deflection with ari input volt- 

age of .01, volts. However:increased sensitivity can' 
be readily obtained to any desired degree. 

The Null Detector is so designed that while an in- 

put voltage of .01 volts will cause an appreciable 
'deflection of the indicating meter. 32 volts across the 
input will not cause the meter to swing off scale. 

All Null' Detectors are equipped with a 1000 cycle 
- tone source of sufficient level to operate any of 

the standard bridges, and a filter circuit resonated 
to that frequency to insure only that frequency 
activating the indicating meter. 

Inasmuch as most bf the standard bridges 
may be used at frequenciesother than 
1000 cycles per second, switching -ar- 

rangements are piovided to disconnect 
both the internal tone 'source and filter circuit. 

By means of p conventional jack, a head set may be 
inserted to ascertain audibly if the meter is indicat- 
ing the' bridge frequency or any extraneous noises. 

The substitution of a Cathode Ray Tube In place -of a meter moves the test equipment upward from quanti- 
tative to qualitative. 

Use of the Cathode Ray Tube permits the' engineer or operator to. note immediately and correct any distor- 
tion of wave shape, any -displacement of phase -or extraneous noise that may cause error. 

Sherron 
Electronics 

SHERRON ELECTRONICS COMPANY 
Division of 'Sherron Metallic Corporation 

1201 Flushing Ave., Brooklyn 6, N. Y. 

"Where the` Ideal is the: Standard, Sherron Units are .Standard Equipment" 
ELECTRONICS - December 1944 
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GLASS SEALED 
TERMINALS 

2i -- 
x ; o . 

Another SOLA CONSTANT VOLTAGE TRANSFORMER 

that has an important future in YOUR postwar plans 

There may be one vulnerable spot in .the 
design of your equipment that this 
Soi.A Constant Voltage Transformer will 
correct. 

Your customers do not have the stable 
line voltage called for on your label. They 
will blame your equipment for inefficient 
operation, not the fluctuating voltages that 
really cause it. 

Build this SOLA Constant Voltage Trans- 
former into your product.and you can be 
certain that the operating voltages will 
always be within t 1% of rated require-. 

ments regardless of line fluctuations as 
great as 30%. 

This SOLA Constant Voltage Transformer 
is built to fit your equipment. (Note the 
small, compact dimensions.) Its low cost 
will fit your production budget. Its auto- 
matic operation will eliminate the need for 
'other costly components, and relieve your 
customers of the responsibility of making 
manual voltage adjustments. 

There's a powerful sales story behind a 
product equipped with a SOLA Constant 
Voltage Transformer. 

Constant Voltage Transformers 
To Manufacturers: 

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

Ask for BulloinoCY-103 

Tr.nfontsrf fort Constant Voltage . Cola Cathode lighting Mercury Lamps Series Lighting Fluorescent Lighting X -Ray Equipment Luminous Tube Signs 

Oil Burner Ignitiws Radio Power Controls Signal Systems, Door Bells and Chimes _etc. SOLA ILICTRIC CO., 2 52 S Clybourn Ave..ChIcago 14,111. 
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24G 
PLATE DISS, 

-- 
1 

PLATE DISS. 

250 W. 

1 

,w0-1 his complete line, cover- 
ing a power range of 50 to 5,000 watts, 
embodies 18 years of pioneering and 
experience in the design and manufac- 
ture of tantalum tubes. 
Special plate, grid, and filament design, 
and new metal -to -glass seals, give 
Gammatrons remarkable VHF perform- 
ance. Other features: ability to withstand 
high plate voltages, complete protection 
against tube failure due to overloading, 
and long, efficient operating life. 
The Gammatron engineers responsible 
for these developments will be glad to 
help you with your special problems. 

TYPE NO. 
r 

24 246 54 254 2516 304L 304H 354C 354E 4541 454H 654 854L 854H 1054L 1554 2054A 3954 

MAX. POWER OUTPUT: 
Class 'C' R.F. . 90 90 250 500 230 1220 1220 615 615 900 900 1400 1800 1820 3000 3600 2000 5300 

PLATE DISSIPATION: 
Watts 25 25 50 100 75 300 300 150 150 250 250 300 450 450 750 1000 1200 1500 

AVERAGE AMPLIFICATION 
FACTOR 25 25 27 25 10 19 14 35 14 30 22 14 30 13.5 14.5 10 20 

MAX. RATINGS: 
Plate Volts 2000 2000 3000 4000 4000 3000 3000 4000 4000 5000 5000 4000 6000 6000 6000 5000 3000 5000 Plate M.A 75 75 150 225 150 1000 1000 300 300 375 375 600 600 600 1000 1000 800 2000 Grid M.A 25 25 30 40 25 150 150 60 70 60 85 100 80 110 125 250 200 500 

MAX. FREQUENCY, Mc.: 
Power Amplifier 200 300 200 175 150 175 175 50 50 150 150 50 125 125 100 30 20 30 

INTERELECTRODE CAP: 
C g-p,u.u.f. 1.7 1.6 1.8 3.6 0.08 9 10.5 3.8 3.8 3.4 3.4 5.5 5 4 5 11 18 15 C g -f u u f 2.5 1.8 2.1 3.3 10.5 In 12 14 4.5 4.5 4.6 4.6 6.2 6 8 8 15.5 15 25 C p -f u u I. 0.4 0.2 0.5 1.0 4.6 Ou 0.8 1.0 1.1 1.1 1.4 1.4 1.5 0.5 0.5 0.8 1.2 7 2.5 

FILAMENT: 
Volts 6.3 6.3 5.0 5.0 5.0 5-10 5.10 5 5 5 5 7.5 7.5 7.5 7.5 II 10 14 Amperes 3 3 5 7.5 7.5 26.13 26.13 10 10 II 11 15 12 12 21 17.5 22 45 

PHYSICAL: 
Length, Inches 4% 4M¡ St/t, 7 Sts/t, 7% 7t¡ 9 9 10 10 10% 1254 1254 16% 18 21í/,s 30% Diameter, Inches .... 1}4 1)4 2 2% 2;9 3% 3% 31i 31 3% 3% 314 S 5 7 6 6 9 Weight, Oz. 1% 151 254 654 6 9 9 6% 614 7 7 14 14 I4 42 56 66 200 Bose Small Small Std. Std. Giant John John- Std. Std. Std. Std. Std. Std. Std. John- HK W.E. HK 
'Beam Pentode. 

UX UX UX 50 
Watt 

7 
Pin 

son 
#213 

son 
#213 

50 
Watt 

50 
Watt 

50 
Walt 

50 
Watt 

50 
Watt 

50 
Watt 

50 
Watt 

son 
#214 

255 Co. 255 

WRITE :FOR FULL DATA ON ALL 
M MATRONSi 
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CHECKING R REBOU 

FIG. 2 

. , . 
'` O/ 

rl 

' V_Parasitic $scillations_ 'caused by rebouncing relay contacts can 

'. prove mighty troublesome. However. DuMont Oscillography (oscil- 

lographic equipment plús the know-how) can be invaluable in 

determining the'-sburce of such difficulty as well as providing con- 

clusive evidence that remedial measures have proved effective. 

Fór instance: 

A standard DuMontl-osc/illograph number of interruptions and dura - 

with single -sweep featuie is used. lion of rebounce periods, photo - 

No additional accessories required. graphic records are made. Since the 

Relay is actuated by closing a frequency of the sine wave is 

switch. Relay contact applies 60- known, the evaluation of results is 

cycle wave to vertical deflection simple. In this oscillogram there 

plates of cathode-ray tube. With were over 20 rebounces before es - 

sweep frequency set at 60 cycles, tablishing definite contact. Total 

one complete sine wave period ap- duration of series of rebounces is 

pears on screen. 1/250th second. Time between 

If relay contact closes without re- opening and closing of contact is 

bounce, the transition from horizon- about 50 microseconds. Greater ac - 

tal line to sine wave is a simple curacy may be had by using higher 

straight line and generally occurs frequency wave generated by an 

so quickly that it Is difficult to ob- external oscillator. 

serve visually. However, if re- Fig. 2 oscillogram demonstrates 

bounce is present, the interruptions that rebounce has been eliminated 

are indicated by a series of parallel by cadmium plating the contacts, 

vertical lines readily observed, as amalgamating with mercury, and 

' º in Fig. 1. finally dropping liquid mercury on 

If it is desired to determine the them. 

- 

- % _- 

I 

' +01 
1 ! ` 

An illustration from hundreds of useful applications of DuMont 

Cathode -Ray Oscillographs. Perhaps your measurement technique 

can be simplified or improved upon by DuMont. 

*ALLEN B. OIINONT L4eOR4TORIES, INC. 

/Oldyl i',CuC4 f G,/nOlóll 
ALLEN It. DUMONr LAloRATORIES; INC.,. PASSAIC, NEW JERSEY CABLE ADDRESS: WESPEXLIN, NEW YORK ~'. - - //'e.Y, -_i-ti_ ` A-¡ ̀1T- B ^`-. j ̀/.("l+j = -..¢+ _ 
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MYKROY "51 

Glass -Bonded 
Mica Plastic 
:High:Frequency 
Insulation for 

,INJECTION 
MOLDING 

f 

a 

0 

/PUTfECEEO ,y/C,1 V CERA,M/C /IYS/(A r/ON 

THE perfection of MYKROY #51, glass - 

bonded mica ceramic insulation, which 
can be injection molded, and the processes 

developed for handling it rapidly and 

uniformly has opened a new field of appli- 
cations. It is now possible to produce 
injection molded plastic ceramic parts of 
MYKROY having shrinkage characteristics 
of less than .001" per inch. In addition, 
parts molded from MYKROY #51 can be 

machined by grinding, drilling, tapping 
or cutting. 

Electrical characteristics of MYKROY are 
of the highest order and do not shift under 
any normal conditions short of actual 
destruction of the material itself. This, plus 

chemical and physical stability-high re- 

sistance tooil, gas and water-resistance 
to acute temperature changes-high co- 
efficient of thermal expansion and excel- 
lent metal bonding properties, make it one 
of the best insulating materials ever de- 
veloped for general and high frequency 
applications. 

MYKROY #51 is already being molded 
into a large variety of 'parts for use 

throughout the entire Electronic and Elec- 
trical engineering field. It may be the 
answer to your own insulation problems. 
So ask for detailed information. Request 
a copy of the special MYKROY INJECTION 
MOLDING BULLETIN #103. 

MYKROY IS,.SUPPL.IED IN.' SHEETS. AND. RODS 

9 C1R MADE'EXCIUSIVEIY BY / L` 
' i_ 

o 

WRITE FOR MYKROY 
INJECTION MOLDING 

BULLETIN # 103 
A comprehensive manual con- 
taining complete working data 
including mold designing criteria. 

MYKROY SHEET 
BULLETIN #102 

Contains full information about 
the largest size sheet (19'/4" x 
2934") of perfected mico ceramic 
insulation now available. 

'rMACH'INED; ;OR 'MÓLDED TO:SP,ECIFICATÍONS 
: 

J 

/ N/1//CS '70 c49FT.oN BOULEVARD Cl1FTON;NEW JERSEY ? Chicogo.47: 1917 NO. SPRINGFIELD AVENUE : .. TEL. Albany 4310 

. - . Export .Office : 89 Broad Street, New York 4, N.Y. . C R., . . 
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...YET FITS MOTOR SPACE AVAILABLE 

Swa 

1. 

1) 

s'400.10 
1:3 

'óó. //n ' 

The requirements of a manufacturer of instruments 

called, for a constant speed motor that had more 

power than a standard clock motor previously used, 

yet still fitted the original space allowed. 

Holtzer-Cabot designed the special synchronous 

motor, illustrated above, which not only filled the 

performance and space requirements, but saved the 

manufacturer the cost of redesigning and retooling 

to take a larger motor, and also made it possible to 

service instruments in customers' plants which had 

the old type of motor. 

The specialized business of Holtzer- 

Cabot is the designing and building 
of special fractional H. P. motors 

to meet special requirements. 

._ 
w .ti l( ,,,fiR.t`., lr1l 

. P .1.:,r`i` `.' :1 

. ' 
`` d 

Typical Recorder Powered with Holtzer-Cabot Motor 

Although today our entire facilities are devoted to 

building special motors for military use, our motor 
development engineers v, ill gladly discuss N our post- 

war fractional H. P. motor requirements with you. 

SciW1oilors Poóiynadfti ?W M,Jpa/óa~ 

HOLTZER-CABOT 
Division of First Industrial Corporation 

Designers and Builders of Special Fractional HP Motors and Electrical Apparatus 
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SOLVES ANOTHER TOUGH 

INSULATION PROBLEM 

Bushings for this G -E Temperature -Controlled Crystal 
Unit had to provide a high degree of electrical and thermal 
insulation. Yet they not only had to be small, but able to 
withstand great compressional stress. 

Organic materials (phenolic, for example) could not be 
used for technical reasons. When ceramic and vitreous 
products were tried, the bushings broke under the strain. 

t. . 

G -E mycalex is the answer-often the only an- 
swer -to difficult electronic insulator require- 
ments. These features explain a few of the reasons: 

O High mechanical and dielectric strength. 
O Low loss at high frequencies. 

Arc resistance and heat resistance. 

O Easily subjected to drilling, filing, sawing, 
grinding, polishing. 

O Metal parts can be inserted or anchored dur- 
ing the process of molding. 

Yes, General Electric specializes in producing 
fabricated parts as well as standard sheets, rods, 
and strips. For a free sample and detailed in- 
formation about G -E mycalex mail the cou- 
pon at the right. 

II it FE° 

Only G -E mycalex was found to be ideal on every 
count. In addition to showing small electrical los's and 
low thermal conductivity, it proved immune to fracture 
or crushing. In fact, when the bushings were tested for 
physical limits, G -E mycalex demonstrated no change 
whatever-even when screws broke off ánd compressing 
nuts were stripped of their threads! 

2- 1 

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

GENERAL ; " ELECTRIC 
rs7-w-cn-aa1a 

Over 21 Years of Mycalex Experience 
-Your Assurance of Quality, 

FREE-G-E MYCALEX BULLETIN 
Electronics Department 
GENERAL ELECTRIC CO. 
Schenectady, N. Y. 
Please send me a free sample and my copy of the booklet describing G-E 
Compression-Molded mycalex. 

Name 

Company 

Address 

--CompressMn Molded 

Unlgin 

I ELECTRONICS - December 1944 
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IF YOUR PRODUCT 

_. IS DESTINED FOR 

N7474' SOUTH PACIFIC FRONTS 

í! // 
ji/+VA use 

I /4) '1411 

QMAXA27 H. F. LACQUER 

If your communication or electrical 

equipment is destined for the tropics, 

then you will send delicate, precision - 

built apparatus into steaming, humid at- 

mospheres where fungus, mold and harm- 

ful moisture, are waiting to impair its 

performance and its consequent useful- 

ness to our fighting forces. 

The problem is vitally important and 

calls for a safe, dependable remedy to 

be applied right in your factory, when 

the product is being assembled. And 

it's a problem that has now been solved, 

thanks to our chemists who long searched 

for an ideal fungicide that would coln- 

a 

bine well with Q -Max A-27 H.F. Lacquer, 

without interference with its good elec- 

trical characteristics or its fine corrosion 

resistance. 
Tropicalized Q-MaxA-27 H.F. Lacquer, 

a factory -mixed fungicide -and -high di- 

electric coating lacquer combination so 

efficient that it not only provides a surface 

of coated protection, but provides a zone 

of inhibition around the coated area be- 

sides. For insurance against fungicidal' 

damage for your product, specify Tropic- 

alized Q -Max A-27 H.F. Lacquer... and 

be sure to look for the word Tropicalized 

on the Q -Max label. 

% 

PRODUCTS COMPANY, INC. 

346 BERGEN AVENUE, JERSEY CITY, N. J. 

?.rnmfi§lon tina L fleeing§ Sl..IIng Swileha. Aulo t>ryaira Anlanna i Radiating Sy.lem. Ti plcolh§d Q.Mai A27 Radio frequency locque. 

i 

50 
December 1944 - ELECTRONICS 



il 

a. 

NOW AVAILABLE 
NEW CATALOG, DESCRIBING THE COMPLETE LINE OF 

oic 
MICROPHONES 

hone, 

Differential 

MicoP 

Electro 
Voice 

45 f br opPlicOtions 
Model Z 

noise 
e\ 'O 

4 

whTer 
pbackgrOuó 

bonds 
and 

tion, free use ore 
required 

articulation 

Oa if 
1 

.j 

i 

Carbon Micro- 

phone, 

O.S, o single 

Phone, Model em- 

bodies 
all of 

button 
cnicroPthe 

which 

to{est 
devel- 

militaryo 

ments required 
for 

P 

use 

Y 1 
Microphone, 

designed 
for high 

Voic Mo 600-0, {ions where 
Electra- 

in 
{hose 1°cO 

{land 
speech se exceed 

N 
Qech pickup ce 

100 db' 

fidelit does not db. 

the ambient 

T 

e 
Differential 

Electro 
Voic F1end- 

Microphone, icrop ideo) 
Garbo 205-S' 

eoa s 

microphone for 
1-leld oircr° 

trial, 
rood, 

police Police 

and emergency 

services. 

v 
GORPORATIO 24, {nd., 

pPt-E.12 

! E`E,TRO.VO1Gá Ave.. South BsnVoioe (',omrnunicotions 

South Ben d 'Electro. 
s 

di 
39 

s yoor 
ne 

send Cotolo9:. 
Microphones 

NAME 
OF COIAFAN' 

ADDRESS------ 

ATTENTIOM 

/ Off, 
ELECTRO -VOICE CORPORATION iiá3T i1á39 SOUTH BEND AVENUE SOUTH BEND 24, INDIANA 

ExpeFrt 19vision1,13 East 40th Street, Nw York 16k, N. Y., V.S. A'. Cobls: Arlob 

STATE 

110 

r ir ° MICROPHONES 

' --r 
s 

t 
t 
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Write 

for 
the 
NEW 

Delur 

(010109 

our and /1o4 

411 
11/1 

INCH 
METER 

SQUARE 
TYPE 

MODE1. 
112 
' 4 4 

This 
miniature 

Instrument 
may 

be successfully 

used 
In a 

variety 
of applications, 

and it 
is particularly 

useful 
where 

space 
is an important 

factor. 
The 

DeJur 
112 measures 

only 

134" 
square 

and 25/32" 
deep, 

and uses 
basically 

the same 

carefully 
designed 

components 

as our larger 
Instruments. 

In order 
to conserve 

space, 
soldering 

lugs are used 
for the 

Q 

.. 

rs 
r. 

terminal 
connections 

instead 
of the conventional 

studs. 

Available 
in standard 

ranges. 

WAR 

..r 

MODEL 
2 4 1 D 

A dual 
unit model, 

with both 
units 

móuntéd 
together. 

The Model 
241 D ís typical 

of the many 
types 

developed 

by Delur 
engineers 

.for- speci sl requirements. 

We are 

equipped 
to serve 

your 
needs,' 

too. 

3 

-rcr,r 
wi,+we 

SPEC;1}'ICATIONS 

50 WATTS 

RANGE 
IN OHMS 

MODEL 
NO. 

RANGES 
-10 to 10,000 

Ohms 
0. -10 

MECH. 
ROTATION 

-3000 

ELEC. 
ROTATION 

-2700 

WEIGHT 
-7 O:. 

- De 1171 
o 

GENERAL OFF/CE, 

'?lSCO 
,)NORTHERN BLVD, 

$41: 45th 

0. SO 

O. 100 

0. 300 

0. 1,000 

0. 5,000 

' 0. 10,000 

: w.rOi..w 
...-.... 

241 D 

-241 D 

241 D 

241 
D 

241 D 

241 0 
241 0 

rPOr tiOn 
. 

ST 

¡ 
LONG 

ISLAND 
CITY Y. 
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CONSIDER PEDIGREE 

where QUALITY :. 

COUNTS 

i 
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9 
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the. Qtial'ityresistance alloy 

made ONLY by Driver -Harris 
45 -years of continuous research devoted entirely to 
the perfection of the World's finest resistance alloy 
... that is the pedigree of NICHROME*. 

For "just as champions are created through selective 
scientific breeding, so do Driver -Harris Engineers, by 
means of perfected melting, hot rolling and cold 
finishing processes and exclusive quality controls, 

succeed in producing the champion of all heat and 

oxidation resisting alloys-NICHROME. 

Although there are several excellent Nickel Chro- 
mium combinatións, there is only one NICHROME and 
it is made only by Driver -Harris. 

So put the "stamp of quality" on your post-war 
products by assuring dependable performance and 
longer ,life with NICHROME and other D -H resist- 
ance alloys. 

Driver -Ha rris 
COMPANY 

HA-RRÍS-ON, NEW JERSEY 
BRANCHES: CHICAGO DETROIT CLEVELAND LOS ANGELES SAN 

11. 

a74de Mark Re«. U. S. i't. OS. 

FRANCISCO SEATTLE 
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Here is convincing proof that a keying relay 

does not have to be complicated to be efficient. 

In fact, just the reverse! Actually, the extreme 

reliability with . which Struthers -Dunn Type 

78CCA100 Relay holds its adjustments is the di- 

rect result of its new simplified and rigid design 

which utilizes an absolute minimum of parts. 

Originally made for aircraft use, it weighs 

little, is exceptionally sturdy, and has all parts 

readily accessible. Tests show a minimum life 

of five million operations. 
The Relay has seven poles, including one 

double -throw pole which handles high -voltage 

radio frequency currents by means of a vacuum 

switch. All high -voltage parts are rounded to 

reduce corona. 
Write for complete details, or get in touch 

with your nearest Struthers -Dunn Field Engineer. 

STRUTHERS-DUNN, Inc. 
1321 ARCM STUNT NILAORLPNIA 7, PA. 

1 

6 9 

, 

- 3 Yº : r 
L1t <. 

f 
iTkz, . 

ONE OF THE 

1 

\ 

e 

1 

r 

. c _ .-, I i ' :; .-ai'~...>¿;,..=x 

5,312 RELAY TYPES 
DISTRICT ENGINEERING OFFICES: ATLANTA , BALTIMORE . BOSTON . BUFFALO CHICAGO . CINCINNATI .. CLEVELAND 

.DALLAS DENVER . DETROIT . HARTFORD . INDIANAPOLIS . LOS ANGELES MINNEAPOLIS . MONTREAL 

NEW YORK . PITTSBURGH . ST. -LOUIS . SAN FRANCISCO . SEATTLE SYRACUSE TORONTO . WASHINGTON 
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CO -AXIAL 
CON'N.ECTO,RS 

TO_'AN" . 

SPECIFICATIONS 

r 

In the specialized high -frequency applications that demand uncompro- 
misiág quality, DICTO co -axial connectors have demonstrated their ability 
to satisfy every operating requirement. 

whIP 

DIAM O fl.D 
insTRUMfnT o. 
NORTH AVENUE WAKEFIELD, MASSACHUSETTS 

These performance -proved 
connectors can now be sup- 
plied for additional services 
in the electronic industry. A 
catalog will be furnished on 
request; please specify the 
type. numbers of the connec- 
tors ,you require. 

ENGINEERING; DESIGNING CASTING WELDING MACHINING SILVER SOLDERING PLATING ASSEMBUNG 
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GI dafe 
for a phone call 

a 

r 

THE ROLA COMPANY, INC. 

2530 SUPERIOR AVENUE CLEVELAND 14, OHIO 

This G. I. has an important call to make 

the instant he lands. For the next steps 

in the gigantic Air Invasion depend 

upon the reports he sends back ... on 

the instructions he receives. 

Fortunately, there will be no crowded 

circuits, no "busy" signals, for on his 

hack this airborne trooper carries the 

means for instant, dependable Com- 

munications. In its way, it's as expertly 

designed and built as the huge Trans- 

port he has just left, as the automatic 

rifle that he clutches ... designed and 

built to give the greatest possible meas- 

ure of service under the most punishing 

conditions. It's one of the reasons why 

our troops are called the most superbly 

equipped in the world. 

* * * 

Supplying Transformers, Coils, Headsets 
and special Electronic parts is the wartime 

job of Rola, pioneer manufacturer of 

Sound -Reproducing Equipment. 

MAKERS OF THE FINEST IN SOUND REPRODUCING AND ELECTRONIC EQUIPMENT 

56' 
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Made in One .Piece -- 
by STUPAKOFF 

TO overcome the weaknesses in coil 
forms with cemented bases, Stupakoff manu- 
facturing ingenuity has produced single unit 
construction. The illustrated result - coil 
forms of optimum mechanical and insulating 
properties that assure permanence and sta- 
bility in operation. Vibration and humidity 
tests prove the superiority of this design. 

Backed by two generations of experi- 

ence in the manufacture of precision ceramics, 
Stupakoff engineers will give dependable 
assistance in developing insulators for your 
electronic apparatus. An inquiry will put our 
technical knowledge and manufacturing fa- 
cilities at your disposal. 

Do More Than Before-Buy EXTRA War Bonds 

. _ 
"IOA GAI.1 

ACNiIVIM[NI" 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 
£ 44s1 Gi "he n t)) y btf n iGj 
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Centralab 
engineers with their 
wealth of experience, 
through which millions of 
Ceramic parts have been 
produced, have learned 
the HOW and WHY. 

Each shape and form has its 
own pecul iarities. The slide 
rule and the logarithmic 
scale do not always apply. 

Sometimes TRIAL and ERROR pro- 
duce the final result. One of the 
many intangibles in the manufacture 
of ceramics is the sizeable shrink 
factor. Witness these unretouched 
illustrations. 
Some things can and some things 
CANNOT be done. So before you 
make a complete design in which 
ceramics are a vital part, we welcome 

your consultation with 
G.Z our engineers. 

' r 

n 
Division of GLOBE -UNION 'C , Milwaukee 

A4ler - - 
by n9 

Producers of Variable 
Resistors SIctor 
Switches Ceramic Ca- 

pacitors, Fixed and Vari- 
able SI otite Insulators.- 

! 

'' 1411) 

} . 

Before firing After firing 
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First exclusive manufacturer of 

short wave radio equipment to 

receive the coveted Army -Navy 

"E" Award for the fifth time... 

the result of the continued and 

untiring devotion to duty of the 

company's 1,500 employees. 

hallicrafters 
THE HALLICRAFTERS C O M P A N Y M A N U 
FACTURERS OF RADIO AND EIECTROA1C 
EQUIPMENT. CHICAGO 16, U.S. A. 

'j i 
builder& of the famous SCR -999 

I ELECTRONICS - December 1944 
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Y/ieffayá e~xTictG 
MAKE another look at that new product your designers are plan- 

'.ning. It may be that Automatic Electric control devices can make 

it function better-at lower cost. It's worth checking into. 

To help designers perfect new developments-or improve old ones 

-Automatic Electric offers this unique three-point service: 

1. Technical advice by experienced field engineers, who know 
the "how" and "why" of control technique. 

2. A complete range of relays, stepping switches, and other con- 

trol units-time-proved products readily adapted to your 
needs. 

3. A design and manufacturing service for complete engineered 
assemblies. 

Ask our field engineer for a copy of our catalog of control devices. 

He will he glad to show you how they can serve you. 

.r ,i S 
AND OTHER CONTROL DEVICES 

AUTOMATIC 
EL.ECTRIC 

++ 

Here are jobs that can be done easier 

and better with Automatic Electric 

control devices: 

Automatic Selection and Switching of 

Circuits Time, Temperature and Se- 

quence Control Counting and Total- 

izing Inspection and Sorting Operations 

All Types of Electrical and Electronic 

Control. 

AUTOMATIC ELECTRIC SALES CORPORATION 
1033 West Von Buren Street Chicago 7, Illinois 

In Canada: Automatic Electric 

(Canada) Limited, Toronto 

PARTS AND, ASSEMBLIES .F°O,R EVERY EIECTI$CAV CO'N,TROl. NEED 
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ERiE: t ::. .Mtu CERAMICONS 
ro. W. e. PAT. on. 

For By-passing R. F. Currents to Ground 
Erie Feed-Thru Ceramicons are sturdy, compact 
ceramic condensers of a rigid mounting type that 
perform the function of bypassing high frequency 
currents to ground through the shortest possible 
path. As shown in the illustration, lead inductance 
is practically eliminated, since the lead inductance 
is in series with the transmission line rather than 
in the path to ground. 

Small sizes are made in ca- 
pacities from 5 MMF through 
75 MMF, and can be furnish- 
ed with either straight or 
hooked wire leads, as shown 
in the photographabove. The 

larger size, Erie Part No. SP -110 represents a special 
design for high voltage applications, and is avail- 
able in capacities from 20 MMF through 250 MMF. 

The Erie Resistor Engineering Department 
is working on several other developments for high 
voltage, high altitude, and pressurized feed- 
thru applications. 

ERIE PART 
No. 

MIN. CAP. 
MMF 

MAX. CAP. 
MMF 

WORKING VOLTAGE D. C. 
SEA LEVEL 50,000 FT. 

OVERALL 
LENGTH 

357.000 (Hooked wire) 5 75 1,000 375 1.1/16" 
SP114 (Straight wire) 5 75 1,000 375 1-1/4" 
SP:110 20 250 2,000 750 2-3/8" 

Eeectittwíca nuuou>z 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND TORONTO, CANADA 

i 
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Hermetically sealed relays, 
-a new development by 
Allied. 
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AIRCRAFT USE ... désigned to, overcome 
altitude effects to 70,000 feet. 

GROUND SERVICE...under tropical con- 

ditions-where fungus growth is serious 
hazard. 

Impervious to dust, dirt, oil and other 
foreign substances normally responsible 
for over 90% of all relay failures. 

Can be subjected to 100% humidity,- 
continuously. 

ALLIED CONTROL COMPANY; INC. 
2 EAST END AVE. (AT 79th STREET) 

FACTORIES: NEW YORK FLANIIVIIII 
NEW YORK, N.Y. 

CHICAGO III AN01111 

4- 
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PRECISION AT 

2,000,000 '? VOLTS 

WE ARE not going to tell you 

here why this tube was made, 

what it does, or what it is for. The 

important thing about it to you as a 

user of radio oscillator, amplifier and 

rectifier tubes for communications or induction heating 

is that it represents the toughest assignment ever handed 

the electronic tube industry, and that of all tube makers 

only Machlett perfected the techniques that made the 

tube possible. 

s. 

414 -1 

The tube is sealed -off, vacuum -tight, and operates at 
2,000,000 volts, direct current. These and other difficult 

conditions were essential to assure high and constant 

power, reduction of heat, and precise focusing of the 

electron beam. 

Electrical and mechanical problems presented by the 

tube were so severe that some scientists doubted they 

could be solved, but Machlett, drawing upon its long 

experience, met every requirement in a little over two 

years. 

This is significant to you because every electronic tube, 
whether it produces X-rays, or radio waves, or is a 

rectifier, depends for its success in your service upon 

correct design, proper vacuum, adequate insulation, and 
precision -made parts, to assure precise control of the 

electrons that make any such tube function. 

The perfection of this 2,000,000 -volt direct -current tube 
is the best proof we can offer of the value of the Machlett 
skills that go into the design and manufacture of every 
tube bearing our name ... Machlett Laboratories, Inc., 

Springdale, Connecticut. 

MACHIErr 
APPLIES D RADIO ITS 46 YEARS 

OF i AY TUBE EXPERIENCE 

-Ws 

. P ^ a 
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70 Types 

PLUGS & CONNECTORS 

SIGNAL CORPS NAVY SPECIFICATIONS Remler is equipped for the mass production of many types of 

radio and electronic devices from humble plugs and connectors 

to complete sound amplifying and transmitting systems. In- 

genious production techniques contribute to Remler precision, 

reduce costs and speed up deliveries. The Axis is on the run 

Types : P L 

50A 61 74 114 .150 

54 62 76 119 159 

55 63 77 120 160 

56 64 104 124 291-A 

58 65 108 125 354, 

59 67 109 127 

60 68 112 149 

I I/ 
4 FOR VICTORY 

P L P P L D P L 5 and final Victory is in sight. Let us help you finish the job. 

56 65 56 65 56 64 

59 
60 

67 
74 

59 
60 

67 
74 

59 
60 

65 
74 

Wire or telephone if we can be of assistance 

61 76 61 76 61 76 DEMUR COMPANY, LTD. 2101 Bryant St. San Francisco, 10, Calif. 

62 77 62 77 62 77 

63 104 63 104 63 104 

64 64 

NAF 
1136-1 No. 212938-1 

Other Designs to Order 

REM LER 
SINCE 1918 

-Pnnounciny. Communication 4uipm¢nt 
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Fede.ral Telephone and Raaío Corporation 

COI1C 

WEBSTER tA ELECTRIC 

wQSt-eCn MANUFACTURING 
COMPANY 

edt!' 

XVI WFSTif'iYOfl'ríl!.9'iIfFS f PPROOI/CWW 

MOW RfPFMPGiYT OPPAPS0~4L/Tl' 
Throughout the trying periods encompassed by 3 wars ... and in all 'the intervening 

years of peace since 1895... Thordarson leadership has been accentuated by its associ- 

ation with the most outstanding concerns in America. 

Especially on I'he present world-wide war fronts...where the marvels of research lab- 

oratories and the handiwork of production geniuses may be seen in action ...there also 

will be found the results of Thordarson experience and Thordarson engineering ability. 

Thordarson Transformers and Amplifiers are "good right hands" to a host of America's 

leading organizations who are concentrating on winning the war as quickly as possible. 

Thordarson products are helping to do everything from making communications easier 

and more accurate to conducting 
fatigue tests which insure more de- 

pendable airplane propellors. All 

of these services and experiences, 

now devoted to war, will enable 
WI' 

us to serve you better when peace- ,. 
time needs are again paramount. 

pN 

TRANSFORMER DIVISION 

THORDARSON ELECTRIC HMG. CO. 
SOO WEST HURON STREET. CHICAGO. Ill. 

4.5pac44, - s.cee 18y.3 

. . ORIGINATORS OF TRU-FIDEIITY AMPLIFIER'S 
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' "THE HOUSE OF RESISTORS" 
Rheostats and potentiometers in wire -wound 

and composition -element types. 

Midget controls in both types. Matched in 

external appearance and dimensions. Me- 

chanically interchangeable. 

Large line of controls for sound systems-con. 
stant-impedance attenuators. L -pads. T -pads. 

faders, mixers. etc. 

25 and 50 watt power rheostats featuring 

exceptionally rugged construction. 

Greenobms - well-known green -colored ce- 

ment -coated power resistors found in the 

most rugged assemblies. 

Glasohms-glass-insulated miniature power 

resistors and heaters. Also flexible resistors. 

Ete. etc. 

CUBOSI AT 

* Builders of rugged equipment specify CLAROSTAT for- resistors. con- 

trols and resistance devices as a matter of habit. They know, through 

years of experience. especially out in the field, that Clarostat compo- 

nents are tough-electrically and mechanically. Thus oné more clause 

in their insurance against equipment failure and excessive servicing. 

Today Clarostat is engaged 100% in the war effort. The facilities of 

two large plants are concentrated exclusively on meeting the require- 

ments of our armed forces. But after .Victory is won "The House of 

Resistors" will convert back tó civilian production, with vastly in- 

creased capacity to meet the needs of its many business friends. 

* Submit Your Problems... 
If they have to do with resistance-fixed. adjustable, or ballast'- 
send them along for our engineering collaboration. We either have 
standard items in our extensive line that will meet your needs. 
or we can build special units. Let us quote on your requirements. 

wed_'i 
CLAROSTAT MFG. CG., Inc. 285.1 N. 6th St., Brooklyn, -N. Y. 
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Rotary speeds from 600 to 600,000 RPM- 
or vibrations from 10 to 10,000 CPS-can be 
"stopped" and studied with the Model 1200 
Stroboscope. The light source is mounted in 
a small probe at the end of a five-foot flex- 
ible cable. 

This makes it easy to examine small objects 
at close range. Provision is made to operate the 
unit from external tuning fork or crystal stand- 
ards, where extreme accuracy is required. The 
motion of objects moving at irregular speeds 
may also be "stopped" with the Model 1200. 

New in Principle! 

Revolutionary in Range! 

CML MODEL 1200 

STROBOSCOPE 

20 

P 

"FREEZES" 
MOTION IN 

RANGE OF 

600 TO 600,000 
RPM 

An accurate repetitive pulse rate is obtained, 
as the pulses are derived from a stable audio 
oscillator. 

Not only does this eliminate the necessity for 
constant readjustment of the repetitive 'rate, 
but it also insures clearly defined images at 
high speeds. 

For greater flexibility, a light intensity con- 
trol switch is also provided. This enables the 
uset to control both the intensity of the light 
and the duration of the pulse length. 

SEND FOR COMPLETE DESCRIPTIVE BULLETIN 

COMMUNICATION MEASUREMENTS LABORATORY. 
Rotobridge Electronic Generators Power Supply Units 

120 GREENWICH STREET ._ NEW YORK 6, 'N.Y 

'1 
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THE 20 KW RADIO FREQUENCY GENERATOR 

-This unit has a nominal output of 20 kw. 

Controls and meters are conveniently 
located on the front panel. The circuit 
breakers and relays are readily accessible 

through the lower door on left side of the 

cubicle. Dead -front construction provides 
Maximum' protect ionto operati n g personnel. 

THE 2 KW RADIO FREQUENCY GENERATOR 

-This unit has a 'nominal output of 2 kw 

and is designed to -take a minimum of floor 

space. Large, sturdy casters provide high 

mobility. The "table top" working surface 

eliminates the need for special worktables 
and all controls are centralized on the 

sloping panel. 

I 

WESTINGHOUSE RADIO FREQUENCY' GENERATORS . 

Cut Heating Time 
FROM HOURS TO *MINUTES 

Heating operations that used to take hours are 

now completed in minutes through radio fre- 

quency heating-with a uniformity and control 

of the heat never possible before. In fact, with 

Westinghouse Radio Frequency Heating, tricky 

heating jobs become simple "push button" jobs. 

Westinghouse Radió Frequency Generators 
are designed for both induction and dielectric 

applications. With all the generating equipment 

and controls housed in a single cabinet, these 

units are literally radio frequency heating "pack- 

ages" ... simple to install and -maintain. They are 

completely shielded to minimize . radio com- 

munícatíon interference. 

The "long life" air-cooled tubes eliminate all 

the complications of water cooling. Air cooling 

also provides an extra margin of safety against 
failure and, at the same time, effects worth -while 

savings in both space and initial cost. 
Westinghouse offers industry a complete line 

of radio frequency generators -1, 2, 5, 10, 20, 50, 

100 and 200 kw units. The heavy-duty 50, 100 

and 200 kw units employ water-cooled tubes. 

Ask 'for Bulletin B -3261-A and Descriptive Data 
85-800. Or, for assistance on some specific appli- 

cation, send us an outline of your problem. 

Westinghouse Electric & Mfg. Co.', P.O. Box 868, 

Pittsburgh 30, Pa. J_o8o74 

Westinghouse RADIO FREQUENCY HEATING 

ANTS 1N 25 CITIES ...OFFICES EVERYWHERE, 

1 
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TOP or 
PRESS 

BASE Or r PRESS 

INDUSTRY 

WOOD 

PLASTICS 

TEXTILE 

FOOD 

RUBBER 

APPLICATIONS AND BENEFITS OF 

WESTINGHOUSE RADIO FREQUENCY HEATING 

Dielectric Heating 
for nonconducting 1 

` materials J 

APPLICATIONS 

Plywood Colnpreg Setting glue 

Pressure bonding Drying 

Heating preforms Curing Selling 

- Processing of sheets 

Heating forros Twist~setting Drying 

Bóndingthemoplastic fabrics 

Orying_Thawing e Dehydrating:. 
Sterilization 

.,'r - INOYCiOR COlI 
. 

A 
. r,. ) : 

WORK 

INDUSTRY 

METAL WORKING 

Heating Thawfég Curing 
Vuleanizirlg Devuleanizing i 

GENERAL BENEFITS 

Boosts ?reduction by creating the proper heat 

instantly throughout the material. No waiting 
for heat to "soak in" from the surface. 

Uniform Heating throughout the material pre- 

vents damaging internal stresses caused by 
uneven heating. 

Relects Reduced because there is no surface 
charring-checking or drying out. 

Cuts Equipment Costs -Westinghouse Radio 
Frequency Generators can be used with most 
existing' hot or cold plate presses. Fewer jigs, 
dies and presses needed. 

Quickly Installed on most existing presses, 

using either hot or cold plates. 

Induction 'Heati 
for ferrous and 

ng ` nonferrous metals 

APPLICATIONS 

ANNEALING contact plugs welded sec- 

tions tire rims. 

BRAZING spark plugs aviation gas 

line fittings spiral tubing tool tips 
piston assemblies. 

HARDENING spindles cams punches 
ball bearing races gears sprockets 
drill chuck bodies camshafts man- 
drels and many others. 

SINTERING-SOLDERING 

Wib-i.www 

BENEFITS 

Saves Production Time through instantaneous, 
accurately controlled heat. 

Simpler-Low-Cost Designs are made possible 
by multiple soldering and brazing operations. 

Precise Control of depth of hardening leaves 
strength and « machinability of interior un- 
affected. 

Automatic Operation permits use of unskilled 
operators. 

Heating Can Be Localized externally or in; 
ternally for specific applications. 

j 
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locked door, 

1; 

Forbidden to all but top government officials and Utah technicians 

. this room has been the birthplace of many miracles in radio, electronics and electricity. 

Behind this locked door, Utah has developed vital equipment ... earmarked 

for military needs. Inevitably, the wartime secrets of this forbidden room will 

be adapted to commercial and consumer needs . . . assume a 

prominent role in the pursuits of peace. 

LI 

* * * 

Every_ product made for the trade, by 

Utah, is thoroughly tested and approved 

Keyed to "tomorrow's" demands: Utah transformers, 

speakers, vibrators, vitreousamel resistors, wire wound controls, 

plugs, jacks, switches and small electric motors. 

!C 

tqAvr 

Utah -Radio Products Company, 857 Orleans Street, Chicago 10, Ill. 
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High Temperature 

Silicone Insulation 

'ow Corning Silicone Varnishes are help - 
log to create a new class of insulation- 
atsulation in a class by itself for thermal 
:ability, moisture resistance and freedom 
tom overload failures. 
'hey provide the bonding and filling me- 
Iiurn for inorganic, or Class B, spacing 
:iaterials such as Fiberglas, asbestos and 
:tica, which are natural components of this 
'rpe of insulation. 
:ow Corning, Varnishes open the avenue 
1) the designing of more compact, lighter 
eight electrical equipment. 
IOW CORNING CORPORATION 
10X 592, MIDLAND, MICHIGAN 

DOW CORNING 993 . . available in commercial quantities, 
is a heat curing, high temperature stable silicone varnish 
for impregnating motor stators, transformer coils and other 
electrical equipment; for varnishing Fiberglas or asbestos 
served magnetic wire; for varnishing Fiberglas and asbestos 
electrical insulating cloths, tapes, tying cords and sleeving; 
for bonding Fiberglas and mica combinations. 

'ornin( 
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WHAT WILL YOU NEED TO PRODUCE BETTER 

POST-WAR PRODUCTS ? CORNING 
LAS 

GivesSO Sou 
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Special Electrical Qualities 

Thermal Endurance 

Hermetic Sealing 

Mechanical Strength 

Corrosion Resistance 

Precision 

Permanence 

Metallizing 
Dimensional Stability 

High dielectric strength - high resis- 

tivity -low power factor-wide range 

of dielectric constants-low losses at 

all frequencies. 

Permanent hermetic seals against gas, 

oil and water readily made between 

glass and metal or glass and glass. 

Commercial fabrication to the fine 

tolerances of precision metal working. 

Corning's metal lizing process produces 

metal areas of fixed and exact specifi- 

cation, permanently bonded to glass. 

AYOU plan post-war electronic products, give a thought to versatile glass. We 

really mean glasses, for Corning has, at its fingertips, 25,000 different glass formulae 

from which to select those especially suited to your electronic applications. Let us show 

what glass can do for you. We may already have a solution - or Corning Research can 

find the answer for you. Address Electronic Sales Dept., E-12, Bulb and Tubing Division. 

Corning Glass Works, Corning, New York. 

.ORNING 
means 

Ilesearrh in Glass 

Ele cfroilc Olassware 

1 

1 
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n QUARTZ CRYSTALS, the most significant advancements 

have been introduced by 54 

This is a message from Bliley to the 
thousands of amateurs and professional 

engineers who are now serving their 
country in the armed forces and in es- 

sential communications industries. 
Bliley "grew up" with them. 

To these men and women Bliley 

crystals are still a familiar sight. They 
recognize, in the military crystal units 
used by our armed forces, many basic 
feature's that were pioneered by Bliley 

for application in peacetime services. 
When tremendous production was 

demanded by our armed forces Bliley 
had the engineering background, the 
facilities and the production experience 
to provide a firm corner stone on which 
this volume production of radio crys- 

L 
CRYSTALS 

-- 
.a 

= 

tals was successfully built. And, from 

the ranks of talented amateurs and 

radio engineers came a host of long- 

time friends who knew exactly how to 

use them. 
But research has continued and ex- 

perience has grown mightily to meet 

the challenge of war requirements. 
With the return to peace, and relaxa- 

tion of wartime restrictions there will 

be better Bliley crystals for every ap- 

plication as well as new Bliley crystals 
s 

for the new services that loom on the 

horizon. That's a promise. 
To our old friends, amateurs and 

professional engineers, we say, "Look 

to Bliley for crystal units that embody 

every advanced development." 

Do more than before... 

buy extra War Bonds 

'BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING ERIE, PENN., 

74 
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The world of tomorrow will be one of electronics. 

Pioneer for that world is the electronic engineer. 
His' vitally important effort during this wartime 
period in devising electronic equipment is helping 
to defeat the enemy. ,Tomorrow, he devotes his 

specialized scientific knowledge to aid peacetime 
industries. 

Raytheon is applying its efforts to. the develop- 
ment of advanced electronic ,tubes and equipmént 
for the war effort. When' that jcjb is done, the knowl-. 

edge that has been gained will be used to guarantee 
that postwar radio, industrial and electronic equip- 
ment manufacturers will receive Raytheon tubes 
and equipment with even greater "Phis -Extra" 
.quality. 

Mg artp+. uw :m 
"r 'l - r...o d kAi . 

r 
. 

N 
ARMY -NAVY "E" WITH STARS @ 'Raytheon Manufacturing Company . 

Awarded All Four Divisions of Raytheon for Continued Excellence in Production "' E L E C TR I C A L E Q U I P M_ E N T DIVISION 
Waltham .and Newton, Massachusetts 

DEVOTED TO'RESEARCH AND'THE MANUFACTURE OF TUBES AND EQUIPMENT FORTHE NEW ERA.OF,ELECTRONICS 

LECTRONICS - December 1944 
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DOES NOT SUPPORT 

FUNGUS GROWTH* 

. e 

¡ ;.:2*d; 

Fungus Resisting Properties 

Electrical equipment operating in 

humid atmospheres, must be pro- 

tected against the constant danger of 

the attack of fungus growth. This 

growth hás been known to cause 

failure of electrical units within a few 

hours under severe tropic conditions. 

Guard against fungus growth ! Use 

Harvel 612-C Baking Varnish on 

component parts of radios, instru- 

jt jsd9 Á 

Photograph illustrates the fungus resistance of Marvel 612-C Clear 

Baking Varnish. Note thaf the fungus culture of thoetomium globosum 

has not attacked the sample film of Marvel 612-C. 

protect electrical equipment 

ments, generators, motors, etc., and 

increase the life and usefulness of 

your equipment many -fold. 

WW'here an air -drying fungus re- 

sistant varnish is desired, use Harvel 

902-F. This type, like Harvel 612-C, 

does not support fungus growth. 

Complete information and a free 

sample of either Harvel 612-C or 

Harvel 902-F varnish will be sent 

on request. 

Tested by the U. S. Testing Laboratories in accordance with A. S. T. M. Specification D684 -42T. 

IRVINGTON_ VARNISH & INSULATOR COMPANY 
IRVINGTON 11, NEW JERSEY, U. S. A. 

Plants at Irvington, N. J. IL Hamilton, Ontario, Canada Representatives in 20 principal cities 

Í 
l 

EXTRUDED PLASTIC TUBING FIBRON PLASTIC TAPE CARDOLITE RESINS 

MARVEL & 'IRVINGTON INSULATING VARNISHES VARNISHED INSULATIONS 
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Unbreakable Plugs 

Unbreakable Connectors 

A Good. Motor 

piUS 
A Good Cord... 

...that's why it's running today 

Unbreakable Strain Relief 

For years an identifying mark of a good tool or appliance, 

Belden electrical cords and plugs are an accepted token that 

the manufacturer was careful in the selection of the parts for 

his equipment. Belden cords have promised freedom from 

Corditis, and in this present emergency have proved their 

value on a host of electrical tools and appliances that are 

still giving good service. 

After the war, customers will again look for nationally ad- 

ertised Belden cords and plugs as a guide in purchasing 

;lectrical equipment. Take advantage of the plus value of 

Belden products when designing your postwar products; 

specify Belden Corditis-free cords. 

BELDEN MANUFACTURING COMPANY 

4625 W. Van Buren Street, Chicago 44, Illinois 
t 

Belle« 
Ipll\111Nn 
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BH NON -FRAYING FIBERGLAS SLEEVING 

BH EXTRA FLEXIBLE 
FIBERGLAS SLEEVING 

.Z WO 

- 

THIS NOT THIS 

NON -FRAYING 

a, 

h, n 
,;I 

THIS 11 

NOT THIS 

NON -STIFFENING 

PRODUCTS 

117 

ASSEMBLERS and electricians don't have to 

be contortionists when working with non -fraying 

BH Extra Flexible Fiberglas Sleeving. Remark- 

ably resistant to stiffening, this always supple 

insulation won't crack or rot with age. Whether 

in tough, active service or dead storage, it re- 

mains "fresh" and easy to work, retaining its 

full insulating efficiency indefinitely. 

This special -processed sleeving won't burn and 

is non -crystallizing at low temperature. It offers 

all the natural advantages of Fiberglas-high 
dielectric and tensile strength-chemical and 

moisture resistance-and many more-in addi- 

tion to its own unusual properties. 

You'll want to see for yourself the cleaner 

cutting, non -fraying and non -stiffening features 

of the sleeving that simplifies assembly, lasts 

longer and cuts repair costs. BH Extra Flexible 
Fiberglas Sleeving is available in all standard 
colors. Sizes from No. 20 to 5/e", inclusive. Write 

for your samples today and compare! 

BH SPECIAL TREATED FIBERGLAS SLEEVING 

FLEXIBLE AS STRING! 

Here's another high quality BH Fiberglas Sleev- 

íng. Due to the BH exclusive process no saturant 
ís used, yet it will not fray out when cut and will 

withstand heat up to 1200°F. Made in natural 
color only-all standard sizes. Test it and try itl 

NON-11UAN/N0 IMPREGNATED MAGNETO TURING NON -BURNING PLEXI011 

} VARNISHED TURING SATURATED AND NON -SATURATED SLEEVING 

2' BENTLEY, HARRIS MANUFACTURING CO. 

Dept. E Conshohocken, Penna. 
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Techniclí Monographs 

':IVERYONE interested in the reproduction of sound engineer, 
14 tradesman, instructor, student or layman - should own these 
WinMonographs. Published by the Jensen Technical Service Depart- 
tnt in the interest of improved sound reproduction, they are the 
st four numbers of a series. Up-to-date in factual information, re - 
Ste with useful charts, graphs and tables, they supply a world of 

Ida, heretofore unobtainable, to guide in the sdlection, installation 
ud operation of loud speakers..You will want not only these lour 
tmbers but the rest of the series as announced from time to time. 

IONOGRAPH No. 1: "Loud Speaker` Frequency -Response 
ºasurements." Deals with one of the moát interesting and contra- 
irsial subjects in the field of acoustics. Discusses among other^ 
pics, frequency response of the human ear, the influence of en(i 
nment on frequency response, the practical aspects of frequency- 
sponse measurements. Amply illustrated with charts and'graphs. 

"ONOGRAPH No. 2;. "Impedance Matching and Power Dis- 
bution." 

j 
Discusses such subjects as multiple speaker connection, 

,lume control, design of efficient transmission lines, and conversion 
volume levels to power and voltage. The tent is supported by 

FREE to men irl"the Armed Services, and to 
Colleges, Technical Schools ancS Libraries. 

ZONE STATE 

twenty-eight drawings and tables. More than a score of questions 
are described, illustrated and solved,. including a comprehensive 
sound system for a military installation. 

MONOGRAPH No. 3: "Frequency Range in Music Repro- 
duction." What frequency range is needed for high fidelity repro- 
duction? What are the maximum, useful audio frequency ranges" 
under actual listening conditions? What are the practical limitations 
on high fidelity reproduction even if perfect transmission, reception 
and reproduction were possible? How ,much change in high frequency 
cut-off is required to be just noticeable to. the listener? All these 
and many more questions are answered in this Jensen Monograph. 

MONOGRAPH No. 4: "The Effective Reproduction of Speech."' 
Explains why faithful speech reproduction requires a frequency 
band almost as wide as for music, while amplified speech for 
strictly communication purposes may be reproduced satisfactorily 
within a narrower band because in this case the principal emphasis 
is on such things as articulation, loudness, masking, and power 
requirements. Presents useful conclusions and practical information 
for everyone interested in speech reproduction. 

Get any or all of these Monographs today from your Jensen job- 
ber or dealer. Fill in the coupon and send with it 25c for each 
copy desired, or clip a dollar bill to the coupon and get all four. 

~ ~ ~ ra ~ ~ ~ ta ti ti ta ta ta I= ta 
RADIO MANUFACTURING COMPANY 
6607 South Laramie Avenue, Chicago 38, Illinois 
Send me: 

Loud Speaker Frequency -Response Measuréments 
Impedance Matching and Power Distribution 
Frequency Range in Music Reproduction 
The Effective Reproduction of Speech 

(Check one or more. Send 25c for each book ordered.) 
NAME 
ADDRESS 
CITY 

INIZI- - U ti MN UM ti ti UM I= MI - 11.11 - MN WI t1 
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IT'S A STANDARD 
PRODUCT 

rip', 
/1r:... 

. 

MOLDING SERVICE 

Through years of experience, the 

Standard Products Co. has acquired a 

wealth of knowledge in the art of 

molding plastics. Standard offers com- 

plete molding service, 

Standard's molding equipment ís 

capable of producing items of phenolic 

cellulose -acetate, h utyrate, polystyrene, 

ethocel and other plastic and thermo- 

plastic materials. These facilities assure 

perfection in the molding job. 

The Standard Products Co., with its 

great resources, can do your job quickly 

and effectively at moderate cost. Let us 

have the necessary data and our engi- 

neers will submit designs and proposal. 

THE SPRODUCTS COMPANY 
General Offices and Research Laboratory505 

Boulevard Bldg. , WoodwardAve. at E. Grand Blvd. 

80 
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PROFITS Lie Where 
War, Love and Television share top honors in the 
talk of today. And you have the assurance of 
DuMont-acknowledged leader in Television-that 
public expectations will not be disappointed. A vast 

improvement over present-day video telecasting and 
reception waits only on the release of materials. 
DuMont's own contributions to this advancement 
are fascinating and impressive! 

War halted Television expansion but not DuMont 
research. Just as DuMont's refinement and mass pro- 
duction of the cathode-ray tube (the heart of a 

Television set) made Television commercially pos- 
sible... so has the groundwork for early postwar 

profits in 'this great new industry been laid by 

DuMont pioneering in !ow -cost station design, con- 
struction, operation and programming. 

the Public's Heart Is 
DuMont designed and custom-built 3 of the 9 

Television stations providing service today. At Sta- 

tion WABD, New York, DuMont has kept "live 

talent" shows on the air steadily since 1940. DuMont 
collaboration with national advertisers has devel- 

oped interesting and unusual commercial techniques. 
A complete pattern has been set for profitable 
station design and management... a pattern that 
is available to prospective station owners. NOW 
... is the "ground floor" era of this great new 
mass sales medium! 

A cop) of "Planning Your Television Station" is yours for 
the asking. This booklet outlines equipment requirements 
for a complete, low-cost telecast operation ...and suggests 
plans for expediting postwar deliver) of equipment and 
training of personnel. 

Copyright 1944 Allen B. DeMont laboratories, Inc. 

Qw-ez/. 1ltilll/L 
ALLEN B. DuMONT LABORATORIES, INC., GENERAL OFFICES AND PLANT, 2 MAIN AVENUE, PASSAIC. N. J. TELEVISION STUDIOS AND STATION WABD, S I 5 -MADISON AVENUE, NEW YORK 22, NEW YORK 
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Here's Only Half of It 
One of the things that made these ' ery special switches a hard .lob was their size. 

Actually they are more than twice as big as this photograph shows them. And that 

meant an unusually tricky production problem in taking care of the warping and the 

variation in tolerances in such a large ceramic-anhl-metal k sseubly. 

We specialize in combining metal parts with any and all kinds of insulating 

material. This order called for ceramic insulation throughout-anal you know how 

brittle that can he. So we show them here with some pride in the skill that it took 

to produce them. 

The UCINITE. CO. 
Newtonville 6.0, Mass. 

Division of United -Carr Fastener. Corp. 

Spceinlistw in RADIO ELECTRONICS 1 

LAMINATED BAKELITE ASSEMBLIES u 

CERAMIC SOCKETS II NANA PINS R. 

JACKS PLUGS ' CONNECTORS ETC. 
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POL.IÇE....R°ADIO 
EQUIPMENT 

AVAILABLE NOW! . 

WPB has permitted us to 

return to our pre-war products 

to a limited extent. Police 

Radio Communication Equipment 

can be supplied on priority ratings. 

Our Sales Department is ready to assist 

you in getting priority ratings. Write 

for Police Radio Equipment 

Catalog and further 

particulars. 

Ó 

0 

0 

FM 
OR -- 

A M 

O 

o 

RADIO, INC. 
7421 South Loomis Boulevard, Chicago 36, Illinois 

BUILDERS OF PRECISION RADIO COMMUNICATIONS EQUIPMENT 
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CONFORMANCE TO SPECIFICATIONS- 
TO THE LETTER 

'o/te 5fOlt: 
At AmerTran, conformance to every detail-and impli- 

cation-of the most rigid Army or Navy specifications is 

taken literolly. Routine precautions include: vacuum impreg- 

nation and slow -baking of coils; infra -red heating to insure 

complete filling with insulating compound; torque gauging 

-i..; 
y , 

'T 
' 

and resilient gaskets to protect ceramic terminals; induction 

heating for soldering operations to insure perfect hermetic 

sealing. Quality control is maintained by frequent inspections 

during the manufacturing process. 

After the war, similar extraordinary care will be needed. 

Video-f.m.-a.m. and other combinations will complicate sets 

and circuits-emphasizing the need for perfectly coordi- 

nated components. That means rigid adherence to the letter 

AND THE SPIRIT of specifications-what ArnerTran has been 

furnishing for forty-three years. Write or phone us, today. 

AMERICAN TRANSFORMER CO.,178 Emmet St., Newark S,N.I. 

iAr.iEÍT A N 
MANUFACTURING SINCE 1901 AT NEWARIr, N. J. 

Pioneer Manufacturers of Transformers, Reactors and 

Rectifiers for Electronics and Power Transmission 
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Thai ruachine above teas built by Nicholas Cugnot iu 
1769. It is the great, great, great grandfather of the 
modern automobile. Cugnot's machine was the original 
Stanley Steamer. It had a boiler in front and when it ran 
it might go as fast as 21/2 m.p.h. That machine was a 

far cry from our modern car, but it was a fine idea. The 
reason it was not more successful wag that Cugnot 
simply did not have enough experience. 

In the manufacture of all products, Experience Counts. 

The WARD PRODUCTS CORPORATION has long been a 

leader in the design and manufacture of antennas for 
automobiles and home radios. Many important design 

THE WARD PRODUCTS CORPORATION 
1523 E. 45TH STREET, CLEVELAND 3, OHIO 

changes, pioneered by WARD, have become accepted 

standards in industry: WARD products are quality prod- 
ducts, reflecting the workmanship of craftsmen using 
modern equipment.... For the finest antennas for 
all automobile and home applications, look to WARD! 

Bur 
WAR BONDS 0 
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'Calling all carve 
after 38,000 hours 

7 

Station WRAQ of the Barnstable, Mass , 

Police R_di. System, has a pair of Heintz 

& Kaufman HK -54 Gamrmatrons still an 

mice in the final amplifier cf this station 

after ccmtinuºus 21-h+rur-a-day u,e, fur 

S' nth 

Ciliate thoriated tungsten filaments con- 

tributed to the extraordinary life cf thy_ 

Gammxtrcns b ha+ing the right prop '- 
titans of thoria ni gas: the required cicr 

uu_ao e _1"i plus tr.c rugg.d strengtai 

to endure long, hard I.rsice. 

Milers of hras} d..ty tub- s a r rc_iat 

CalLtt s careful prts.sin,e of tutic ten 
,_ rrat th. result of CT s Icng cap 

r= 

r 

a 

... with Callite 

thoriated tungsten 

filaments 

hence an tungsten metallurgy. Outstand- 
ing performance is asa.i/, not exceptional 
with Callite products. So if you are think 
mg in terms of electronic components, at 

will pay you to consult with us. Ciliate 
Tungsten Corporation, 544 Thirty-ninth 
Sr. - Union Coy, New Jersey, branch 
Offices Chicago and Clesstand 

ranaurr 
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"MADE BY NATIONAL SCREW" 
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19lx1} outlining f or the advise tha >éi°rej the 
Control Rating sed to approviy. 

the Army Air ForCes 
Service Command 
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at your facility 
y tf 0o p oI "APPROVED" 

facility' 
' pational Screw. 
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As a principal source of supply for aircraft fasteners, 
we have developed facilities for achieving tolerances 
formerly unheard of in bolts, nuts and screws. 

There is only one way to insure rigid adherence to 
the quality required by the Air Forces, with a produc- 
tion of millions of parts daily. That is by a system of 
inspection that is complete and foolproof. 

The excerpt reproduced above from a recent letter 

J 
Inspection under 
magnifying glass. 

. .r 

of formal approval from the Air. 
Technical Service Command in- 
dicates how well National Screw 
has achieved this goal. 

Checking pitch diameters with roller 
snap gauges. 
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Magnetic inspection by Magnaflux 
machine. 

THE NATIONAL SCREW & MFG. CO., CLEVELAND 4, 0. 
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MR. TROUBLE-SHOOTER 

wie --,--; - , 
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Thanks, Mr. G. I. You're close to ou.r 

thoughts. All of us in radio know the 

world-wide job you're doing in the 

Signal Corps. 
We know who you.are. You're the 

radio ham across the street, the boy 

home from college who burned the 

midnight oil in the attic and rigged 

his aerial from the highest mast. 

You're the telephone man. You're the 

obliging young fellow from the light- 175, 

ing company. You're the serviceman 

who fixed our radio set the day before fv ' 
h. 

the World's Series. You're the radio f 1. 
engineer who added brains to that set. 

We don't know where you're seeing , 

action but we know that you are help- 

ing it. Crawling out ahead of artillery. 1 
Scrambling from one fox -hole to k\N/i - 

another. Rolling up telephone wire/ 
almost to the muzzles of enemy guns. '- 

Operating and servicing communica- 
tion systems so that the attack may 

roll forward. Hunting booby traps. 
Saving lives. 

Come back, Mr. G. I., just as soon 

as your troúble-shooting is done. Radio 
will need you-your skill-your sure- 
ness. Radio will not forget your pa t114 
in victory. Solar Manufacturing Corp., 
285 Madison Ave., New York 17, N. Y. 
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CAPACITORS AND RADIO NOISE -SUPPRESSION FILTERS 
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THE FAIl EAST 
Frontier for American Enterprise 

IN THE great tradition of America, 
our frontier lies to the West. But for 
a United States that stretches from 

the Atlantic to the Pacific, to Go West 
is to arrive in the Far East. The feet of 
literally millions of our young men are 
now set upon that route. 

Accomplishment of their objective- 
the defeat of Japan-will not end our 
responsibilities to the Orient any more 
than the defeat of Germany will end 
our responsibilities to Europe. This time 
we mean to see the venture through. 

The first sketch of a political program 
for enlisting the strength of nations of 
good will to enforce the peace was 
drawn at Dumbarton Oaks. That is a 
good start. But those who participated 
know how much work remains before 
the blueprint becomes a fully matured 
plan, the plan becomes a structure, and 
the structure takes life and effective be- 
ing in the living imagination and will 
of the peoples of the world. 

No political accord, however high its 
purpose, can endure for long if it de- 
pends upon the loyalty and support of 
populations embittered by hopeless pov- 
erty that is offered no promise of relief. 
The poisonous dust of mass despair 
makes inevitable an ultimate explosion, 
whether it be sparked by a torch sup- 
plied from without or by its own inter- 
nally generated heat. Much of the Far 
East is sufficiently close to that position 
to pose a grave problem to the Western 
world. It is of particular importance 
that American business men and work- 
ers alike recognize the nature of their 
responsibility in the matter, for to them 
the great area of the East presents also 
an opportunity and a challenge. 

The Orient-stretching in a vast semi- 
circle from Manchuria and Japan to 
India and Ceylon-is the home of more 
than a billion people, the world's great- 
est potential market. In its mountains 
are the earth's richest stores of 'tin and 
mica; its deposits of iron ore, coal, and 
manganese rival those of France, Rus- 
sia, and the United States. Its rice pad- 
dies are the most productive in the 
world, its coconut and rubber planta- 
tions the largest, and its cotton pro- 
duction is of major volume. 

And yet, this fabulous region-with 
its riches of manpower and raw mate- 
rials-suffers from living standards at 
the lowest rung of the world scale. With 
as much as 85 per cent of the popula- 
tions of this great area devoted to the 
production of farm products, starvation 
has been an endemic plague to count- 

less millions of its inhabitants, and will 
remain so until they graduate from the 
crudely primitive methods of the crook- 
ed stick and the bamboo plow to the use 
of the implements of a modern world 
in both agriculture and industry. 

The improvement of agricultural meth- 
ods and the burgeoning of industrial 
development depends upon tools-a pre- 
ponderance of simple tools, no doubt, 
at the beginning, for modernization of 
economic processes is a development 
that cannot be forced at a rate faster 
than the ideas upon which they depend 
can be developed. If we, in the United 
States, are to hope to supply a major 
portion of the implements upon which 
the salvation of the East depends, we 
must be prepared to export also the 
skills and technologies which will make 
their effective use possible. 

The possibility of a world market for 
machinery and manufactured products 
is a challenge that American industry 
cannot afford to ignore. The United 
States will emerge from the war with 
almost half of the world's industrial 
capacity within its borders, with much 
more than half of the heavy industries. 
Drastic and painful readjustments are 
inevitable; but they can be mitigated to 
the éxtent that we can find outside mar- 
kets for the products for which we have 
excess capacity. 

We shall find ourselves, at war's end, 
in a singularly favored position to com- 
pete in any equipment markets which 
are open. It is not merely that we shall 
have the productive capacities crying 
for outlets. Aside from Germany and 
Japan, which for some time will not be 
in a position to compete, our two major 
industrial Allies, Great Britain and 
Russia, will face enormous tasks in 
providing for their own rehabilitation. 
Neither of them is likely to be in a 
position to export more capital than 
they absorb; and although Canada, 
Sweden, and Switzerland will be, the 
United States will stand alone as the 
one major creditor nation in the world. 
If the potential advantages of this posi- 
tion are managed with wisdom and 
imagination, they will enormously en- 
hance our opportunities for supplying 
a great share of the capital goods de- 
mand of undeveloped areas. 

What is the dimension of the Far 
East's potential demand? What are 
some of the difficulties standing in the 
way of its being realized? 

If needs were the only measuring 
stick, the Far Eastern market would 

provide a.bóttomless pit into which even 
the great stores of our exportable ca- 
pacity could be poured with room 
to spare. 

China, alone, with its teeming popu- 
lation of 450 millions, has spelled out 
needs in dimensions large enough to 
stir the imaginations of the equipment 
producers of the world. 

Business Week (february 5, 1944) 
supplements Dr. Sun Yat-Sen's spa- 
cious first estimates of the require- 
ments for a thorough -going industriali- 
zation program with figures provided by 
current Chinese planners -25,000 loco- 
motives; 300,000 freight cars; 20,000 
passenger coaches; 20,000,000 tons of 
steel; and 90,000 power driven machine 
tools for the first five years of recon- 
struction. An American manufacturer 
of farm equipment, who recently sur- 
veyed the agricultural requirements of 
China, estimates an ultimate Chinese 
market for 20,000,000 tractors. 

India's drawing -board plans are 
equally expansive. According to the 
bold pattern drawn up by a group of 
Bombay industrialists-some of whom 
are due to visit the United States early 
in 1945-India, after the war, will re- 
quire a capital investment of $2,000,000,- 
000 a year over the next 15 years, of 
which $250,000,000 per year for the first 
seven years will be in the form of im- 
ported capital goods. 

Included on the huge import order 
list of the Bombay executives are min- 
ing, roadbuilding and power station 
equipment, heavy locomotives, metal- 
lurgical plants, agricultural machinery, 
and a long list of machine tools. 

There can be no question of the need 
of these countries for the industrial 
equipment-and for many items of Man- 
ufactured goods-which we are so emi- 
nently in a position to supply. But 
realism requires that we measure this 
demand against the Far East's probable 
capacity in the relatively near future 
to absorb industrial goods. 

A Chinese economist has estimated 
that China, in 1937, had a total in- 
dustrial capital fr estment of about 
$1,000,000,000 in American values, or 
something like $2.50 per capita óf popu- 
lation. In contrast, the American invest- 
ment, in manufacturing facilities alone, 
is now more than $600 per capita. 

What it could mean in terms of 
capital goods requirements if China 
alone carries out this dream of mod- 
ernizing, not to the Utopian level of 
the United States but to the present 
modest level óf the less developed 
Soviet Union, is typified by measuring 
just three lines: 500,000 tons of steel a 



year, for five years, to add 12,500 miles 
to the railroad system; 2,187,500 motor 

vehicles; 3,300,000 telephones. 
But it is one thing to cite mountainous 

figures demonstrating needs. It is an- 
other, and far less optimistic exercise, 

to find assurance that practical oppor- 

tunities for satisfying such needs can 

be made to materialize. Let us face 

some of the major difficulties and see 

if they are insurmountable. 

* * ú 

The first hurdle to be cleared is the 

question of whether or not we want to 

promote the industrialization of the 

Far East. The wisdom of doing so has 
been vigorously challenged. The nega- 
tive argument, on the economic side, 

generally runs thus: If we provide 
industrial equipment to backward eco- 
nomic areas, we deprive ourselves of 

the greater long -run opportunity of 

selling them manufactured articles 
which our aid has enabled them to 
produce for themselves. 

It is only fair to say that such a 

thing might happen-that it has hap- 
pened in isolated instances in the past. 
But the overwhelming weight of eco- 
nomic history demonstrates that the 
broader attitude is also the profitable 
one. 

The United States itself is the living 
refutation of the fear which now cramps 
the outlook of many of its own citizens. 

From 1790 until 1850 the foreign 
trade of our new fledged Nation had 
many of the characteristics which per- 
tain to the trades of China and India 
today. We imported manufactures and 
we exported raw materials, agricul- 
tural products, and newly mined gold. 
Our imports exceeded exports, the dif- 
ference being made up partly by pay- 
ments to us for shipping services and 
partly by industrial development loans. 
It is relevant to inquire how the trade 
of the lenders was affected by this 
policy of supplying us with industrial 
capital and machinery. 

From 1850 through 1939 the pattern 
of America's foreign trade changed. 
Slowly at first, and then at accelerated 
pace, our import ledger showed a per- 
centage decline in 'manufactured goods 
and a percentage rise in raw materials 
to feed our expanding industrial facili- 
ties. But while finished manufactures 
declined percentagewise in our import 
budget, so great was the increase in 
our total foreign trade operations in 
the century from 1830 to 1930 that 
our imports of manufactured goods 
increased more than twentyfold, and 
they more than doubled between 1900 

and 1939. 
Clearly industrial Europe gained rath- 

er than suffered from the industrializa- 
tion of the United States, and it is 

equally clear that we, in turn, shall 
benefit from the industrialization of 
the world's undeveloped territories. Fur- 
ther evidence is provided by Canada 
which, with its high industrial devel- 
opment but only 12 million people, buys 

from us each year almost as much as 

the relatively unindustrialized 130 mil- 
lion people south of the Rio Grande. 

If it be granted, as I believe it must, 
that the development of Far Eastern 
countries will be to our advantage as 

well as theirs, the second question that 
we should face is the speed with which 
it can be accomplished. Is there genu- 
ine promise in the proximate future of 

opportunities for American enterprise 
of the magnitude set forth in the esti- 
mates quoted above? 

In all fairness, I am forced to state 
my conviction that the road is longer 
than is indicated by Chinese and Indian 
leaders. It is natural, and far from 
censurable, that their eyes should be 
focussed upon the urgency of national 
needs, rather than upon obstacles in 
the way of their fulfillment. 

On the other hand, it is possible that 
our own long process of industrializa- 
tion may lead us to conclusions of un- 
due conservatism. Ideas, once they 
break the crust of resistance are the 
most contagious of bacteria, and the 
tempo of their infiltration seems to 
increase by geometrical progression in 
a world of swift communication. 

In an interesting recent study of The 
International Labor Office, it is suggest- 
ed that the general economic level of 
the rest of Asia outside Japan in the 
late 1930's was not dissimilar to that of 
Japan in 1900. Between 1900 and 1936, 

Japan increased its total capital invest- 
ment more than threefold devoting 
between 10 and 17 per cent of its an- 
nual income to capital outlays. A com- 
parable tempo of development for 
China, India, and other Asiatic areas 
would result in a capital expansion 
that would dwarf to insignificance the 
most optimistic blueprints that have 
been put forth to date. I am not sug- 
gesting this as a likely possibility, but 
rather as a caution lest we, in the 
name of hard-headed realism, under- 
estimate Asiatic potentials as much as 
their own nationals exaggerate them. 

Finally, in appraising the outlook for 
American enterprise in Far Eastern 
markets, we collide, head-on, with the 
problem of how we are to be paid. 
Here, hard-headedness can be only a 
virtue, for the lack of it will breed in- 
evitable disaster for the Asiatics as 
well as for us. 

In the last analysis, the dimension of 
the American market in the Far Eastern 
countries will be determined by the 
dollar exchange at their command, ob- 
tained through the products, goods, and 
services which they are able to provide 
to us, with due allowance for multi- 
lateral trade arrangements. It is true 
that the balance temporarily can be 
distorted through the extension of de- 
velopmental loans. There is little ques- 
tion but that such loans will be in 
order after the war, and if they are 
wisely made, for productive projects 
that eventually will increase the ex - 

THIS IS THE 30TH OF A SERIES 

porting capacities of the countries to 
which they are extended, they can be 

thoroughly justified. But the best loans 
provide only a temporary expedient. In 
the long run, the balance of current 
payments must be restored with suffi- 
cient margin to provide interest pay- 
ments and finally amortization of prin- 
cipal. 

How, then, are we to attack the 
problem of increasing our imports from 
the Orient? 

In 1937, the total exports of the Far 
East amounted to something over $5,- 
000,000,000-a little less than $1,500,000,- 
000 in foodstuffs, a little more than 
$2,500,000,000 in raw and partly manu- 
factured materials, and better than 
$1,000,000,000 of manufactured articles. 
Of this total, the United States pur- 
chased only about 20 per cent-approx- 
imately 10 per cent each of the food- 
stuffs and manufactures, and 30 per 
cent of the materials. 

Despite changes in our technologies 
which will probably reduce our future 
takings of such important items as 
rubber and silk, the achievement of a 

high level of economic activity in this 
country after the war will provide a 
basis for increasing our Eastern im- 
ports, but only if it is an accepted part 
of our national policy to do so. 

This means an alert and aggressive 
exploration of two-way trade possibili- 
ties on the part of both American busi- 
ness and our governmental agencies. It 
cannot be done by either alone. 

The war has dislocated many of the 
trade patterns that prevailed in the 
past. The East is hungry for the type 
of products which we, uniquely, are 
situated to supply, but it will make its 
bargains with those who will not only 
fill its needs but will also provide out- 
lets for its produce. Even the prewar 
magnitude of the exports- ,from this 
area provides ample margin for the 
most meticulous and imaginative shop- 
ping of Eastern markets with the aim 
of increasing the modest share of our 
prewar purchases. And a farsighted 
program of development loans can 
greatly increase the capacity of these 
countries to produce what we want. 

In general, we can trust American 
enterprise to explore rigorously all 
likely export opportunities. But the 
equally vigorous investigation of im- 
port possibilities will require a break 
from past traditions on the part of 
American business and American gov- 
ernment. 

Both East and West must learn to 
think in new patterns for the success- 
ful opening of a new frontier. 

President McGraw-Hill Publishing Co., Inc. 
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nal amplifier of typical P.A.A. 
ound station showing Eimac 
OOT tube, Eimac Vacuum Con- 

,nsers and EimacRX 21 rectifiers. 

Write for your copy of Elec- 
tronic Telesis-a 64 page book- 
let fully illustrated-covering 
fundamentals of Electronics 
and many of its important 
applications. Written in lay- 
man's language. 

1'. 

. r ...,.. 

Pan American World Airways, which has done 
so much to advance the war -time goals of the 
nation, has just announced a plan for a new 
service to South America. Employing a fleet of 
stratosphere planes, carrying 108 passengers, 
flying at more than three hundred miles an hour, 
Pan American proposes to take travelers from 
New York to Rio de Janiero in less than twenty 
hours instead of the present sixty-six hours, 
charging $175 for the trip,.as against the cur- 
rent rate of $491. 

Pan American Airways and all its associated 
and affiliated companies, which comprise the 
P.A. A.World System, have been using Eimac 
tubes in the key sockets of all ground sta- 
tions for a number of years. 

Because of the extensive operations of 
Pan American World Airways, these tubes 
have been subjected to about every test pos- 
sible - altitudes; ground level; extremely 
cold climates and high temperatures found 
at the equator; conditions of high and 1ów 
humidity; and in some instances, when new 
bases are being built, perhaps somewhat try- 
ing power conditions. The high regard 
which P. A. A. engineers have for Eimac 
tubes is clearly evidenced by their continued 
and more extensive use, as the years roll by. 

The fact that Eimac tubes are the number 
one favorite of the commercial airlines is 
important evidence to substantiate the oft 
repeated statement that "Eimac tubes are 
first choice of leading electronic engineers 
throughout the world." 
Follow the leaders to 

EITEL-McCULLOUGH, INC., 947 
PLANTS LOCATED AT: SAN BRUNO 

Export Ageyits: FRAZAR & HANSEN, Sor Clay 

.Son Mateo Ave., SAN BRUNO, CALIF. 
, CALIFORNIA AND SALT LAKE CITY, UTAH 
Street, San Francisco, California, U. S. A. 



Precision is the Word for 
MALLORY Switches 

WHETHER it's a standard stock single- 

gang switch, multi -gang switch, push- 

button switch, or a switch for a complex 

circuit arrangement-if it bears the name 

"Mallory," you're assured of precision 

materials, accurate manufacture and superb 

performance. 

Years of experience have enabled Mallory 

engineers to develop a complete line of stock 

switches for numerous applications. Accu- 

mulated "know-how" is ready to solve your 

most difficult and unusual switch de - 

Get your copy of the 
new 1944 Alallory 
Catalog of approved 
precision electronic 
products. See your 
Mallory distributor 
or tcrite direct. 

sign problems. Mallory switches are famous 

for long life and outstanding performance- 

qualities made possible by many exclusive 

and patented features. 

If your designs call for complex circuit 

selection, instantaneous control over several 

circuits or multi -contact sequence timing, 

Mallory engineering is at your service. 

All standard stock Mallory switches are 

available from Mallory distributors con- 

veniently located in the United States 

and Canada. 

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

-,r , 
P. R. MAL LORY Ii CO..Inc. 

-'" MA I LOR 
Help Finish the Fight-. 

Huy War Bonds 

Approved Precision Products 
90 
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LAST CHANCE ... One of the large broadcasting 
:ompanies recently conducted a series of studio tests 
o determine the kind of tone fidelity the average radio 
istener wants. Invited guests were asked to vote 
,heir preference between a low -range and a wide - 
mange setup. Care was taken to see that the wide -range 
transmission was clean, free of noise and distortion. 

, The vote was in favor of low fidelity. 
This is not difficult to understand. The average 

radio listener has heard few real jazz bands or real 
symphonies at first hand; he has rarely heard music 
;as it is played, but only radio or recorded versions of 
nusic. The average radio receiver is ridiculously de- 
I`ective in transmitting tones above 5000 cycles. In 
Fact it is down 10 to 20 db at that frequency. Since the 
tests were conducted by a broadcast company, in a 
broadcast studio, to determine what broadcast list- 
eners preferred in the way of radio tone fidelity, what 
else could one expect? Naturally the vote was for the 
=thing that was familiar. 

This question of band width is extremely important. 
So long as the radio industry floods the market with 

receivers that are practically deaf to tones above 5000 
cycles, there is mighty little need to engineer trans- 
mitters and lines and repeaters and switching gear for 
frequencies higher than this. So long as stations are 
packed close together in the spectrum and so long as 
receivers must be engineered for extreme sensitivity, 
then selectivity and freedom from adjacent -channel 
interference are more important than mere tonal 
fidelity. 

FM, however, poses a different and embarrassing 
question for the radio industry. Once more, and prob- 
ably for the last time, the industry has a chance to 

TALK 

produce a truly tone -faithful system. There are signs, 
however, that parts of the industry will kick and 
scream bloody murder before they will give in to the 
"idealistic goops" who wish for the broader bands. 

One of the arguments against higher frequency 
transmission is that adults can't hear much above, say, 
6000 cycles. It is certain that the higher frequencies 
become less and less apparent as one grows older. Of 
our total population, however, 41 percent is less than 
25 years old; and while the trend is toward a popula- 
tion which is becoming successively older, the in- 
creased birth rate during the war may put a tem- 
porary plateau under this curve. Anyhow, why should 
the broadcasting industry be engineered for old duffers 
with failing ears; why not for the youth? 

Another argument against high fidelity is that we 
will then hear needle scratch, violin rosin noises and 
soprano breathings. This, too, is merely a dodge. So 
long as we continue the old technique of ramming the 
microphone approximately down the throat of the 
violin (or of the soprano), we will hear such noises. 
But we won't if we develop new microphone techniques. 

The broadcast system should always be better than 
the average listener can appreciate with his cheap 
little box of radio parts. From a purely selfish stand- 
point the radio industry should be interested in re- 
loading the buyer of a cheap radio with a much more 
expensive set when and if he gets the money to buy it. 
Listeners should resist with every means at their 
command any attempt to cramp the new FM system 
with the same kind of thinking that has made such 
complete frauds out of so many radio receiver adver- 
tising copy writers who prate about the fine tone qual- 
ity of their products. 



A Report on the. 

FCC FREQUENCY 
Over a month was required for presentation of evidence regarding radio's future needs 

by the RTPB, the IRAC, the ARRL and others. Proposed assignments cover the spectrum 

from 10 kc to 30,000 Mc. Industrial electronic equipment channels suggested 

DOCKET 6651 may well prove to 
be the most voluminous file in 

the history of the Federal Com- 

munications Commission. For it is 

under this number that the Com- 

mission considered, throughout the 
month of October, the future needs 

of various services in the radio 
spectrum from 10 kc (30,000 met- 
ers) to 30,000 Mc (1 centimeter). 

That the inquiry was exhaustive 
is clear from the record, a trans- 
cript over a million words long. 

That the decisions based on this 
record will be of the utmost im- 

portance is equally clear, for on 

them will depend in large part the 
future activity of every communi- 
cations engineer and technician in 

the business. 
The ether spectrum obviously has 

been expanding under the impetus 
of war but the extent of the expan- 

sion is now for the first time a mat- 
ter of public record. The spectrum 
extends upward to 30,000 Mc, 

whereas the last public allocation 
stopped at 300 Mc. Wavelengths be- 

tween one meter and one centimeter 
are to be assigned channel -by -chan- 
nel for the public use. The spec- 

trum has been extended by some 

six octaves. 
Of equal interest is the number 

and variety of services which are 

presently in competition for pre- 

ferred positions in the spectrum. 

Panels of the Radio Technical Plan- 

ning Board (RTPB) made up of 

men from industry, each panel 

representing a different group of 

services, presented requests for 

ether space and some of these re- 

quests conflict with those of other 

panels. The allocation plan of the 

Interdepartment Radio Advisory' 

Committee (IRAC), representing 
government departments, was also 

introduced, agreeing with the RTPB 
plans in some respects but widely 

differing in others. 
The volume of evidence presented 

before the FCC was so huge as to 

make this reporter despair of assim- 
ilating any but the major points in 

time to meet a December deadline. 
What follows, therefore, is an at- 
tempt to delineate the requests for 
ether space put forward by the 
various services through RTPB and 
IRAC and others, and to indicate in 
passing some of the technical impli- 
cations involved. 

Program of the Hearing 

The hearing got under way on 

September 28, when Chairman Fly 
of the FCC explained its purpose 
and asked Dr. W. R. G. Baker, 

Chairman of the RTPB, to outline 
the functions and activities of this 
group. Dr. Baker pointed out that 
in 1942 Mr. Fly himself had sug- 

gested that such an organization be 

set up to assist in resolving the 
problems of frequency allocations 
and system standards. 

The RTPB, said Dr. Baker, was 

patterned after the National Tele- 

vision System Committee, but its 
organization was broadened to in- 

clude all non -government radio serv- 
ices, and to include representatives 
from all interested groups from 

commercial as well as scientific bod- 

ies within the industry. Moreover, 

since much pertinent information 
is classified as secret or confidential 
by military authority, it was neces- 

sary to rely on the knowledge and 

recommendations of Panel members 

to a considerable extent in formu- 
lating plans to avoid violation of 
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FIG. I-Standard broadcasting would get three new channels on the low -frequency 

end. if the industry -sponsored RTPB had its way. The IRAC proposal representing 

the viewpoint of government departments would provide only two, keeping clearer 
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FIG. 2-International broadcasting would be continued on approximately the pre- 

war basis by the RIPS. The IRAC would drop it entirely insofar as direct reception 

by the radio audience is concerned, substituting spot -frequency relaying and re -broad- 

casting by standard broadcast stations 
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ur national security regulations. 
Dr. Baker further stated that an 

nportant aspect of the RTPB's 
rork was to obtain agreement on 
requencies and standards for such 
arvices as would provide maximum 
mployment after the war. He 
aid that Panels reporting on two of 
to most important post-war serv- 
es, frequency modulation and tele- 
ision, had agreed upon standards 
nd had resolved all conflicts on fre- 
uency allocations. Finally, he 
oiri#ed out that many new serv- 
tes, not originally included in allo- 
ation discussions, now had to be 
)nsidered. Among these were in- 
ustrial and scientific oscillators 
ot used for communication pur- 
oses, relay systems, and new 
/lies of mobile radio communica- 
Ion equipment for buses, railroads, 
axicabs and even the private citi- 
n. 

Then followed reports from the 
?airmen of two RTPB Panels hav- 
ig a broad outlook on the whole 
,ectrum, Panel 1 on Spectrum 
-tilization, and Panel 2 on Fre- 
uency Allocation. The major ex- 
ibit of these two panels was á 
'cart of the spectrum showing the 
resent allocations under FCC rules, 
ad the RTPB proposals in each 
ass of service. The "chart" is so 
(luminous that it takes 30 sheets, 
ich 10 by 30 inches, to cover the 
Inge. The illustrations accompany - 

this report represent a sum- 
tary of the more important serv- 
tes, and include also the allocations 
roposed by the IRAC and ARRL. 
Following this presentation, tes- 

mony was taken by the FCC on 
U phases of the art. The first 
-eek was devoted to general 
immunications services, includ- 
ig amateur and international 
roadcast. The second week was 
iven over to broadcasting in its 
arious forms; standard, FM, tele- 
ision, facsimile, and educational. 
ortable and mobile units used by 
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FIG. 3-FM and television frequency. assignment clashes between RTPB Panels were 
compromised and solved before the FCC Hearings took place. Some differences. 

however, remained between RTPB and !RAC proposals 

police and other similar services, as 
well as by public utilities, were dis- 
cussed in the third week. The 
fourth week covered industrial, 
medical and scientific sources of in- 
terference and services intended to 
relay public and private communi- 
cations. 

Finally, the chairman of RTPB 
Panel 2 again appeared and made 
recommendations based on all the 
evidence presented. Similar recom- 
mendations from all other inter- 
ested parties were invited, and the 
Commission then rested from its 
labors and retired to peruse the rec- 
ord in the quiet of its chambers. 
From such contemplation 'will come, 
and it is believed in the not -too -dis- 
tant future, a binding allocation of 
the spectrum to govern the indus- 
try for the next five years or more 
(the last allocation occurred in May, 
1940). 

The Broadcasting Services 

The broadcasting services .. . 

standard, international, f -m and 
television . . . are of primary im- 
portance because they represent so 
large a part of the commercial 
activity in the electronics field. 
These services must, furthermore, 
assume the largest initial burden 
of production when military equip- 
ment is no longer needed in large 
quantities. The proposed alloca- 

tions for these services are shown 
in Fig. 1, 2 and 3. 

Standard broadcasting (Fig. 1) 
was studied by the RTPB and Panel 
4 recommended that the lower fre- 
quency edge of the band be extended 
downward from the existing 550 kc 
limit to 520 kc, thus providing three 
additional channels. This would 
bring the band edge within 15 kc of 
the distress frequency (SOS chan- 
nel) but it is argued that modern 
equipment provides plenty of selec- 
tivity to avoid interference. The 
IRAC proposal indicates greater 
caution in this regard but admits 
that the band should be extended to 
530 kc. (The 540 kc channel is al- 
ready in use in Canada. Some evi- 
dence was brought forth purporting 
to show that interference was oc- 
casionally experienced from auto - 
alarm SOS devices on this fre- 
quency.) 

Panel 4 pointed out that rural 
coverage in the standard band 
leaves much to be desired and said 
that this condition cannot always 
be remedied by providing vhf or 
uhf services. One third of the area 
of the United States is still outside 
the daytime range of any broadcast- 
ing station. Thus some 10,000,000 
of our people can enjoy radio only 
at night, and then often only under 
adverse conditions. The RTPB pro- 
poses to ease this situation by set- 
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FIG. 4-Amateur radio obviously has a bright future, despite all the rumors that 

have been flying around almost -since the beginning of the war. The RTPB agrees 

with the ARRL on some proposals and with the IRAC on others, but differences in 

the proposals of the three groups are comparatively minor 

ting up satellite stations, operating 
on synchronized standard broadcast 
frequencies, to extend the range of 
existing stations into the rural 
areas. One of the reasons why such 
stations have not been employed 
more extensively in the past is the 
expense of program lines and syn- 
chronizing circuits. Satellite sta- 
tions, it is proposed, can now be op- 

erated economically by the use of 
relay facilities in the uhf (300 to 
3000 Mc) and shf (3000 to 30,000 
Mc) bands. 

A proposal to set up a new low - 

frequency broadcast service be- 

tween 200 and 400 kc (similar to ex- 

isting European service) has not 
been approved by the Panel but re- 
mains under study. 

International broadcasting came 
in for a large share of attention. 
The IRAC plan proposes to elimi- 
nate international shortwave broad- 
casting entirely in its present form 
and to substitute a limited number 
of relay channels, giving point-to- 
point service. The relayed programs 
would be disseminated by domestic 
stations in a manner similar to the 
present overseas news broadcasts. 
This proposal found no favor what- 
ever with industry. RTPB Panel 
8, within whose province the sub- 
ject lies, urged that 7 bands be set 
up, each consisting of 8 channels, 
for the exclusive use of U. S. sta- 

tions- (Fig. 2). 
The chaotic condition of the in- 

ternational service was clearly re- 

vealed by the testimony of Curtis 
Plummer, FCC engineer. In Janu- 

ary 1939, according to Mr. Plum- 
mer, there were 155 stations oper- 
ating outside the bands authorized 
by the Cairo Conference. The 
U. S. A., adhering to the regula- 
tions, had no stations 'outside the 
bands. In August, 1944, on the 
other hand, 341 stations were op- 
erating outside the authorized 
bands, and 22 of these were U. S. 

stations. Which shows how treaty 
agreements fare in wartime. 

FM Broadcasting 

The recommendations of the 
RTPB FM Panel have already been 
reported in these pages (ELEC- 
TRONICS, November, p. 125). Briefly, 
they adhere to the previously ex- 
isting standards, 200-kc bandwidth, 
75-kc maximum deviation. The 
question debated at length at the 
hearings had to do with the position 

of the f -m band in the spectrum 
(Fig. 3). 

The present f -m band extends 
from 42 to 50 Mc, the lower portion 
of which is reserved for educational 
stations. The RTPB proposal is 

that the band remain in the same 
general location but be extended 
downward to 41 Mc and upward to 

56 Mc, providing 75 channels each 

200 kc wide. It was revealed during 
the hearings that a contest between 
the FM and Television Panels for 
the space from 50 to 56 Mc had been 

resolved within the RTPB, the 
Television Pariel agreeing to give 

up the space in return for space 
from 108 to 114 Mc. The IRAC 
plan also would enlarge the pres- 
ent f -m band but not to the extent 
proposed by RTPB. IRAC favors 
eliminating the five -meter amateur 
band (56 to 60 Mc) and turning this 
space over to television in return 
for the space from 50 to 54 Mc 

given to f -m broadcasting. 
In contrast to these official recom- 

mendations, former Commissioner 
T.A.M. Craven urged that 400 f -mi 

channels be provided between 60 

and 100 Mc, and that television) 
move upward to the region above 

480 Mc. Mr. Craven urged that the 

width of each f -m channel be 100 

kc, one half the present width. He 

also envisaged an ultimate demand 

for at least 2000 commercial f -m 

stations (at present there are 53 

stations authorized and 255 applica- 

tions for construction permits pend- 

ing before the FCC). 
Major E. H. Armstrong took the 

stand to urge that no reduction be 
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permitted in the width of channels 
Jiocated, since such reduction 
vould impair the quality of the 
ervice and would also remove the 
possibility of multiplexing facsimile 
in the same channel. He also ar- 
;ued against limiting the power of 
m outlets. 
Paul Kesten, vice president of 

:BS, urged that practically unlim- 
ted competition be permitted on 
he f -m bands, with each outlet cov- 
ring a single market area. This, 
re said, would mean larger net- 
rorks, more extensive rural cover- 
ge, and general benefit to all radio 
isteners. The plan would mean lim- 
ting the power of stations. Mr. 
resten believes that a total of 4000 
o 5000 f -m stations could be sup- 
orted in 10 national networks. He 
aid CBS engineers were not cer- 
ain as to the best region of the 
pectrum for f -m but said they 
.oped the present region was the 
est habitat of the service. 
Questions asked by the Commis- 

ioners and the FCC engineering 
taff indicated that there was much 
.oubt in official quarters that the 
'resent f -m band was the best for 
he service. These doubts have ap- 
.arently arisen from measurements 
lade by the FCC on long-distance 
nterference effects in the region 
rom 40 to 100 Mc. Dr. L. P. 
Wheeler of the Commission's en- 
rineering staff presented a report 
n these measurements which in- 
icates the extent of tropospheric 
nd "burst" interference, sporadic 
1, and F, layer reflections from 
1'ebruary 1943 to the present date 
ver distances of from 100 to 1400 
tiles. Sporadic E -layer propaga - 
ion was prevalent in the summer 
tonths, producing field strengths 
s excess of 25 microvolts -per -meter 
2 percent of the time in July 1944, 
.t 900 miles on 44.3 Mc. In the 
vinter, on the other hand, such 
.elds occurred less than one percent 
f the time. Such interference 

' would not, of course, be troublesome 
a the vicinity of the desired sta- 
ion, but would cut into the outer 
.mits of the coverage area, where 
eld strengths are low. The burst- 

, ype of interference was, incident- 
lly, definitely correlated with 
ieteorite tracks by direct visual 
bservation, during these tests. 

Dr. K. A. Norton, formerly with 
the FCC and now serving as a ci- 
vilian consultant to the Army, ap- 
peared for the FCC to reveal sim- 
ilar measurements made at the 
Interservice Radio Propagation 
Laboratory under the joint control 
of the Army and Navy. Information 
previously classified as confidential 
was released by the Joint Chiefs of 
Staff for the FCC hearing. Dr. 
Norton pointed out that F -layer re- 
flections, present at the longer dis- 
tances, can cause' interference for 
several percent of the total time 
during sun -spot maxima, at fre- 
quencies lower than 60 Mc, and for 

fact that the most serious interfer- 
ence effects were noted in an .area 
outside the U. S. A. It was pointed 
out that the reduction in range of a 
desired f -m station due to these ef- 
fects might amount to a decrease 
from 120 miles range to 60 miles 
range in the case of a powerful 
transmitter but much less reduction 
in the case of lower power transmit- 
ters. It was also pointed out that 
the interference effects are serious 
only in the maximum sunspot years, 
and then in the middle of the day. 

Television Broadcasting 

Panel 6 of the RTPB, whose re - 
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FIG. 6-Aeronautical progress in the post-war years will undoubtedly be rapid. So. 
spectrum -wise, proposed allocations are lust about as broad as they come, with 
the basis for compromise evident when RTPB and IRAC proposals are compared 

appreciable periods even up to 120 
Mc. At 88 Mc, he believes that 
mutual interference between two 
widely separated stations would be 
limited to less than one hour per 
year. But frequencies from 40 to 
60 Mc, now urged as the f -m band, 
are open to serious interference po- 
tentialities. This evidence has some 
bearing on television assignments 
as well, although television assign- 
ments are higher in frequency, be- 
cause the picture transmission uses 
amplitude modulation which is 
more susceptible to interference 
than f -m transmissions. 

Major Armstrong questioned Dr. 
Norton concerning these measure- 
ments, particularly in view of the 

port has been discussed at length in 
these pages (ELECTRONICS, August, 
p. 92), recommended that the pres- 
ent television standards be changed 
only in one major respect, a reduc- 
tion of the maximum frequency 
deviation of the associated f -m 
sound signal. Again the discussion 
hinged on the extent of the televi- 
sion band and its position in the 
spectrum (Fig. 3). 

Panel 6 requested nine commer- 
cial channels in a solid block from 
60 to 114 Mc, and 17 additional 
channels in the range from 120 to 
246 Mc. The IRAC urged that 9 
channels be assigned from 54 to 108 
Mc, but that this amount should 
suffice for television in the immedi- 
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FIG. 7-Police channel assignments represent a bone of contention between IRAC 

and RTPB. The former would confine all such service to a narrow v -h -f band, the 

latter would continue existing m -f and h -f bands and open up the v -h -f too 

ate future. It was, furthermore, 
recommended that television of the 
more distant future should reside 
above 400 Mc and a large block of 

frequencies from 460 to 956 Mc, 

suitable for channels 16 Mc or more 

in width was suggested. The RTPB 

agreed that space should be re- 

served for experimental television 
in this range, and asked for 600 

Mc of space in this general region, 
but did not specify the exact limits. 
In addition, the RTPB Panel wants 
relay channels totalling 600 Mc in 

the u -h -f spectrum and 1200 Mc 

for experimentation between 3000 

and 10,000 Mc. It also wants ex- 

perimentál space somewhere be- 

tween 10,000 and 30,000 Mc. 

The IRAC proposal drew support 
from Paul Kesten of CBS and for- 

mer FCC Commissioner T. A. M. 

Craven, both of whom urged that 
wideband television be authorized 
now in channels in the vicinity of 

500 to 1000 Mc. Mr. Kesten urged 
that the present service on channels 
up to 108 Mc be continued but that 
the public be warned that it is an 

interim service to be replaced as 

soon as possible by a higher defini- 

tion service. To this point of view 

representatives of RCA, and others 
supporting the RTPB, took violent 
exception. It was pointed out that 
there was no equipment or system 
available, even in the laboratories, 
to use a channel substantially wider 

than 6 Mc, and it was argued that if 
-the _service were not established, 
without reservations, on channels 

from 60 to 114 Mc, television for 

the public would be put back at least 

five years. It was also pointed out 

that network connections involving 

a 16 -Mc band were at present im- 

possible and that such higher qual- 
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ity service could not be supported 

without syndicating the costs over 

a network. 
It was evident that the bulk of 

the industry was behind the RTPB 

proposals, although all urged that 
experimentation toward a better 
system be continued, the public be- 

ing meanwhile assured that the 
introduction of any new service, 

when ready, would not obsolete 

equipment then in use. This would 

mean duplicate transmissions, but 
it was argued that the cost of such 

transmissions would be small com- 

pared with program costs, and that 
the situation would be comparable 
to present sound broadcasting with 
standard and f -m stations offering 
substantially the same programs. 

Amateur Bands 

That the amateur game has a 

bright future may be guessed from 
the proposals shown ín Fig. 4. The 
IRAC (and RTPB) recommends 
that the 160 meter band be elimin- 
ated in favor of a navigational 
service, still classified in nature, but 
evident to those who have moni- 
tored this band in recent months. 
The American Radio Relay Leágue 

(ARRL) appears almost resigned 

to this loss, but officially requests 
that the band, or as much of it as 

possible, be reinstated at the close 

of the war. 
ARRL proposes that the 80, 40, 

20 and 10 meter bands remain un- 

changed, and the IRAC proposes 
only minor changes, including less 

space on 80 meters and more on 40 

meters. 
ARRL and IRAC urge a new 

band at 15 meters, space not widely 

useful to other services. 
The IRAC urges that the five 

meter band be given to television 
and FM, but ARRL (and RTPB) 
urge it remain unchanged. 

The real pie for the experimen 
tally inclined amateurs lies abov 
400 Mc. Here the ARRL proposes 
series of seven harmonically relate 
bands which run clear up to 30,00 

Mc (1 -cm). IRAC agrees that th 
hams should have room in this re- 

gion, offering six bands up to 22,, 

000 Mc. 
The ARRL revealed that survey.! 

of postwar prospects indicate a han! 

population of over 100,000 át this 

conclusion of hostilities and 250,,' 

000 five years later. GI-Joes trainee 
in electronics are going to wind ui. 

in a very dense crowd indeed! 

Industrial, Medical, Scientific Service 

The RTPB proposals shown ii 

Fig. 5 are perhaps the most start 
-ling of all those presented at th 

Hearing. 
It is urged that the interferenc 

caused by industrial heating equir 

ment, diathermy machines, cyclot 

rons, etc. generating r -f power b 

recognized and that these source 

of interference be herded into bane 
especially reserved for them. U. 

SPECIAL. EM2RGENC4 (UTILITIES) . 

MF ERIPB9 

2202 2 

2288;I ~1 
300 kc . 10 60 ke " 

. . 

"_' 

3000 ke 

HF Existing r3i90 46375r 
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3000 k ' ,{ÓMe - 
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30Me 
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RTPB I I Lill 
i 

301h ' 100Mc 
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FIG. 8-Special emergency services such as those used by public utilities will gain 

few frequencies, but nothing radical in this direction 
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ftunately, interference created 
b such devices covers the whole 

soctrum, and certain specific fre- 
qencies are needed for efficient 
eiipment operation. For example, 
anide band from 25 to 30 Mc is 

rluired for self-excited oscillators 
o the diathermy type. 

Since none of the services in- 
c,ded in this category is a radio 

t s vice per se, there remains a legal 
qestion as to whether the Com- 

ntnications Act covers them. That 
to idea of considering allocation is 

:good one cannot be doubted, but 
conflict of the proposed alloca- 

1 in with other services is only too 
eident. 

Aeronautical Channels 

In aviation, the radio business 
',acts a partner whose post-war 
ospects are very similar to its 
m, that is, much down from war- 
ne levels but much up from pre- 

-ir levels. 
To meet the needs of the expand- 

-,rg air services, Panel 11 of the 
11-ITB proposed the scheme shown 
III Fig. 6. Spectrum -wise, this allo- 
=4tion is just about as broad as they 
(me, extending from below 200 kc 
i, 10,000 Mc. It would permit an 

11 rplane to be entirely filled with 
. dio equipment to the exclusion of 
t..ssengers. 

, Specifically, RTPB and IRAC 
;ree that the radio -range beacon 

T .nd from 200 to 400 kc be con- 
. titled and extended to 415 kc. They 
idllth agree that the band from 1800 
1' 2000 kc, lately the province of the 
,nateurs, should be reserved for a 
:w navigation device. The region 
om 3000 kc to 30 Mc, now thor- 
ighly populated with air-to- 
?ound and fixed point-to-point air 
rvice, is continued, with more 
)ace reserved exclusively for avi- 
;ion. , 

IRAC asks for space from 30 to 
Mc, but RTPB has other plans 

or this (police and similar serv- 
tes). IRAC and RTPB Panel 11 
gree that the region from 108 to 
32 Mc now widely used for airport 
)ntrol should be continued. Here, 
owever, a conflict exists with the 
TPB television plan. 
Between 956 and 3900 Mc the 

RAC and RTPB have got together, 

o 

' FINAL RTPB RECOMMENDAT/ONS-23 Mc TO 30,000 Mc 
23s 27 29 

rind 34m 
I NF I RTPB I 

10 30 1.14 

3000 k 
T2 78 101 108 132014118 152 14 20 22 
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T - Television . Tr - Tr/ay/sign re/ay - , Ap-Air mobile 

FIG. 9-Final RTPB recommendations relative to assignment of frequencies between 
23 and 30,000 Mc, representing a compromise on certain conflicting proposals 

presented earlier, concluded the FCC Hearing 

for a variety of services euphemis- 
tically called "navigational." 

Police and Special Emergency 

The police were somewhat put 
out by the IRAC plan shown in 
Fig. 7, which proposes to liquidate 
the present police bands in favor of 
two narrow channels between 37 
and 40 )VIc. Apparently the Inde- 
partment Radio Advisory people 
have had unfortunate experiences 
with parking tickets. 

The RTPB, on the other hand, 
recognizes police radio service as 
essential, and proposes that the ex- 
isting bands below 30 Mc be con- 
solidated, and full bands from 30 
to 40 Mc be assigned to mobile po- 
lice to replace the present individual 
channels in that part of the spec- 
trum. Larger groups of space are 
also requested between 116 and 118 
Mc, and from 320 to 330 Mc. 

The importance of special emer- 
gency service used by electric, gas, 
water and transport utilities was 
explained by RTPB Panel 13, but 
the requests for new space only 
slightly exceed existing facilities, 
as shown in Fig. 8. Two new bands 
near 300 Mc are requested. It was 
pointed out that v -h -f and u -h -f 
bands are not always useful for 
emergency service due to shadows 
thrown by buildings and hills, 

hich may be circumvented by m -f 
and h -f assignments. 

Other Communications Services 

The broad subject of handling 
telegraphic and telephonic mes- 
sages between fixed and mobile 
points was taken in hand by Panel 

8 of RTPB. There is a considerable 
variety of services involved here, 
including coastal and ship telegraph 
and telephone, point-to-point tele- 
graph and telephone, and, in the 
higher frequencies, special remote - 
controlled telephone service for 
rural regions. 

The hearings ended November 3, 
following presentation by RTPB 
Panel 2 of final recommendations, 
based on all evidence presented, for 
allocations from 23.5 to 30,000 Mc. 
This allocation, shown in Fig. 9, is 
expected to have great influence on 
the final decisions of the Commis- 
sion. 

Time was not available to prepare 
a full digest of this latter report. 
However, the most prominent fea- 
ture is the recommendation that 
television a n d non -government 
emergency services be placed on 
shared channels from 60 to 212 Mc, 
providing 18 six -megacycle televi- 
sion channels and also permitting 
emergency service to use this space 
in areas where no mutual interfer- 
ence would be caused. The five - 
meter amateur band is retained in 
abbreviated form, and f -m broad- 
casting is given the space from 43 
to 58 Mc. The television band 
recommended by IRAC from 460 to 
956 Mc is specified for television 
broadcasting, but on an experimen- 
tal basis, in line with previous 
RTPB recommendations. 

Comparisons between this alloca- 
tion and the other proposals illus- 
trated show a general trend of com- 
promise, which is the only possible 
approach to a very complicated 
problem.-D.C.F. 
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REFLECTIVE OPTICS IN 

Development of a process for molding large aspherical correcting lenses from clear plastid; 

now makes projection television techniques economical and practical for home receiverk 

as well as theater systems. Optical principles, mechanical mounting problems, design oi 

correcting lenses, molding methods and a receiver console arrangement are presented .h 
r 

6 

FIG. 1-Optical system of the so-called 
Schmidt astronomical camera, adapted 
by RCA for use in protection television 

systems 
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Arrangement of optical system for a 
home television receiver employing re- 

flective optical principles. This design 
gives ea large -screen picture _ with a 
console cabinet no deeper than that of 

an ordinary home, radio receiver 

By I. G. MALOFF and O. W. EPSTEIN 
RCA Victor Division RCA Laboratories 

Radio Corp. of America Princeton, R. J. 
Camden, :1. J. 

IT has been known fora long time 
that aspherical surfaces in com- 

bination with either spherical or 
aspherical mirrors may be arranged 
into optical systems of high aper- 
ture and high definition. .Astron- 
omers made use of this principle in 
an arrangement consisting of a 
spherical mirror and an aspherical 
lens; however, high costs and diffi- 
culties in constructing such sys- 
tems prevented their general utiliz- 
ation. 

In searching for efficient optical 
systems for projecting television 
images originating on screens of 
cathode-ray tubes, the principle of 
reflective optical systems has been 
made a subject of concentrated 
study and experimentation. This 
has resulted in the development of 
a number of reflective optical sys- 
tems suitable for projecting tele- 
vision images with diagonals rang- 
ing from 25 inches to 25 feet. RCA 
systems consist of a spherical front 
surface mirror and an aspherical 
lens, positive in the central portion 
and gradually changing into nega- 
tive near its periphery. The gain 
in illumination on the viewing 
screen with the new systems is 
about six or seven to one when com- 
pared with a conventional 1/2 lens. 
The quality of the images obtained 
is comparable with images pro- 
duced by conventional projection 
lenses. 

The main handicap of the new 
system, the high cost of the aspheri- 
cal lens, has been overcome by the 

Í 

development of machines for mak 
ing aspherical molds and by devel 

opment of a process for molding 

aspherical lenses from plastics' 
RCA reflective optical systems art 

designed for -a fixed image distance 
and require cathode-ray tubes hay. 

ing face -curvatures fixed in rela 

tion to the curvature of the mirron 
in the system. The last two factors 
while limiting the versatility of 
given system, appear to be a smai 
price to pay for the manifold gait 
in light. The design, manufactur 
ing, installation and servicing o. 

the RCA reflective optical system; 
have been improved and simplifier 

to such a .point that these systetjt 
can be considered as proven tool! 

in television and oscillographi' 
techniques. Reflective systems de 

signed for infinite throw have bees 

already applied successfully to tele 

vision outdoor pickup cameras witl 

the same manifold gain in light. 

Analysis of the Problem 

The problem of projecting im 

ages originating on the screens o 

cathode-ray tubes has received 
great deal of attention from in 

vestigators here and abroad over 
period of years. It has been showr 
that the space distribution of ligh 
emitted by the screen of a cathode 
ray tube follows very closely th 
cosine or Lambert law of perfectl 
diffusing surfaces. When a len 

From a paper presented at the Nation. 
Electronics Conference. Chicago, 1944, 
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?ROJECTION TELEVISION 

ich as the conventional motion- 
icture projection lens is used to 
roject a cathode-ray tube image 
ato a viewing screen, the overall 
fciency of such a system is ex- 
?emély low. 
In motion -picture projection most 

f the light striking the film 

I delivered to the viewing screen, 
Kcept of course for the light ab- 
)rbed by the darkened portions of 
ie film, thus creating the picture 

i self. However, when projecting 
ght from a perfectly diffusing sur- 
ace onto a viewing screen by 
leans of the same lens, much of the 
;ght is lost. For large magnifica- 

r , ions the following relation holds: 

(lumens on viewing screen) 
100% = 

(lumens on tube) 

K 4f' 100% 

There K is the transmission coef- 
cient of the lens and f is the f/ 
umber of the lens'. Good, commer- 
ially available, treated projection 
ánses having a relative aperture of 

"72 and a transmission coefficient 
f f nearly 100 percent, collect from 
f she tube and deliver at large mag- 
sI tification to the viewing screen 
it nly 6.25 percent of the light gen - 
u rated' 
of The image on the face of the 

athode-ray tube is obtained at a 
elatively high cost in equipment, 
!ffort and power. Any increase in 

:.he brightness of this image may be 
tbtained only at great cost from the 
standpoint of design and operation. 
?or this reason, the problem of 

' providing a more efficient optical 
i projection system has received a 

;neat deal of attention. Improve- 
(nent of a few percent was of no 

.i interest. A manifold increase in the 
b percentage of light delivered to the 
:Ih;creen was sought. The answer was 

xnally found in modifying a prin- 
:iple known to astronomers and 
adapting it to the problem on hand. 

For quite a long time,''' astron- 
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Molding press used for producing plastic cor- 
recting lenses for projection television systems 

omens and opticians have known 
that optical systems combining 
spherical and aspherical mirrors 
and surfaces are capable of work- 
ing at very high relative apertures 
and at the same time are remark- 
ably free from optical defects. 
Schmidt° applied this principle to 
astrophotography. The so-called 
Schmidt camera is an optical sys- 
tem (Fig. 1) comprising a spheri- 
cal mirror A and a weak aspherical 
lens B at the center of curvature of 
the mirror. Images of distant ob- 
jects are formed on an image plate 
C, which in itself is part of a sphere 
of radius slightly larger than half 
the radius of the mirror and located 
at the focal point of the system.' 

System Used in Astronomy 

Of the outstanding defects of the 
images formed by optical systems 
(spherical and chromatic abera- 
tion, coma, astigmatism, curvature 
of the field and distortion), only 
spherical aberration is distributed 
uniformly over the whole image 
field; all other defects increase with 

the distance from ' the axis. A 
spherical mirror has no axis and is, 
of course, achromatic. If a small 
aperture is placed at the center of 
curvature of a spherical mirror, 
then any narrow beam of parallel 
light coming from any direction 
through this aperture onto the mir- 
ror will focus at a point located on a 
sphere whose radius is equal to half 
the radius of curvature of the mir- 
ror. If the aperture is increased, 
spherical aberration becomes ap- 
parent and the quality of the im- 
age deteriorates. 

The correcting lens in the 
Schmidt arrangement (shown in 
Fig. 1) introduces into the incident 
beam an amount of spherical aber- 
ration which is equal to that intro- 
duced by the mirror but is opposite 
in sign. Thus, by placing a suitably 
shaped correcting lens at the center 
of curvature of the mirror the non - 
aberration condition for all rays 
arriving at the mirror from distant 
objects may be retained. The sys- 
tem is then free from the spherical 
aberration, while coma, astigma- 



FIG. 2-Spherical mirror with an 
aperture at its center of curvature 

tism and chromatic aberration in- 
troduced by the correcting lens are 
minimized by proper shaping of 
this lens. 

Systems for Television Projection 

When a reflective optical system 
is used for projecting images orig- 
inating on luminescent screens of . 

cathode-ray tubes, the requirements 
which the optical system must fulfill 
are considerably different from 
those of the Schmidt camera. The 
most important difference is that 
the light from a point on the lumi- 
nescent screen does' not emerge 
from the optical system as a bun- 
dle of parallel light. On the con- 
trary, it emerges as a bundle con- 
verging to a point or focus at a 
definite distance. This finite throw 
system is radically different from 
that of the infinite throw. The 
other difference is that the thick- 
ness of the glass face plate of the 
cathode-ray tube introduces a cer- 
tain amount of spherical aberra- 
tion, which has to be taken into ac- 
count when balancing the spherical 
aberration of the correcting lens 
against that of the mirror. 

The outstanding advantage of an 
optical system such as that shown 
in Fig. 1 over a more conventional 
optical system is its ability to focus 
a large field (large tube diameter) 
with a large relative aperture. As 

was mentioned already, such a sys- 
tem possesses this property pri- 
marily because a spherical mirror 
with an aperture located at the 
center of curvature of the mirror 
suffers from only two aberrations, 
spherical aberration which is uni- 

form all over the field, and curva- 

ture of the field. This may be seen 

Aperture -forming mask - 1 C Z. 
ai ' 

FIG. 3-Spherical mirror with an aperture 
that is not at the center of curvature 

from Fig. 2 and 3, where C is the 
center of curvature of the mirror 
and Oi and O: are object points lo- 

cated on the axis and off the axis 
respectively. 

Figure 2 shows the ray paths for 
these two object points with the 
aperture located at the center of 
curvature. It is seen that the image 
or rather the circle of least confu- 
sion, . since .spherical aberration is 
present, is practically of the same 
size and symmetry for both object 
points. The reason for this is that 
the principal ray, i.e., the ray pass- 
ing through the object point and 
center of the aperture also passes 
through the center of curvature of 
the mirror, and is therefore also an 
axis of symmetry for the sphere. 
The only difference is that the cir- 
cular aperture mounted perpendicu- 
lar to the principal axis and there- 
fore symmetrically located with 
respect to the principal axis is non - 
symmetrically located with respect 
to the auxiliary axis. This causes 
some non -symmetry in the light dis- 
tribution of the circle of least con- 
fusion but this non -symmetry be- 
comes of importance only in the 
case of very large fields (large ob- 
jects). 

Figure 3 shows the imaging prop- 
erties of a mirror with the aperture 
located not at the center of curva- 
ture. It is seen that there is barely 
any sign of image formation for the 
off -axis object point. 

Purpose of Correcting Lens 

The object of the correcting lens 
is to correct for the spherical aber- 
ration of the mirror without intro- 
ducing any serious aberrations of 
itself. This is accomplished by mak- 

ing the correcting lens as weak as 

possible and locating it in the plane 
of the aperture at the center of 
curvature. In this way, the sym- 
metry property of the spherical 
mirror is least disturbed. The curv- 
ature of the field is not corrected 
as it is actually used to good ad-' 
vantage in cathode-ray tube pro- 
jection. 

The spherical aberration of the 1 

mirror may be interpreted as focus= 
ing by means of zones, each zone 
having a different focal length. The 
correcting lens has to be such that 
each zone of the lens has a different' 
focal length, compensating for the 

- various focal lengths of the mirror' 
and resulting in a focusing system 
with all zones of the same focal 
length. 

The shape of the correcting lens 
will thus depend upon the zonal 

focal length of the mirror one 

chooses as the focal length of the 
optical system (mirror plus corgi 

recting lens). Since theoretically 
there are an infinite number of 

zones on the mirror, there are theo- 
retically an infinite number of cor- 
recting lens shapes that will pro- 

duce a system in which all zones 
have the same focal length. 

Since the mirror with an aper- 
ture at the center of curvature has 
no extra -axial or chromatic aber- 
rations, such aberrations are caused 
by the correcting lens itself, í.e., by 

the power or slopes on the correct- 
ing lens. From the standpoint of 

these aberrations, therefore, tha 
shape should be chosen whose max 
imum slope is the least. Thus if the 
paraxial (central) focal length o: 

the mirror is chosen as that of the 
system, then the central foca 
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ngth of the correcting lens is in. 

nite and the shape of the curve is 
)ncave. Alternatively, if a zonal 
)cal length of the mirror is chosen 
s that of the system there will be 
zonal focal length of the correct- 
tg lens which is infinite and the 
tape of the curve is convex at the 
enter and concave past this zone. 
f a peripheral focal length is 
'osen, the required correcting lens 

I convex. The maximum slope is 
:ast for a convex -flat -concave 
irve. 
The shape and size of the cor- 

acting lens depend upon the throw 
r magnification for which the sys- 
tm is to be used. For a given focal 
:ngth and relative aperture, the 
)rrecting lens aperture decreases 
s the magnification decreases. 
hat this must be so, may be sur- 
tized from the fact that for unity 

-1 tagnification the plate aperture is 
aro, since object and image coin - 
:de at the center of curvature. 
Figure 4 shows the variation of 

,l orrecting lens aperture and mirror 
perture with magnification. Thus, 

different correcting lens is re- 
`'uired for each throw or magnifica- 

:on. If a high relative aperture 
1, stronomical Schmidt camera is 

sed for projection at a throw only 
few times the focal length, the re- 

ulting image is of poor quality. 
''he reason is that a high relative 
perture optical system can be well- 

1)rrected for only one position of 
bject and image. The throw or 

J iagnification tolerance for a given 
.t 3rrecting lens decreases with in - 
teased relative aperture for a 

iven resolution. 
,r To obtain a flat image field, i.e., 
,k ocus on a flat viewing screen, it is 

ecessary that the object field or 
r ibe face be curved. Calculations 
r how that in general the shape of 
:' ube face depends on the throw-a 

phere for infinite throw and an 
llipsoid for finite throw. The ec- 

1 entricity of the ellipsoid is suffi- 
d iently small, however, so that even 
I or finite throw the tube face may 

to made spherical with a radius of 
1 :urvature equal to that of the focal 
et, ength of the system. 
uli 

9Design of Correcting Lens 

III The shape of the correcting lens 
Itnust be such that all rays emanat- 

III ng from an object point 0, and 
teflected by the mirror, shall meet 

at the image point 1 located at a 
distance S from the correcting lens. 
Figure 5 shows three rays emanat- 
ing from O and striking the mirror 
at different apertures. Without the 
presence of the correcting lens, rays 
1, 2, 3 wóuld intersect the axis at 
distances q q2, and q3 from the 
center of curvature. The slopes on 
the correcting lens have to be such 
(approximately as shown on Fig. 
5) that all three rays intersect at 
I; hence, the correcting lens has a 
flat zone at the point where ray 2 

passes, negative slope where ray 1 

passes and positive slope where ray 
3 passes. 

Considered from the point of 
view of spherical aberration, if the 
zone where ray 2 strikes the mirror 
is taken as a reference, then the 
mirror has negative spherical aber- 
ration for smaller apertures and 
thus requires a positive lens for 
correction, and positive spherical 
aberration for larger apertures and 
thus requires a negative lens. 

The shape of the curve of the cor- 
recting lens for any throw may be 

0.7 
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Semioper/ure of mirror 
-for atrio/ point{ 
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Semi a per/ure of 
correcting /ens 
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FIG. 4-Manner in which the semi - 
apertures of the mirror and correcting 

lens vary with magnification 
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` where d is the depth of the curve at 
the zone of radius x, p is the distance 
between object (tube face) and 
center of curvature of the mirror, 
S is the distance between image 
(viewing screen) and center of 
curvature of the mirror, and m is 
the magnification. The relation be- 
tween the quantities p, S, m and the 
focal length f of the system is 
given by 

calculated to about the same accur- 
acy as that obtained with the equa- 
tion given by Hendrix and Christie' 
for infinite throw, from the for- 
mula 

d= 

d= 

(1) 

S = mp (3) 

p=f(in-1)/m (4) 

S=f(m-1) (5) 

All distances in the above equations 
are measured in terms of the radius 
of curvature of the mirror, i.e., the 
radius of curvature is taken as the 
unit of length. 

In applications such as projec- 
tion television, the light emitted by 
the luminescent screen first passes 
through a thickness of glass con- 
stituting the tube face. Although 
the effect of the tube face is small 
in cases of high f/number, it be- 
comes quite appreciable for a low 
f/number system. The fact that 
the tube face is curved endows it 
with some power and actually alters 

FIG. 5-Diagram illustrating how a suitably designed correcting lens makes the 
required corrections for spherical aberration 

ILECTRONICS - December 1944 
101 

GS 



FIG. e-Efficiency of a simple lens decreases as the lens is moved away from 

its source to decrease the magnification 

the magnification of the system 
slightly. However, the largest ef- 
fect of the tube face is caused by 
its spherical aberration. The pres- 
ence of the tube face necessitates a 

change in the shape of the correct- 
ing lens. For a convex -concave cor- 
recting lens,, the spherical aberra- 
tion of the tube face calls for 
greater correction from the convex 
portion and smaller correction from 
the concave portion. 

Equations (1) and (2) are not 
sufficiently accurate to determine 
the shape of the correcting lens for 
systems with high relative aper- 
tures. It was found that the best 
method of determining accurately 
the shape of the correcting lens is 

the old reliable and rather tedious, 
but very accurate method of trac- 
ing rays through the system con- 

sisting of the tube face, mirror and 
correcting lens. 

Projection Efficiency 

The projection efficiency of any 
optical system will be defined as the 
percentage of the total light flux, 

in lumens, emitted in a forward di- 
rection by an axial element of a 

perfectly disffusing source, such as 

a luminescent screen of a cathode- 
ray tube, which the optical system 
accepts and focuses on the corres- 
ponding image element, assuming 
100 percent mirror reflection and 
100 percent lens transmission. 

The efficiency, e, in percent as de- 

fined above is given by: e =10o sin' U. 

where U is the semi -apex angle 
shown on Fig. 6. Hence, to deter- 
mine the efficiency of a lens for a 

perfectly diffusing source, it is 

merely necessary to know the an- 
gle that the lens, or entrance pupil, 

subtends at the source. As may be 

seen from Fig. 6, the farther -a 

100 

10 10 50 
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FIG. 7-Variation of lens efficiency 
with its I/number 

given lens is from a source, i.e., the 
smaller the magnification, the lower 
is the efficiency of the lens. 

It has become customary to rate 
a lens by its f/number for infinite 
magnification, 'i.e., object located at 
the focal point of the lens. The 
f/number is defined as 

f/number = 0.5 sin U = 0.5 Je 
where e m is the efficiency (a frac- 
tion, not percent) for infinite mag- 
nification. The smallest f/number 
possible is 0.5, since at 0.5 the effi- 
ciency is unity and all the light 
emitted by the object element in a 
forward direction is concentrated 
in the image element. Figure 7 
shows the efficiency e m of a lens as 
a function of f/number. It is seen 
that the efficiency of most lenses is 
very low. 

As already mentioned, the effi- 
ciency of a given lens decreases 
when the magnification or throw de- 
creases. This factor becomes of im- 
portance in the case of home pro- 
jection, where magnifications as 
low as 5 may be used. Thus an or- 
dinary 1/2 lens having an e m of 

6.25 percent will have an efficiency 

of 4.6 percent when used for a 

magnification of 6. 

Since the reflective optical sys- 

tems under consideration are de- 

signed for a specific magnification 
and since the central part of the 
system is masked to maintain con- 

trast, this part being blocked by 

the cathode-ray tube, it seems pref- 
erable to rate such systems by 

their efficiencies rather than f/ 
number. 

Let eo be the efficiency of the sys- 

tem with no masking and e, the effi- 

ciency of the central part of the 
system that is masked. The effi- 

ciency e of the masked 
is then simply 

e = (e, - el) 100%. 

Here e, and e, (fractions, not per- 

cent) may be calculated approxi- 
mately from the equations 

h,' h,2 mt eo-p2- f' (m 1)2 

mr 
et m-- 1 I 

where h. is the semiaperture ofl 

the correcting lens and h, is half 
the diameter of the tube face. For 
high -efficiency systems eo will be 

above 40 percent and e, approxi- 
mately 10 percent so e, the efficiency 

of the system with blocking, will 

be about 30. percent. Neglecting 
losses in the system, about 30 per 
cent of the light emitted by an 

axial point will be focused into an 
image point. This corresponds t< 

the efficiency of an f/0.8 lens uses 

at a magnification of 6. 

. Alignment Requirements 

The center of the correcting lent 

must be located at the center of 

curvature of the mirror and, fo, 

uniform illumination over the field 

the axis of symmetry of the cor 
recting lens should preferably coin 
cide with the axis of symmetry a 
the periphery (circle) of the mir 
ror. The tube face must be locatet 
so that the center of curvature o 

the tube face lies on the axis o 

symmetry of the correcting lens 
For uniform illumination over th 
field, the axes of symmetry o 

periphery of tube face and cot 
recting lens should preferably coin 
cide. The tube face should, o 

course, be located at the correc 
axial distance from mirror or coi 
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rating lens for focusing. The view - 
1i; screen should be normal to the 
ais and at the correct throw. 

The most critical alignment items 
:,l: (1) Lateral displacement of 
t3 center of the correcting lens 
f>m an axis of symmetry of the 
nrror, i.e., a line passing through 
ti center of curvature of the mir- 
tr; (2) Lateral displacement of 
t3 center of curvature of the tube 
f im the axis of symmetry of the 
ritem. For good resolution these 
tiplacements should be kept within 
á101 R, where R is the radius of 
trvature of the mirror. The per- 
t ssible tolerances on other align- 

, rants are about 10 times greater. 
There are two distinct applica- 

tens for projection television, 
finely, in theater television equip - 

.tint and in television receivers 
I fr home use. 

Projection Receivers for Home 

In a self-contained projection 
lievision receiver' the optical sys- 
i'n can be mounted near the floor 
th its axis vertical, projecting 

,te image straight up and onto a 
i lit mirror inclined at 45 deg to 
s le incoming beam of light, and 
,rowing the image on a trans- 
:ent screen. Such an arrange- 

jlent presents the advantages of 
mpactness, relatively small depth 

f( the cabinet and can be styled 
tong the familiar lines of a radio 
icnsole. 

G 

. - - s - t --7.7 

A number of such reflective pro- 

jection systems suitable for home 

receivers of the type described 
have been designed, built and op- 

erated in actual receivers. The 
smallest of these was built for use 
with a cathode-ray tube having face 
diameter of 3 inches, and consists 
of a spherical mirror 9 inches in 

diameter and a correcting lens 6 

inches in diameter. The largest has 
tube, mirror and lens diameters of 
5, 14 and 9.5 inches respectively. 
A number of systems ín sizes in- 
termediate between the two just de- 
scribed have been built. The throw 
or distance between the correcting 
lens and the viewing screen varies 
between 36 and 54 inches and the 
optical efficiencies are between 18 

and 35 percent. .In resolution and 
contrast these systems compare 
favorably with well -corrected con- 
ventional projection lenses, and do 
not limit the performance of pres- 
ent television systems. 

Systems for Theaters and Cameras 

A description of the RCA theater 
television system was published sev- 
eral years ago.' The optical system 
consists of a 30 -inch mirror, 22.5 - 
inch correcting lens and operates 
with a cathode-ray tube 7.5 inches 
in diameter. Figure 8 shows the 
optical system with the cathode-ray 
tube in place. The control console 
may be seen in the background. 

Reflective optical systems built 

' FIG. 8-RCA theater television projector, with control console 
in background 

o 

° .', I 

for infinite throw find useful ap- 
plication in television pickup 
cameras under conditions of low 

illumination, such as during the 
last minutes of a football game or 
in direct pickup from a theater 
stage. The great light -gathering 
power of these optical systems is 

demonstrated in Fig. 9. An optical 
system with infinite throw was 
pointed from a window in Camden, 
N. J., toward the Philadelphia sky- 
line. The bright image of the sky- 
line can be seen inverted on the 
dummy tube face, undestroyed by 
the full daylight illumination. 

An interesting modification, ap- 
plicable to all systems described, is 
shown in Fig. 10. Here a flat mir- 
ror is inserted about half -way be- 
tween the cathode-ray tube and the 
spherical mirror. Since the center 
of the mirror is blacked out to 
increase contrast, the opaque back 
of the flat mirror 'cuts very little 
of the useful light coming from the 
tube facing the spherical mirror, 
but the flat mirror permits placing 
another cathode-ray tube back of 
the spherical mirror and facing the 
flat mirror. Such an arrangement 
may be used in theater work since 
both tubes can operate singly with 
roughly the same optical efficiency. 
If one tube goes bad the other may 
be turned on by a flip of the switch. 
With some technical difficulty both 
tubes may be operated at the same 
time, the problem arising in the 

r - 

' s' 

" 

f, r . 

FIG. 9-Image of Philadelphia skyline as formed on the 
face of a dummy tube by a reflective optical system 

.1 
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exact super -position of two scan- 
ning patterns. 

Cost Factors in Reflective Optics 

The major. objection to the use 
of reflective optics in television re- 
ceivers has been the high cost of 
the aspherical correcting lens. The 
spherical mirror, while quite large, 
is an old and familiar item to the 
well -established optical industry, 
as most of the conventional optical 
surfaces are spherical and are 
easily made. The aspherical cor- 
recting lens, similar to a figure of 
revolution developed by rotating a 

shallow letter S around one of its 
ends, presents an altogether differ- 
ent problem. Unlike the spherical 
mirror, such a figure is not a natur- 
ally -generated surface and there are 
no machines on the market for 
straightforward production of such 

surfaces. True enough, astrono- 
mers, with their traditional pa- 

tience and lack of hurry, produced. 
excellent aspherical lenses on ma- 

chines used for making astronomi- 
cal instruments, but only by tedious 
step-by-step methods. 

'In the early stages of the develop- 
ment, RCA used methods and ma- 
chines based upon astronomical 
technique. Exceedingly high cost 
of experimental reflective optics 
resulted. The gain in light over the 
conventional projection lens was 

very attractive, but the cost of 

such individually produced lenses 
was prohibitive. The apparent so- 

lution to the cost problem was that 
of molding the aspherical lenses 

from a suitable transparent ma- 

terial. 

Plastic Correcting Lenses 

A special development project was 

undertaken and soon concentrated 
on investigation of a clear thermo- 
plastic material known under the 
name of methyl methacrylate, and 

sold under the registered trade 
names of Lucite and Plexiglas. 

A new set of difficult problems 

came to the foreground. The most 

formidable of these was that of 

making molding surfaces of metal 

in shapes of the negative replicas 

of aspherical lenses. Almost as 

serious was the problem of obtain- 

ing optical finishes on metals. Both 

of these problems have been suc- 

cessfully solved. 

A flat disk of hardenable stain- 

less steel is first profiled with the 

aid of a template. The template 

itself is filed according to a theo- 

retically calculated curve. The 

profiling machine has a five -to -one 

lever action which calls for a tem- 

plate five times deeper than the 

final curve. 
Profiling is done by diamond 

wheels. The resultant curve is 

tested on a precision curvemeter, 
and final adjustments of the curve 

are done by fine grinding and pol- 

FIG. 10-B1 -reflective optical system, 

employing two projection television 
cathode-ray tubes 

ishing on a precision polishing ma- 

chine. The final optical finish of 

the surface is the result of proper 
choice of metal, proper hardening 
and tempering, proper choice of ab- 

rasives and polishing agents, and 
most of all, patience and perser- 
verence. 

The molding process is essen- 
tially that of applying very high 
pressure to heated plastic material 
confined in a heated mold and cool- 

ing it under pressure until it 
reaches room temperature. The 
mold is then opened and the lens 
extracted. The only operation 
which remains is that of boring a 

hole in the center of the lens for 
accommodating the protruding 
neck of the cathode-ray tube. The 
lens is then ready for use, with no 
polishing or finishing of any sort 
required. 

Molded correcting lenses for re- 
flective optical systems possess 
very good optical properties, in- 
cluding slightly better transmis- 
sion and slightly lesser scattering 
of light than glass. They do not 
possess the surface hardness and 
scratch resistance of glass, but 
even without any special care or 
protection they have stood up un- 
der laboratory operation for more 
than three years. The cold flow 

under operating conditions of three 

years was found to be negligible. 

The cold flow depends on the oper- 

ating temperature, which for the 

plastic lens of a television receiver 

is not far from room temperature. 
Should design considerations call 

for higher operating temperatures, 
the new boilable methyl metha- 

crylates can be used. 

Mounting Problems 

From a practical standpoint, the 

use of reflective optics in television 
receivers calls for careful consider- 

ation in the mechanical construc- 

tion of the mounting which supports 

the optical system and the cathode- 

ray tube. This mounting, combin- 

ing "the barrel" and "tube sup- 

port," has to fulfill a number of 

requirements: (1) Since the posi- 

tion of the correcting lens with re- 

spect to the mirror is rather criti- 

cal, the mount must provide for 

positive and simple alignment at 

the factory; (2) It must be dust - 

proof, since accumulation of dust 

on the mirror and correcting lens 

reduces both the contrast and the 

illumination, while frequent dust- 

ing would be detrimental to the 

plastic lens and the front surface 
mirror; (3) It must be electrically 
shock -proof since in some cases 

final optical focusing of the picture 
on the viewing screen must be done 

with a picture and consequently 
with high voltage on the cathode- 
ray tube ; (4) The barrel should 

preferably be made of metal, to cut 

off x-rays generated by the cathode- 
ray tube. These rays are very soft 
and weak; nevertheless, they are 1 

measurable and should be screened 
in; (5) It must provide for positive 
and convenient initial adjustments 
of the tube face position along , 

three rectangular coordinates, one 

of which coincides with the optical 
axis of the system. These initial 
adjustments may be carried out by 

the factory and by experienced 
servicemen; (6) It must provide. 
for easy tube replacement by people' 
unfamiliar with optics, such as the' 
average serviceman and the cus- 

tomer himself ; (7) It must provide 
for easy and safe focusing after 
tube replacement; (8) It must be 

designed to lend itself to such in- 

expensive manufacturing processes 
as stamping or die casting, involv- 
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ing a minimum of machining; 
(9) It must not deform in trans- 
portation and during years of 
service. 

Typical Mounting 

A layout of a mounting satisfy- 
( ing the requirements discussed is 

shown in Fig. 11. Here the cor- 
recting lens fits into a recess on 
the top of a metal barrel, this recess 
being counterbored for a snug fit 
with the correcting lens. The 
spherical mirror is mounted on the 
bottom cover of the barrel by means 
of a collar and nut through the cen- 
ter hole in the mirror. 

The tube support consists of an 
arm of insulating material an- 
chored on the side of the barrel and 
a metal ring supporting the face 
edges of the cathode-ray tube. The 
tube face is held tight against this 
ring by suitable springs. The high 
voltage is brought to the second 
anode of the tube through a dust - 
tight hole in the wall of the barrel. 

The metal ring holding the tube is 
at high potential, and several inches 
of Micalex insulate it from ground. 
The high -voltage cable has a 
grounded shield on the outside 
and the barrel itself is grounded. 

The tube support arm is ar- 
ranged to slide back and forth, pro- 
viding for tube adjustment in a di- 
rection perpendicular to the optical 
axis of the system, say, along a rec- 
tangular coordinate x. The support 
of the arm is arranged to slide 
along an intermediate supporting 
plate in a direction y, perpendicu- 
lar to both the x coordinate and 
the axis of the optical system: The 
intermediate supporting plate is 
made to slide up and down the bar- 
rel by means of a screw, providing 
a focusing means along the axis of 
the optical system or coordinate z. 

The deflecting yoke is supported 
by the neck of the cathode-ray tube 
and is equipped with dust -proof 
gaskets. The top of the barrel may 
be equipped with a cardboard 

FIG. 11-Method of mounting optical components of a projection 
television system to give rigidity while permitting adjustments when 

required - 

shield reaching to the upper part 
of the television cabinet and pre- 
venting dust from settling on the 
upper side of the correcting lens. 

The arrangement described sat- 
isfies the requirements enumerated 
more or. less completely and allows 
for variations governed by the indi- 

- vidual preference of the designer. 

Apparent Detail 

If one wants to place an enlarge- 
ment of a given picture on the wall 
of a room of a given size, he can 
find by experiment a size of en- 
largement that will give an "opti- 
mum effect." This size will give a 
picture that is not unduly blurred 
and does not require squinting to 
see the detail. In television with 
its intrinsic or absolute detail gov- 
erned by the bandwidth of the chan- 
nel of the transmitter or the wire 
channel, the subject of optimum 
size for a given application is of 
major importance. 

The amount of apparent detail 
needed for a pleasing television pic- 
ture will determine how much mag- 
nification the picture will stand in 
any particular application. For a 
given amount of absolute detail the 
picture size will be larger for hotel 
lobby applications than it will be 
for home use, still larger for audi- 
torium use and much larger for 
theater use. The exact sizes may 
vary somewhat but it is believed 
that the buying public will soon 
find out what value of apparent de- 
tail is the most acceptable for a 
given use. Consequently, the ap- 
parent detail will determine the 
size of the projected television pic- 
ture to be preferred for each 
application. 

REFERENCES 

(1) Orth, R. T., Richards, P. A.. and Hendrick, L. B., Development of Cathode - Ray Tubes for Oscillographic Purposes, Proc. I.R.E., 28, p. 1316, Nov.. 1935. 
(2) Maloff, I. G., and Epstein. D. W., "Electron Optics in Television", McGraw-. 

11111 Book Co., New York 18. 1938. 
Resume Iof, the Te 

I. 
chnical 

Tolson, and 
spec 

w 
f 

A.. A 

Theatre Television, RCA Review, 6, p. 6, July, 1941. 
(4) Schwarzschild, K., "Theorie der Spiegeltelescope," Gottingen Abhandlungen, 

2, 1905. 
(5) Kellner, G. A. H., U. S. Patent 969,785, granted Sept., 1910. 
(6) Schmidt, Bernard, Mitt Hamburger Srernwarte in Bergedorf, 7. No. 36, 1932. (7) 

Some Hpendrix 
D. 

plication of Schmidt Priand nciple ple in Optical Design, Scientific American, 161, p. 118. Aug., 1939. 
(8) Landis, D. O., U. S. Patent 2,273,801, flied Dec. 30, 1938. 
(9) Epstein D. W., U. S. Patent 2,295,779. filed Aug. 17, 1940. 

ELECTRONICS-December 1944 
105 



F -M CARRIER TELEPHONY 

FOR 230 -KV LINES 

First f -in power line application, on 218 -mile Pacific Gas and Electric line between Pit 

river power house and Contra Costa substation in California, uses 85 kc and 125 kc 

carriers with one-to-one deviation ration and 6-kc total band width. Signal-to-noise ratio 

of 32 db is obtained despite inherent noise level due to corona on conductors 

THE installation of a frequency - 

modulated carrier telephone 
channel on a 230 -kilovolt power line 

of Pacific Gas and Electric Co. con- 

stitutes a pioneering step in the 

field of power line carrier communi- 

cation. This new channel forms an 

important link in the company's 

dispatching system between Oak- 

land, California and the Pit River 

hydroelectric plant, and is part of 
a coordinated communication sys- 

tem that will consist -largely of 

transmission line carrier circuits. 
When it became necesary to pro- 

vide additional communication fa- 

cilities from the dispatching office 

to Pit 5 and the government's 
Shasta Darn plant which now feeds 

into the PG&E system, considera- 

tion was given to the three types 

of carrier thus far developed, 

namely the single side -band and 

double side -band a=m systems and 

the more recently developed f -m 

system. 
It had been demonstrated by E. 

W. Kenefake, engineer in the elec- 

tronics department of General Elec- 

tric Co., that an f -m system operat- 

ing within the power line carrier 
band of 50 to 150 kc, rather than 

in the 42 to 50 -Mc band of f -m space 

radio possessed desirable signal-to- 

noise levels for power line carrier 
applications, particularly on lines 

having high noise level due to co- 

rona and other causes. - 

In developing an f -m system for 

transmission -line carrier, the prob- 

lem was not alone that of dropping 

in frequency, which was compara- 

tively simple, but also of limiting 

the bandwidth so as not to exceed 

that used for a -m carrier equip- 

ment, in order that an equal num- 

ber of f -m channels could be ac- 

commodated in the most useful fre- 

quency range of 50 to 150 kc. A 

further consideration was the de- 

sirability, if not necessity, of using 

available line traps, coupling capac- 

itors and line tuning equipment de- 

signed to handle bandwidths of ap- 

proximately 6 kc, making it desir- 
able to stay within this limit. 

Shasta 
Darn 

(U.S.B.R) 

Shasta Sub 

Load 
Dispatcher 
in Oakland 

4 

00 

Pit 5 

J 

Pit I 

n5Mi. 
NEW F -M 
CARRIER 
CHANNEL 

' Bucks 

Vaca 
Dixon 

'Contra 
ü ; Costa 

® Two -frequency cornier 

O Single side -bond carrier 

- Wave trop 
Generating stations 

A Substations 
Audio channel 

Orville 

Tiger 
Creek 

44.61411* 

r' Bellota 
c 

Newark 

$Wilson 

Herndon 

Map showing carrier telephone channels 

on the Pacific Gas and Electric Co. 230 -kv 

system linking five generating stations in 

the California mountains with the load dis- 

patcher in Oakland. The new f -m carrier 

link between Contra Costa substation and 

the Pit 5 generating station is described 
in this article 

The line from Contra Costa to 

Pit 5 has been in existence for a 

number of years, and the conductor 
has a rough rope -lay surface which 

gives considerable corona and high 
noise level. Interphare coupling, 
which uses two-phase conductors 
of a transmission line, as a pair 
of wires, was used to minimize line 
attenuation and noise level. Line 

traps were provided at both sta- 
tions and at all tap lines that might 
be switched onto the Pit 5 -Contra 
Costa line. These traps, one in each 

of the two transmission conductors 
at each point of application, are 

tuned for maximum impedance at 
the frequencies used. 

Channel Considerations 

The line traps restrict the major 
portion of the carrier -frequency en- 

ergy to the desired line, eliminate 
serious reflection difficulties result- 
ing from switching on other por- 

tions of the system, and greatly re- 

duce the strength of noise or other 
interfering carrier signals origi- 
nating on other circuits connected 
to the 230 -kv system. 

The new f -m equipment is ad- 

justed to use 85 kc from Pit 5, and 

125 kc from Contra Costa, these 
being chosen to coordinate with the 
eight other frequencies soon to be 

added, six of which are for a -m' 
equipment and two for additional 
f -m equipment. 

Deviation Ratio 

The choice of a one-to-one devia- 
tion ratio for 100 -percent modula - 

I06 

December 1944 - ELECTRONICS 



` 

:.. 

s;.. 117% 

. - t et !' i: r.\ ; t%i 
.¡y 

. 
li: j i :/ "' 

' 

j ! 

¡r 
P . 

>/i \ If-. b. .%r! /a4% 1',41' te. 

, 7 ti . ; .q / . .0 "V.", 

1~.'«ll 

r 

;'W SSW `,¡:. .1 
4 RAW 

-1 

i 

v':4 a; 

r:= 
fl 

:; ',; 

4- 

Standard coupling capacitors and line traps used at the Contra Costa 230 -kv substation for the 1-m 
carrier telephone channel. Traps direct the carrier energy over the desired line, and reduce inter- 
fering signals or noise that might enter from other lines. This permits closer spacing of carrier 
channels on the system as a whole, making more channels available for communication service 

:on met both the bandwidth and 
ne trap requirements. With the 
,w carrier frequency, however, 
sis deviation gives a frequency 
Sift that is a larger percentage 
f the carrier frequency than is 
sed in present f -m broadcast prac- 
ce. Thus, a 3000 -cycle shift is 6 
ercent of a 50-kc power line car- 
er, whereas the standard 75-kc 
Sift of a broadcast transmitter at 
0 Mc is only 0.2 percent. The 
percent shift gives readily attain- 
ble bandwidth requirements for 
se receiver and coupling appar- 
tus, along with a high degree of 
iodulation. 
A picture of what a one-to-one 

eviation ratio produces in the way 
f side bands can be obtained by 
onventional mathematical analy- 
is. For a modulating frequency of 
000 cycles, this shows that most 
f the side bands are confined to a 

- andwidth of ±3000 cycles. Of 
)urse, if the utmost in fidelity is 
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desired, some of the side bands ex- 
tending beyond 3000 cycles would 
have to be transmitted and received, 
but actually the elimination of 
these extreme side bands consti- 
tutes a loss of only about four per- 
cent of the total energy in the mod- 
ulated wave. This elimination of 
the extreme side bands produces a 
small amplitude modulation of the 
carrier, but the limiter in the re- 
ceiver restores the carrier to a con- 
stant amplitude. The distortion re- 
sulting from elimination of higher 
side bands is entirely negligible for 
a commercial channel designed for 
use with standard telephone instru- 
ments and facilities. 

Power -Line Noise 

There are two basic kinds of 
noise on power lines, the r -f dis- 
turbances arising from electrical 
disturbances such as corona, leak- 
age and switching; and corona mod- 
ulation, which is amplitude modula- 

tion of the carrier due to a variable 
attenuation phenomena caused by 
corona. The major portion of the 
noise on the line in question was of 
the former type. With corona modu- 
lation predominating, superiority 
of f -m equipment would be greater. 

With varying magnitudes of 
noise, an f -m carrier system has the 
characteristic of keeping the inter- 
ference well rejected until the mag- 
nitude of the noise bears a certain 
ratio to the strength of the desired 
signal. The noise is then accepted 
and the desired signal rejected. In 
wide -swing f -m systems this thresh- 
old is abrupt, and occurs when 
the signal-to-noise ratio becomes 
about two. In a small -deviation 
system this threshold is not as 
abrupt and occurs at a lower 
signal-to-noise ratio, so that us- 
able intelligence can be obtained 
from a signal whose signal-to-noise 
ratio is less than two. This is a 
definite advantage when the pri- 
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mary function of a service is to get 
intelligence from one point to an- 
other. 

Power lines have a fairly high 
level of random noise, caused by 
corona and various types of arcs. 
Noise of this nature added to the 
desired carrier causes a complex 
type of amplitude variation and 
phase shift. It is possible for the 
limiter in an f -m receiver to re- 
move the amplitude modulation, but 
it is impossible to eliminate the 
phase shift. This phase shift is the 
source of noise for an f -m channel. 

It is possible in an a -m system 
for noise to cause a 100 -percent 
modulation of the carrier, and this 
is also the limit to the degree of 
modulation by the desired signal. 
In the f -m system under considera- 
tion, it is impossible for noise to 
cause a phase shift of more than 
about one radian .but it is possible 
for the desired signal to cause a 
much greater phase shift. This 
phase shift becomes greater as the 
modulating frequency decreases, 
and is the reason for more noise 
interference at the higher modulat- 
ing frequencies. 

By assuming a random type 
noise, the noise reduction theoreti- 
cally possible by means of f -m over 
a -m is 6 db. This is computed from 
the fact that noise in a -m is the 
samé over the entire audio spec- 
trum, while in f -m the noise is zero 
at zero audio frequency and in- 
creases linearly to the same value 
as in a -m at the highest audio fre- 
quency. Hence, when the noise is 
integrated over the audio range, it 
is just half as great in f -m systems 
as in a -m systems. 

Characteristics of Corona Noise 

Corona modulation is apparently 
a result of corona producing an im- 
pedance change affecting the flow 

of the carrier -current signal. If 
only this type of noise is present, 
an increase in transmitter power to 
surmount the noise does not help 
because the percent modulation due 
to the noise stays the same. This 
modulation is a function of the total 
attenuation between the transmit- 
ter and the receiver and the amount 
of corona present on the lines. If 
the transmitter is turned off when 
listening to signals in a carrier re- 

ceiver having no automatic volume 

control, this type of noise will de- 

Line trap 

Coupling 
capacitor 

Closeup of standard line trap and coupling capacitor used for the 1-m carrier 
channel on the'230-kv line from Contra Costa to Pit S 

crease or completely disappear, in- 
dicating that it comes in as modu- 
lation of the carrier signal. Thé 
noise is carried by symmetrical side 
bands about the carrier. In an f -m 
receiver that contains a balanced 
discriminator, these side bands are 
balanced out since a discriminator 
is a slope últer whose output is pro- 
portional to the frequency devia- 
tion from normal. Because an a -m 
signal has amplitude variations 
but no phase or frequency varia- 
tions, the output of the discrimin- 
ator in this case would be zero. 
Herein is the outstanding advan- 
tage of frequency modulation for 
power -line carrier, because it pro- 
vides the only real solution to the 
above type of noise. 

Comparative. Tests 

After installation of the f -m sys- 
tem and tuning of the line traps, 
carrier sets and coupling circuits, 
comparative tests of various sys- 
tems were made. A single side -band 
a -m system was found to have 4.4 
db better signal-to-noise ratio than 
a comparable double side -band a -m 
system. Comparisons of f -m and 
a -m systems on an equal power 
basis indicated that the f -m system 
was about 12 db better than the a -m 
system, with the average signal-to- 

noise ratio for the f -m system be 
ing about 32 db. 

Further improvement in the dis 
crimination against interferenc 
can be obtained by pre -emphasis oil 

the higher audio frequencies at the 

transmitter, to take advantage o! 

the concentration of voice energy 
in the lower audio frequencies. I! 

is possible to pre -emphasize the 

higher' audio frequencies in the' 
transmitter without exceeding thtl 
modulation capabilities of the trans! 
mitter, and use a de -emphasis cid 
cuit in the receiver. This gives the' 
greatest possible frequency shift foe 

any modulating frequency withou. 
exceeding the bandwidth of am 
particular channel. Noise measure 
ments made in the General Electric 
laboratory with an arc -noise gen 
erator show that to provide a 

given signal-to-noise ratio in 
receiver, an un -emphasized f -m sys 
tern requires .a transmitter powe 
of 8 watts and a pre -emphasize( 
f.m system only 2 watts for the 
same signal-to-noise ratio obtained 
.with a 100 -watt a -m system. Thit 
indicates the possibility of greater 
transmission ranges with mediun 
power, permitting a reduction ii 

power or the solution of long-dis 
tance communication problem 
without. repeating stations. 
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The presence of a limiter in an 
-m receiver is analogous to a fast 
nd flat type of automatic volume 
ontrol. The avc system used in 
-m receivers is comparatively 
lower and is not so flat. A flat 
vc action is advantageous in two- 
requency duplex, where one fre- 
uency is used to transmit in 
ne direction and the other fre- 
uency is for the other direction. 
'he transmitter and receiver audio 
ircuits must then connect to á hy- 
rid circuit and can be set closer to 
le critical point if the audio out - 
tit of the receiver is quite con- 
tant. Since the limiter in an f -m 
Iceiver can hold the output ex- 
:emely constant, a two -frequency 
Dice channel can be operated with 
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higher audio gains from terminal 
to terminal. 

The other type of communication 
commonly used is single -frequency 
duplex or automatic simplex, where 
the voice starts the transmitter and 
blocks the receiver on outgoing 
speech. To avoid noticeable clip- 
ping of words, it is desirable to 
accomplish the switching of the 
transmitter and receiver in as 
short a time as possible. One in- 
herent limitation in an a -m system 
for fast switching of a channel is 
the surge of rectified carrier in the 
detector of a receiver when the 
transmitter starts. For smooth op- 
eration it is necessary to hold the 
receiver inoperative until this surge 
dies down. When an f -m carrier is 
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At right is the f.m carrier current assembly that provides a telephone channel between Contra Costa substation and Pit 5 power house 218 miles away. At left is a similar assembly of a -m carrier telephone equipment operating over a 110 -kv line from Contra Costa to the load dispatcher in Oakland. Both assemblies are made by General Electric Co. 
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used, the detector in the receiver is 
insensitive to amplitude variations, 
and responds only to the very small 
phase variations associated with 
starting and stopping of the trans- 
mitter. 

In avc circuits of an a -m re- 
ceiver, transients change the gain 
of the receiver, causing distortion. 
On the other hand, a limiter in an 
f -m receiver is practically instan- 
taneous in action, and the receiver 
can be switched on and off very 
rapidly without distortion. 

Two broadcast f -m stations oper- 
ating on the same carrier frequency 
have considerably more interfer- 
ence -free operating area than two 
a -m broadcast stations on the same 
frequency. This holds true for f -m 
power line carrier systems also, 
though to a lesser degree since the 
deviation ratio is one-to-one instead 
of five -to -one. With increased in- 
stallation of carrier -current appar- 
atus throughout the country, there 
are many places where frequency 
congestion in the carrier band is 
becoming a problem. The use of 
f -m carrier offers a partial solu- 
tion, because a given frequency 
could be repeated throughout a sys- 
tem more often than with ampli- 
tude modulation. 

More FM Channels Planned 

Future plans for carrier com- 
munication on the PG&E system 
call for two -frequency duplex car- 
rier equipment between Contra 
Costa and Shasta substation, Bel- 
lota and Shasta sub, Pit 5 and 
Shasta sub, Shasta Dam and Shasta 
sub, Bellota and Shasta sub, and 
between Contra Costa and New- 
ark. It will be possible to connect 
these carrier channels to the com- 
pany's physical telephone lines at 
any of these points. Two of the f -m 
channels will be operated on the 
230 -kv lines which have high corona 

M. 
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tenuation ratio in the probe as a 
result of a necessary compromise 
between probe input capacitance 
and cable length. Input impedance 
of the probe is five megohms in 

parallel with 10 µµf. A 0.01 µf, 
1000 volt capacitor prevents d -c 

loading of the circuit under obser- 
vation. Insulated clips permit safe 
use on peak voltages up to the rat- 
ing of the input capacitor. 

Immediately following the input 
terminal and probe socket is an 

isolating capacitor and a three -po- 

sition RC attenuator having ratios 
of 1:1, 10:1, and 100:1. This at- 
tenuator, as well as the one in the 
test probe, is compensated for high 

frequencies and introduces negligi- 
ble distortion within the frequency 
range of the amplifier. 

A continuously variable attenu- 
ator is necessary in an instrument 
of this type, but here compensation 
is impossible because the resis- 
tances are not fixed. Sources of 

distortion and methods of compen- 

sation are discussed later. Stray 
capacitances must be rendered inef- 

fective by a relatively low -resis- 
tance potentiometer (1000 ohms). 

The problem of matching this 

From 
decade 
af/enua/or 

Input 
(high 
impedance) 

Yariab/e 
at/enact/or- 

Output 
(low impedance) 

FIG. 2-Cathode-follower circuit acts 

as an impedance transformer between 
the high -impedance decade attenuator 
and the low -impedance continuously 

variable attenuator 

FIG. 3-A 30 -cps square wave, as re- 

produced by the vertical axis amplifier 

FIG. 4-Y -Axis amplifier is low -frequency compensated by the RC network, 

and high -frequency compensated by the series inductor L, and the shunt in- 

ductors L, and L,. The X-axis amplifier is similar 

low -impedance control to the high - 

impedance stepped attenuator is 

solved very conveniently by the in- 

sertion of a cathode follower, shown 

in Fig. 2, as an impedance trans- 
former, with the additional ad- 

vantages of extremely low input ca- 

pacitance and the ability to handle 
large signals. To take full advan- 
tage of the three -position decade- 

attenuator, the gain control is lim- 

ited to a maximum attenuation of 

ten to one. This feature also pre- 
vents overloading of the input stage 
by strong signals, as long' as the 
resulting deflection on the cathode- 
ray tube screen is less than three 
inches peak to peak. 

Vertical Amplifier 

Immediately following the vari- 
able attenuator are two amplify- 
ing stages, the first employing a 

6AC7 pentode, the second, a 6AG7. 

Both plate circuits include compen- 
sating filters for low frequencies 
which, with slight individual ad- 
justment to take care of component 
variations, make it possible for the 
amplifier as a whole to pass a 30 - 

cycle square wave with only the 
slight distortion shown in Fig. 3. 

High frequency compensation is also 
provided, shunt peaking being used 
with the 1000 -ohm plate load of the 
Type 6AC7 stage and series peak- 
ing with the 1300 -ohm load resis- 
tor of the Type 6AG7. A type of 
compensation allowing a larger 
plate load for the desired frequency 
range is used in the latter stage in 
order that the maximum possible 
output can be obtained from the de- 
flection amplifier which it drives. 

Transient response is equal to that 
of the shunt peaked stage. 

The deflection amplifier consists 

of two 807's, cathode -coupled to 

give a balanced output. Because of 

low output capacitance it was found 

possible to use 1500 -ohm plate loads 

and shunt peaking without reduc- 

ing frequency response below that 
of previous stages. The last two 

stages of the vertical amplifier are 
shown in Fig. 4. Over three inches 

of undistorted deflection is avail- 

able with 4000 volts accelerating 
potential on the cathode-ray tube. 

Response of the Y-axis amplifier 
is down less than ten percent at 
five Mc, and is ten percent of the 
mid -frequency gain at ten Mc. 

Compensation is adjusted to gixe 

faithful reproduction of high fre- 

quency pulses without overshoot or 

oscillation. The oscilloscope input 
deflection factor is approximately 
0.07 volts rms per inch of peak to 

peak deflection, with the higher ac- 

celerating potential. 
High gain is not required in the 

X-axis or horizontal amplifier, so a 

cathode follower and gain control 
driving a balanced deflection am- 

plifier similar to that of the Y-axis 
is all that is necessary. Response 
is down about 25 percent at two Mc, 

and the deflection factor is 2.5 volts1 

rms per inch. 
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Signal Time -Delay e 

When using a driven or start 
-i. 

stop type of sweep, it is often neces ,,. 

sary to trigger the time -base by 2r 

means of the signal which is to be 

observed. Although sweep circuits 
such as the one used in this oscil- 

t 
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(b) 

PIG. 5-Pulse reproduced with (a) and 
without (b) time delay for the signal. 

Marking spaces are 1 ¡t sec apart 

.scope get under way in a small 
action of a micrpsecond, part of 
e wavefront is obliterated as 

town in Fig. 5(a) unless there is 
i short time -interval before the 
tgnal appears at the vertical de- 
bction plates. 
A delay of about one-half micro- 

icond can be obtained by switch- 
Ig in a delay network ahead of the 
Friable attenuator. This network 
f the low-pass filter type has a 

lcaracteristic impedance of 200 
ims to match the output of the 
Ithode-follower, and a cutoff fre- 
}lency of twelve megacycles in or - 
sir that it will be essentially dis- 
-rtionless up to approximately six 
pagacycles. With the signal de- 
l.red by this network, the trace is 

le shown in Fig. 5(b). 

Time Bases 

Two linear time -bases are nro- 
ried. One, providing the usual 
fcntinuous sweep, is shown in Fig. 
( and is a modified form of the 
lgh-vacuum circuit first described 

Puckle. It has a range of 15 cps 
t 150 kc when running free and is 
eceptional in its ability to syn- 
cronize steadily at high signal -to - 
steep frequency -ratios. Stable op- 

rtion with more than 100 cycles 
the signal on the screen can be 

tained at medium frequencies. 

1G. 6 Simplified wiring diagram of 
to vacuum -tube sweep circuit Indicates 
le principle of operation. The tri 
de of the multivibrator periodically 
barges one of the frequency -range ca 
acitors. The constant -current pentode, 
rhich includes the frequency -vernier 
ontrol. linearly discharges the fre- 

quency -range capacitor 

Operating frequencies as high as 
300 kc or more are attained by mod- 

erate synchronizing with high fre- 
quency signals. 

The second time -base incorpor- 
ated in this oscilloscope is of the 
driven or start -stop type. Each 
stroke must be initiated by an ex- 
ternal signal. Its great usefulness 
is in detailed inspection of waves 
occurring at relatively long and in- 
constant intervals, and having 
short durations. Any one of four 
sweep durations (5, 25, 100, or 1000 
microseconds) may be selected by 
means of a switch on the front 
panel. This sweep can be triggered 
repeatedly at rates up to approxi- 
mately the frequency corresponding 
to the sweep period. The previously 
mentioned delay network greatly 
increases the utility of this time - 
base (Fig. 5). 

A stage of amplification follow- 
ing a phase -selector stage, (Fig. 
1), in the synchronizing circuit in- 
sures that the foregoing time -bases 
can be synchronized or initiated by 
small signals of either polarity. 
One volt peak will trigger the 
driven sweep. 

Generally, driven sweeps of 
short duration and low repetition 
rate are limited to one-half of the 
horizontal deflection distance that 
is available to the continuous saw - 
tooth sweeps or other symmetrical 
signals. However, when this in- 
strument employs driven sweeps, 
the operating points of the X de- 
flection amplifiers are shifted along 
their dynamic characteristics to al- 
low full deflection. 

Beam Modulation 

The Z-axis or beam modulation 
amplifier, illustrated in Fig. 7, 
makes use of a phase -selector as its 
input stage, thus making possible 
blanking or intensifying of the 

beam by either a positive or nega- 
tive signal. This amplifier, to- 
gether with the time -bases, acts as 
a beam control circuit serving to 
blank the return trace of continu- 
ous sweeps, and to drive the beam 
from cut-off during stand-by to full 
intensity during sweep when the 
driven time base is in use. 

It is very necessary that ade- 
quate beam brightening be pro- 
vided on short -duration strokes if 
the image is to be photographed, 
otherwise the beam intensity must 
be increased to a high level to make 
an infrequently repeated trace 

isible. As a result, the beam rest , 
position will be so bright as to ob- 
scure the remainder of the trace. 
The cut-off of the beam during 
stand-by avoids this difficulty. 

To allow for the use of the Z-axis 
with video frequency signals, the 
response of the amplifier was made 
uniform to four megacycles. 

For use in conjunction with the 
Z-axis there is provided an oscil- 
lator and pulse -forming circuit 
which together furnish sharp.pulses 
at intervals of one, ten, or 100 mi- 
croseconds. Figure 8 is a block dia- 
gram of this marker circuit. The 
oscillator is synchronized with 
driven sweeps, and is used to indi- 
cate elapsed time along the X-axis 
by introducing brightening or 
blanking markers (Fig. 5) into the 
trace. Direct application of the sig- 
nal to be investigated to the vertical 
deflection plates in no way affects 
the use of this timing circuit. The 
transitron oscillator is designed to 
be keyed on by the initiation of the 
driven sweep, but it is also useful 
over most of the continuous -sweep 
frequency range. 

An unusual feature of this in- 
strument is the inclusion of a pulse 
generator for use in triggering and 
testing other equipment. There are 
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available at terminals on the front 
panel positive and negative pulses 
of about 100 volts peak amplitude 
and less than a microsecond dura- 
tion, at a ráta continuously variable 
between 200 and 3000 pulses per 
second. 

A44enuafor Distortion 

Initial deformation of the signal 
takes place when it is reduced 
from its original value by the test 
probe or the stepped attenuator. 
Both of these voltage dividers are 
compensated at the high fre- 
quencies by means of adjustable 
capacitors shunting the fixed re- 
sistors. These capacitors are ad- 
justed for minimum distortion of 
a 10 kc square wave, this frequency 
usually being the most sensitive to 

attenuator misadjustment. Even at 
the best possible setting, how- 

ever, there will be a slight but 
noticeable rounding of the leading 
corners of square waves at 100 kc 

and higher. This distortion is prob- 
ably caused by phase shift at fre- 
quencies above one megacycle. 
While generally negligible, this ef- 
fect cannot. be entirely eliminated. 
Equal attenuation at all frequencies 
is an engineering ideal that can 

be approached only at the expense 
of input impedance. 

Additional distortion takes place 
in the delay network, mainly be- 

cause of the more rapid transmis- 
sion of the frequency components 
above approximately two mega- 
cycles, and¶recause of resistive and 

dielectric losses. Fortunately, this 
deformation in a well designed 
and correctly matched lumped - 

constant delay network is of the 

same order as that occurring in 

the attenuators, and can usually be 

neglected at frequencies below 

one-half the theoretical cut-off of 

the delay network. 

Amplifier Compensation 

The amplifiers themselves cause 

little or no frequency and phase 

distortion within their range of un- 

compensated, flat response. By 

proper compensation this range can 

be greatly extended at each end, 

but over -compensation must be 

avoided. The low -frequency and 

high -frequency equalizing circuits 
correct both gain and phase charac- 

teristics, but the most extended 
region of uniform gain and the 

most linear phase -shift characteris- 
tic cannot be attained with the 
same circuit constants. If a wide - 

band amplifier is adjusted for 
minimum distortion of square 
waves at both ends of its frequency 
range, it will generally be found 

that the correction made is a com- 

promise between that necessary 
for optimum gain and for optimum 
phase characteristic, but much 

closer to the latter than to the 
former. This will be the case at 
both low and high frequencies. 
Linear phase -shift at low fre- 
quencies requires more compensa- 
tion than is needed for flat gain. 

The reverse is true at high fre- 
quencies. 

Phase and frequency distortion 
in under -compensated amplifiers will 

appear respectively as sawtooth 
and concave bowing of the top and 
bottom portions of low -frequency 
square waves, and as rounding of 
the corners of high -frequency 

square waves. An over -compen- 

sated amplifier shows the even less 

desirable symptoms of upward slope 

and convex bowing of low -frequency 

square waves, and over -shoot, or ' 

even a train of oscillations, follow- 
1 

ing the wave front of a high -fre- 

quency wave or pulse. 
The Y-axis of this instrument 

will pass a thirty cps square wave 

with only slight convex bowing A 

(Fig. 3) and compensation is so 
f0 

adjusted that there is no over -shoot 

on even the most abrupt wave.; pi 

fronts. 
Amplitude distortion is always 

present in oscilloscopes, but seldom 

to an objectionable extent, as such 

distortion does not change the 

wave form in a manner that is very Ir 

obvious to the eye. Interaction, or r 

cross -coupling, between amplifiers PL 

is a serious problem. However, it al 

can be solved by careful component ria 

and wiring layout, the provision of al 

metallic shields where necessary, 

and the use of low output-imped-+ 
ance power supplies. ' 

Oscilloscope amplifier perform -Vag 

ance is too often specified only irk 4r 

terms of sinusoidal frequency re+ rot 

sponse, but this tells only part of ri 

the story of the actual fidelity al 1a 

reproduction. The phase I charac- 

teristics of the amplifier are of at,j 

least equal importance and should 

be given full consideration. For exl f 

ample by specifying the square 4g 

wave response. Ian 

The authors wish to acknowledgdtf 
the valuable contributions of Mr,»P I 

Bernard Amos and Mr. Charles nr 

Puckette to the development otz.v 

this instrument, particularly with la 

regard to the mechanical design.is ii 
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FIG. 7-The Z-axis or beam modulation amplifier blanks the return trace by 

means of a pulse from the sweep circuit (see Fig. 1). This blanking pulse 

is superimposed upon any external modulation signal by the dual -triode mix. 

ing stage. Phase selection- of the external signal is accomplished by 'the 

balanced phase -inverter and potentiometer preceding the mixer stage. Both 

shunt and series high -frequency compensation are used in the final stage 
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FIG. 8-The oscillator of the time -in jr 

terval marker circuit is keyed on for br 
the duration of each driven sweep. 
Wave shapes show the manner by 
which the oscillations are converted to 

marker pulses 
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Automatic Tuning System 
for PREHEATING PLASTICS 
i1 small, reversible electric motor moves the top electrode aura\ from the plastic pre- 

orm during the heating cycle in response to an electronic control circuit, to keep the out- 

aut circuit of the h -f generator in tune despite changes in power factor and swelling 

TIIE utilization of dielectric elec- 
tronic heating in pre -heating 

Ilastic molding materials, partic- 
larly the thermosetting mate- 
ials, has proved to be a defi- 
iite asset in plastic molding pro- 
lesses.'2 Production of sufficient 
igh-frequency power at a suitable 

i requency is a relatively simple 
ngineering problem, but the aver- 
ge molding shop is generally too 
rowded for location of the neces- 
arily bulky generating equipment 
djacent to the molding presses. 
lso, the generally high ambient 
:mperatures, excessive dust, oc- 
Isional steam and water leaks, 
nd the heavy work involved in 
told -handling all constitute an un- 
ivorable environment for elec- 
onic equipment. 
These conditions led to an as- 

imption that the generating 
}uipment should be located in a 
:mote and more satisfactory loca - 
on, and the r -f power fed through 
tandard transmission lines to rela- 
lvely small and simple heating 
eads located at the presses. Fur- 
lermore, such an installation 
ystem offers flexibility in the re- 
tcation of presses and heating 
nits, and simplifies maintenance 
y confining mechanical damage to 

readily replaceable unit. Ulti- 
Iately, all of the high -frequency 

t hop heating power could be dis- 
ributed from a central air-condi- 
.oned generating room through 
etmanently installed rigid high- 
requency transmission lines, with 
emovable droplines to the indi- 
iidual heating heads. 

Application of such a system is 
traightforward except for the 

By R. W. GILBERT 
Laboratory Director 

IVeslon Electrical Instrument Corp. 
itorkareay Valley Laboratory 

Boonton, N. J. 

problem of coupling the material to 
be heated to the load end of a 
matched transmission line, in the 
face of variables during the heat- 
ing cycle and between heats. Two 
experimental installations were 
made in the Boonton Molding Co. 
plant at Boonton. New Jersey, 
wherein an automatic tuning sys- 
tem is employed to stabilize these 
variables. 

Tuning Problem 

The molding material to be pre- 
heated is generally batched and 
briqueted into a preform having 

the right weight of material to fill 

the mold. The preform is then 
placed between plates, high -fre- 
quency heating voltage is applied 
until the material becomes plastic, 
and the preform is transferred im- 
mediately to the mold and molded 
before polymerization can take 
place. Heating must be rapid, 
usually to a temperature of about 
320 degrees F in a minute or less, 
to avoid polymerization before the 
mold can he closed. 

The preform with its associated 
electrode plates constitutes a dis- 
couragingly low capacitance requir- 
ing a rather high applied voltage 
for a suitable heating rate. Also, 
the dielectric constant of the ma- 
terial changes greatly during the 
heating cycle because of tempera - 

FIG. 1-Automatic tuning circuit used with h4 generator to keep the output 
tank circuit in tune during the heating cycle 
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ture coefficient and the chémical 
changes attendant upon plasticiza- 
tion. 

The relatively low capacitance 
presented by the dielectric load, to- 
gether with the necessity for main- 
taining a proper transmission line 
termination, dictate that the heat- 
ing head be in the form of a reson- 
ant circuit with a maximum por- 
tion of the total tank capacitance 
lumped in the material being 
heated, automatically maintained 
in resonance during the heating 
cycle. In the present design, tun- 
ing of the circuit is varied by rais- 
ing or lowering the top electrode 
plate through a motor -driven screw 
feed, thus readjusting to a constant 
tank capacitance in the face of vary- 
ing dielectric constant in the ma- 
terial. The motor is in turn con- 
trolled by a circuit responsive to 
the direction, capacitive or induc- 
tive, of detuning of the resonant 
circuit. 

Automatic Tuning System 

The tuning circuit is illustrated 
in Fig. 1. Two triodes connected as 
a phase -sensitive bridge rectifier 
are coupled tci the heating tank and 
to the driver output. Coupling to 
the driver is made through a sepa- 
rate line to include phase shifts 
through the power transmission 
line caúsed by detuning of the heat- 
ing circuit. The circuits are ad- 
justed so that the bridge d -c output 
is zero when the heating tank is in 
resonance with the driver. As the 
heating tank circuit detunes during 
the heating cycle, the characteris- 
tic shift in phase of the current in 
the heating head tank inductance, 
relative to the phase of the current 
in the driver output inductance, 
causes an unbalanced d -c rectifier 
output. The polarity of this d -c out- 
put is dependent upon whether de - 

tuning ís capacitive or inductive in 

direction. The d -c output is fed to 
a polarized relay that controls a 
reversible motor to retune the heat- 
ing circuit. The dielectric constant 
increases during the heating cycle 

and the plate spacing thus in- 

creases, which accommodates a 

tendency of the preforms to swell 

as they become plastic. 
Automatic tuning has the addi- 

tional advantage of adjusting itself 

to the normal random differences 

between preforms. In practice, dif- 

ferences have been noted that would 

represent a frequency deviation ap- 
proaching ten percent from the 
nominal frequency, due mostly to 
moisture variations that are within 
acceptable limits from the molder's 
standpoint. 

Meters and Limit Switches 

Two indicating instruments are 
connected in the tuning bridge to 
assist in adjustment. A milliam- 
meter in the common cathode return 
indicates the total level of grid and 
plate inputs to the bridge, and a 

zero -center microammeter in the 
polarized sensitive relay circuit in- 
dicates the differential bridge out- 
put, serving to check the overall 
operation of the bridge and assure 
sufficient margin of current in each 
direction for operation of the relay. 
In practice, the plate and grid cir- 
cuit couplings and capacitances are 
adjusted primarily for symmetrical 
operation of the zero -center meter 
rather than exact resonance; slight 
detuning of one or both circuits 
may be desirable to compensate for 
residual phase differences between 
the power and pilot transmission 
line terminations. 

To avoid mechanical jamming of 
the tuning plate, the plate drive is 
equipped with a disengaging gear 
to disengage the motor if the plate 
comes down into contact with the 
preform, and limit switches are ar- 

A 

ranged to stop the motor near the 

extreme limits of plate travel. The 

limit switches are connected tt, 

stop the motor only in the directio,. 
of overtravel, still allowing the mt. 

tor to return the plate to its normal 

position without manual resetting. 
To facilitate manual operation of 

the plates during adjustment of the 

tuning bridge or determination of 

the resonant spacing for an un- 

known preform, a two -position 
switch disconnects the automatic 
tuning motor relay and connects 
run-up and run-down pushbuttons 
for manual operation of the tuning 
motor. 

The total change in dielectric 
constant is apparently considerable 
because without the automatic tun- 
ing feature typical preforms change 
the resonant frequency of the heat- 
ing tank circuit from ten to eight- 
een percent. In practice this re- 

quires a total excursion of the top 

plate of approximately one tenth 
the preform thickness during the 
heating cycle, and a plate speed of 

two to four inches per minute has 
been found satisfactory for pre- 
forms up to four inches in thick- 
ness. The air space between the top 
plate and the preform has only a 

negligible effect upon efficiency, but 
in general is not allowed to exceed 
one -fifth of the preform thickness 
to avoid excessive field fringing and 
uneven preform heating. 

.40 

!.... 
I r- .. 

R. 

Experimental installation for dielectric preheating of plastic preforms at plant 
of Boonton Molding Co. The electronic generator cabinet, at the left of the 
molding presses, is normally closed and force ventilated through filter screens. 

The heating head may be seen to the right of. the molding presses 
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It is interesting to note that the 
lielectric constant change in all 
;he thermosetting materials tested 
is only partly due to positive tern- 
)erature coefficient; about half the 
'ncrease is a permanent change ac- 
:ompanying polymerization. Also, 
the power factor of the material 
approximately doubles during heat- 
ing, increasing the generator load- 
ing and the heating rate toward the 
and of the heating cycle. 

Overload Problems 

In operation, when a heated pre- 
form is removed, a new one put in 
place and the power applied, the 
top plate must run down to its 
starting position. During this 
period the heating tank is off reson- 
ance, mismatching the transmis- 
sion line and running the generator 
virtually unloaded. Also, the dan- 
ger of accidental operation of the 
equipment without a preform in 

'place must be considered. These 
conditions require that the genera- 
tor and transmission line be some- 
what overdesigned to withstand 
voltage and current maximums of 
at least short duration. In practice, 
generator tank capacitor flashovers 
and transmission line overheating 
have been by far the greatest source 
of trouble because straightforward 
radio design factors were applied 
without initial regard for the fac- 
tors peculiar to this application. 

Automatic Switching 

Although any number of heating 
heads may be driven simultaneously 
from a generator capable of sup- 
plying sufficient power, the installa- 
tion illustrated was designed to 
heat relatively large preforms using 
ane head at a time, the presses be- 
ing cycled and the heads operated 
in rotation for maximum use of the 
generator. It then becomes neces- 
sary to interlock the heating heads 
so that 'operation of one head will 
lock out all other heads. This is 
accomplished by a conventional in- 
terlocked contact system using the 
contacts on the heating cycle timers. 
Each head is equipped with its in- 
dividual timer arranged for push- 
button starting and automatic 
cutoff. Green indicator lamps oper- 
ate on all heads when none are in 
use and go out when any head is 
put in operation. A red indicator 

i lamp lights individually on each 

head while the head is in operation, 
and goes out at the end of the 
heating period. 

Operation of any one of the heads 
energizes a magnetic contactor in 

the generator plate supply. turning 
on the high -frequency power. In 
addition, operation of any head 
controls a motor -driven variable 
plate -input transformer to deliver a 

preselected generator output indi- 
vidually adjustable for each head. 
Different power inputs for each 
head could be obtained alternatively 
by individually coupling each trans- 
mission line to the generator with 
varying degrees of coupling, but 
the present method wherein the 
generator is fully loaded at all times 
seems the most efficient. 

To avoid unused transmission 
lines acting as stub lines, each line 
is connected at the generator 
through a standard antenna switch- 
ing relay that closes only when that 
particular head is operated. How- 
ever, if the heads are in a group 
located some distance from the 
generator the transmission line dis- 
tribution relays may be mounted 
in a distribution box centrally lo- 
cated with respect to the heads, 
with a common transmission line 
back to the generator. The pilot 
transmission lines for operation of 
the tuning circuits are relatively 
small and loosely coupled to the 
generator, and may be connected 
permanently in parallel without 
switching. 

Operation of Heating Head 

The level of high -frequency 
energy required to heat most pre- 
forms in a suitably short time per- 
iod is sufficiently high to be dan- 
gerous to the operator. Also, the 
heating process is routine and the 
equipment is operated by personnel 
probably unfamiliar with the haz- 
ard involved. Consequently some 
suitable safety device, such as an 
access door switch, should be incor- 
porated to make touching of a hot 
circuit impossible. In addition, 
grounding of the feed line or coup- 
ling loops to prevent accidental ap- 
pearance of the driver plate voltage 
at the electrode plates is recom- 
mended. Hazard is then limited at 
least to high -frequency burns where 
the principal danger is infection. 

The heating head must operate 
under rather adverse conditions of 

Typical heating head, with preform in 

position. Knob at bottom center con- 
trols pivoted safety doors. By em- 

ploying flexible coaxial cable, a heating 
head can be set up in a plant and 
quickly connected to the nearest con- 
venient overhead rigid high -frequency 
line going to the electronic generator 

treatment, dust, temperature, hu- 
midity from steam leaks, etc. *Plug 
connection of control, power and 
high -frequency lines to facilitate 
routine replacement for cleaning 
and adjustment is therefore advis- 
able. The heating plates rather 
rapidly become coated with hard- 
ened resin from the molding mate- 
rial, and should be arranged for 
convenient frequent removal for 
cleaning or replacement by the op- 
erator. 

Many variations from the par- 
ticular experimental installation 
described are obvious. For exam- 
ple. it is possible to arrange the 
automatic tuner to adjust a vari- 
able -frequency generator to reso- 
nance with a fixed heating head 
tank circuit, although such a sys- 
tem does not appear as flexible. 
Where the heating heads are oper- 
ated one at a time a single tuning 
bridge located in the generator can 
be arranged to tune all heads in 
turn. Individual bridge adjustment 
is considerably more reliable where 
the power demand between heads 
varies greatly, but in many cases 
could be eliminated .for simplicity. 
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A CONTINUOUS -CONTROL 

- - 

At. 

Synchronous transformer used to translate mechanical position into electrical phase shift 

in electronically controlled servo systems. The rotor and stator are visible in this photograph 

This continuous -control positioning system uses synchronous transformers, electronic 

anti -hunting circuits and electric damping, electronic error indication, saturable reactor 

control of motors and a dual gear system to increase the accuracy of the data system 

SERVO mechanisms, although not 
basically new, are finding new 

and important applications. The de- 
velopment of servos has followed a 
demand imposed by the increasing 
complexity of modern machines. 
The need for' servos has been recog- 
nized where it has been necessary to 
substitute a positive electro -me- 
chanical control for a less positive 
and less certain manual control. 
Control problems wherein direct 
merchanical linkage between oper- 
ator and machine is impossible 
make the servo a necessity. More- 
over, where mechanical linking be- 

tween an operator and a load is 

possible, servo mechanisms can be 

employed as torque amplifiers, thus 

By JOSEPH T. McNANEY 
/lenrlix Radio Division 
Bendix Aviation Corp. 

Baltimore, Md. 

permitting accurate control of the 
movement of large loads with a 
minimum of effort. 

Applications of servo mechan- 
isms are numerous. Rather than 
consider any specific case, general 
circuits and equipment will be dis- 
cussed in a manner most likely to 
assist the engineer who is con- 
fronted with a problem which can 
be solved by a continuous -control 
servo. A mathematical analysis of 
servo mechanisms can be obtained 
from the references at the end of 
this article. 

In general, servo mechanisms are 
devices for automatic control in 
which the output is proportional to 
the magnitude and direction of the 
input action. The input or control 
point in the system is the point at 
which the arbitrary or predeter- 
mined change is introduced. The 
output is the point in the system 
which constitutes the load. 
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Servo Systems 

Servo mechanisms of all types I 

may be divided into two general 
classes, namely, the stepping or on - 
off systems and the closed cycle or 
continuous -control systems. Their 
innumerable applications range 
from the solution of differential 
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JERVO SYSTEM 
juations to automatic control of 
re raft. 
The system which will be dis- 

issed here is of the electronic con- 
nuous-control type, which may be 

refined as a type in which a restor- 
ig force is approximately propor- 
onal to the deviation of the output 
ith respect to the input and acts 
)ntinuously on the output in both 
irection and magnitude until the 
eviation has been corrected. This 
ype of servo n ould be ideal if input 
nd output indications were equal 
t every instant. Since it is imprac- 

I icable, if not impossible, to realize 
he ideal, a certain amount of error 
lust be accepted in suchservo ap- 
lications. This type of servo 
hechanism is often referred to as a 
ollow-up system in which tolerable 
imits of error depend on the 
amount the load can lag or lead its 
indicated position at the control 
toint without seriously interfering 
,with efficient operation. 

Fundamentally, the block dia- 
;ram shown in Fig. 1 is representa- 

tive of most closed -cycle electronic 
servo systems. There are usually 
two electrical devices which fur- 
nish displacement data. Their prin- 
ciple of operation is equivalent to 
that of a Wheatstone bridge. One 

unit is located at the point of direc- 
tion (control point) and the other 
is associated with the load. The 
balance of the bridge can be dis- 
turbed or corrected at either loca- 
tion. If an unbalance is made at the 
control point, the output of the 
bridge, if of sufficient power, could 
be used directly to drive a motor 
that would automatically make the 
correction at the load. Thís in it- 
self constitutes the operating prin- 
ciples of a servo system. For the 
particular servo being considered, 
power from the bridge is used to 
control a larger source of energy 
which in turn is supplied to a motor 
of sufficient size to perform the de- 
sired function in addition to bal- 
ancing the bridge. The character 
of the load in every case will de- 
termine the necessary amount of 

FIG. 1-A Wheatstone bridge, two arms 

of which are mechanical and two arms 
of which are electrical, constitutes the 

basic servo system 

BELOW 

FIG. 2-This complete servo circuit pro- 
vides continuous adjustment of the 
load and also gives an indication of 

the error between the load position and 
the position set at the control point 
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power. In any event, the above 
principle will be carried out since 
the motor will only run until the 
unbalanced condition has been cor- 
rected. When this point is reached 
its source of energy will be cut off. 

Synchronous Data Transmitter 

A servo begins to operate as a 
result of a displacement introduced 
at the point of direction. In the 
present system, this displacement 
turns the energized rotor of an a -c 
synchronous transmitter, which 
changes the angular position of a 
flux field already established by the 
rotor winding and linked to a set of 
stator windings. The change in the 
field position is transmitted elec- 
trically to similar stator windings 
of an a -c synchronous transformer, 
where a resultant stator field as- 
sumes a new angular position with 
respect to the transformer rotor. A 
voltage called the displacement volt- 
age is therefore induced in the 
transformer rotor. 

The a -c synchronous transmitter 
is located and operated at the con- 
trol point in the system and the a -c 

synchronous ,transformer is asso- 
ciated with the controlled load 
which may be at some distant loca- 
tion. A -C synchronous devices used 
in this manner may be referred to 
as the data system of the servo, 

'and voltages derived from this sys- 
tem are a function of angular dis- 
placements between the transmit- 
ter and the transformer rotors. 
Such angular displacements, as will 
be more clearly seen later, are 
fairly accurate indications of error 
between director and load, except 
for errors inherent in the data sys- 
tem. These errors, which are often 
excessive, add to and subtract from 
the actual displacement indications. 
The magnitude of this type of error 
may vary from plus or minus a few 
tenths of a degree to several de- 
grees in different synchronous 
units, and therefore their accuracy 
should be determined before the 
synchronous ,units are utilized in a 

system. 
The displacement voltage as- 

sumes a direction and magnitude 
which, when amplified, exerts a 

control on the driving motor volt- 
age corresponding to the rate and 
direction of change initially intro- 
duced at the input. The drive motor 
rotates the load in accordance with 

Transformer Pansmil/er 

Stator Connections 

Transformer Transmitter 

Sta/or connections 

66. L,7 

LIe 

(b). 
ºtr. 

'it 

Contra/ 

FIG. 3-At (a) is shown by means of 
dials the condition for all parts of the 
servo system in perfect alignment. 
while (b) illustrates how the gearing 
reduces errors which may appear in 
the transmitter network. There is only 
a slight misalignment between control 

and load 

this control, and also turns the ro- 
tor of the transformer by means of 
gears through the load. Positional 
relationships of the load and trans- 
former rotor are maintained 
through the gearing, and when the 
load is moved the transformer rotor 
moves toward a position at which 
no displacement voltage will result. 
In this new position the load ceases 
to receive energy and movement 
stops. At this point of equilibrium 
the system is at rest, and will re- 
main so until a further displace- 
ment is introduced at the point of 
direction. Figure 2 is a schematic 
representation of this type of servo 
mechanism, which is to be described 
in some detail. It will be seen that 
this circuit contains a dual system 
of a -c synchronous devices. 

Motors and Gearing 

The rotors of the transmitters, 
and likewise those of the trans- 
formers, are mechanically con- 
nected through 33:1 gearing, and 
the output of this system is coupled 
to an error -indicating circuit and 
phase -sensitive rectifiers. There is 
also a one-to-one gearing system 

whose output is coupled to a relay 
circuit. The rectified output is sup- 
plied to a vacuum tube and satur- 
able reactor amplifying section 
through input signal control cir, 
cuits. The saturable reactors form I 

part of an a -c bridge that supplies 115 

power to the variable phase wind- 11w 

ing of a split -phase, low -Media mo- 

tor. The motor is connected through d 

gearing to the load and also to the ' S 

rotors of the synchronous trans- o 

formers. a 

The two transmitter rotor wind- 
ings are connected in parallel to a II 

source of 115 -volt, 60 -cycle current. a 

Their rotating members are geared I' 

to the positioning control at the 
point of direction. The two rotors 
serve as primary windings to a 1:1 ti 

data system and a 33:1 data sys- e 

tem respectively. In each case b 

there are three stator windings d 

whose flux fields are angularly sI 

spaced 120 degrees. The angle be- 
tween each stator winding and the 
rotor is continuously variable over 
360 degrees. Individual stator Po- 

tentials are accordingly a function 
of the sine of the displacement an- 
gle. The stator windings of the 
transmitter are connected to cor- 
responding windings on the trans- 
former. 

Since current flow in each stator 
is a function of the primary rotor 
position, the resultant field estab- 
lished in the transformer stators 
will rotate in synchronism with the 
transmitter rotor. Coupling be- 
tween the magnetic field and the 
output winding of the transformer 
rotor is zero when the coupling is 
at right angles, hence the output is 
zero. If the angle is changed from 
this right-angle position in either a 
positive or negative direction, a 
voltage is induced in the rotor wind- 
ing. The phase of this voltage will 
differ by 180 degrees for either of 
these two directions. As the dis- 
placement angle is increased a sin- 
usoidal voltage will be produced, 
reaching a maximum at 90 degrees 
and reducing to zero at 180 degrees, 
hence there are two zero positions 
180 degrees apart. 

Increased Data -System Accuracy 

When the output voltage of the 
data system is zero, the angle of 
displacement between the primary 
and secondary rotors with respect 
to a common reference point may 
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likewise be considered to be zero. 
If the primary rotor is given an 
angular displacement, the output 
voltage, which will be a function of 
the sine of this angle, will exert a 
control on the drive motor that will 
make it rotate the secondary rotor 
until it has approximately equaled 
the primary displacement and re- 
duced the output voltage to zero. 
since it is practically impossible to 
construct the synchronous units 
without some error, it can only be 
(said that the displacement between 
the primary and secondary rotors is 
now zero within the accuracy lim- 
its of the data system. 

When a servo application calls 
for accuracies that will not allow 
maximum overall system errors to 
exceed plus or minus 0.1 degree, 
but maximum errors in the syn- 
;hronous units themselves measure 
tpproximately 0.6 degree, a data 
system similar to that shown in 
rig. 2 may be used. The inherent 
errors of such a data system will 
save an apparent maximum value 
)f 0.6/33, or approximately 0.02 
degrees. 

The a -c synchronous transmitter 
tnd transformer rotors, L and L. 
of Fig. 2, are for illustrative pur- 
>oses represented by dials in Fig. 
1(a). According to both. figures, 
5,; should make 33 revolutions to 
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FIG. 4-The stabilizing and grid -con- 
trol voltages developed by the phase. 

sensitive rectifier are in opposition 

one revolution of the dial represent- 
ing the load. The output voltage 
and all dials in the systems are set 
at zero, and therefore the indi- 
cated position of the load is correct. 

The system is shown again in 
Fig. 3(b), but the position of the 
load as indicated by the control has 
been changed two degrees. Due to 
the gearing the transmitter rotor 
advances 66 degrees. Assuming 
that at this point in the data sys- 
tem there was an error of plus 0.6 
degree, rotor L would advance 
66.6 degrees to reduce the output 
voltage to zero, but because of the 
gearing between Li, and the load, 
the latter rotates approximately 
2.02 degrees. The error between 
dial and load is thus only 0.01 
percent. 

Although errors in the data sys- 
tem vary from 0 to 0.6 degree in 
this illustration, they will not ap- 
pear greater than 0.02 degree be- 
tween the indicator dial and the 
load. In order to realize such re- 
ductions all gearing and mechanical 
couplings used between points must 
be free of backlash. 

Director Misalignment 

Whenever it becomes necessary 
to employ a gear train with larger 
than a one-to-one ratio between the 
transformer rotor and the main - 

FIG. 5-When there is an error volt- 
age, the balance in the motor control 

triodes is upset as indicated here 

shaft of the load, there will be a 
possibility of misalignment between 
the director and the load. In the 
present system there are 33 differ- 
ent angular positions at which the 
load could come to rest with respect 
to some common point on the indi- 
cator because at each position the 
output voltage of the data system 
would be zero. 

To prevent this kind of misalign- 
ment, a second set of synchronous 
units is necessary. Their primary 
and secondary rotors are connected 
respectively to the indicator shaft 
and mainshaft of the load through 
a one-to-one gearing. The second- 
ary winding L. in Fig. 2 is coupled 
to a relay control circuit which 
causes a synchronizing relay to 
function when the displacement 
voltage reaches some predeter- 
mined value. Actually, the grid 
bias adjustment at R. will allow 
the relay to be energized before the 
angular displacement of the one-to- 
one system exceeds four degrees. 
The 33:1 data system is then dis- 
connected from the amplifier input 
circuits by the switching of S,. 
Voltage from the one-to-one system 
will now furnish data to the ampli- 
fier until the displacement angle has 
become less than four degrees. This 
switching occurs when the angular 
difference between the primary and 
secondary rotors of the 33:1 system 
is approximately 132 degrees, with 
respect to a zero -angle point of 
reference. 

There are two zero -voltage posi- 
tions 180 degrees apart. One such 
position is referred to as the stable 
null and the other, the unstable 
null. When either of the synchron- 
ous systems is connected to the 
amplifier circuits, it is characteris- 
tic of the induction motor to re- 
spond to off -null voltages in a direc- 
tion corresponding to their phase. 
Thus, the motor will always rotate 
the transformer rotor toward its 
stable null -point. 

When the 33:1 synchronous sys- 
tem is loaded by the input imped- 
ance of the amplifier and error indi- 
cator circuit, it will produce 0.87 
volt rms for the first degree of dis- 
placement between L17 and L. in 
Fig. 2. Actually the displacement 
between the indicator and the loal, 
as a result of the gearing, will be 
0.03 degree. This indicates a gain 
of 33 when using a high and low 
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D.C.+ 

FIG. 6-As indicated by this drawing 
of one of the saturable reactors, the 
alternating component of flux is kept 
out of the primary leg, but the direct 
component of flux flows in both sec- 

ondary legs 

speed system in addition to effec- 
tively reducing system errors by 
the same amount. 

Prevention of Hunting 

Each input transformer, T, and 
T_, has two primary windings, L 
L., and L L which are designed 
for 60 -volt, 60 -cycle maximum in- 
put. The secondary windings La 

and L, are rated at 360 volts and 
0.002 ampere. Windings La and L, 

have ratings of 720 volts at 0.002 

ampere. Primaries L, and L, are 
connected in series with dropping 
resistor R and phasing capacitor 
C. across the 115 -volt alternating 
source. Primaries L, and L, are 
connected in parallel and receive 
signal currents from the data sys- 
tem. 

The signal current, is combined 
with the reference current in each 
transformer. A resultant flux 

causes a current flow in secondaries 
Ls, L, and L:, L. that is proportional 
to the magnitude and phase of the 
respective currents. 

If an instantaneous primary cur- 
rent causes the plates of V, and V, 

to go positive while the displace- 
ment voltage is zero, equal voltages 
of opposite polarity will appear 
across R, and R_. Similar voltages 
will appear across R, and R,. Under 
these conditions no current will 

flow in Ra and R nor through R, 

and capacitor C,. Capacitors C., Ca, 

C. and C., and shunting resistors 
R,, R., R and R, function as filters 

for the rectified half -wave currents. 
When transmitter rotor L is dis- 

placed and a corresponding voltage 

is developed in transformer rotor 
L,,, it will be in phase with the 115 - 

volt source, or reference voltage, in 

one transformer (T, for example), 
and 180 degrees out of phase with 
the reference voltage of the other 
transformer. Capacitor C in com- 

bination with R,,, provides correct 
phasing of the displacement and 
reference voltages. 

A displacement voltage of either 
phase will result in a difference in 

current flow through R, and R: as 
well as through R. and R,. The 
algebraic difference between the 
current through R, and R_ deter- 
mines the direction of current flow 

through R0 and R,. Reference to 
Fig. 4 indicates that both IR, - IR2 

and IRa - IR, are functions of the 
displacement voltage, but are of op- 

posite phase and because of the in- 

put transformer ratios the latter is 

double the former. That is, IR. - 
IR. =. -2 (IR, - IR,) . The first 
half of this equation represents the 
stabilizing voltage and the second 
half represents the grid difference 
voltage. 

A variation in the stabilizing 
voltage will result in a similar vari- 
ation in the charge on capacitor Ce. 

The magnitude and sign of the 
voltage across resistor R, will be 

proportional to the current flowing 
iii capacitor Ca. This voltage acts in 
phase opposition to signal currents 
flowing through R., anc R;, and as 
will be seen, prevents hunting, an 
undesirable serve characteristic 
when a high rate of response and 
small steady-state deviations are 
desired. 

Electrical Damping 

Capacitors C, and C,., serve as 
neutralizing capacitors to prevent 
low -frequency oscillation of the 
servo. The function of the stabiliz- 
ing voltage across R5 is to oppose 
changes in displacement voltages 
and its peak value is intended to be 
slightly greater than the IR, 
difference voltage. Without these 
capacitors in the circuit the follow- 
ing action would result. 

During any change in displace- 
ment the action of the voltage 
across R5 will be in phase with the 
change. Because it is of a greater 
potential than the signal, it causes 
a current flow through R. and R, in 
a direction opposite to that desired. 
The resulting grid difference volt- 

age will cause an increase in dis- 

placement until ít has reached 90 

degrees. At this angle, the displace- 

ment voltage and the charge on C. 

reach a maximum, and the voltage 
across R5 drops to zero. The IR, - 
IR,. difference voltage is now able 

to correct this displacement, but 
after having been reduced to zero 

the above action is again repeated, 
this time in the opposite direction. 

To prevent such oscillations, C. 

and C,., in combination with R, and 

R_ function as a bridge across 
whose output are resistors Re and 
R;. For a short period the drop 
across R., is greater than the 
IR, - IR, difference voltage for all 

practical purposes and the bridge 
will be balanced. 

The function of the anti -hunt cir- 
cuit is to superimpose a voltage on 

the signal to the amplifier. This 
superimposed voltage acts in oppo- 

sition to potential changes in the 
signal. Since hunting or unstable 
conditions produce displacement 
voltages of an oscillatory character, 
either electrical or mechanical 
damping could be used to offset 
such action. The action of the pres- 
ent circuit is analogous to that of 
an inductance. It can be better un- 
derstood if a step increment of dis- 
placement voltage is analyzed. 

Illustration of Servo Circuit Response 

Consider a 0.5 volt displacement 
which causes a step increment of an 

IR, - IR3 voltage difference of 2.5 

volts, of polarity shown in Fig. 2. 

At the same time this 0.5 volt dis- 
placement causes a step increment 
of an IR3 - IR, voltage difference 
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FIG. 7-The impedance of the satur- 
able reactor secondary is controlled by 
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5.0 volts. During this step func- 
on, capacitor C. has the effect of a 

tort -circuit, causing an IR drop of 
3 volts across R. 
Currents from each source will 
nd to flow through R. and R, in 

oposite directions. By adjustment 
R. the current flow can be made 

ro for an instant, allowing the 
,put voltage to the amplifier to 
,range with time. Neglecting the 
ctifier and transformer winding 

:sistance, which are negligible, the 
e constant of the circuit is 

= [R, + (R, + R,)/2]C.. The 
e at which the amplifier input 

cdtage begins to rise from zero is 
tually delayed by the adjustment 
R. to a point where the opposing 

IIltage is greater than the input 
linage, between 2.5 and 3.3 volts 

this illustration. 
The charging time of C,, in com- 

'nation with the adjustment of R-, 
toduces a servo response that is 
loportional to an integral of the 
isplacement voltage. After a time 
4terval, the motor assumes a veloc- 
1, that is proportional to the dis- 
tacement. Thus violent action is 
vevented and at the same time 
Ipid follow-up is permitted when 
storing forces make corrections 
displacements. 
When the displacement is given 

.constant velocity, the motor will 
:io attain a constant velocity, be - 
¡,v a limit fixed by the rpm rating 

the motor. Unless the motor runs 
a speed that maintains exact 

nchronism between the trans- 
n,rmer and the transmitter rotor 

the data system, there will be 
.nes when it will run alternately 
o slow and too fast. Such changes 
motor speeds will cause changes 

i displacement voltage. A change in 
;splacement voltage is at all times 
hposed by potentials across R., 
tcd therefore the motor will be 
tder constant control. 
A similar stabilizing action re- 

fits when a constant velocity dis- 
lacement is suddenly reduced to 
ro. Under such conditions, the 
pacitor C. will discharge through 
in a reverse direction, setting up 

voltage which causes the motor to 
Infinite its rotation in the same 
iirection. Due to the inertia in the 
4.stem, which is also aided by the 
tiltage across R,, the displacement 
pltage goes through zero and re- 
-'rses its phase. This results in a 

change in polarity of the grid dif- 
ference voltage and the stabilizing 
voltage. The actual amplifier input 
voltage reaches a minimum value 
after the displacement voltage has 

passed through zero because of the 
discharge time of C,, leaving an 

error still to be corrected. At this 
point the motor reverses its direc- 
tion trying to correct the error. 
Since this action is likewise op- 
posed, the motor will slowly reduce 
the error to zero. 

The above is a theoretical de- 
scription of the stabilizing action, 
It has been found in practice that 
when sudden changes in velocity 
are made, about two such cycles are 
required before the motor comes to 
rest. Various factors concerned 
with the servo application deter- 
mine the correct adjustment of R, 
as well as resistor and capacitor 
values in the circuit. 

Saturable Reactors 

The signal is next amplified a td 
used to control an a -c source to the 
drive motor. Each half of the am- 
plifier tube, V is biased for a nor- 
mal,plate current of 5 ma. The con- 
trol windings, L. and L,., of the 
saturable reactors are connected in 
the plate circuits of the dual -triode 
vacuum tube. The normal plate cur- 
rent of 5 ma sets the impedance of 
each winding, L and L,2, at approx- 
imately 250 ohms. Variations in the 
plate current of each half of V. as 
a function of displacement voltage 
are shown in Fig. 5. This current 
controls the impedance of the satur- 
able reactors. 

It may be well at this point to ex- 
plain the action taking place in the 
saturable reactors, although they 
have been used in control circuits 
other than servos for many years. 
The field established by the flow of 
direct current through primary 
windings, L. and L,0 in the plate cir- 
cuit controls the permeability of the 
iron core. Permeability is the ratio 
of change in magnetic flux to 
change in magnetizing force. 

There is a direct relationship be- 
tween the permeability and the in- 
ductance which is given by the for- 
mula L = 1.26N24/1081, where L 
is in henries, N is the number of 
coil turns, A is core area in square 
cm, p. is permeability and l is length 
of thé magnetic circuit in cm. 
The reactive impedance is given by 

X = 2afL. The total impedance of 

La and LL will be Z = V/R2 + XL2. 

Variations in L are directly propor- 
tional to µ. Therefore variations in 
Z can be controlled by varying the 
flow of plate current in windings 
Le and L,.. 

It may also be of some interest to 
know why secondaries L and L. of 
the reactors are wound in two sec- 

tions. With reference to Fig. 6, if 
a single winding were used there 
would be a flux impressed on the 
primary when alternating current 
flows in the secondary. By using a 

dual winding connected in parallel 
as shown, flux can flow around the 
outer legs of the core but not in 
the center leg which carries the 
primary. Flux from the two sec- 
ondaries would be in opposite phase 
in the center leg and hence cancel. 
Direct -current flux from the center 
leg flows throughout the core. 

The reactance windings, L and 
L,,, form two arms of an a -c bridge 
which is balanced when the dis- 
placement voltage is zero. Resistor 
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FIG. 8-The action of the error -meter 
tube depends on the change in grid - 
circuit resistance which is controlled 

by the plate voltage 

R. is used to compensate for varia- 
tions in circuit components which 
might contribute to an unbalanced 
condition. The impedance of the 
secondary as a function of direct 
current in the control winding is 
shown in Fig. 7. The zero displace- 
ment impedance, which is approxi- 
mately 250 ohms, can be adjusted 
to match the impedance of the 
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FIG. 9-To prevent damage to the 
meter the error tube saturates. This 
limits the amount of error that can 
be indicated, but in applications where 
close tolerances must be held this is 
no disadvantage. The meter can be 
calibrated in degrees displacement of 

the load as shown on the right 

motor winding, L,,, by changing 
the value of the bias resistor R.. 

The motor represented in the 
schematic is a split -phase, low - 
inertia type. Each winding, L and 
L,., is rated at 75 volts at 0.1 
ampere; the motor has a normal 
speed of 3200 rpm. The size of the 
motor will largely depend on load 
characteristics. These facts, as well 
as operating speeds, will determine 
the type and ratio of the motor 
drive gearing. 

Error Meter 

Servos in practically every case 
are intended to operate as a rigid 
connecting link between an opera- 
tor and a load, but they invariably 
fall short of this expectancy. To 
closely realize this objective, a sys- 
tem must have high sensitivity and 
be stable. Even under the most 
favorable conditions, errors will 
have to be dealt with. In some in- 
stallations the operator may be 
aware of their magnitude and be 
able to compensate for them 
through proper correcting means. 
In the event that there are no di- 
rect indications of how well the 
load is following the director, aux- 
iliary indicating, equipment should 
be used in conjunction with the 
servo. 

If necessary, a type of error - 
indicating circuit shown in Fig. 2 

may be used. An input trans- 
former, T., is coupled to the same 
source of data going to the ampli- 
fier, which may vary in potential 
from 0 to approximately 50 volts 

for displacements between 0 and 90 

degrees in either a clockwise or 

counter -clockwise direction. Since 

the operator is particularly inter- 
ested in errors not exceeding a few 

degrees in either direction, the in- 

dicator is zero centered and suffi- 

ciently sensitive to indicate small 

angular displacements. 
Transformer T, couples the dis- 

placement input voltage to the 
plates of a 6SN7 tube, V,. The de- 

sired performance could only be ob- 

tained by using the plates as con- 

trol elements. They control the 
grid -to -cathode resistance of their 
respective tubes. 

The cathode -grid resistance of 

each tube and resistors R,, and 

Rn comprise four arms of a half - 
wave, phase -sensitive bridge. The 
meter is connected across the out- 
put of the bridge. A reference 
voltage of 6.3 volts is supplied from 
the heater winding of transformer 
7',. The potentiometer R, is used 

to balance the circuit. 
When the 60 -cycle error signal is 

supplied to the plates of the tube 
through the push-pull transformer, 
which íncidently has a step-up ratio 
of 1:12, and a 60 -cycle reference 
voltage is supplied to the parallel - 
connected grids, the grid voltage 
will be in phase with the plate volt- 
age of one tube and 180 degrees out 
of phase with the plate voltage of 
the other. When the grids are posi- 
tive for the duration of a half cy- 
cle, the direction of the servo error 
will determine the sign of the volt- 
age on the respective plates during 
this period. A positive plate causes 
a decrease in grid resistance of one 
tube, which reaches a minimum of 
1750 ohms, while a negative plate 

c 

increases the grid resistance of the b 

other tube to infinity. I tt 

Figure 8 represents changes in fe 

grid resistance of V;, and V,a as a A 

function of input voltage. At zero ab 

voltage the grid resistance of each nib 

tube is 660 ohms. After the input 

signal has reached 10 volts, there I) 

is no further change in grid reels- I 1 

tance of either tube. tea 

The curve in Fig. 9 represents an( 

direction and magnitude of current toil 

flow in the meter as a function of.iti° 

error voltage. The curve shows that tcbc 

meter current reaches its limit of as 

change when there ís no further I eel 

change in grid resistance. sin 

The meter may be calibrated in pl 

degrees by converting the error ca 

voltage into angular displacement tin 

values. Since the maximum output la 

of either the one-to-one or the 33:1 .a 

synchronous systems is 50 volts, the roe 

voltage for any angular displace- F 

ment will be E = 50 sin O. ar 
At an angle of one degree of the tam; 

33:1 system to which the meter cir- op 

cuit is normally connected, E = 50 the 

x 0.0174 = 0.87 volts. By using the Ire 

curve of Fig. 8, it will be found etdi 

that 0.87 volts is equal to 0.087 ma soap 

on the meter scale. Since 0.87 volts li u 

is equal to one degree displacement) A 

of the 33:1 system, this representstel 
an error of 0.033 degree betweefl nn 

the positions of the indicator die 

and the load. 
Because there are no furthell l;i 

changes in cathode -grid resistant:It i 

after an input signal of ten volts,ta 

there will be no further increases ce 

in meter current between this volt e 

age and the maximum data outpuj 1 

of 50 volts. For this reason the cir 

tPa 

hi 

tino 

e 

1A 

FIG. 10-Conventional servo amplifier, illustrating direct motor -control and 
feedback to prevent hunting 

ee 

i 
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in protects the meter from possi- 
le overloads. Resistor R limits 
le current in the plate circuit to a 

>w microamperes. An spdt switch 
, is used to short-circuit the input 
hen balancing the meter after a 
the change. 

Other Amplifier Circuits 

With reference to the servo sys- 
em being discussed, the amplifier 
id control circuits described form 
11y one of the various combina- 
ons generally used. The type 
tosen depends largely on the size 
id kind of motor required to op - 
?ate the load and the circum- 
ances surrounding the servo ap- 
lication. Saturable reactors are 
)mmonly used as power amplifiers 
i a large variety of servo systems, 
tt more in particular for the 
>ntrol of fractional horsepower 
otors. 
Figure 10 is a schematic of the 

ore conventional vacuum -tube 
,nplier preferred for some servo 
)plications. The 60 -cycle output of 

se data system is amplified and 
led to drive the motor. A separ- 
tely generated 60 -cycle source is 

I tupled back to the amplifier input 
t an anti -hunt measure. 
A generator G is driven by the 
otor through a one-to-one drive. 
'se generator is similar in con- 
iruction to a split -phase, low -in - 
tia motor having two field wind- 
gs angularly spaced 90 degrees. 
se rotor is of soft iron construe - 
an covered with a copper shield. 

use field, L which is supplied from 
le 60 -cycle source, serves as a pri- 
'ary winding. When the motor is 
>t rotating there is no transfer of 
ltage from this field to the other. 
uring rotation, the 60 -cycle flux 
Itablished by the primary is dis- 
rted by the eddy currents in the 

upper shield. By this action a 
>ltage is induced in secondary 
finding L. that is proportional to 
le speed of the rotor. The phase 
the induced voltage changes with 

to direction of rotation. This volt- 
- e is opposite in phase to the sig- 
ll input to the amplifier. 
During operation, a type of dyna- 
ic braking is produced. The sig- 

1l normally overrides the feedback 
I ttltage beyond a small angular dis- 
'acement. This excess voltage is 
tective in stabilizing the system 
:ter a constant velocity error has 

Short-C%KU%f 
axis 

Goad 
axis 

ileac' 
}C 

.Control 
windings 

Con/rol 
flux 

FIG. 11-Dynamo-electric amplifier - 
motor combines in one unit the satur- 
able -reactor flux amplifier and the 

motor for servo applications 

been reduced to zero. Under such 
conditions, an angle of displace- 
ment will be reached where the 
feedback voltage is equal to the sig- 
nal. As time passes the motor be- 
gins to respond to the inverse feed- 
back signal which tries to reverse 
its direction. This voltage only suc- 
ceeds in slowing the motor because 
it decreases directly with the de- 
crease in motor speed. The result 
is that the anti -hunt voltage and 
the signal are allowed to reach zero 
at the same time, preventing the 
undesired overshoot. 

When closed -cycle servo mechan- 
isms are employed in high -power - 
consuming operations, the amplifier 
may consist of grid -controlled gas - 
filled tubes. Generally only one 
stage of this type of amplification 
is required because of its extremely 
high gain. The low internal resis- 
tance of the tubes during ionization 
of the gas allows such a stage to 
function with high efficiency. This 
fact makes gas tubes desirable 
when supplying power to large ma- 
chines. 

Servo Motor -Generator 

There are also the dynamo -elec- 
tric amplifiers particularly adapt- 
able to this type of servo. One such 
amplifier has two -stages combined 
in a single dynamo -electric ma- 
chine, schematically shown in Fig. 
11. The first stage comprises the 
control winding and a short-cir- 
cuited section of the armature. The 
armature is rotated by means of a 
separately excited drive motor. A 
control flux established by the con- 
trol winding is cut by the short- 
circuited armature windings, pro- 

ducing a power flux that may be 

100 times stronger than the control 

flux. A second stage of amplifica- 

tion is from the short-circuited 
armature windings to that section 

of the armature connected by the 

load brushes. A gain of 100 can 

also be realized from this stage, 

giving the machine an overall gain 

of 10,000. 
The control winding is center - 

tapped and connected in the plate 
circuit of a pair of amplifier tubes 
which in turn are supplied with a 

d -c signal. The operating charac- 
teristics of the pre -amplifier are 
similar- to the unit shown in Fig. 2. 

The output of the machine is pro- 
portional to a difference in current 
flow through respective halves of 

the control winding. An input of 

one watt can produce an output of 

ten kilowatts. 
The first stage of this machine is 

similar to a conventional d -c gen- 
erator. The particular difference is 

that the usual armature circuit re- 
sistance is reduced to a short cir- 
cuit, causing a high armature flux. 
This short-circuit axis armature 
flux can now serve as the field for 
the second generator made possible 
by the addition of the second set of 
brushes, referred to as load axis 
brushes. 

Voltage produced at these 
brushes is supplied to the circuit 
resistance. Current flowing through 
the load will produce a load axis 
armature flux which would op- 
pose the control flux. This field is 
completely neutralized by the load 
compensating field through which 
load current flows. 

This type of amplifier has a com- 
paratively high rate of response to 
changes in the control field. The 
short time -constant is chiefly due 
to the very low short-circuited ar- 
mature resistance and the low con- 
trol field requirements. Machines 
such as this which have a rapid re- 
sponse are particularly desirable 
for servo work. 
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Transport Aircraft 
Method of measuring the characteristics of aircraft antennas with a Q meter. Results of 

measurements on several types of aircraft transmitting antennas are presented 
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Position and characteristics of V antenna on Lockheed 14 

transport. The reactive component of antenna impedance 
changes sign as the antenna passes through resonance 

THIS discussion will be confined 
to methods and data taken 

from representative domestic trans- 
port aircraft equipped with anten- 
nas permanently attached above 
the fuselage. 

Two methods may be used for ob- 

taining antenna data. One involves 
an r -f bridge upon which values of 
resistance and reactance can be 

126 

read directly. The bridges avail- 
able at present are not particularly 
adapted to aircraft antenna meas- 
urements. 

Q Meter Measurements 

The other measuring method util- 
izes the Q meter, the data from 
which requires considerable com- 
putation to yield the desired con - 

By E. F. KIERNAN 
Associate Radio Engineer 

U. S. Nary Radio and Sound Laboratory 
San Diego, California 

L 

stants. The data presented herein Ilrr 

is based on Q meter measurements. t 

A Q meter consists essentially o 

a calibrated variable -frequency os 
cillator capable of inserting a al 

known voltage in series with a I 

resonant circuit, and a vacuum-; Per 

tube voltmeter which measures the in 

voltage across the resonant circuit. 
Then Q = E/e, where e is the in- 
serted voltage and E is- the voltage 
read by the v -t voltmeter. By main- 
taining e constant the v -t voltmeter 

A 

UP 

nt 

can be calibrated directly in Q val- Br 

ues. In the commercial instrument' i 
the components are housed in a;. ,t. 

cabinet including an a -c power sup -1. 

ply, terminals, and a calibrated low -1 

loss variable capacitor. Any suit-, 
able coil may be connected across( 
the terminals to form, together( iir 

with this calibrated capacitor, a 4a 

tuned circuit. The impedance to be 'Ai 

measured is inserted in the tuned r 
circuit either in series or i 

parallel with the coil. 
Two sets of readings are neces- .4 

sary: one to determine the imped- 
ance and Q of the coil, and one to 'i 

determine the impedance and Q oft 

the coil and unknown impedance to-,rI 
gether. Calculations are then madelirl 
to determine the impedance and Q ht 

of the unknown impedance alone. mtt 

e 

ti 

Precautions are necessary when'ºtt 
applying the Q meter to aircraft hvb 

antenna measurements. The plane) ht 

should be as far from metallic hi 

structures as practical. Grounding h. 

wires, such as are used during gas 
tank filling operations, should be r 

disconnected to minimize the earth's,:asF 
effect on the antenna. For the same 
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Antenna Characteristics 
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Impedance characteristic of the Douglas 
DC -4 V antenna 

eason it is undesirable to use an 
c power line on the Q meter. A 

otary converter supplied from the 
lane battery or a battery cart is 
equired. 

A number of coils are needed de - 
ending upon the frequency spec - 
rum over which measurements are 
3 be made. Several low -loss fixed 
apacitors may be needed to sup- 
)ement the variable capacitor in 
'he Q meter and to place in series 
rith the antenna when the Q read- 
lgs fall below those conveniently 
lade on the Q meter. In these 
ases it is necessary to make addi- 
ional calculations to obtain the an- 
mna reactance. It is necessary to 
xercise care in adjusting the Q 
ieter when the antenna is in the 
icinity of half -wave resonance, 
ecause the reactance and resis- 
ance values change rapidly in this 
egion. 
Table I gives data concerning the 

3p antenna on a Douglas DC -3, 
hown in Fig. 1. The data in the 
rst seven columns was taken in 
to field; that in the last five was 
omputed. 
The readings C, and Q, are taken 

rith the antenna disconnected from 
he Q meter; C, and Q. with the 
ntenna connected. In the columns 
.belled C added, P indicates a paral- 
;l connection, and S a series con- 
ection. It should be noted that 

,1 'hen using a series capacitor, if 
he value of C, - C, becomes larger 
han the series added capacitance, 
he antenna has become inductive. 
This also holds true when C, be- 
omes larger than C,. The formulas 
sed in conjunction with the data 
re as follows : 

(C1 - C2) Q, Q2 

FIG. 1 -Profile of Douglas DC -3. showing the various types of antennas 
used for communication and navigation purposes 

QA - C,(Q,-(22) 
X., = 1.59 X 108/fCA 
R. = XA/QA 
CA =C, -C2 

(C1 - C2)Cs 
C4 = Cs± (CI -C2) 
Q A = antenna Q 
X = antenna reactance in ohms 
RA = antenna resistance (effective), ohms 
f = frequency in kilocycles e = antenna capacitance in µµ,j 
Cs = series capacitance in µµJ 
C, and C2 = reading of variable capacitor 

in Q meter, in µµf 
The quantity (C, - C,) is always 
taken as positive. 

(series capacitor) 

Aircraft Antenna Practice 

It has become general practice to 
connect the aircraft antenna in 
series with the lumped C and L in 
the output circuit. Such an ar- 
rangement does away with coupling 
elements and allows a higher trans- 
fer efficiency. By providing a group 
of selectable fixed capacitors and a 
continuously variable inductor it is 
possible to reach resonance over a 
wide range of antenna constants. 
The system fails, however, at half - 
wave resonance where a slight 
change in the physical capacitance 
of the antenna may reflect a greatly 

magnified reactive component into 
the circuit. The simplest solution 
is to change the length of the an- 
tenna so as to shift the half -wave 
resonant condition away from the 
working frequency. The radiation 
efficiency of this extended tank cir- 
cuit becomes very low when the 
antenna is a small fraction of a 
quarter -wavelength. This condition 
is not encountered on domestic air 
transports operating between 3000 
and 6000 kc, but occurs on. planes 
built for foreign service where 
bands between 300 and 600 kc are 
used. The short antenna becomes 
so highly reactive that voltages up 
to 30,000 volts may build up. Trail- 
ing antennas are then needed. 

Dummy Aircraft Antenna 

In addition to determining an- 
tenna characteristics at the vari- 
ous frequencies, an application of 
measurements such as these is in 
the design of dummy antennas. 
Such antennas are very useful 
when it is desired to bench -check 
transmitters under load conditions 
simulating those imposed by the 
aircraft antennas. 

Freq. 
In kc 

TABLE I. DATA ON DC -3 TOP ANTENNA 
C C 

C, added C_ added Q, Q2 C, -C2 Q2 -Q2 Q-, Xe Re 

2500 
3000 
3500 
4000 
5000 
6000 
7000 
8000 
9000 

10000 
11000 
12000 

443 
406 
297 
226.5 
145 
210 
155 
381 

377 
305 
252 
213 

p141 290 

233 

82 

130 

92.5 

194 

134 

p105 390.5 

370 

286 

227.5 

188 

p141 

s141 

s50 
.915 

815 
p105 

s105 
s50 

315 
347 
372 
392 
424 
224 
233 
141 
145 
152 
160 
168 

120 
157 

76 

147 
148 
189 
107 
89 
85 
78 
83 
92 

153 

173 
215 
96.5 
52.5 
16 

21 

9.5 
7.0 

19.0 
24.5 
25.0 

195 
190 
296 
245 
278 
35 

126 
62 
60 
78 
77 
78 

50.8 
122.0 
69.2 

100. 
84. 
92.3 
26.8 

4.72 
3.81 
9.5 

17.1 
23.8 

-J418 
-1310 
-j210 
-j130 
+130 
+1110 
+1430 
+12100 
-12520 
-1810 
-1450 
-J260 

8.08 
2.5 
3.03 
4.1 

7.14 

17.4 

41.0 

445. 
663, 

87. 
32.9 
22. 
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To show the mobility of the two -million volt x-ray unit built by General Electric 
X -Ray Corp., Dr. Charlton operates the positloning motor while Mr. Westendorp 
checks the height of the extended tube preparatory to moving in the sample to 

to be radiographed 

T. increase the utility of x-ray 
inspection, a two million volt 

mobile unit has been developed. 
X-rays produced at this high po- 
tential have far greater penetrat- 
ing power than those produced at 
lower potentials. For example, foot - 
thick steel, which 'for practical pur- 
poses is opaque to x-rays produced 
at lower voltages, can be x-rayed in 
about two hours with this new unit. 

In addition to increasing the 
thickness which can be x-rayed and 
decreasing the exposure time for 
thicknesses which could be pene- 
trated by lower -voltage rays, the 
higher -voltage rays permit placing _ 

the x-ray source further from the 
sample being studied. This in- 
creases the area which can be radio- 
graphed in a given time and also 
reduces distortion of the image. 

Most important of all is the fact 
that the higher -voltage x-rays can 
be used to study a sample having a 

wide range of thicknesses with a 

128 

single exposure, because the ex- 
posure time for thick and thin sec- 
tions are more nearly equal with 
the x-rays produced by this high - 
voltage instrument. 

Design Features 

The two million volt mobile 
x-ray unit described in this article 
is a further development of fea- 
tures embodied in the million -volt 
therapeutic x-ray unit developed for 
cancer treatment and the portable 
one million volt industrial x-ray 
unit. In this new equipment, the 
x-ray tube has been permanently 
vacuum sealed. All parts form a 
unit that is mobile in that it can be 
moved by crane and positioned for 
operation at any angle by push- 
button control of fractional -horse- 
power motors. Mobility increases 
the flexibility of this radiographic 
tool for industrial examination of 
metal structures. 

This unit consists principally of 

Mobile 
By E. E. CHARLTON 

and 

W. F. WESTENDORP 
General Electric Co. 

Schenectady, New York 

a low -frequency resonance trans- 
former with the multisection x-ray . 

tube coaxially mounted within, and, '1i 

both cóntained in a steel tank and 

x-rays are generated at a target 
mounted in the end of an extension 
chamber projecting from one end of 
the tank. This construction pro- 
vides maneuverability, compact-' 
ness, simplicity, reliability, freedom '00 

from exposed high voltage, and rli 

ready accessibility of the target, P, 

end of the tube. The unit is five 
feet in diameter, eight feet in 
length and weighs 5000 lb. 

fr 

insulated with compressed gas. The ` 

file 

Construction 

The transformer shown in Fig. 
1 and 2 has a low -voltage winding, 

i consisting of two flat coils of rec- 
tangular wire and a high -voltage 
coil with 243 thin flat sections 
spaced apart for cooling. The upper 
coils are spaced more closely than 
the lower coils to provide a uniform 
potential gradient along the length 
of the coil stack. In this way radial 
spring taps to the x-ray tube can 
be used to supply the proper voltage 
to each tube electrode. Ibt 

The resonance principle of opera- let 

tion makes an iron core unneces- d'0 

sary. The central space of the high - 
voltage coil is occupied by the x-ray , I` 

tube, thus facilitating tube connec- I el 

tions. In addition, the absence of 
the iron core eliminates space 
otherwise required for insulation 
between core and high -voltage 
winding. This resonant type trans- 
former has a tank diameter only 62 
percent of that of a comparable 
iron -core transformer. 

The lower end of the high -voltage 
coil is grounded; the upper end is 14 

shielded by a rounded and radially 
slotted brass spinning. 
From a paper presented before the Na- 
tional Electronics Conference, Chicago, 1944. 
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Industrial X -Ray Unit 
.esonant high -voltage transformer and gas insulation reduce the size and bulk of this two 
Million volt x-ray unit. Special alloy permits glass -to -metal seals so that the x-ray tube can 

le 
permanently evacuated, eliminating the need for vacuum pumping during operation 

The natural frequency of oscilla- 
tm of the high -voltage winding is 
;0 cps. The 180 -cycle power is 
(rived from the 60 -cycle supply 
he through a synchronous motor- 
lnerator set which also eliminates 
to effect of line voltage fluctua- 
tms. 
The coil is held under compres - 
m by spring -loaded drawn glass 
Is free of air lines and blow holes 

ad with their surfaces sandblasted 
t increase their resistance to sur- 
f:e creepage discharges. This type 
o support makes it possible for the 
Uit to be operated in any position. 
'Since the tube is mounted in the 

ais of the resonance transformer, 
;í1ís located in a uniform electric 
'fed and a weak magnetic field 
prallel to the tube axis. The mag- 
n:ic flux does not interfere with 
ectron focusing. - 

Co avoid overheating of the Bur- 
r ending steel tank by eddy cur- 
rits there is an inner lining of 
a:row overlapping silicon steel 
trips spotwelded to the tank wall. 
'lese steel strips guide the mag- 
n;ic flux of the transformer from 
tl top to the bottom. The bottom 
a o is provided with a ring of simi- 
b radially spotwelded strips. 

Continuous operation at 120 de- 
gtes F ambient temperature is 
rrde possible by the coolers 
hinted diametrically opposite each 
o,er near the top of the tank. A 
Mall fan circulates cooling gas 
dough ducts, through the trans- 
amer and over finned water-cooled 
('per tubing mounted in each 

o(.ler. For ambient temperatures 
bow 50 degrees F an electric 
hitter raises the water tempera- 
tte to maintain the gas pressure. 

'rhe tank of quarter -inch thick 
et steel is designed for an oper- 

Átag pressure of 60 pounds per 
«tare inch gauge and has been 

tested hydrostatically to twice this 
pressure. The joints of the shell 
flange, the coolers and the x-ray 
tube flange are made gastight with 
rubber gaskets. 

X -Ray Tube 

A twenty four -section vacuum 
sealed x-ray tube for operation at 
two million volts was designed to 
go with the resonance transformer. 
It has an electron -emitting filamen- 
tary cathode, a copper backed tung- 
sten target mounted in the lower 
end of an extension chamber, and 
cylindrical accelerating electrodes 
in each of the intermediate sec- 

tions. Both target and chamber 
walls are watercooled. 

The tube envelope consists of 
sections of molded borosilicate glass 
tubing joined to fernico rings 
which carry the intermediate elec- 
trodes of stainless steel. Fernico is 
a special alloy which has an expan- 
sion coefficient comparable with 
that of one of the borosilicate 
glasses. This property of the fer- 
nice alloy, permitting thick metal 
sections to be fused directly to 
glass, has allowed the tubes to be 
made much smaller than might 
otherwise be possible and has also 
permitted a rigorous exhaust of the 

L+--60" inside diameter - 

Variable reactor 
(filament control) 

Lbo/er 

first intermediate' 
electrode 

Gloss envelop - 

éº Shields around 
x-ray tube 

Glass tie rod 
Secondary winding 
Primary windin 

";=i1 ... .. 

Steel tank 

i I 

ta: 
Filamer,¡f Coil 

Laminated shield 

Glass filament 
control shaft - 

Filament control motor 

Magnetic focusing coil 

Lead shield 

Water jacket 
Extension chamber 
Tungsten target 

Lead diaphragm - 

FIG. 1-This cutaway drawing shows the con- 
struction of the two million volt x-ray unit 
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tube. The inside 'glass walls of the 
tube are sandblasted to increase the 
voltages that can be applied to each 
section of the tube without the pro- 
duction of dangerous field current. 

The cathode spiral of tungsten 
wire is mounted in an electrostatic 
focusing cup. The tube is supported 
by a metal flange bolted to the bot- 
tom of the grounded metal tank and 
soldered to the copper extension 
chamber. A magnetic focusing coil 
surrounds the x-ray tube extension 
chamber and controls the spot size 
of the electron beam on the target. 

The tube is sealed after an evacu- 
ation process during which the 
glass envelope and metal parts are 
outgassed and all sections are aged 
at voltages twice the operating volt- 
age. This process insures stability 
of 'operation and long life. 

Gas Insulation 

The insulating and cooling gas is 
derived from liquid dichloro-di- 

I 

Lry 

.._..-_ 

lluro methane, CCl_F,, known as 

Freon -12. This gas has a dielectric 

strength 2.5 times that of nitrogen 
at the same pressure. The gas pres- 

sure in the transformer tank is 

maintained at about 55 lb per sq in. 

A pressure-stat on the tank blocks 

operation of the transformer if the 
pressure drops below 50 lb per sq in. 

either because of leakage or abnor- 
mally low temperature. About 240 

lb of gas ís required, whereas to 
give the same insulation more than 
forty thousand pounds of transil 
oil would be required. Corona or an 

open flame decomposes Freon -12, 

liberating chlorine and fluorine. 
However, experience indicates that 
there is not enough decomposition 
inside the tank to cause trouble- 
some deterioration of insulation or 
other components. Transformers 
without the x-ray tube were tested 
up to 2,500,000 volts without spark - 
over with Freon -12 at 50 lb per sq 
in. and 70 degrees F. 

FIG. 2-The steel tank has been removed to show the 

transformer and the slotted brass shield at its upper end 

Figure 3 shows a schematic cir pt 

cuit diagram of the principal circui qsi 

elements. The push-button controls ' 
selector switches, control moto 1 

drives, interlocks, protective devices .x 

and indicator lights have been omit ige 

ted for the sake of readability. .jhe 

as 

Electrical Circuit yet 

The series reactor and the shunt 6(t 

capacitor serve to eliminate the of+'tilt 

fect of the small frequency fluctua' IIS 

tions that occur on the power sys á11 

tem. T 

When operated by itself on a con can 

stant primary current of adjustable Id 

frequency the transformer produce; '11 

a secondary voltage that follows ; 91 

resonance curve having a maximun Ili 

at 180 cps. The transformer is pur 

posely tuned at constant input cur ' 

rent in order to produce a maxi , 1 

mum of output voltage with a give' eli 

primary current and also to ope Ili 

ate at close to unity power facto et 

However, when operated at consta ,1th 

ill' 

riE 

lbe 

d 

ry 

s 

h 

e 

H 

P 

r 

Eli 

Ii 

I 

iit. 

Sealed -off two -million volt multi -section. x-ray 
tube, held vertically in front of its steel housing 

tl 

Cr 

A 
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imary voltage and variable fre- 
,iency, the transformer produces 
;voltage maximum at 180 cps. 
The series reactor and shunt ca- 

1.citor so modify the constant -volt - 
re operation of the generator that 
to resonance transformer again 
Ls a maximum of voltage at 180 
Iles. Small frequency variations 
the order of one -tenth cycle can 

erefore occur at the flat top of the 
sonance curve and will not show 
y effect on the output voltage. 
The filament is operated from end 
rns on top of the high -voltage coil 
d the filament current is adjusted 
a variable reactor driven through 

1 glass shaft by an external fila- 
pnt-control motor. 

Metering Circuit 

The metering circuit, connected 
ttween the lower end of the high- 
tiltage winding and the grounded 
t,.ik, consists of a d -c milliammeter 

' with a reactor in series, and an a -c . 

?Illiammeter with a capacitor in 
lties. The unidirectional x-ray 
¡toe electron current registers on 
t i d -c milliammeter; the secondary 
'carging current (131 ma rms at 
jt: 2,000,000 -volt peak) passes 
t ough the capacitor and thus reg- 
hers on the a -c 

ich is calibrated 
pek. 

milliammeter 
in megavolts 

Auxiliary Circuits 

Che field of the generator is con- 
n:ted through a push-button oper- 

relay to a motor -driven poten- 
t meter which in turn is connected 
aoss the exciter of the generator. 
1e motor is operated from the con - 
t l panel by a megavolt control 
her. Interlocking contacts are 
'pvided so that the unit cannot be 
N:1ted unless this potentiometer 

in its lowest position, correspond- 
iq to approximately one million 
vts. Another control lever on the 
f iel operates the filament -control 
n tor. 

A selector switch on the control 
riel chooses one of four scales on 
1, tube current meter. The same 
Bitch simultaneously adjusts the 
(ect current through the mag- 

tic focusing coil, thus setting 
e spot size on the target for each 

a the current ranges. This switch 
ao switches various shunts on a 
toe -current operated relay which 
prtects the x-ray unit and meters 

Synchronous motor starter 
Three-phase . Moor field 
60 -cycle / exciter 
power fine 
_4,,,,,___ 

440v, /O -kw, 1140 -cycle, 
single -phone generator 

Generator field exciter` 

Starting relay-; 

Motor -driven megow/t 
-adjusting potentiometer 

20 -hp, 1.800 -rpm, 
synchronous 
motor 

' f/fament 
winding - 

Resonant 
secaxhy-_,.. 

winding 

p,.irnary 
winding 000' 

fI/ament 
control 

-29-section 
X-ray tube 

Mognetk- 
focusing col/ 

fnterision 
A -chamber 
--Target 

FIG. 3-Simplified schematic circuit diagram of 2,000.000 -volt x-ray unit 

against operation beyond the se- 
lected range. 

A timer is provided which can be 
set from a few seconds to 55 min- 
utes. It starts timing when the volt- 
age passes the 1.8-megavolt point 
and opens the starting relay after 
the preadjusted interval has 
elapsed. 

Table I shows typical electrical 
operating data of the unit. 

Operating Sequence 

A h pical operating sequence will 
illustrate the simplicity of opera- 
tion. Assume the operator plans to 
make the next exposure 1 minute at 
1 ma and 2 megavolts. 

He calls all people out of the x-ray 
room, closes the doors, selects the 
3 -ma range on the panel, starts the 
motor -generator set, pushes the 
x -ray -on button, lets the voltmeter 
come to 1 megavolt, then advances 
the voltage control. After reaching 
2 megavolts he adjusts the filament 
control to give 1.5 ma, pushes the off 
button and goes into the x-ray room 
to place the film. For the exposure 
he repeats the foregoing except 
that he uses the timer which he 
adjusts for one minute. The cur- 
rent comes to 1.5 ma without adjust- 
ment. 

TABLE I. OPERATING DATA 
Tube Current Transformer Input 

in Ma Volts Amperes Watts 
0.00 418 8.2 3050 
0.50 420 9.7 3825 
1.00 425 11.1 4575 
1.50 435 12.4 5300 

Output constant at 2-megavolt peak 

Resonance Transformer Design 

There are several advantages to 
be derived from the use of the re- 
sonance type of transformer. Wave- 
form in the high -voltage circuit is 
sinusoidal regardless of the input 
voltage. Furthermore, the oscillat- 
ing current in the high -voltage 
winding is so large (131 ma rms at 
2 megavolts) that the half -wave; 
full -load tube current of 1.5 ma ay- 
erage does not produce any measur- 
able difference between useful and 
inverse voltages. 

In a resonance transformer where 
the oscillating power is 151 kva and 
the load, including losses, approxi- 
mately 6 kw maximum, the voltage 
takes a few cycles to build up, even 
if the equipment is switched on sud- 
denly. Therefore, switching surges 
or other disturbances do not raise 
the output voltage more than a 
fraction of one percent, whereas in 
iron -core transformers 50 percent 
or more over -voltage surges may 
occur in case of improper switch- 
ing. 

Since none of the thin fiat coil 
elements sustains more than 10 kv 
peak and as they have a radial 
winding depth of several inches, 
random winding can be used. For 
convenience of assembly, start and 
finish wires of the coil elements are 
connected through flat phosphor - 
bronze terminal springs as the coils 
are stacked on top of one another. 

In designing a resonance trans- 
former the formula for the natural 
period of a tuned circuit, 

T <LC (1) 

may he used provided values of in- 
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ductance and capacitance are chosen 
to represent the non -uniformly 
loaded coil and its terminal and dis- 
tributed capacitance. From con- 
sideration of the magnetic and 
electrostatic energy distribution, 
formulas for L and C were derived 
which allow one to predict the re- 
quired number of turns within two 

or three percent. 
The inductance is evaluated as 

L = 250(h + d + D/4) 10-9 henry (2) 

where 
n = total number of turns 

1.000 

1 

.., 500 

c' 
D 

k 200 

Q 
:c 100- 

t 5Ó- 

U 
C º 
1 20 
c 

' 

'o 
.1. 10 
:t 

c s 

iz 
cr 

- 

X 
2 

10 4 8 12 16 20 24 

Inches of Concrete 

FIG. 4-This plot of the transmission of 

two million volt x-rays through con- 
crete indicates the thickness necessary 
to provide safe shielding of the radio- 

graph room 

50 (lam l llililil tl 
0 2 4 6 8 10 12 

Millimeters Added Lead Around Thimble 

FIG. 5-Comparison of one and two 

million volt x-rays shows that the 

higher -voltage rays have relatively 
higher penetration for thick objects than 

do the lower -voltage rays 
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D = minimum turn diameter 
plus one third the differ- 
ence between minimum and 
maximum diameters in 
inches 

h = coil stack height in inches 
d = distance from bottom coil 

to laminated steel disk be- 
low it, in inches 

The term D/4 is representative 
of the reluctance from the top of the 
coil to the laminated shell on the 
tank wall. 

The tuning capacitance is 

C = C, + C, + C, + C4 + Ca/3 (3) 

The first four terms represent the 
capacitance of the terminal cap in 
simplified terms that can be calcu- 
lated either as concentric spheres, 
parallel planes, or concentric -cylin- 
der capacitors. The last term is the 
capacitance of the concentric cylin- 
ders formed by outside copper turns 
and inside laminated shell. This 
term appears with the coefficient 1/3 
because the energy stored in this 
space is only one third of what 
would be stored with uniform wind- 
ing voltage. 

For the mobile two million volt 
180 cycle x-ray transformer these 
calculated values are C = 67.1 µµf, 
L = 11,700 henrys. 

Three times as much inductance 
would be required for resonance at 
60 cps and the wire diameter for 
such a design would be impracti- 
cally small. Higher frequencies than 
180 cps could be used but are not 
desirable since the iron losses in the 
return magnetic shell would in- 
crease almost proportionally to the 
square of the frequency even if 
there were an increase in the 
weight of iron. 

The stored energy of the tuning 
capacitance C at the peak of the 
voltage wave amounts to 

¡CV' = 1(67.1 X 10-12 (2 X 106)2 = 
134 joules 

This stored energy corresponds to 
a power of (1/2)w CV', which in 
this case is 151 kilovoltamperes. 

The tuning capacitance C must 
be distinguished from the charging 
capacitance C. which is used in cal- 
culating the charging current of 
the transformer. Because the en- 
ergy stored per unit volume in the 
cylindrical space between coil and 
tank varies' with the square of the 
height, the fifth term in Eq. (3) ap- 
pears with the coefficient 1/3. Be- 

v 
1 

Radiograph of a German periscope,1 
made with the 2.000.000 -volt x-ray unit.. 1 ` 
Illustrates how one exposure is suffi. 11 
cient at this high voltage to obtain a r,r it, 

picture of several thicknesses and ma- 
Ilt 

terials 
I urr 

cause the dielectric displacemen 
current per unit height of the col, 

is proportional to the height, thi 

term of C6 will appear with thl 
coefficient 1/2 in the expression fo 
C,, thus 

C.= C,+ C,+ C,+CI+;C6 (9 

The calculated value of C, is 83 µµ 
with a reactance of 10.66 megohms 
drawing a charging current of 13! 

ma rms at 2 megavolts through thi 
ground connection of the high -volt : 
age coil. This calculated current ilk 
close to the 131 ma rms determine 

ri 
by measurement. 

1 
1 

Megavoltmeter Calibration I 11 

Calibration was done in air at 1i 

atmospheric pressure with an e:, 

ternal 12.5 -cm sphere gap correctec 
and adjusted for 100 kilovolts peak' 
The hemispherical brass termina n 

cap of the transformer was con! 

nected through one of the cooler 
holes by a metal tube and a hight 
voltage insulating bushing to thi II 

external sphere gap. The added ca 11 

pacitance threw the transformer "1 

out of tune and the charging cur 11 

rent read on the meter in thi'' 
ground lead of the high-voltag ;1 

winding was meaningless. However 
it across the other hole in the tan 

diametrically opposite the bushing' 
was temporarily mounted against' 
the inside wall of the tank a larger 
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inooth, insulated pick-up plate. A 

lad from this plate passed through 
to hole to a vacuum -tube rectifier 
:id d -c microammeter. 

By operating the transformer at 
10 cycles and raising the voltage 
util the spheres sparked, a reading 
aas obtained on the pick-up plate 
licroammeter corresponding to 100 

llovolts peak. After removal of the 
lishing and the sphere gap the 

1 

lansformer was again in tune and 
le 100 kilovolts peak obtained by 
lading the pickup plate microam- 

1 eter was used as the basis of the 
tlibration of the megavoltmeter on 
le control panel. 
The insulating shaft for adjust- 

ig the filament current is also of 
lass similar to the transformer tie 
ids. This control shaft, mounted 
iside the transformer stack and 

. tiven by a reversible motor, pro- 
des remote control for the vari- 
le inductance in the filament cir- 

ait. By controlling the filament cur - 
Ant the x-ray tube electron beam 

rrent is made adjustable. 

Electron Beam Control 

Toroidal shields surrounding and 
canected to the various electrodes 
eectrostatically shield the electron 
lam. The size of the beam is 
1,gely determined by cathode ge- 
cietry and by the ratio of the volt - 
se used in the first section to that 
i the remaining sections. Without 
rignetic focusing the spot on the 

.teget is about l in. in diameter. 
I can be changed to any desired 
8;e by the magnetic focusing coil. 
hr industrial radiography the size 
cthe focal spot is reduced as far as 
kssible without overloading the 
tngsten target and thereby short- 
cing the life of the tube. 

X-ray Protection 

The x-ray protection for this unit 
trst be supplied largely by build - 
i, the enclosure in which it is to 
t used with thick walls of concrete 
o lead. This becomes necessary be- 

'c,ase diversified radiographic tech- 
niues with metal structures of dif- 
f'ent shapes demand that the ex- 
cision chamber not be covered 
with a large and heavy protective 
sleld. 

1 A lead shield with two-inch thick 
,lls and weighing 140 lb is placed 

-a)und the extension chamber. This 
rovides some protection, but its 

principal purpose is to improve the 
quality of the radiographs by re- 
ducing the scattered and stray 
x-radiation. This shield can be ad- 
justed to change the diameter of 
the cone of radiation of either the 
reflected or the transmitted beam 
of x-rays. 

Figure 4 gives the transmission 
of 2-megavolt radiation through 
poured concrete. These data in com- 
bination with the x-ray intensity 
measurements given in Roentgen 
units in Fig. 5 permit an estimate 
of the wall thickness required to 
provide any degree of x-ray pro- 
tection. 

X -Ray Radiation Measurements 

This x-ray unit produces very 
penetrating x-rays of high intens- 
ity. Figure 5 gives the x-ray out- 
put of the 2,000,000 -volt machine 
operating at 1.5 ma current, com- 
pared with a million -volt machine 
operating at 3.0 ma current. These 
intensity measurements were taken 
of the transmitted beam through 
the tungsten target with an inher- 
ent filtration of 1.5 mm tungsten 
and 5.0 mm copper and using a Vic- 
toreen Roentgen capacitor meter. 
The thimble type ionization cham- 
ber was placed 100 cm from the 
target in free air for the zero filter 
measurement and inclosed in lead 
cylinders for the added lead filter 
measurements. 

Industrial Applications 

Radiographs of thick sections of 
steel, ranging from 1 to 10 inches 
in wall thickness, can be obtained 
in short exposure times using 
2,000,000 -volt radiation. The com- 
parative gain in radiographic speed 
of this machine over the million - 
volt unit becomes more pronounced 
for the thicker sections of metal. 
Figure 5 shows that the higher - 
voltage x-rays are less rapidly dis- 
sipated in traveling through thick 
sections than are the lower -voltage 
x-rays. 

Figure 6 shows the decrease in 
exposure time required with the 
2,000,000 -volt machine rated at 1.5 
ma over the million -volt until rated 
at 3.0 ma, for various thicknesses 
of steel at a fixed target -film dis- 
tance. Figure 7 gives the exposure 
time required with the 2,000,000 - 
volt unit through steel for various 
target -film distances. 

Stereoscopic radiographs of metal 
sections of widely varying wall 
thickness can be obtained with defi- 

nition of the order of one to two 
percent. It has been found that ra- 
diographs taken with two million 
volt x-rays will clearly define de- 
fects of less than one percent in 

steel structures which have walls 
with thicknesses which vary from 
one to ten inches. Two million volt 
x-rays have the added advantage of 
greater latitude in the range of 
metal thicknesses readable on one 
radiograph without the time-con- 
suming.complication of a blocking 
technique generally practiced in 
the lower voltage rc nge. 
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FIG. 6-The data for this graph was 
obtained with a three-foot target -to -film 
distance using 0.010 -in. lead screens, 
type A x-ray film, density 1.5 and de 
velopment at 68 degrees F for six 
minutes. With two million volt rays 
(1.5 ma curve), only onehundredth the 
time required by million -volt rays is 
needed for radiographing 8 in. of steel 
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FIG. 7-Exposure times for various 
thicknesses of steel and for different 
target -to -film distances for 2,000,000.volt 
needed for radiographing 8 in. of steel 
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RELAYS IN 
1 

Industrial Tube Circuits 
Part I 

Practical sur\ ev of available methods for using relays with 

control applications. Ordinary d -c relays are best for both 

Part II m ill cover relay circuits providing gradual control, 

relays in the ratron, multiplier phototube and other she 

diodes and triodes for on -off 

a -c and d -c operated circuits.. 

and Part III will deal with 

cial industrial tube circuits 

ELECTRONIC engineers designing 
communication and especially 

control equipment frequently en- 

counter the problem of operating 
relays by means of electron tubes. 
Although such relays are usually 
connected in the plate circuit of the 
.tubes and may therefore be consid- 
ered as load for the tube, the ap- 

plied signal differs essentially from 
that used in' communication work, 

so that other design procedures 
have to be employed. 

The impedance of a relay coil is 

equivalent to a series combination 
of a resistance and a small induc- 

tance whose value ís, like all iron - 

core inductors, dependent upon the 
coil current. In most cases this in- 

ductance can be neglected because 
the time of a cycle of operation is 

usually much greater than the time 
constant of the relay. 

The signals used to control the 
action of relays are best treated as 

transients rather than sinusoidal 
signals, although they may be re- 

peated at regular. intervals. It is 

therefore advisable to think in 

terms of time -constants and time - 

delays rather than in terms of in- 

ductive and capacitive reactances 
and frequencies. This philosophy 
will be adhered to in these articles. 
For the same reason, the well-known 

methods of network analysis are 

usually cumbersome and other 

methods will be used to design re- 

lay control circuits. 

Power Requirements 

A well -filtered d -c supply voltage 

is not always necessary for the tube 

By ULRICH R. FURST 
Chicago, Illinois 

operation of relays. All that is re- 

quired is that the relay pull in and 

drop out in the desired manner. It is 

therefore often convenient to oper- 
ate relays and tubes directly from 
the á-c power line, thus saving con- 

siderable material, space and 
money. Use is made of the inherent 
property of all electron tubes 
wherein they conduct current in 
only one direction and therefore 
produce their own rectified voltage. 

If d -c relays are to be used in 

such a circuit some kind of filtering 
must be provided, otherwise the re- 
lay current will consist of a series 
of current impulses at line fre- 
quency. The duration, shape and 
magnitude of these pulses depend 
on the type of tube, operating con- 
ditions of the tube, and the external 
plate circuit constants. In many 
cases, when the relay is used in self - 
rectifying tube circuits the arma- 
ture of standard relays will chatter, 
a condition which must be avoided 
for reliable operation. 

In some cases it is possible to se- 
lect a relay coil having a long time - 
constant '(resistance - inductance 
ratio) or one with a heavy- arma- 
ture which is so sluggish that it 
does not follow individual current 
pulses. At the same time, average 
relay current can be increased above 
that necessary to operate the relay. 
However, this arrangement not 
only imposes unnecessary limita- 
tions on the design of circuits, but 

also requires excessive currents 
through relay and tube. The use of 

electrical filters is a more desirable 
means of suppressing relay chatter. 

A tube can .act as a half -wave 

rectifier, with the relay coil as its 

load. Such a combination behaves 
like a half -wave rectifier with an 

inductive load. The actual differ- 
ences between these two cases de- 

pend on the difference between the 
characteristic curve of a diode and 

the dynamic characteristic result -',I 
ing from the manner of operation' 
of the particular tube. 

A -C Power Filtering 

The simplest filter -circuit is a 

capacitor -input filter consisting of, 

a large capacitor in parallel with 
the load, which in this case is the 
relay coil. Because the inductance 
of the relay coil is usually very' 
small, it can be neglected, for a 

first approximation, without im- 
pairing the results. In such a filter 
the capacitor is charged to almost! ,i 

the peak value of the supply voltage, "a 

the difference being due to the volt- 31' 

age drop across the rectifier tube li 

and the current limitation of the C 

tube, the latter preventing a mo- 

mentary full charging of the capac- 
itor. Between charging impulses 1. 

the capacitor discharges contin- 
uously through the load. The in- 
stantaneous and average currents 
can be easily calculated by the usual 
methods for determination of the 
behavior of half -wave rectifiers. 

The average rectified current irlo 

always much larger than it woul 
be without the capacitor, due to th 
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)gher voltage across the capacitor. 
fin most sensitive relays used in 
icuum-tube circuits, 4µf will pro= 
1Ide adequate filtering; a larger ca- 
lcitor will reduce ripple still fur- 
ier and therefore decrease the 
Indency of the relay to chatter, but 
,eration will also become more 
iggish. This results because the 
2 time -constant is increased and 
fuses a delayed release of the re - 
hr. The current surge through the 
ibe is also increased. 
Care must be taken that this cur- 
nt surge does not exceed the 

iaximum rated peak plate current. 
allure to observe this precaution 
ien using gas or vapor -filled tubes 
sults in increased voltage drop 

t Toss the tube, and the life of the 
cthode is considerably reduced. 
1firrent surges can be avoided by 
Icnnecting a current -limiting resis- 
-1r between the tube and capacitor. 
/ though the tube is then protected, 
le voltage across the capacitor is 

reduced by the voltage drop across 
this resistor; this also reduces the 
average -plate current. 

An increase of this series resis- 
tance beyond the minimum value 
necessitated by the tube ratings 
further decreases the average cur- 
rent, or rather counteracts the ef- 
fect of the capacitor in increasing 
tube current. When the series re- 
sistance approaches that of the 
relay coil, the capacitor action is 
fully compensated, and the average 
current through the relay coil is 
the same as if both the capacitor 
and resistor were omitted. How- 
ever, instead of consisting of sep- 
arate pulses the current is almost 
constant, except for a small ripple 
component. It should be noted that 
about half the voltage and there- 
fore half the power is lost in the 
series resistor. Of course, chokes 
could be used instead of resistors, 
but the increase in cost, space and 
weight rarely compensates for the 

FIG. 1-The shading ring of an a -c relay 
operated in series with a half -wave recti- 

fier will not prevent chattering 

slight increased operating efficiency. 
Relays designed for a -c operation 

are not recommended for use in 

tube circuits. These relays usually 
have a laminated core to decrease 
eddy -current losses. This core is 

split into two parts near the arma- 
ture. A solid copper ring is fastened 
around one of these parts, and acts 
like a low -resistance secondary 
winding of a transformer the pri- 
mary winding of which is the re- 
lay coil. Because the reactance of 
this shading ring is considerably 
larger than its resistance, the cur- 
rent flowing through the ring lags 
by 90 degrees the current through 
the relay coil. This shading current 
produces an additional magnetic 
force on the armature which 
reaches its maximum just when the 
flux due to the relay coil current de- 
creases to zero. Therefore, at any 
time one of the two forces is acting 
on the armature and chattering is 
prevented. 

Operation of A -C Relays 

If an a -c relay is energized only 
by pulses during one half of a cycle 
and not energized during the re- 
maining half, the current through 
the shading ring will not be contin- 
uous. It will consist of two pulses 
of opposite direction, one at the 
start and the other at the end of the 
conducting period. This current 
and therefore the forces acting on 
the armature will be proportional 
to the rate of change of the coil 
current. As can be seen from Fig. 
1, practically no current will flow 
through the shading ring during 
the non -conducting period. Despite 
the use of the shading ring, the 
magnetic force is still zero through 
a considerable portion of the cycle 
and the relay will chatter. It is not 
possible to produce a phase differ- 
ence of more than 90 degrees be- 
tween the currents in the relay coil 
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and in the shading ring so as to 
cover this gap in the magnetic 
force, and therefore these relays 
require as much filtering as d -c re- 
lays of similar dimensions. 

Diodes for Relay Operation 

A d -c relay can be connected in 
series with a diode to permit oper- 
ation from an a -c power source. 
The problems encountered are es- 
sentially those of a half -wave recti- 
fier furnishing pulsating direct cur- 
rent to the relay coil as its load. In 
addition to filtering considerations, 
the usual procedures of designing 
such rectifiers and their associated 
filter circuits should be followed. 
These considerations are equally 
valid for hot -cathode vacuum tubes 
as well as for cold -cathode and hot - 
cathode gas -filled tubes. 

The difference in performance of 
these three tube types can be ex- 
pressed in terms of their internal 
voltage drops. In hot -cathode vac- 
uum diodes this voltage drop in- 
creases with current. Design data 
is published by tube manufacturers 
in the form of tube characteristic 
curves. In both hot and cold -cath- 
ode types of gas -filled diodes volt- 
age drop is constant and dependent 
upon the particular 'type tube. In 
cold -cathode tubes the tube voltage 
drop is considerably larger than in 
hot -cathode tubes. . 

One type of cold -cathode vacuum 
diode is the phototube, which is 
mentioned here only for the sake of 
completeness. Its current output is 
small and it is not usually possible 
to operate relays from such tubes 
without additional amplification. 
This amplification can be either by 
a grid -controlled tube which in turn 
can operate the relay, or by using 
amplification due to secondary elec- 
tron emission from additional elec- 
trodes in the same envelope with 
the photo electric cathode. This 
latter type cannot be considered a 
diode and will, therefore, be treated 
in the last section of this series. 

Diodes as Time -Delay Element 

Another possible application of 
diodes is as a time -delay relay. The 
diode heater is connected to its 
power supply. The relay operates 
when the emission current has 
reached the pull -in value of the re- 
lay. As no heating curves are pub - 
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lished by tube manufacturers, a 

curve of current vs heating time 
must be made by the user. Heating 
time depends appreciably on the 
heater voltage and on the age of the 
emitting cathode of the diode. 

The thermal time -delay diode re- 
lay is accurate enough to be used, 

for example, to keep the plate of a 

gas tube disconnected until its fila- 

ment has reached operating tem- 
perature. It can also be used in 
burglar -alarm or other control sys- 
tems to restore the operation of 

units which became inoperative 
during a short failure of the sup- 
ply voltage if during this time the 
cathode emission did not decrease 
below the pull -in current of the re - 

FIG. 2-Between the internal tube -drop 
voltage and the ignition potential of gas 
tubes there is an unstable operating region 

lay. A false alarm is thus avoided. 
To design such a time -delay re- 

lay, the cathode current which will 
flow after the desired time elapses is 
determihed from the current vs 
heating -time curve. Load lines are 
drawn on the plate -current vs plate - 
voltage characteristic of the diode 
through the operating point to find 
the resistance or the required sup- 
ply voltage for operation of the 
given type of relay. Obviously, gas 
diodes cannot be used for this pur- 
pose, because the plate load should 
be disconnected until the cathode 
has reached full emission. 

Relay Control by Gas Diodes 

A gas diode can be used if a 
variable control voltage is to oper- 
ate a relay whenever the voltage ex- 
ceeds a predetermined value. An 
amplifier or attenuator in combin- 
ation with a suitable bias voltage is 
necessary to convert the critical 
value of control voltage to the igni- 

tion potential of the gas diode. 
The following relation exists to 

the plate current of a d -c operated' 
gas diode: 

Ie. - 
where E, is the d -c supply voltage 
E, is the constant internal voltage 
drop across the tube and R. is the 

resistance of the relay coil. For a -c 

operation this equation must b-. 
modified to: 

I..= K(.-Eel \R. -I -Ref 
where E. is the peak supply voltage,, 
E, is the internal voltage drop of 

E. - E, (1) 

(2) 

et, 

res 

ser 

the 

at t 

/a' 
dio 

aad 

the gas tube, K is a factor whose the 

value depends upon the filtering or ?er 

wave form of the relay current, R thi 

is the coil resistance, and R. is the at 

series resistance of the filter. II ref 

R, is very small, as with a capacitor 
input -filter, K approaches unity 
and is less than 0.31 if there is n 

filter or if a resistance -input filte'1 l: 

is used. The value of K also de ma 

pends on the fraction of the cycll.a 
during which the tube conducts. II 

is usually simpler to find this fade 
tor empirically than to determine 
it analytically. 

The non -conducting gas tube will 

fire whenever the voltage between 
its electrodes exceeds the ignition 
potential E,, which is usually bea 

tween 5 and 30 volts higher than 
the internal voltage drop of the 

tube during conduction. Both the 

ignition potential and the internal 
voltage drop during conduction are 

unique for each particular tubd 

type and can be found in manufac 
turers' tube data. I 

If a voltage that is higher than 
the tube drop but lower than the 

ignition potential is applied to the 

tube, the behavior of the tube de., 

pends upon its previous history. I 
this voltage is obtained by increas. 
ing a previously lower voltage, th 
tube stays non -conducting; if of 

the other hand it is obtained by de 
creasing a previously higher volt 
age, the tube having been fired by 

the higher voltage remains fired! 
Or in other words, a change of the 
conducting stage of the tube occurik 
at different values of control volt113, 

age depending upon whether the üf 

control voltage increases or de t 

creases. Unless such a differential 
action is desired, this critical rangl ;t 

should be avoided. It is shown as sl 
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Iladed portion in Fig. 2, which is a 
raphical representation of Eq. (1) 
nd (2). 

To avoid damage to the gas di- 
le, a series resistor is needed. This 
esistor can be either the relay 
MI resistance or an additional 
eries resistor. The tube fires when 
n ignition potential is reached. If 
to voltage across the tube remains 
t this high value, the cathode will 
e damaged. However, if there is 
2sistance in series with the gas 
lode, the current will become such 
tat the IR drop across this resistor 
'ill be the difference between E, 
nd the applied control voltage, and 
:le tube will be protected. The 
eries resistance should be such 
in the current that flows will be 
t least the pull -in current for the 
elay, but not greater than the 
laximum allowable tube current. 

ensitive Control With Vacuum Tubes 

More important than diodes for 
'clay operation are triodes and 
entodes. (Ordinary and beam 
ttrodes have essentially the same 
ehavior as pentodes and shall 
e included in this group.) These 
ibes make operation of relays pos- 
ble with practically no power 
tnsumption in the controlling or 

iUot circuit. 
The simplest case is on -off con - 

ml of the relay. The tube may be 
3rmally biased beyond cut-off ; 

hen the relay is to be energized 

!G. 3-This circuit illustrates the basic 
Tangement for vacuum -tube relay con- 
s). Closing the switch actuates the relay 

le grid is connected to the cathode 
that the full plate -current flows 

trough the relay in the plate-cir- 
,I lit, as shown in Fig. 3. If the bias 
11-i supplied through a very high re- 
ilistance R, the magnitude of which 
n only limited by the grid -current 

I mracteristic, the current through 
I witch S cán be made extremely 

mall, so that the delicate contacts 

of a thermostatic or pressure switch 
or galvanometer -type relay can be 

used. The use of this circuit for 
electronic gages, liquid level control 
and similar applications is obvious. 

The selection of the relay coil 
can be easily made. The full plate 
current of the tube with the grid 
tied to the cathode must be larger 
than the pull -in current of the relay 
by a suitable safety factor. The 
voltage drop across the tube and 
across the relay coil can be found 
from the tube characteristic curves 
on which the corresponding load - 
line has been drawn. A check can 
then be made to ascertain whether 
the power dissipated is within the 
ratings of the tube. 

Vacuum -Tube Characteristics with A -C 
Plate Supply 

To operate tube and relay di- 
rectly from an a -c power supply 
there is again the problem of filter- 
ing the tube output. The tube with 
its grid tied to the cathode behaves 
exactly like a diode and should be 
treated as described in the previous 
section. Obviously, no filtering 
problem exists when the grid is 
biased beyond cut-off. 

The cut-off bias can be either a 
constant direct voltage which is 
high enough to -prevent current flow 
when plate or screen voltage 
reaches its peak value, or it can be 
an alternating voltage which is 180 
degrees out of phase with the plate - 
supply voltage. A simple way to 
obtain this condition is to use a 
power -supply transformer with a 
tapped secondary winding as shown 
in Fig. 4. One end of the winding 
is connected to the grid and the 
other end to the plate circuit 
return; the cathode is connected to 
the tap of the winding. Another 
tap or a separate winding on the 
same transformer furnishes the 
heater voltage. 

The instantaneous grid voltage 
should always be at least the cut-off 
value for the corresponding instan- 
taneous plate voltage. This cut-off 
value is obtained from the tube 
characteristic curves, or may be ap- 
proximated by dividing the plate 
voltage by the amplification factor. 
In the case of pentodes use the 
screen -control grid or "cut-off" am- 
plification factor, which is approxi- 
mately the one obtained from the 
characteristics of the tube con - 

FIG. 4-For a -c operation, the power trans- 
former is tapped approximately in the 

ratio of 1' to µ 

netted as a triode. The grid volt- 
age should then be multiplied by a 

safety factor. 
The correct relay coil resistance 

cannot be found as easily from 
tube characteristics as in the case 
of d -c operation, but experience 
shows that under the same condi- 
tions the average current obtained 
from an rms voltage is about one 
half the current obtained from the 
same direct voltage. 

Another method to be used only 
with pentodes is to measure the di- 
rect current (as read from a d'Ar- 
sonval type meter) as a function 
of the rms screen voltage while the 
grid is tied to the cathode. The 
plate voltage has very little influ- 
ence on the plate current in pen- 
todes, and it is therefore not im- 
portant whether the plate is tied to 
the screen, or connected -through 
the relay coil to the power supply. 
Load lines can then be drawn on 
the curves so obtained exactly as in 
the d -c case. Because the wave - 
shape of the supply voltage has an 
influence on the plate current, too 
high a precision should not be ex- 
pected from this curve. This method 
should not be used with triodes, be- 
cause the plate current, and there- 
fore the voltage drop in the relay 
coil and the actual plate voltage, 
are neither constant nor sinusoidal 
and the error made by using aver- 
age values to draw the load -line is 
usually excessive. 

To prevent possible overloading 
of the relay coil when pentodes are 
used, it is good practice to reduce 
the screen voltage so that the tube 
current is limited to the relay's 
pull -in current multiplied by a 
safety factor. This practice also re- 
duces the required grid bias. With 
triodes this protection can be ob- 
tained only by careful selection of 
the relay characteristics. 
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Shrinkage Analysis in 

TUBE MANUFACTURE 

Procedure for isolating the factors responsible for rejected tubes, with examples of roil. ' 

tine followed by Shrinkage Analysis Department and samples of typical reports 

sUPPOSE 1000 stems for vacuum 
tubes are started in the mount- 

ing department and that only 800 
actually became satisfactory tubes. 
Shrinkage analysis seeks to deter- 
mine why 200 were lost en route. 
In contrast, quality control is con- 
cerned with variations in the per- 
formance of the 800 good tubes. 
Shrinkage analysis thus obtains 
information directly concerned 
with the reduction and removal of 
factors which cause industrial 
losses. 

If the product is running close 
to a manufacturing limit, shrink- 
age analysis will never disclose 
that fact until the damage is done; 
quality control, however, observes 
the condition and reports to factory 
engineers who take steps to rectify 
the trouble. Should quality control 
warnings be ignored for one reason 
or another, shrinkage results. 
Shrinkage analysis, then, is the 
fact-finding procedure which in- 
forms factory engineering of the 
vital channels to be worked on to 
bring variables under control. 

Operation of Shrinkage Analysis 
Department 

In cases where the shrinkage is 
localized, a positive indication is 
available which points to an ineffi- 

cient or improper operation. Let us 
say that 5 percent is the normal 
shrinkage expectancy for open fila- 

ments over the entire operation. If 
this 5 percent loss occurs in only one 

operation, it is imperative that fac- 

tory engineers correct the situation 
quickly. Regardless of this fact, 
the point being made is that local- 

ization of the disturbance to a 

single operational area is most 

By EUGENE GODDESS 
Speoial Projects Engineer 

North American Philips Company, Inc. 
Dobbs Ferry, N. Y. 

easily recognized by a preliminary 
analysis. 

Suppose a poor material is used. 
If twenty different operations each 
lose 0.5 percent of their tubes due 
to open filaments, an overall fila- 
ment shrinkage of 10 percent re- 
sults. Here the trouble -localizing 
or "where" analysis is small, but 
the "what" analysis discloses the 
hidden truth. 

Once ít has been ascertained 
factually that trouble exists, a sec- 
ondary analysis must be performed 
in order to isolate it. Is it con- 
fined to a certain operator or ma- 
chine or to a certain combination 
of operators and machines? Does 
it occur on any specific day of the 
week? Does it occur only during 
or following certain atmospheric 
conditions? Does it manifest itself 
only on certain work shifts? 

The causes for shrinkage belong 
more properly in the domain of 
engineering, but often the shrink- 
age analysis department can dis- 
close or confirm facts concerning 
such troubles. Good analysts are 
fundamentally curious. 

Other Articles on 
QUALITY ENGINEERING 

Quality Engineering in Tube 
Manufacture 

NOVEMBER 1944 ELECTRONICS 

Quality Control in Tube Manufacture 
JANUARY 1945 ELECTRONICS 

Here, then, is a method of opera- 
tion : 

1. A primary or preliminary an - 
alysis is made for purposes of iden- 
tification. tr: 

2. A secondary or detailed analy- 
sis is made for purposes of isolation. 
Summaries are made daily, weekly, 
and monthly in order to detect 
shrinkage trends. An isolating an- 
alysis follows any time that the sit- ,c1 

uation demands it. fit 

It is desirable that shrinkage 'ita, 

analysis work be performed by a fri 

single specially trained group rather filer: 

than by individuals from different 
departments. The Shrinkage An- l° 

alysis Department is not concerned Fa 

so much with reduction of shrink- nri 

age as it is with presenting accurate 
facts concerning the condition. This 1 

information is then turned over to' he 

factory engineers whose main con- art 

cern is to keep the factory running tar 

at high efficiency. ft 

There is some question as to a 

whether the completely tabular 
form of report is as digestible or I 

as emphatic as the same report1,arr 
would be if results were integrated r 

into conclusive thoughts. The 
analyst's opinions and conclusions r; 

are important for several reasons, 
namely : 

1. The analyst has time to draw 
a summary. Most (not all) other 
persons give tabular reports a 

quick reading and generally do not 
stop to summarize. 

2. The analyst's summary is ob- 
jective-thus, results are viewed 
impartially. 

3. The analyst often draws upon 
the experience of many engineers 
to make or confirm his conclusions. rL.. 

Report value depends on two 
I,, 
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arinkage analyst removes a defective heater from a cathode- 
ray tube to determine why the tube was rejected . 

actors: 1. 'Factual content; 2. 

'horough study of the findings. 
he first factor depends on the effi- 
iency of the analyst; the second 
ictor depends on the engineering 
ersonnel of the sections involved. 

Relation to Other Departments 

Failure of production and engi- 
eering personnel to utilize the po- 
entialities of the Shrinkage Analy- 

'Zs Department may be ascribed to 
ie natural reticence of anyone to 
are his errors, and to misunder- 
tanding concerning the function 
f the Shrinkage Analysis Depart - 
tent in the general scheme of fac- 
ry operation. Since reticence 

an be overcome only when misun- 
'erstanding is clarified, it is im- 
erative to discuss the main prob- 

: "What relationship does the 
hrinkage Analysis Department 
ave to general factory activity?" 
Development engineers set up 

pecifications for making tubes, 
nd factory engineers watch manu- 
facturing procedure to be sure 
pecifications are followed. Natur- 
lly, all specifications cannot be 
ollowed exactly - the slight 

changes that are necessary are 
ermed variables. The Quality 
:ngineering Department gives a 

dynamic picture of production by 
bserving deviation of the vari- 
bles; when deviation gets out of 

l 

Shrinkage analyst uses a hot-wire glass cutter to open a 
defective cathode-ray tube for investigation 

N 

ir /1 ` 

! 
v,.,r 

Top view of a cathode that has been 
b3mbarded with positive ions (left) and 

a normal good cathode (right) 

control, shrinkage will then occur. 
The Shrinkage Analysis Depart- 

ment examines rejected material to 
reveal the cause of shrinkage. This 
information is conveyed to factory 
engineers and production person- 
nel, who use the additional informa- 
tion to put the variables under con- 
trol. That is the reason-the sole 
reason-for circulating reports. 
Departmental activities are com- 
pletely objective and are aimed at 
pointing out failure only for the 
purpose of lighting the road so 
engineering and production per- 
sonnel may achieve success. 

Technique of Shrinkage Analysis 

As an example, let us assume that 
a transmitting tube fails because of 
low power output. The first step in 
performing a post modem is to 
verify the failure in the following 
manner : 

1. The test set must be checked 

with good tubes to show that it is 
operating properly. 

2. The meters should be verified 
to remove any question about the 
effect of calibration on observed 
results. 

3. If the tube is tested as a power 
amplifier, it is necessary to verify 
the power input before condemning 
the tube for poor power output. 

These are some of the prelimin- 
ary steps which, though they seem 
quite obvious, are easily overlooked. 

Once the failure has been veri- 
fied, it is desirable to determine 
whether low power output is due 
to low emission or to faulty con- 
struction in the tube. If emission 
is adequate, the tube should be 
checked to see if the grid is prop- 
erly constructed. It is necessary 
also to verify whether power out- 
put is measured at a frequency at 
which inter -element spacing may 
be at fault. Similarly, filament 
construction must be examined. 

If emission is low, gas content of 
the tube should be measured and it 
is . worthwhile to investigate car 
burization of the filament. When 
the filament is over -carburized, 
emission is reduced and in some 
cases power output suffers. This 
condition can be checked by "flash- 
ing" the tube at a temperature 
slightly higher than normal; thus, 
some of the carbon is removed and 

I 
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power output can be redetermined. 
If power output comes up, the 
cause of failure is known. Should 
power output fail to come up, over - 

carburization is not at fault. 
If the tube shows a slight gassy 

condition, the seals and beads 

should be carefully examined for 
wire leaks or faulty beads; metal - 

to -glass seals should be given spec- 

ial attention. Where tungsten is 
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Sample shrinkage analysis report with breakdown, for three 
types of cathode-ray tubes having the same construction but 

differing in screen characteristics (above) 
Sample shrinkage analysis report, showing detailed sugges- 

tions for improvement in processes and inspection (left) 

Procedure for performing shrinkage analysis on an electro- 
static focus and deflection type cathode-ray tube which failed 

for low light output (below) 

Verify low light output 

Light output not low, 
determine If good tube 

Light output low, 
check heater current 

Heater current loe 
check heater 

connection, diameter, 
Construction. coating 

Heater current high. 
check for shorted 

turn. diameter, con- 
struction, coating 

Anode currents high. verify normal 
emission, then check light 

transmission of screen 

1 

Light 
transmission 
normal, check 

screen efficiency 

Alignment bad 

Light 
transmission 

low. 
thick screen 

Heater current 
normal, check 
anode currents 

Emission 
normal, 
check 

alignment 

Alignment 

If 

Alignment good, check aperture size 

Emission low, 
check for gas, 
leaks, cathode 
contamination 

used as a lead, it should be ex- 
amined for small fissures through 
use of a magnifying glass or micro- 
scope. In some cases it is desirable 
to use a fluorescent liquid penetrant 
which becomes visible under ultra- 
violet light.' 

Where large volumes of gas cause 
the tube to be classed as an "air 
tube", the failure will generally be 
in the form of a large crack or fis- 

sure. Frequently, this can be dis- 
cerned by eye with the aid of a 

bright light. 
The above analysis does not pre- 

tend to be as complete or as detailed 
as might be desired. It does offer 
two advantages; it provides a 

simple pattern for new and un- 
trained help, and it requires prac- 
tically no expensive or elaborate 
test equipment. 
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hrinkage Analysis of Cathode -Ray 
Tubes 

As a second example, consider a 
(thode-ray tube which has been 
ejected for low light output. Here 
Bain, the rejection should be veri- 
fd. One convenient method uses 
everal test sets for checking the 
eject against a standard tube. A 
tindardized test set is preferred 

which heater current and anode 
Iitages can be observed. The 
later current can act as an index 
(' cathode temperature. By read- 
fg second or third anode currents, 

required, intensity of the beam 
Itting the screen can be checked. 
If anode currents are low, it is 

icorrect to assume that cathode 
eiission is reduced. This value 
lust be checked separately with a 
yw positive voltage on the grid. 
lice it has been definitely estab- 
.i.hed that cathode emission is in- 
elequate, various beads and wires 
Lould be examined for cracks or 
iilures that permit entrance of 
jls which destroys the emitting 
rface. 
When the tube is opened, the 

(thode should be examined for ion 
lots. If none are present, it 
t,ould be examined for other types 
( contamination such as chloride 
( oil, which also reduce emission. 
Suppose, however, that emission 
adequate but second anode cur-- 

int is low. In that case, the geome- 
ly of the electron gun should be 
amined for alignment and con- 

11tepon d 7i 
StvSMee anelfair o/t 

tuba typt .74P/ 
Sutler, ro 

Dletrib.ttont 
Beduestd by; 
anel,ele Dpi _ 
Wu.bº of tubas tet e.de eei tet aed o 

centricity on the test set or by 

opening the tube if necessary; aper- 
tures should be checked for correct. 
size. If emission and second anode 
current are adequate but light out- 
put is low, the tube should be 

opened to measure the light trans- 
mission of the screen. If the screen 
is too thick, then light intensity on 

the face of the tube will be mate- 
rially less than on the inner surface 
of the screen. If light transmis- 
sion is adequate, the screen may be 
inefficient for other chemical or 
physical reasons. 

Basically, the luminescence of a 
phosphor is due to an unstable 
crystalline structure; this structure 
is disturbed by physical shock. 
When the phosphor comes from the 
oven during the manufacturing 
process, it is rather lumpy. Thus, 
it is necessary to reduce the diam- 
eter of particles to the order of 5 

to 50 microns and this is generally 
done by ball milling. If ball milling 
continues over an extended period 
of time, the crystalline structure is 
disturbed by the physical shock. 
As a result, the phosphor becomes 
stable and loses its basic property 
of luminescence. 

Impure chemicals used for syn- 
thesizing impair the efficiency and 
color of the phosphors. These 
characteristics may also be affected 
by improper crystallization tem- 
peratures. Now, all these things 
increase the amount of inert or 
non -luminescent material present 

in the phosphor and subsequently 
in the screen. Consequently, the 
efficiency of the entire screen is re- 
duced because this inert material 
takes up space which normally 
would be occupied by luminescent 
material. 

These are only a few of the 
factors which can cause low screen 
efficiency. Nothing has been said 
about reflectivity of the inner glass 
surface nor about glass thickness 
and bulb processing, which factors 
also affect the light output offered 
by the tube. 

It is hoped that the material 
given so far in this series of articles 
will indicate the basic approach to 
these pr óblems. It is more import- 
ant to understand the approach 
than to understand the specific 
method, because the latter varies 
from problem to problem-the ap- 
proach to shrinkage analysis prob- 
lems generally remains the same. 

The final article in this series 
will discuss problems involved in 
setting up a statistical method of 
controlling quality during manu- 
facture, by testing scattered sam- 
ples of tubes and placing the data 
on special process control charts 
that show promptly when produc- 
tion gets out of control. The best 
way to reduce shrinkage is to con- 
trol the variables which produce it. 

REFERENCE 

(11 Kulin, S. A.. Fluorescent Inspection 
of Tungsten, ELECTRONICS, July 1943, 
p. 95. 
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IN 
high -frequency power trans- 

mission it is frequently neces- 
sary to use a balanced two -wire 
line over part of the system, and a 
coaxial transmission line over the 
remainder of the distribution sys- 
tem. The natures of the generator 
output and the load input will dic- 
tate the particular combination of 
balanced two -wire and coaxial 
transmission lines which must be 
used. 

At the juncture of the two types 
of transmission line a conversion 
transformer is necessary to main- 
tain the currents on the two types 
of line in their proper relations. 
The conversion from one line to 
the other can be made ideal only at 
one frequency, but methods will be 
described which provide satisfac- 
tory conversion over a range of 
frequencies. 

In converting from a balanced 
two -wire transmission line to a 
coaxial line, it is necessary to un- 
derstand what is meant by equilib- 

FIG. 1-Section of coaxial line, showing 
the currents which can flow 

FIG. 2-Section of a balanced two -wire 
transmission line, showing the line and 

shield currents which can flow 

Iu 
I2 

FIG. 3-If the currents of a two -wire line 

are not equal, an unbalance current I. 

flows. In this case the inequality of the 

line currents is in the nature of- a small 

phase shift. The two line currents should 
be 180 degrees apart for balance 

Transmission -Line 

CONVERSION 
Methods for joining a balanced two -wire line to a 

coaxial line are discussed. Conversion transformers 

which operate at a single frequency or over a band 

of frequencies are described. Constant impedance 

is possible over a one -to -three frequency range 

By NATHAN MARCHAND 
Federal Telephone and Radio Laboratories 

New York, N. Y. 

rium conditions in a coaxial line 
and in a balanced two -wire shielded 
transmission line. The term un- 
balanced is often used for coaxial 
feed, but in this analysis it will be 
used for departure from the nor- 
mal equilibrium conditions. 

Currents on a Coaxial Line 

A coaxial transmission line con- 
sists of a conducting wire concen- 
trically disposed in a hollow con- 
ducting tube, the space between be- 
ing filled with a dielectric which 
may be air. Figure 1 shows two 
sections of a coaxial transmission 
line. In the side section there are 
shown three currents, I,, 1-, and J. 
When a transmission line of this 
type hag a shield which is well con- 
structed, and is used above 50 
megacycles, it can be assumed 
without loss of generality that the 
shield is 'perfect. This does not 
mean that it is a perfect conduc- 
tor, but rather that there is no 
coupling between the current I, on 
the inside of the shield and the cur- 
rent I, on the outside of the shield. 
This also means that the current 
I, on the ínsíde of the shield must 
be exactly equal and opposite to 
the current 1, on the inner con- 
ductor. 

The problem in the coaxial line, 
as far as conversion is concerned, 
is to prevent any coupling between 
the true currents I, and 1, and the 
interfering or unbalancing current 
I, that might be induced on the 
outside of the shield. It is also im- 

portant from power considerations 
to maintain the surge impedance 
along the line constant. 

Currents on a Two -Wire Line 

u(m 

et 

were. 

'us 

t: 

Balanced two -wire transmission 11i tº 

line consists of two parallel con- u 
ductors in a dielectric which may _. 

or may not be surrounded sym- 
metrically by a shield. Since for f I, i 

shielding purposes all balanced 'At, 

transmission lines should be en- wia 

closed in a shield, a shield will be 

included in the discussion. 
Figure 2 shows an end and side 

section of a balanced transmission 
line. In the side section there are 
shown four currents, 1 I 1 and eee I I, is the total resultant current I cm 

on the inside of the shield and I, is I 

the total resultant current on the 
outside of the shield. In a per- 
fectly balanced line I, would be 

equal and opposite to I_, and I, 

would be zero. - 

If 1, is not equal in amplitude and 
opposite in phase to I_, then I, will 
be equal and opposite to the vector 
sum of I, and J. This is shown in 

Fig. 3, where I, and 1, are not ex- 
actly 180 deg out of phase. Their 
sum is equal to the unbalanced cur- 
rent I. to behaves as though it 
were a current flowing in the same 
direction along both of the trans- 
mission lines. That is, the two wires 
are acting in parallel as the inner 
conductor of a coaxial line, the re- 
turn current flowing on the inside 
of the shield. This return current 
is designated as I,. Again I. is the 

>m 

om 
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TRANSFORMERS 
etraneous current induced on the 
tside of the shield. 
The first problem encountered in 
tintaining the normal equilibrium 

;'nditions in a balanced transmis- 
n line is to keep 1, equal and op- 

lsite to 1, so that 13 will be zero; 
le second problem is to prevent 
'from coupling into the transmis- 
,m line at any point. 

The problem is to convert from 
I balanced transmission line to a 
caxial transmission line by intro- 
cicing some type of transmission 
he transformer. First, in order to 
'event 1, from coupling into the 
lies the outside shields of both 
lies should be kept continuous so 
lat there can be no way in which 
j can get into the line. If this 
lethod is not possible, some other 
leans must be used to prevent 13 

om coupling into the line. Sec- 
tidly, in order to maintain I, equal 

13 in the balanced transmission 
le, the impedances from each 
inductor to the shield must be 
:aintained equal. Any difference 
. impedance will cause I, to differ 
'om I,. Third, the continuity of 
irge impedance, or impedance 
atching, should be maintained as 
ose as possible, to obtain maxi - 
um power transfer. 

Single -Frequency Transformation 

In Fig. 4 is shown one type of 
.ansformer that can be used for 
ngle-frequency transformation. A 

coaxial 
line, 

/ 
II Extended shie/d-- 
I 

t////<-///%////// //////A I,c- C 

////////////////////// 
/ / / / / 

Ii5 r/ 

Balanced 
two -wire 

/lL'i/1 

I v / /// /// ////>f//////X% 
-13C A 

j--- á 
-B /////////////I///../// 

Ise 
A 

135 

/ to 

/ .'s-- Expanded 
section of ' 

shield 

/ / 4 

FIG. 4-Cross-section of a single -frequency conversion section, showing how 
the coaxial shield can be extended to reduce 1, to zero at resonance 

large box, an expanded section of 
the shield, is used. This box must 
totally enclose the interior circuits 
to avoid coupling between I, and 
the inside currents. The coaxial 
line shield is extended a distance of 
one quarter wavelength inside the 
box; the dual line is brought in on 
the other side. One conductor of 
the dual line is connected to the 
inner conductor of the coaxial line 
and the other to the coaxial shield 
extension. 

In order to determine the equiva- 
lent circuit of this conversion trans- 
former, the current paths have to 
be traced. Current 1. of Fig. 4 
will flow directly from one side of 
the balanced two -wire line to the 
inner conductor of the coaxial line 
shown as I. The current I. will 
flow from the other side of the bal- 

Coaxial line 
IIC 

I 3c 

D 

C Two-w,re line 
ItB 126 

I36 
B 

Extended shield 

IG. 5-In this equivalent circuit of the conversion 
ection shown in Fig. 4 the shield is represented 

by cross -hatching 

1G. 6-The addition of a sdlid stub inside the 
onversion section improves the off -resonant 

action of the transformer 

anced two -wire line and divide into 
two currents. One will flow along the 
inside surface of the coaxial shield 
(shown as 13.), and the other will 
flow around the outside of the co- 
axial shield (shown as Ix). In or- 
der to maintain the normal equilib- 
rium conditions, should be zero. 
This is true since is always equal 
and opposite to 12e; thus for 1,8 to 
be equal and opposite to 1,, I,, must 
be zero. In this case it will be zero 
since the outer side of the coaxial 
shield AD and the inner side of the 
box B form a coaxial transmission 
line which is shorted at the end D 
and is one quarter wavelength long, 
resulting in an extremely high im- 
pedance between point A and the 
surface at B. 

The equivalent circuit is shown 
in Fig. 5. The wire representing 

v/ 
Coaxial line 

////,,//////////./7/J 

ño .L X0/ -- 4 -47 --- 
c/ 

,,,,,,,,,,,,)V5,,,, 
D Extended I3cA 4 Shield 

/ / 
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/// 

Balanced 
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Coaxial line 

A 

D 

So/id stub 

E 

41171,128 Two- 
wire 

~I5s line 
c~::..:.:.:.: 

B 

Extendedshie/d 

FIG. 7-The loop formed by the solid stub 
of Fig. 6 is shown on a plane extending 

into the page in this equivalent circuit 

2jZ0r Ian 0 
Balanced 
Iwo - wire 

line 

FIG. 6-The lumped constant equivalent 
of Fig. 6 shows a reactive impedance In 
parallel with the coaxial impedance. It 'is 
this reactive impedance which limits the 
frequency band over which the conversion 

section will operate 

the inside of the shield is shown 
with shading. It can be seen here 
that ha is being fed into a shorted 
transmission line ADB which, if ít 
is one quarter wavelength long, 
will result in an infinite impedance 
at AB so that 13,, will be zero. What- 
ever impedance is presented across 
AC looking into the coaxial line will 
be the load across the end of the 
balanced line. Thus, if both the 
coaxial line and the balanced line 
have the same surge impedances, 
and íf ZL is matched to the coaxial 
line, the balanced two -wire line will 
also be matched. 

The one bad feature of this type 
of conversion transformer is that it 
will give good balance at only one 
frequency. As soon as the fre- 
quency is shifted so that ADB, is 
no longer a quarter of a wavelength 
long, I,, will no longer be zero, and 
hence ho will no longer equal I and 
the line currents will no longer be 
balanced. 1 will then no longer 
be zero, but rather will equal 1. 

Wide -Band Conversion -Transformer 

The next logical step is to put an 
impedance from C to B that will 
equal the impedance at AB so that 
even if the frequency is shifted, it 
will only introduce a phase mis- 
match, but will not disturb the cur- 
rent balance. This will be true be- 

cause the voltage at C is equal and 

opposite to the voltage at A. In 

Fig. 6 is shown a wide -band conver- 

sion transformer. This is the same 
as the single -frequency transformer 
(Fig. 4) except that at point C 

where the inner conductor is di- 
rectly connected to one side of the 
balanced line, a solid stub, equal 
in length and outside diameter to 
the extended shield, is connected as 
shown: Their electrical lengths are 
equal to a4/4 which would be one - 
quarter wavelength at the mean 
frequency if the stray capacitance 
between A and C were negligible. 
Because of this stray capacitance, 
the inner conductor of the coaxial 
line should be removed and the 
lengths of shield and stub so chosen 
that the impedance across AC is a 

maximum at the mean frequency 
for which the unit is to be used. 
AL should be kept as small as pos- 
sible since it is an extra distance 
that I,e must travel to reach C over 

that which must travel to 

reach A. 
In Fig. 7 is shown the equivalent 

circuit for this type of conversion 
transformer or balance box. It can 
be seen that this is similar to the 
equivalent circuit of Fig. 5, except 
that a reactance CEB, equal to the 
reactance ADB, ís inserted. If this 
transformer is detuned from its 
mean frequency, currents 1 and 
I,e will flow. However, because of 

the quarter -wave extended shield 
and solid stub construction, I.e will 

equal I,e in magnitude and they will 

cancel at B. This will result in 1,, 

being zero and I being equal to 
I. However, the transformer in- 

troduces a reactive component 
across the balanced transmission 
line that will result in a mismatch. 

If the coaxial line is matched, its 
input impedance would be equal to 
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where Z,,, is the surge imped- 
nce of the coaxial line. If the 
urge impedance of the transmis- 
ion line, composed of the inside of 
w conversion box and the outside 

.1 the extended inner conductor, is 
',r then the impedance across the 
alanced line is 

Z 
(Zoc) (27Zertan 0) 

Zoc - 2jZor tan O (1) 

'here 0 is the electrical length AD 
hich is equal to CE. The lumped 
)nstant equivalent circuit is shown 
't Fig. 8. 0 of course will vary with 
requency. In Fig. 9 is shown the 
npedance characteristic presented 
t the end of the balanced two- 
rire line in this type of trans- 
ormer with an impedance Zoo of 
0 ohms and an impedance Z, of 
90 ohms. Here 0 is picked to be 
0 deg at the mean frequency f,. 

Jhe balance remains very good over 
ie whole range. For a three -to- 
ne range in frequency the im- 
edance will vary between the 
oints noted as f0/2 to 3f,/2. The 
alue of the phase angle ¢ at these 
oints will be about 15 deg. This 
,alculated curve neglects the capaci- 
Ince between the edges of the ex- 
llnded shield and stub. This capac- 
'-ance will increase the impedance 
rariation slightly. 

Phase -Shift Correction 

It is now desirable to make the 
onversion transformer wideband 
iithout the shift in phase. This 
Ian be done by constructing the 
ransformer as shown in Fig. 10. 
!'he only difference between this 
ransformer and the transformer 
hown in Fig. 6 is that the coaxial 
one is extended into the solid stub. 
_'his extended line has a surge im- 
edance of Z,e which is equal to 

(Zo c)' 
Z,H 

- 2Zor (2) 

there Z, is the coaxial line surge 
mpedance and Z,r is the surge im- 
edance of the coaxial shield and 
ox inside the transformer box. 
'bus the inner conductor of the 
xtended line must be made large 
ince Z,r is always larger than Ze.. 
'he length of the extended shield 
s resonant as a shorted quarter 
vavelength at the mean frequency 
0. If the capacitance acros . L 
were neglected, the length from the 
lox to the break would be 90 deg. 
[le extended line is left open at the 

/ H 

Inside ofsfub 
(Z0E) 

o 

......... 
Coaxial A 
fine 
(Zoc ) 

o 

Outside of stub 
(2 or) 

/17-1.28 128 Two - 
wire 
line 

Extended shield 
(z07) 

FIG. 11-As this three-dimensional equiv 
alent circuit shows. the extension of the 
coaxial line into the stub is equivalent to 

adding an open quarter -wave line in series 
with the inner conductor of the coaxial line 

(JZoE cotan e A ' 1 I 
lo I 2J Z oT tan e l 

r Zoe 1 1 
t 

c 

Boo/anted 
two -wire 
line 

FIG. 12-The lumped -constant equivalent 

circuit of the conversion section shown in 

Fig. 10 shows how the addition of an open 

line in series with the coaxial line will 
correct the angular variation of impedance 

of the conversion section 
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FIG. 13-The theoretical variation of impedance seen by the balanced two - 
wire line, when converted to a coaxial line by the transformer of Fig. 10, 

shows but slight change in magnitude and negligible change in angle over a 

one -to -three change in frequency 

end and is made resonant as a quar- 
ter -wavelength open stub. 

Calling the currents in the ex- 
tended line I,R and 1:,,, I.6 is always 
equal and opposite to I,,. From Fig. 
10 it can be seen that I,e is equal to 
/,,, which will make 12e equal and 
opposite to 12e. Since the extended 
shield and stub have the same di- 
ameter, the circuit will be symmet- 
rical, making /He equal and opposite 
to I,,. This means that the balanced 
line currents I,R and I will also be 
equal and opposite, yielding bal- 
ance. In Fig. 11 is shown the equiv- 
alent circuit of this type of trans- 
former. This can be further modi- 
fied to the lumped constant circuit 
of Fig. 12. 

The input impedance from the 
balanced line across AC is 

Z = (Zoe - jZoR cotan 0) (2jZor tan 0) 

Zoc - jZoR cotan 0 4- 2jZor tan O (3) 
where 0 is the electrical length of 
the extended line. This will also be 
equal to the length of the stub line 
inside the box when the capacitance 
across .5L is neglected. The coaxial 

line is assumed to be matched so 

that the impedance presented at GA 
is the surge impedance. Simplify- 
ing Eq. (3), 

1 - j(Z0H/Z0c) col an 0 
Z - &e 

l - (Zo5/2Zor) cotan- O - 
j(Zoc/2Zor) cotan 0) (4) 

Substituting the value of Z,,, given 
in Eq. (2), Z becomes 

I - j(Zor/2Zor) cotan 0 

1 - l(Zoe/2Zor) cotan Or - 
j(Z0 /2Zor) cotan 0 (5) 

As long as Zor is kept large this 
circuit is an excellent transformer. 

The calculated impedance of a 

transformer where Zoe = 50 ohms, 
Zar = 100 ohms and Z0R = 12.5 ohms 
is shown in Fig. 13, where the ca- 
pacitance across AL is neglected. 

This type of transformer is ex- 
cellent for a transfer from a sta- 
tionary to a rotating member. Since 
the coaxial line does not make con- 
tact with anything, it can be kept 
stationary while the whole trans- 
former and balanced two -wire line 
rotates around it. 
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Loaded Phase -Shifting 
1 - 

The loci of the output voltages with adjustments of the phase -shifting network are rn, 

plotted for thyratrons or other loads. across the output of the network. Three of the' l úc 

circuits illustrated give phase shifts that are continuously variable from zero to 180 deg 

TN thyratron control circuits and 
controlled rectifier circuits, 

phase -shifting networks are often 
required to change the phase angle 
between the grid and anode volt- 
ages.' Figure 1 shows such a net- 
work which is frequently used to 
perform the phase shifting. The 
network consists of two arms. One 
arm is a mid -tapped transformer or 
a single-phase, three -wire system, 
and the other is a series circuit of 
resistance R and reactance ±jX 
(which may either be capacitive or 
inductive). By varying the resis- 
tance or reactance, the phase angle 
between the input voltage E. and 

FIG. 1-Typical phase -shifting network In 

which the voltage applied is E. and the 
shifted voltage is E,. R and % constitute 
the shifting network. Z. is the load across 

the shifted voltage. 

FIG. 2-When the load Z. In Fig. 1 draws 

no current. E, can be made to rotate on a 

semicircle by varying the ratio of R to X. 

If this ratio varies from zero to infinity, 

E. rotates through 180 degrees 

the output voltage E. can be varied. 
When the load connected across 

E. draws a negligibly small current, 
the locus of the terminal of the volt- 
age vector E. is a semicircle' as in 

Fig. 2. If the load Z,, draws current, 
the locus will no longer be a semi- 
circle. However, the locus can be 

obtained by solving the two -mesh 
network using Kirchhoff's law di- 
rectly and plotting the output vector 
E but this method is lengthy and 
tedious. 

Equivalent Circuits 

The following method used to ob- 
tain the locus is based on Thevenin's 

FIG. 3-As a preliminary to developing 
equivalent circuits, E, of Fig. 1 is broken 
into two equal vo)tages E. If the center 
branch of Fig. 1 drew no current, it would 
be equivalent to an open circuit across 
which E appeared as shown at (a), or to 
a circuit in which there operated an equal 

but opposite voltage as at (b) 

smp 

Theorem', but is presented step -by. 

step so that those not familiar with 

the theorem can readily follow the 

procedure. 
In Fig. 3(a), the transformer', 

winding is replaced by two a -c volt' 

ages E each equal E,/2. If the load 
1 

branch Z. is opened the voltage lift 
across the open -circuit will be 

E,,. If the Z. branch is closed by 

the insertion of a voltage equal and 

opposite to E., as shown in Fig. 

3(b), there will be no current flow- 

ing through the Z. branch. Thee, ` 
open -circuit voltage will be can 

er 

celled by the inserted voltage, and . 

therefore the two circuits in Fig. 3 
Rár 

are equivalent. 
>o 

If all the circuit elements ar I 

linear, the principle of superpose , 

tion' can be used to solve the circuit 
The circuit of Fig. 1 is then equiva- 

lent to two circuits; that of Fig1c- 

3 (a) in which the Z. branch draws , 

no current, and a circuit in which': 

only the voltage E. in series with 

the Z. branch acts with the polari 
shown in Fig. 4. The locus of th 

voltage across Z. of the first circuit L 
is the semi -circle shown in Fig. 2, 

The locus of the voltage across Z, 

of the circuit shown in Fig. 4 car 

be found quite readily. This cor. 

rection voltage represents the volt. 

age difference due to the loading 
path Z,. 

The locus of the load voltage 

across Z. of the actual circuit (Fig 
1) can be obtained by superimpos 
ing the correction voltage of th 

second circuit on the voltage locu 

of the first circuit. Rather thane 

combine the two voltages analyti 
cally it will be simpler to combinil 
them vectorially. To the semicirclIr 
of Fig. 2 can be added the correc I 

tion voltage of Fig. 4 for vario 
types of loads. 

This correction voltage can 

Is 

ela 
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Networks 
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Electronics Section 
Industrial Control Engineering Division 

General Electri' Co., Schenectady, New York 

l,t nd easily by means of Ohm's 
L,v. Referring to Fig. 4, the cor- 
ition voltage V. is 

- ±iRX\ 
V= Rtpc 

(1) 
R X 

R±jX 
finplifying, 

vs - E,, 
Z. Z, 
R 

4.( 
l +±jXJ 

Pam Eq. (2) it can be seen that 
correction voltage V depends 

Z,, ±jX and on whether R or 
X is varied to obtain the phase 
lft. 

(2) 

Effects of Various Loads 

.n the following, the voltage loci 
t)'a circuit with ±jX = -PC (a 
'itacitor), R the variable, and with 
tl'erent kinds of Z, is discussed as 
n` example of the application of 
¿1s method. 

When Z. is purely resistive, Z. = 
1 and Eq. (2) becomes, for this 

t 'ticular case, 

f 

II 4-To account for the current 
awn by Z,. the voltage developed 
:ross Z. by the equivalent village E 
ust be added vectorially to the volt- 
age whose locus is shown In Fig. 2 

V- 
R+1+1-x 

- E,, 
(3) 

To obtain the vector V, the terms 
of the denominator of Eq. (3) are 
added vectorially in Fig. 5(a). The 
variable term is R,/R, in which R 

varies from zero to infinity. To ob- 
tain results for all values of this 
term by the fewest vector construc- 
tions, the constant vectors are plot- 
ted first, giving the vector 1 + 
j(R./X). To this is added the vec- 
tor R./R. The resultant is propor- 
tional to the reciprocal of V. There- 
fore the reciprocal of the resultant 
is taken to give the required vector. 
It should he remembered that in tak- 
ing vector reciprocals zero becomes 
infinity, and infinity beéomes zero; 
also the sign of the angle of the 
vector is reversed. 

The vector diagrams have been 
oriented so that the resultant V 
appears in the same sense on the 
first diagram of each figure as on 
the semicircle diagram of that fig- 

ure. The resultant phase -shift vec- 

tor for the foregoing example is 

plotted in Fig. 5(b). A small pair 
of vectors in each figure indicates 
the positive directions of the real 
and imaginary components. A zero 
indicates the origin in each dia- 
gram. 

From Fig. 5(b) it can be seen 
that 180 -degree phase shift cannot 
be obtained although R is varied 
from zero to infinity. Also, the out- 
put voltage E. is not constant. The 
vector E. has both phase and ampli- 
tude deviation from the vector 
which is obtained when the loading 
path is neglected. This deviation 
both in phase and amplitude is small 
in the vicinity of R equal to zero. 

(2) When Z. is purely inductive, 
Z. - jXL, and Eq. (2) becomes 

V _ - E 
(1 

X (4) 

The locus depends upon whether 
X,, is greater than, equal to, or 
smaller than X. If XL > X, 

FIG. 5-(a) Vector operations give lector VR which is the voltage correction 
to be applied to E. because of current drawn by Z,. In this case Z, is a re- 
sistance. (b) VR from (a) is added to semicircle of Fig. 2 to give locus of E. 

_oo 

R-0 

To co when R=0 

Locus of E, 

- 
Zo=,f xr. R=oo 

;.G. 6-Similar vector diagram to Fig. 5. but for the condition 
that Z, Is an inductance larger than X 

FIG. 7-This figure. Fig. 6 and 8 comprise a series showing 
effect of varying an inductive Z. relative to a capacitive X 

11 
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FIG. 8-In all the cases illustrated. X of Fig. 1 is a capacitance. 
The internal impedance of the driving voltage E, is neglected 

VR- -E,, -E,, 
JXL 

\1 
_XL 1 N 7E 

I 
where 

N=1-XL/X 
The locus of VR and the resultant 
locus of E. are shown in Fig. 6. 

IfX,,=X 
-E, _-E,, VR_.iX,.+/1-XLl jX,. 
` Xl E 
+7R XL 

(6) 

The locus of VR and the resultant 
locus of E. are shown in Fig. 7. 

The locus of E far from being a 

semicircle, is a straight line. That 
is, E,. is shifted 90 degrees from E, 
for all values of R. Changing R 

merely changes the magnitude of 
E,. 

If XL <X 
- E,, - E,, 

Vs - J XL XLl jXc (7) +(1 - X J N+ 
where N = 1 - XL/X 

The loci 'for this condition are 
shown in Fig. 8. 

To oo when R.0 

Tpoo when ROO 

E 0 

+/ .Locusof E, 

Xc 
0o 

FIG. 9-If Z. is a capacitance. complete 180 -degree phase 

shift Is possible. but there is amplitude variation 

(3) When Z. is purely capacitive, 
Z, = - jXc, and 

V. = - E,, _ - 
Xc 

` 

Xcl jXc (8) 

where N = 1 -F %c 

The loci are shown in Fig. 9. 

(4) When an inductor of appre- 
ciable resistance is the load, 

Zo=R,+jXL,and 
- E,, 

VR =R, + jXL+(1+.R, ,XL Í_ 
-``E,, 

N+jM+R,+]XL (9) 
R 

whera N = 1 -XL 

andM=R -Y° 

The vectors for this condition are 
shown in Fig. 10. 

Imperfect Inductor as Part of the 
Phase -Shift Circuit 

If X in Fig. 1 is an inductor in- 
stead of a capacitor, the voltage 
locus of D in Fig. 11 is not a semi - 

E,, 

,-Locus of E,, 

Z,= R,+j Xt. 

circle (due to coil resistance) when 

there is no load between points C 1 

and D of Fig. 1. If the internal re- 

sistance R, is separated from the 

reactance + jX and combined with 

R, the locus of point E in Fig. I' 

will fall on the original semicircle 
If R and R,, are constant, and i 

the phase shifting is obtained b, 

varying inductance, the voltage) 

across AD and DE will be in 

ratio of R: (R R,). It can b 

seen that the diameter of D is Vi, 

RI (R + R,) and its center is V, 

R,/2 (R R,) from C along AB 

However, if the phase shift is oh 

tai,ned by varying R instead of tba 

inductance, the locus of D will not 

be a semicircle, but will be as show)! 

in Fig. 12 since the ratio R,: I 

changes with different values of R 

REFERENCES 
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of Electron Tubes," McGraw -11111 Book ( 
1939 p. 441. 

(2) ALLT. E.E. Staff, "Electric Clrcultt 
John Wiley & Sons, 1940, p. 478-487. 

(3) M.I.T. E.E. Staff. "Electric Circuit/ 
John Wiley & Sons, 1940. lip. 145, 469-47 

(4) M.I.T. E.E. Ste IT. "Electric Circuits' 
John Wiley & Sons. 1940. pp. 138-140. 

FIG. 10 (left)-Analysis of an inductor 

having internal resistance 

FIG. 11 (lower left)-When X is an fX 

ductance with internal resistance the 

locus of Fig. 2 becomes that shown here 

if the inductance is varied to produce 
the phase shift 

FIG. 12 (lower right)-If R is varied tc 

produce the phase shift in a circuit in 

eluding an inductance the semicircle o 

Fig. 2 is modified as shown below 

B 
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in use is a CINCH 

oj o 

There couldn't be so great a variety of CINCH 

lugs so widely used unless we had an unusual 

understanding of lug requirements. To make 

millions and millions and hold close toler- 

ances and at the same time have flexible tool 

design so we can make quick changes in con- 

struction to simplify .our customers' assembly 

"First in the field" with a complete line of 

UCH Fasteners * Miniature Sockets 
Fier Necks * Octal. Sockets * Lugs 
rminal Strips * Metal Stampings 

Dr. 
problems, takes KNOW HOW. It is Cinch's 

exceptional ability in manufacturing small in- 

tricate metal parts that always has and, we 

confidently expect, always will play an import- 
ant part in electronic assembly operations. 

Miniature Socket Assemblies and Shields 

CINCH MANUFACTURING CORPORATION 
2335 West Van Buren Street, Chicago 12, Illinois 
Subsidiary of UNITEDCARR FASTENER CORPORATION, Cambridge, Mass. 
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t AFTER A FIRE destroyed all telephone 
lines and the administration build- 
ing of the Douglas Aircraft Com- 
pany plant in Chicago, Motorola 
handie-talkies, supplied by the U. S. 
Signal Corps, were used for com- 
munications between the remaining 
buildings, scattered over several 
miles. Production of planes was 
continued without interruption and 
for two and one half days, twenty- 
four hours per day, emergency com- 
munications were maintained be- 
tween plants and plant officials with 
the portable units. 

Outside telephone communica- 
tions were provided by the Douglas 
f -m two-way Motorola police radio- 
telephone system. Messages were 
transmitted by radio over the police 
system to a Douglas patrol car, 
parked in front of the Park Ridge 
telephone exchange three miles 
away, then relayed over the regular 
telephone wires. 

The original handie-talkie was 
developed by Donald Henry 

v.J ,.r 

\ 

INDUSTRIAL CONTROL 
Handie-Talkies Replace Phones in Plane Plant 
Standard for Industrial Control Equipment 
Industrial X -Ray of Ammunition in Ordnance Plant 
A Simple Stroboscope for Moving Machinery 
Several Operations Controlled Over One Line 
Inverted Triode for Industrial Measurements 

150 

150 

150 

154 

168 

176 

Handie-Talkies Replace Phones in 

F . 

-- ̀ - _....... 

Plane Plant 

. . 

.... : .. 
!'" 

Marjorie Monnler, head of emergency 
messenger service established after a 
lire at Douglas Aircraft, received mes- 
sages for routing over a Motorola 

portable radio transmitterreceiver 

Mitchell, chief engineer of Galvin 
Mfg. Co., after observing army 
maneuvers at Camp McCoy, Sparta, 
Wisconsin in August, 1940. Since 
the equipment in use at that time 
was cumbersome and inefficient, he 
attempted design of a smaller 

-.-- 

J - !r' r ra. 
1 1 I. 

r 

I 'v...yu 

11! 

i b , 

At a Douglas hangar, N. Berkshire reports the condition of a plane motor with 
Motorola handle -talkie borrowed from the Signal Corps 

a 

a 

compact transceiver. After three 
months work, he produced a five. 

tube unit in a die-cast aluminum 
box that weighed only five pounds 
with batteries. In recognition of 

his contribution to the war effort 
in the field of electronics, he re- 

cently received the Chicago Tribune 
War Workers Award. 

Standard for Industrial 
Control Equipment 
A REVISED American Standard for 
industrial control apparatus in the I 

heating, generating, and general 
machinery fields is available from 
the American Standards Associa- 
tion. 

The new Standard is, a working 
document of practical information' 
concerning the manufacture, test, 
and performance of industrial con- 

trol equipment. It represents stand- 
ardized practice in the United 
States and covers industrial motor 
control, similar control used for in- 

dustrial heating, and rheostats, in- 

cluding those for the generator field. 

Sections in the standard cover resis- 
tors, ratings, specifications for prod, 
ucts, and performance. 

Standardization of industrial con- 
trol equipment was started by the 
Electric Power Club in 1915. In 

1928, the first American Standard 
for Industrial Power Control Equip- 
ment was approved; and the pres- 
ent standard is a revision of that. 

The American Standards for In- 
dustrial Control Apparatus (C19.1- 
1943) may be obtained for 50 cents 
per copy from the American Stand- 
ards Association, 29 West 39th 
Street, New York 18, N. Y. 

Industrial X -Ray of Ammu- 
nition in Ordnance Plant 

I THE EXPANDED USE of high -power. 
industrial x-ray equipment in Arm 
Ordnance plants throughout the 
country as a successful means of: 

more complete and non-destructive 
testing procedure for shells has led 
ordnance officials to regard the use 
of x-ray equipment as a highly util- 
itarian and valuable tool. I' 

When it became apparent tha 
x-ray could do an unprecedented in- 
spection job more economically than 
previous methods, three million -volt 
industrial x-ray units were pur- 
chased by the Ordnance Depart - 
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Mallory Fixed and Variable Resistors 

NEW MALLORY TYPE "CA" 
VARIABLE RESISTOR 

Insulated contact arm. Die- 
sipatee 2 wat te.Total rotation. 
280°. Effective electrical rota- 
tion,270°. Diameter, l' inches. 

MALLORY TYPE "E" 
VARIABLE RESISTOR 

Grounded contact arm. Die- 
sipates 9 watts. Total rotation. 
310°. Effective electrical rot a- 
t ion, 299°. Diameter, 2;{b inches. 

IN the host of electrical and electronic devices for communications, 

industries and laboratories. Mallory Rheostats and Potentiometers 

are selling impressive records for accuracy anti dependability. This 

Mallory Type "CA"- Variable Resistor is a new member of that group. 

Available in single or dual units, with or without switch, and in re- 

sistance values up to 20,001) ohms, it is designed for use either as a 

series variable e ement (rheostat) or as a potential divider (potentiom- 

eter). Allowable power dissipation is approximately 2 watts ctith the 

control set at its maximum resistance \able. I'or intermediate points of 

rotation, the dissipation in watts decreases-the amount depending upon 

the taper of the resistor element anti the rotational setting of the control. 

In light dimming applications, the characteristic of the incandescent 

lamp filaments must also be taken into consideration. Where this is a 

factor, complete details should be submitted for recommendation. In 

fact, wherever a special resistor problem arises, \lallory engineers are 

ready to give you prompt assistance and service. 

For standard units consult your nearest \lallory Distributor. 

'RMr---7; 

: E,Nry 

War It In Are Your Personal 
love : "Leo t in Victory 

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

P. R. MALLORY ti CO..Inco 

MALLOR 
FIXED AND VARIABLE 

RESISTORS 
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Inside the exposure room, where the shells are x-rayed by the million -volt industrial 
unit. The shells and cassettes containing the film are carried into the room on a 

motorized ring 

ment through its St. Louis office. 
The first installation, almost en- 
tirely automatic, was made in co- 
operation with Proctor & Gamble 
Defense Corp. and the Ordnance De- 
partment by engineers- of General 
Electric X -Ray Corp. and is used 
principally for the inspection of 
155 -mm shells. 

The unit was installed at the 
Milan Ordnance Center, one of 
the most efficiently operated plants 
in the country, where all types of 
ammunition, including anti-tank 
and anti-aircraft shells, shells for 
field guns and trench mortars,, and 
bombs of various sizes are turned 
out. At this plant, the most rigid 
and constant inspection is carried 
out all along the production line. 
Hundreds of different sub -as- 
semblies and component parts are 
checked before they are ever as- 
sembled, and checked again at 
various points during the assembly. 

The x-ray inspection job be- 
gins after the TNT is poured into 
shell casings at high tempera- 
ture. In the cooling process that 
follows, it shrinks the 'same as 
many metals. Each operator must 
exercise extreme care in pouring 
the shell or cavitation may result. 
It is this cavitation, along with air 
bubbles and foreign substances, 
that is easily spotted in the TNT 

cast when the shells 
graphed. 

are radio - 

Advantages 

With the x-ray technique, it is 
possible for the first time in history 

f ' 

i« 
f 

to inspect the shell without destroy- 
ing it. In addition, the inspectors 
are given a wider range of sampling 
since they can radiograph 700 shells 
of the 155 -mm type in sub -lot 
samples out of a lot of 20,000 and, 
from the developed films, obtain a 

much more accurate analysis than 
is possible by visual inspection. 

Another important advantage is 
that if any defective shells are 
found among the 700 samples, it 
isn't necessary to throw away the 
whole lot. X-ray makes it possible 
to speedily radiograph every doubt- 
ful shell and separate the defective 
ones from the good, thus .no shell 
"acceptable" under specifications is 
rejected. Under the sectioning 
method, the entire lot of 20,000 or 
smaller lot represented by a bad 
sectioned cast would be rejected 
because there was no accurate way 
of picking out the good shells. A 

defective shell, found through x-ray, 
can be steamed out and a portion 
of the explosive and the entire cas- 
ing reclaimed. I, 

Procedure 

At the Milan Ordnance Center, 
four girls work in front of the big 
exposure room which houses a mil- 
lion -volt x-ray unit. With the aid 

View of the motorized ring that carries 155 -mm shells Into the adjoining room for 
x-raying of TNT cast. The girl at the left is loading shells onto the ring and the girl 
at right is removing them as they emerge from an aperture in the concrete wall of 

the exposure room 
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I- NOTE: 
Entire mechan - 
Ism is supported 
bythe thin sheet 
metal panels of 
Lindsay Struc 
tore. Makes for 
compact effi- 
cient arrange - 

'N men[. 
Is - \t. { 

` 

strong and rigid it Ls that an I- 
t. originally Intended for support, dilly sagged below this Is housing 

Me though it bore the added weight 
ur men. 

Li; 
V. Patents 2017629, 2263510, 2263511 .i:nd foreign Patents and Patents Pending 

r 

ái 

NOTE: 
A 36 -inch sheet 
of 24 gauge steel 
under uniform 
tension possess- 
es greater 
strength than a 
1 -inch steel rod. 
Ls easily sup- 
ports heavy 

loads. 

4,It-insc.r 

r 

NOTE: 
Smooth, 
trim finish 
of Ls cabi- 

net. 

How to 

"SIMPLIFY and 
ADD LIGHTNESS" 
to your new cabinet 
models and actually 
increase their strength 

Here is an inside picture of a piece of equip- 
ment housed in-and completely supported 
by Lindsay Structure. 

Note that the housing supports coils, switch- 
es, motors-all the heavy equipment that goes 
into the unit. No additional supporting struc- 
ture of any kind is required. There are two 
important advantages: 

It saves weight. Ls is the improved method 
of light sheet steel construction that utilises 
the great strength of light sheet metal. The re- 
sulting unit is light, and yet has amazing 
strength and rigidity-there are no flimsy rat- 

tling parts. 
It saves space-the second 

important feature of Lindsay 
Structure. No space lost for 
superstructure. Lindsay Struc- 

` tuie cabinets are available in 
any desired dimension. 

Furthermore, you can tool up 
quickly for Ls production. No 
special machinery, no delay, no 
welding, no riveting, no waste. 
Only ordinary tools are needed. 
Investigate Ls today. Lindsay and 
Lindsay, 222-D W. Adams Street, 
Chicago 6, Illinois; or 60 East 42nd 
Street, New York 17, New York; 
Lindsay Structure (Canada) Ltd., 
Dominion Square Bldg., Montreal. 

Easy to assemble 
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of an air hoist, one girl takes the 
155 -mm shells from a truck and 
loads them into the 50 cubicles of a 
motorized ring. Each shell is 24 

inches long and weighs about 90 

pounds. 
Another girl operator takes a 

special size cassette, previously 
loaded with x-ray film, and places 
it behind each shell as it is put on 

the ring. This operator also stamps 
the shell with the number corre- 
sponding to the lead number on the 
cassette and records the shell and 
film numbers so that pertinent in- 
formation can be correlated later. 

The shell and loaded cassette en- 

ter the exposure room on the motor- 
ized ring by passing through an 

aperture in the concrete wall. 

Within the room, the x-ray ,radia- 
tion produces a radiographic image 
of the shell and its contents on the 
film. With one-half of the ring ex- 

tending outside the exposure room, 
the shells and films are exposed to 

the x-ray radiation only during one- 

half of the revolution. 
A third operator then removes 

the cassette after the shell has 
passed through the exposure room, 
and marks the shell "x-rayed." The 

fourth girl, working with an air 
hoist, removes the shell from the 
ring. Each girl has approximately 
20 seconds for her respective opera- 
tion. 

Since it takes the ring 18 min- 

utes to make one revolution and 

there are 50 shell cages, each sepa- 
rated by a lead barrier, the shells 

are inspected at the rate of 50 every 
18 minutes. Thus the equipment is 

capable of radiographing 3,300 

shells every 24 hours of operation, 
allowing for down time and shift 
changes. 

The exposure room, which is ap- 

proximately 18 by 11 feet and 18 - 

feet high, is protected on all sides 
by 18 inches of solid poured con- 

crete. Adjoining on one side is the 

motor generator room, completely 

enclosed, and on the other is a 

small room which contains all con- 

trols for operating the million volt 

x-ray equipment. 
The exposure room is designed 

so as to conform with the safety 

requirements so necessary because 

of the explosive danger ever pres- 

ent in plants of this type. Opera- 

tors working outside of the ex- 

posure room are protected against 

Radiograph of a defective 155.mm shell 

showing excessive cavitation or air 

bubbles 

any stray radiation by solid lead 

barriers at the ring's entrance and 

exit. 

Automatic Film Processing 

After the cassettes leave the ex- 

posure room, they are taken to the 
darkroom nearby where girl opera- 
tors remove the x-ray film. By 

means of a special loading board, 
they fasten two of the special size 

films on each developing hanger. 
An overhead conveyor system takes 
the loaded hangers to the automatic 
developing unit where another op- 

erator places them in the magazine 
of this film -processing machine. 
Meanwhile the cassettes, from 
which the films had been removed, 
aré pushed across the table to an- 
other girl operator, who reloads 
them, changes the lead numbers on 

the cassettes and sends them back 
to the exposure position. 

The automatic film -processing 

unit, which can handle 240 films per 

hour, picks up a loaded hanger 

from the magazine every 30 seconds 

and places it in the developing so- 

lution. From this point on, the 

hanger and film are automatically 

taken through the developing so- 

lution, the short stop, the fixing 

solutions and water rinse. The unit 

also delivers the processed films 

and hangers via a conveyor to the 

film viewing room, where a trained 

inspector views the films on an il- 

luminator, and reports immediately 

any unusual shell condition or de- 

fect which she notes on the radio- 

graph. 
After the films are viewed, only 

those which show defects ín the 

shells or other conditions on which 

a history may be desired at some 

future time, are permanently. filed. 

The film not to be filed is immedi- 

ately packed for salvage sale. 

The Milan plant is operated on 

a 24 -hour -day, six days -a -week 

basis. Two other units were in- 

stalled at the Ravenna Ordnance 

Plant, Apco, Ohio, operated by At- 

las Powder Co., and the Iowa 

Ordnance Plant at Burlington, op- 

erated by Day & Zimmerman, Inc. 

Additional x-ray units, similar in 

design and application, are on or- 

der for use in several other am- 

munition plants. 

A Simple Stroboscope for 

Moving Machinery 
By ROBERT C. PAINE 

THE STROBOSCOPE is a very useful 

device for studying objects in rapid 

motion by making them apparently 
stand still. As in the name of many 

modern devices, the word "strc 

6 K6 

FIG. 1-Circuit diagram of a simple stroboscope using a neon lamp for the Ilashin 'l 

element 
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AN3155 
50 -watt 

7.` 

Tr. 

y 

- ° i i, 
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AN3155 
25 -wolf¡ 
showing terminal 
positions 

I / I 
AN3155 

POWER RHEOSTAT 

Hems a power rheostat with a short past but a long 
future. Rugged in construction, light in weight and 
neat iñ appearance, it conforms in every respect to 
Army-Navy.AN3155 specifications. It embraces all 
the features -of IRC's- well-known/PR25 and PR50 
rheostats. 

Both the winding core and housing, óf this com-, 
pletely sealed unit, are of aluminum to effect greater 
heat dissipation. To still further aid this important 
characteristic the housing is coated-with_a special 
heat -radiating finish develop'ed,by the IRC Research 
Staff. As a result the AN3155 'generates a maximum 
temperature rise of only 170° as against an allów- 
able 300°. Another feáture of interest is the fact 
that the AN3155 can be operated at full power load 
in as low as 25% rotation. 

Available in 25 ¿i-50 watt model's with either 
linear or -tapered windings, the IRC AN3155 should 
find many useful post-war applications. 

Technical data and further informatioñ will/ be 
sent on request. 

lOR P1RJpgb 

^ 

4R 
B 

INTERNATIONAL 
RESISTANÇE CO 401 N. Broad"St., Philadelphia 8/Pa. 

IRC makes more types of resistance units, in more shapes, for more applications than a,iy other manufacturer in the world. 
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LOOK TO 

CANNON 
'DP' CONNECTORS 

IN 1945 

NEW applications of the exclusive Can- 

non Electric "DP" series of connectors 

have recently been extended from rack 

equipment in radio assembly to such uses 

as special centralized aircraft control on through 

to signal relay equipment. 

Several new "DP" connectors of strikingly new 

design will be released in 1945-testimony to the 

progressive engineering Cannon Electric incor- 

porates into its products. Since Cannon Electric 

pioneered the aircraft electrical connector in 1932, 

this development process has gone steadily on- 

ward. Cannon is prepared to meet the demands 

of postwar electrical equipment. 

Cannon Type DP Connectors cover a variety 

of rack, panel and bail -type fittings, carrying from 

eight to 135 circuits with amperage range from 

10, 15, 30 and 40 in many varied arrangements, 

including coaxial contacts. 

All these and many other high quality 

electrical connectors are Cannon designed and 

manufactured. 

For detailed engineering data on Type DP 

Connectors refer to the Cannon DP Bulletin. 

Write to Department A-120, Cannon Electric 

Development Company, 3209 Humboldt Street, 

Los Angeles 31, California. 

- : Cannon Electric Development Co., Los Angeles 31, Calif. 

HERE ARE A FEW OF 

THE 'DP' CONNECTORS 

AVAILABLE NOW- 
AND MANY NEW 

DESIGNS ARE COMING 

: 6 
0 G 

-o 

TYPE DP -30 

TYPE DP -D 

TYPE DP -P10 

CANNON ELECTRIC 

Canadian Factory and Engineering Office: 

Cannon Electric Company, Limited, Toronto 

REPRESENTATIVES IN PRINCIPAL CITIES-CONSULT YOUR LOCAL TELEPHONE BOOK 
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boscope" is derived from the Greek, 

combining two words, meaning "to 

view" and "awhirling". 
An inexpensive stroboscope, us- 

ing materials commonly found in a 

radio workshop, is easily con- 

structed. Figure 1 shows the cir- 

cuit of the instrument. It contains 
a conventional power pack (not 

hown in diagram) using an 80 -type 

tube, and a relaxation oscillator, 

using an 884 gas triode to generate 
a saw-toothed wave. The circuit is 

similar to that used for the sweep 

in some oscilloscopes. 
In operation, one of the capaci- 

tors C,, C: etc., charges slowly from 

the B+ voltage, through the resis- 

tances A, B, and E, to a voltage suf- 

ficiently high to cause the 884 tube 

to conduct. At this point of the I 

cycle, the capacitor discharges very 

rapidly through the tube until the 

tube ceases to conduct, whereupon 
the cycle is repeated. 

The frequency of these oscilla- 

tions depends on the value of the 

capacitor switched into the circuit 
by the switch S and the charging 
resistance controlled by the rheo- 

stats, A and B. Rheostat A is the 

coarse control for setting the ap- 

proximate frequency and B is the 

fine control for setting the fre- 

quency more precisely and also for 

shifting the phase. Potentiometer 
C is used when required for syn- 

chronizing the oscillator with an ex- 

ternal control connected at D; such 

a control might be a circuit with a 

mechanical interrupter on a r'o-. 

tating machine or an a -c sourcei 

used to drive a synchronous motor 

or machine under observation. 
A differentiating circuit is in'1 

eluded in Fig. 1. This contains a 

6K6 tube for converting the steeps 

front of the saw -tooth wave into pr) 

sharp pulse of voltage for operating! 
some form of gaseous tube that de 

ionizes quickly. The author has, 

found a small neon lamp service;' 
able, such as the G. E. type S14 

though other types of lamps may b 

brighter, if available. If a commer 
cial neon lamp is used, it should b 

one which has no resistance in it. 

base. To increase the brilliancy, tht 
light may be concentrated by a con 

denser lens. 
The lamp is coupled to the 6K1 

tube by a stepdown transforme 
such as an interstage type of abou' 
3 to 1 ratio. Since the operation o' 

the circuit, with the neon lamp dis' 
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4 i.^nce- 

Rauland 

phofotubes 

Fo, EVERY 

aftriOgiOiot/canov. 
To say "Visitron Phorotubes," is to 

say "finest in the field of light- 
sensitive devices." Their uniformity, 

dependability and high sensitivity 

through the years have brought 
recognized leadership to these 

quality products. Most 
Visitron Phototubes are avail- 

able in the vacuum type 
where a high degree of 
constancy and exact pro- 

portionality between 11 

light and current are Vfsa)RON 

required. 

To be sure .. . 

specify VISITRON! 

RADIO RADAR SOUND 

51A 

/1 

---- , 

. 

IS/IRON- 

1, . 79A 

59TA 

79A ... designed for 
use in standard theatre 

projection equipment. 

, 51A . . . universally used in 
portable 16 m. m. sound -on -film 

projection equipment. 

59A . . . a popular model used in 
mon'y makes of projectors.The 59TA is a 

special application of this tube, having 
a high dark resistance. 

COMMUNICATIONS TELLEVÍSIOIi 

Electroneering is our business 
THE RAULAND CORPORATION CHICAGO 41, ILLINOIS 

uy War Bonds and Stamps! Rauland employees are still investing 10% of their salaries in War Bonds 
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stockades used cross -bars... 
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jl4 RO INGS 

g,,1 FASTEN E N NEE° 

To bring out the best in those new designs, you 

may need a fastener that has yet to be invented 

... a fastener that enables your product to do a 

better job. 

Millions of Camloc quick -acting fasteners serve 

the aircraft industry on all fronts. Camloc designs 

fasteners to fit precise needs, and the accumu- 

lated knowledge and valuable experience that 

solved aircraft's fastener problems is at your 

service. 

Whether you plan to make radios or vacuum 

cleaners, automobiles.or washing machines, you'll 

find Comloc has much to offer. 

011.0C 
fst, 

CAMLOC FASTENER CORPORATION 

© Comloc Fosterer Corp.) 

420 LEXINGTON AVENUE, NEW YORK 1 7, N , Y. 

FIG. 2-Appearance of patterns of a 

single spoke painted on a rotating disc 

when illuminated by a stroboscope 
lamp at the indicated frequency rallo, 

two positions, as two flashes occur 

for each revolution. In Fig. 2(d), 

the frequency of flashes is slower 

than the speed of the disk and tho 

spoke appears in three different po- 

sitions again as the disk revolve) 

1§ revolutions between flashes. In 

Fig. 2(e), the spokes appear in two 

positions as the disk revolves 1; 

revolutions between flashes. 

Relative Brightness 

Many other patterns of spokes 

appear at different flash frequen. 
cies. The spokes of these patterns 
vary in brightness directly as tb 

number of times each spoke positio 

is illuminated per second. To cal. 

culate relative brightness, let the 

apparent number of spokes seen be 

represented by S, .the revolutions 
per arbitrary unit of time be repre- 

sented by unity, the lamp flashed 

per unit of time by L, and the revs 

lutions of the disk between reap 

pearances of the spoke at a giv 
position by R. Then stationary pat 

terns of spokes appear whenever the 

ratio SIR = L is formed by a 

integral numbers. However, thes 

patterns are so dim as to be hardll 

noticeable except for those reprel 

sented by the ratio of low number 
as given in the SIR column of 
table in Fig. 3. The relative bright 
ness of the spoke patterns equal 

1/R - LIS. For example, in Fig.: 
the relative brightness of pattern 
is as follows: A - (1/1) = 1, B 

(1.5/3) - 0.5, C - (2/2) = 1, D 

(1/3) = 0.25, E - 2/3) = 0.33. 

For use with the stroboscope, 1 

is convenient to have a table of pos 

sible patterns and their relative 

brightness as shown ín Fig. 3. I 

this table six degrees of brightne 
from -1 to 0.167 are given (othf 
dimmer patterns are possible bu 

are not given in this table). For 
brightness of 1, R = 1 and each p 

sition of the spoke is illumina 

., 
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i_li t, SPRAGUE 

APACMTOR TYPES 
1 

r), 
about having your CAPACITOR 
SPECIFICATIONS MATCHED 

Dry Electrolytic 

Paper Dielectric 

Mica Dielectric 

Power Factor Correction 

Motor Starting 

High Voltage Networks 

, Radio Noise Suppression 
Filters, etc., etc. 

. r 

,S 

-1, 

I1111.6' 1 

, 

9 

In designing or producing a radio 
or electrical product, there are plenty 
of things to think of besides capaci- 
tors. Moreover, unless you've special- 
ized, it's difficult to keep fully abreast 
of modern capacitor developments. 
That's why we make this suggestion: 

Write today fora supply of Sprague 
Sample Request Forms. Then, as 
capacitor applications arise, use these 
forms to send' full details to Sprague 
engineers. Let them make suggestions. 
Benefit from their broad experience, 
as well as from the fact that Sprague 
regularly produces dozens of standard 

Capacitor types, plus hundreds of 
adaptations and special units. 

Such a request places you under no 
obligation to buy the recommended 
type. It simply assures you of special- 
ized attention in the selection of an 
important component on which there 
are many factors to consider-angles 
which cannot always be cataloged 
completely or promptly, or which can- 
not be uncovered in any other way 
than through this personalized engi- 
neering service. 

Write today for a supply of Capaci- 
tor Sample Request Forms. 

SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 
(Formerly Sprague Specialties Co.) 
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A typical group of Sprague Dry 
Electrolytic Capacitors designed 
to match special specifications. 
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RCA "Orthicon" Camera picking up boxing bouts at Madison 

Square Garden, New York. . 

ga's- 
r,` s ...I. 

15-> 
1_ 2`". 

' 

s 
, 
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-9T 

RCA control equipment used by NBC at Madison Square Garden. The 

audio control unit is at the left, video units at the right, power supply units 

beneath table. This corresponds to the "remote equipment" used by 

regular broadcasting stations in outside pickups. 

:-- 

1 

I / 
J 

,. 

41111. 

Using RCA Television Field Pickup Equipment is relc 

easy. Units are arranged as shown in diagram. Vic( 

audio output are fed over an ordinary telephone 

(especially equalized) to Radio City, a mile away 

r 
CAMERA I 

[I= 
CAMERA 2 

CAMERA CONTROL 
UNITS 

o 

PI i 

LMADISON SQUARE GARDEN 

r- 
I I 

MONITOR® J I II 
AMPLIFIER 

O 
MASTER STI 

CONTROL GENES 
UNITS UR 

A T AT AMP 
EQUALIZER 

AT&T AMP 
EQUALIZER 

LINE AMPLIFIER 

CIRCL 
CENTS 
O MC 

pp CC 

o 

UMPIRE STATE BIDS 
i 

N.B.C. AEQÚIPMIÑTNIZ06' 
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Main units of the RCA Television Field Pickup 

Equipment. The two units at the left are "camera 
control"units. They provide monitoring of pictures 

picked up by each individual camera. At the 

right is the "master" monitoring and switching 

unit. Push -buttons allow operator to. select, for 
transmission, the camera pickup desired. 

l . 

( 
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BoxING, basketball, radio, ice follies, circus-enjoyed at 
ease in your living room. In the_New York area it has 

been a fact for the past year! Not just as an occasional ex- 
periment, but regularly, on a weekly schedule. 

These broadcasts are picked up at Madison Square Garden 
by NBC, using RCA's standard Television Field Pickup Equip- 
ment, and are put on the air through NBC's Television 
Station WNBT. Some idea of the advanced design of this 
equipment and the ease with which it is used can be gained 
from a study of the accompanying illustrations. Not so 
obvious, but equally important is the experience behind' 
this design. Before the war RCA built apparatus of this 
type for NBC, CBS, Don Lee and others. After the war RCA 
will introduce still further improvements-based on actual 
experience in building commercial -type television equipment. 

1919-1944 
25 Years of Progress in Radio 

and Electronics 

t. 

RCA Portable Television Camera (below) which made 
outside pickups practical. Uses "Orthicon" pickup tube 
(an exclusive RCA development) which, because of 
its much higher sensitivity, makes possible operation 
with far less light than with other types of pickup tubes. 
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BUY MORE 
WAR BONDS 

rr 

°RADIO .CORPORATION ÓF AERICA 
RCA VICTOR DIVISION ., CAMDEN, N. J. 

In Canada, RCA VICTOR COMPANY LIMITED, Montreal 
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0.167 

0.2 

0.25 
0.33 
04 
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0.6 
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08 
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1. 

1.17 

1.2 

1.2b 

1.33 

1.4 
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1.75 

1.8 
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FIG. 3 Table of possible patterns of 

apparent number of spokes on a re 
toting disk having only one actual 
spoke, at various flash frequencies of 

lamp L. and relative pattern bright. 
mess, 1/R, where ft is the number of 

revolutions of disk between appear 
anees of the spoke at the same relative 

position 

once for each revolution of the disk, 
for a brightness of 0.167, R = I 

and each position of the spoke is il 

luminated only once in six revolu. 

tions. Corresponding to each der 

gree of brightness in the table ii 

the number of spokes seen in th, 

patterns at that brightness and on 

the same horizontal line is the 'alit 
of flashes to revolutions, L, and S/ 
the ratio of spokes seen to the rev( 

lutions between recurrence, in sine' 
integral numbers. For example 
when the rate of flashes is I." 
times the revolutions, L = 1.25 

S/R = 5/4 and five spokes will áp' 

pear at a relative brightness o 

0.25. Of interest is the symmetri- 
cal pattern which the figures fortlil 

when laid out in this table. 

Measuring Rotation Speed 

This table can be used in deter 
mining the speed of revolution of a, 

machine when it is not even known 
approximately. For example, when 

only one spoke is seen, the frt.-' 

quency per second at which the lam . 

i 
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Sell-retained 
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Lin',l 
lype SPEED NUT 

SPEEDS UP AND IMPROVES 
ASSEMBLY OF STOVES, 
RADIOS AND MOTOR VEHICLES 

1 

"U' nuts fit over o fibre bracket hold.ng 
automatic tuning screws. Spring prongs 
of Speed Nuts provide correct tension 
to permit odlustment of core screws 

Heavy duty "U" nuts fasten auto 
muffler bracket to frame One op. 
erotor makes complete attachment 
with power screwdriver, as 'U nub 

ore selfrelained in poslt,on. 

"U" type SPEED NUTS are easily and quickly IMPROVE- the finished product! Available in 

applied - just snapped by hand into screw- many shapes and sizes, "U" type SPEED NUTS 

receiving position - no welding, riveting or fit a wide range of thicknesses-metal plastic 

clinching necessary. No wonder "U" nuts SPEED or glass. 

UP product assembly! Send us your design details and we'll show you 

"U" type SPEED NUTS hold tight - their how SPEED NUTS can cut as - 

arched prongs absorbing vibration to prevent sembly time and cost and 
loosening. Yet, their resiliency prevents damage improve the quality of your C 
to the parts they hold. No wonder "U" nuts product too. Write today! 

r." 

TINNERMAN PRODUCTS I N C. 
2106 FULTON ROAD, CLEVELAND 13, OHIO 

In Canada: Wallace Barnes Co., Hamilton, Ontario. In England: Simmonds Aerocessories Ltd., London. 

49 

'.7 PATENTED *Trademark Reg. U.S. Patent Office 
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ARE AS GOOD AS THEIR TOOLS ... 

e 

Up at the Yale and Towne Manufacturing Company in 

Stamford, Connecticut, craftsmen have been making the well- 
known "Yale" locks and builders' hardware for many years. The 

enviable reputation enjoyed by this company is the result of 
their insistence for fine quality. 

Now as a major contributor to' the war effort, 'Yale and Towne 
are producing hydraulic pistons and cylinders. Constantly en- 

deavoring to improve their already superior quality, they use 
the Brush Surface Analyzer in both laboratory and shop. With 

this instrument they are able to study surface finishes, accurately 
measured to one millionth of an inch (.000001") from chart 

recordings instantly made as the specimen surface is explored. 

THE BRUSH DEVELOPMENT COMPANY 
3 4 2 3 PERKINS AVENUE 
164 
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DON'T LOOK FOR A 

TACK - OF - ALL-TRADES 

IN ELECTRONIC 

HEATING MACHINES 

. LECTRONIC HEATING is rapidly outmoding many 

.:dustrial heating processes because of its numerous 

cdvantages, recognized and acknowledged by all lead- 

.ag industries. 

It is, however, important to, realize that the maximum time- 

:nd-money-saving advantages of the process can only be 

ealized by using it correctly in every application. Each heat - 

rig process requires a definite FREQUENCY and POWER 

Pombination. 

To use any combination of frequency and power other than 
he one ideally adjusted to the process implies a waste of power 
and the use of a "misfit" size machine. 

No electronic heater has ever been built that can provide a 
urge enough variety of frequency and power combinations 
a permit economical application to more than one type of 

Seating operation. 

For 23 years we have pioneered and specialized in electronic 
seating. As recognized experts we urge all first-time users to 
:onsult our engineers and to investigate the many advantages 
of our complete variety of units before buying. Write to us 

I.'or detailed information. 

lur equipment offers you a selection of frequencies up to 900 megacycles- 
Ind the following power range, with stepless control from zero to full fad: 
I, 5, 71/2, 10, 121/2, 15, 18, 25, 40 and 100 Kw. _ 

DIVISION OF "S" CORRUGATED QUENCHED GAP COMPANY 
119 MONROE STREET GARFIELD, NEW JERSEY 

TO FIRST-TIME 

USERS _ 

0 

CI ni 

Manufacturers of Vacuum Tube 
and Spark Gap Converters 

-: Since 1921 
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CONCORDs/ 
NONE BETTER IN AMERICA FOR RADIO AND 

0 0 
ELECTRONIC PARTS AND EQUIPMENT 

V 1 
4 a 

4egD%" 

Sure! Swift! Satisfactory! That's the story of Concord Radio Corpora- 

tion's service. Twenty-two years of "delivering the goods" have made us 

a top supplier of radio and electronic, merchandise ' to industry, govern- 

ment and the trade. Two strategically'located "supply bases" CHICAGO 

and ATLANTA-are as close to you as a letter, a telephone call, a telegram, 

or a message on the teletype. Here is what Concord can offer you: 

t 

The finest merchandise from the best 
manufacturers ' Large and complete stocks of^ compo- 
nents and equipment 
A seasoned selling staff of radio and 
electronic experts 

Consultant radio technicians and engi- 
neers 

Same -day shipment, wherever humanly 
possible - 

Super -speed "special service" for mili- 
tary and industrial needs 

Special radio training kits for radio 
schools 

FREE! 

4 weston 
2s/, Model 
506 Millismmeter 
D.C. 0.100 
Weston 
21/4" Model 
506 Milliemmeter 
D.C. 0.200 

Your Cost, either typ6. 51.95 

MicroSwitch, Type. 
Z, S.P.S.T. Normally 
closed. Aero Switch. 
similar to shove but 
normally open. 

Your Cost. 
either type, 79c 

Special Supplement! "Hard -to -Find Radio 

and Electronic Parts and Equipment" 
Sixteen pages, jammed to the margins with such items os 

condensers, wire, switches, volume controls, relays, resist- 
ors, test accessories, speakers, etc. There's not another 
listing like it anywhere else in the country today/ All 
items are on the "high requirement" list . . . all first 
'quality .. . all exceptional values and all available for 
immediate shipment! . 

MAIL THIS COUPON FOR 
. RUSH SERVICES 

CONCORD RADIO CORPORATION 
901 N'. Jackson Blvd., Chicago 7, III., Dept. No. 0-124 

Please rush me she new 1h -page "Special Supplement' by Concord 

Radio Corporation. 

NAME 

ADDRESS 

CITY STATE 

1 

L 

' IRC al 
PotentiomDueter 
11/4" diameter 

11/4" deep ya" shslt-sh" ;GOO 

Your Cost, 890 

25 mfd. 25 volt 
condenser alu- 
minum can. 

Your Cost, 29c 

M1 

CONCORD RADIO. CORPORATION 

.el..Í 
901 W. Jackson Blvd.,CHICA,,1O 7, ILL. * 265 Peachfree'St., ATLANTA 3, GA. 

1 

is flashing may be equal to the 
revolutions per second or it may be 
only 0.5, 0.33, or 0.25 of this value 
(or even less, although such pat. 
terns will be quite dim). If the 
lamp frequency is equal to the revo- 

lutions, the pattern will be quite 
bright and an increase of flash fre- 
quency will cause dim patterns to 

appear consecutively in gradually 
increasing brightness of 7, 6, 5, 4, 

then a dim pattern of 7 followed by 

a bright pattern of 3 at a fre- 
quency ratio of 1.5 to 1. However, 
if the lamp frequency is half of the 

machine frequency, an increase of 

frequency will produce a dimmer 
pattern of 3 spokes then a brighter 
one of 2, followed by consecutively 
dimmer patterns of 3, 4, and 5 in 

the order given. Thus the sequence 
of patterns can be used to fix the 
ratio of flash frequency to revolu- 
tions of an observed machine for 
any ratio, by the use of this table. 

The same principle can be used in 

calibrating the frequency of lamp 
flashes against a disk driven at a 

known speed of revolution, as by a 

synchronous motor. For example, 
when, on the disk revolving at 60 

rps, one bright spoke appears, the 
flashes are at a rate of 60 cps. As 

the flash frequency is reduced a dim 
pattern of 5 appears, at a fre- 
quency of 0.83 times 60, or 50 cps. 

It is followed by a brighter pattern 
of 4, indicating a frequency of 0.8 

of 60 or 48 cps and so on. 

Several Operations 
Controlled Over One Line 
To CONTROL a number of operations 
in a variable sequence from a re- 
mote location, a number of control 
frequencies may be impressed on 

one pair of wires or radio carrier 
waves used as the control medium. 
This requires that selective control 
devices be used that possess fine 
sensitivity with critical response 
and high stability over a wide range 
of ambient temperature and pres- 
sure conditions. 

The torsional -type frequency -se- 
lective relay has been developed to 
fulfill this specific requirement. The 
required number of relays are con- 
nected in parallel across the con- 
trolling circuit. The contacts of the 
torsional relay al -e normally open 
and each relay is adjusted to a dif- 
ferent resonant frequency. When 
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OW 0 EEP 'OSTED N 

LE ONIC EATING 
SEND THE COUPON FOR THESE 

. FREE. RCA PUBLICATIONS 

OPERATION 

OOperating Experience with H -F Heating by Henderson C. 

;illespie. Reprinted from Electronic Industries. An engineering 
pproach to the solution of problems of cost, efficiency, and 
practical applications in industry. 

PLASTICS MOLDING 

© Electronic Heating Speeds Plastic Molding by J. P. Taylor. 
leprinted from Electronics. Tells how electronic heat is used 
did how it helps molding operations. 

WOOD INDUSTRY 

'© Heating Wood with Radio -Frequency Power. by J. P. 
laylor. Reprinted from Mechanical Engineering. Thorough 
Cscussion of methods, equipment, costs, results. 

tO Electronic Heating for Fabricating Wood Aircraft and 
sbricating Wood Aircraft "Skins" by J. P. Taylor. Reprinted 
loin Electronics. Excellent data on forming and quick -gluing 

' irved wood surfaces. 

I© Electronic Heating Sets Glue in Lam- 
yafed Aircraft Spars by J. P. Taylor. 
leprinted from Electronics. Detailed 
ita on high-speed edge and scarf gluing 
ad laminating. 

,cCA ELECTRONIC HEAT 

RCA EQUIPMENT DATA 

ORCA 2000 -Watt Electronic Gen- ` QWEA 
erator (including special features for 1 

Nt1to the Plastics Industry). A descriptive a G . 

folder on this advanced automatic 
. 

equipment. 

ORCA 15,000 -Watt Electronic Gen- 

erator (for non-metal heating). Gives 
constructional and operational data, 
electrical characteristics, etc. 

METAL HEATING 

OEfficiency of Induction Heating Coils by G. H. Brown. 
Reprinted from Electronics. Technical data for application 
engineers. 

OHigh -Speed Soldering with R -F Power by J. P. Taylor. 
Reprinted from Electronics. Tells of production -line soldering 
that stepped up production 2500%. 

Surface Hardening of Metals by H. C. Gillespie. Reprinted 
from Electronics. Basic technical data on high-speed heat 
treatment to produce thin casings. 

WPractical Aspects of Induction Heating by W. M. Roller's. 
Semi -technical. Good application guide. Reprinted from The 
Iron Age. 

About Your Application: If you have a possible application for 
electronic heat, why not consult RCA engineers? A letter, 
stating your problem, will bring a prompt reply. Please 
address: RCA, Electronic Apparatus Section, Boss 70-105H, 
Camden, New Jersey. 

lbw 
BUY MORE 

WAR BONDS 1. 

RADIO CORPORATION 

OF AMERICA 
SCA VICTOR DIVISION CAMDEN, N. J. 

J ORDER BY NUMBER 

RCA, Electronic Apparatus Section, 
Box 70-105H, Camden, N. J. 

I Gentlemen :Please send me free the publications on electronic 
1 heating which I have circled below. 

1 2 3 4 5 6 7 8 9 10 11 

1 

1 - 70-6231-106 

Name 

Company 

Street 

City Zone State 

1TRONICS - December 1944 
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SPARE PARTS BOXES 

No. 1025-14 
30"x15"x12" 

(Partitions not incltided) 

No. 1025-6 
18"x9"x9" 

24 STOCK SIZES 

As per specification 42 B 9 (1nt) for shipboard use, Electrical 

and Mechanical. Navy grey finish. Immediate Delivery. 

- WRITE FOR PRICE LIST - 
Number I Length I 

12 

Width 1 Height Number 1 Length Width Height 

1025- 1 6 6 1025-13 18 18 12 

1025- 2 12 9 6 1025.15 24 15 12 

1025- 3 12 12 6 1025.16 24 15 15 

1025- 4 12 9 9 1025.17 24 18 12 

1025- 5 ( 18 9 6 1025.18 24 18 15 

1025- 6 18 9 9 1025-19 24 18 18 

1025- 7 18 12 9 1025-20 24 12 9 

1025- 8 18 6 6 1025.23 30 15 9 

1023. 9 18 15 9 1025.14 30 15 12 

1025-10 18 12 6 1025.22 36 12 9 

1025.11 18 15 12 1025-21 42 '9 . 9 

1025-12 18 .12 12 h 1025-24 42 12 9 

No. 1025-1 

12" 6" 6" 

' 

O f f Co,@ 

w' V !'e 9 @ 
o9on 

Ippi, 
of/ ° oro eh1 

er 1ljP 
...woke. 

"'or 

COLE STEEL EQUIPMENT CO. 
.349 BROADWAY, NEW YORK 13, N. Y. 

FACTORY: BROOKLYN, N. Y. 
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at/grills 
Reliable aerial navigation on depends upon absolute 
accuracy of aircraft instruments. 
Constant testing'of these instruments under flight conditions .. , in the air or on the ground ... is possible with 

Federal's regulated -voltage power supply. 
Designed to replace unwieldy storage batteries normally 
used for this purpose, this light -weight Federal power 
supply converts 115 -volt alternating current into a closely - 
regulated, filtered direct current for the accurate testing 
of electrical instruments and other aircraft accessories. 
This is only one of the many types of all-purpose power 
supply units powered by Federal Selenium Rectifiers .. , another example of Federal design and manufacturing 

leadership ..'. and another good reason why you 
should consult Federal first. 

tl 

J1k 
/ 4 

A . i rj 
:; , 

Fed/ Telephone and RadlorpornI/oll 
~I_ ss Newark 1, N. J. 
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VIeStÓ MODEL 

ó ' 

ir 

"K" RECORDER 

. 

The Presto Model "K" is an unusual electronic device! 

1 It is a portable sound recorder, record player, and 

public address system complete in one carrying case. 

Exceptionally light and compact, it is ideally suited to 

: the needs of sales training and industrial schools, teachers 

of speech, music and dramatics, as well as professionals 

who require an instrument that can be carried easily and 

set up for operation in a few minutes' time. 

TURNER Microphones are standard equipment 
with Presto Model "h" Recorders 

TURNER Applications in electronic communi- 

cations give outstanding performance on every 

front. On land, on sea and in the air. In war and 

ín peace, Turner Microphones deliver crystal 

clear reproduction under all climatic and acoustic 

conditions. 

All crystals licensed under patents of the Brush Development Co. 

Tb j.11TI1co á>o 

CEº RAPIDS; roR't` 1 

P 

Piciaeers irc lk orimtutitiFiopis Field. . .. 

i 

1 

current pulses of constant ampli- 

tude and frequency are impressed 

upon the system, only that relay will 

respond which is adjusted to the 

corresponding frequency. In prac- 

tice, the constant frequency at the 

control point is obtained from con- 

tactors which are operated by syn- 

chronously driven cams, any set of 

which may be placed into operation 
by means of a selector switch carry- 
ing the requisite number of posi- 

tions. When employing radio re- 

mote control, a similar constant fre- 

quency generating device may be 

used either to interrupt or modulate 
the radio carrier wave. 

As shown in the diagram, the two 

halves of the relay coil windings are 

wired ín series across the controll- 
ing or input circuit. The oscillating 
member consists of a pair of astati- 
cally balanced magnets suspended 
on the main shaft. This shaft is 

counterweighted and oscillates 
against the spiral -type torsional 
spring at its adjusted frequency 
wheii current impulses at the cor- 

responding frequency are impressed 
upon the relay winding. 

An eccentric on the oscillating 
shaft allows a pair of 50 -ma capac- 
ity contacts to close when the am - 

Operation Operation Operation 
No.I No.2 No.3 

Circuit by which three a -c frequencies 
may be transmitted over a single pair 
of wires to perform three control op- 
erations. An auxiliary d -c relay is 

shown for constant contact in operation 
No. 3 

plitude of the oscillation equals or 
exceeds 90 deg and is approximately 
equiangular 45 deg from the static 
position. As contact is periodic at 
the resonant frequency of the relay 
instead of continuous, it is neces- 
sary to use an auxiliary d -c relay 
of the slow -releasing (slug) type, 
or a d -c relay having a capacitor 
across its winding and a current 
limiting resistor in series with the 
torsional relay contacts to control 

Í 
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HOW GE CAPACITORS are being used on new jobs 

+D.C. 

Oil -paper units 

Pyranol units 

I T-<-- 
TParallel -plate units 

8 CAPACITORS NOW DO THE WORK OF 31 in this h -f 

oscillator circuit, and save space, weight, money 

TIlE great number and wide 
diversity of capacitors re- 

dquíred by today's electronic circuits 
make their selection an important 

I 'actor in the design of the completed 
lcetronic device. Capacitors de- 

i iigned for the job can often appre- 
'iably reduce the over-all weight, 
:izc, and cost. 

Take the simplified electronic - 
:water circuit shown above: The 
rrigil:al circuit called for 31 capac- 
tors. By selecting G -E high-fre- 
pency capacitors designed for 
lectronic-heater applications, this 

'lumber was reduced to eight. 
Pour mica capacitors were re- 

Dlaced with three G -E oil -paper 
I )locking capacitors. This change 
!done saved more than $50. 

In the resonant circuit, it orig- 
nally took 25 mica units to do the 
lob that three G -E high -frequency 
)arallel-plate capacitors are now 
lasing. These compact water-cooled 
mils permitted an additional sav- 

e. 

ing of more than $200, as well an 
appreciable reduction in the over- 
all dimensions of the electronic 
heater. 

As a manufacturer of a wide 
variety of capacitors- including 
Pyranol*, oil -paper, high -fre- 
quency parallel -plate, and Lectro- 

Buy all the BONDS you can-and keep all you buy 

GENERAL 

' 'cr ál 

r Y. l. o L.. ir . A, 

= 
t . 

Electronic heater being used to solder on. the 

covers of G -E capacitors. Four units are soldered 
simultaneously. 

G -E capacitors designed for h -f oscillator circuits. 
Large unit: high -frequency, parallel -plate capacitor 
for the resonant circuit. The others: an oil -paper, 
high -frequency blocking capacitor, and (smallest) 
a Pyranol by-pass capacitor. 

film units-G.E. is in a position 
to help you make savings like 
these in your electronic devices. 
Bulletins on our variotis lines are 
yours for the asking. See your near- 
est G -E representative, or write to 
General Electric Company, 
Schenectady 5, N. Y. 
*Reg. U.S. Pat. Off. 

ELECTRIC 
507-02.6700 
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GRAPIIITE I 
/ . 

FOR DIMENSIONAL STABILITY 

Three grids make it imperative that the anode iri this air- 
cooled RF power amplifier and oscillator (WL-803) 
should not change shape, and hence the tube's character- 
istics, while operating. -Graphite gives the anode this 
essential stability. 

THESE PHYSICAL PROPERTIES of graphite-nearly perfect 

black body radiation, negligible coefficient of expansion, 

and excellent heat conductivity-dictate its use in the 

anodes of the three electronic tubes illustrated. 

The tubes are but a few of the many in which "Na- 

tional" High Purity Graphite anodes and other tube 

components are specified. And the physical properties 

mentioned are but a few of those which make graphite a 

basic material for a wide variety of industrial and com- 

munications electronic tubes. 

"National" electronic graphite of unmatched purity 

is available for your requirements. For information on 

electronic graphite and other "National" graphite prod- 

ucts, write to our nearest Division Office. 

Keep your eye on the infantry . 

FOR PREVENTION OF LOCAL OVERHEATING 

In the Pliotron modulator -amplifier (WL-849) for broad- 

cast radio and aviation control stations, the graphite anode 

prevents local overheating and distortion where large 
areas are involved. 

FOR DISSIPATION OF EXCESSIVE HEAT 

This Rectigon 289416-workhorse rectifier tube for garage 
and home battery chargers for over 30 years-must get rid 
of a tremendous quantity of heat. Its graphite anode han- 
dles the heat with ease. 

.. the doughboy Noes it! 

The word "National" is a registered trade -mark of National Carbon Company, Inc. 

NATIONAL CARBON COMPANY, INC. 
Unit of Union Carbide and Carbon Corporation 

ERR 
-General Offices: 30 East 42nd Street, New York 17, N. Y. 

Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, New York, Pittsburgh, San Francisco 
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Free from the built-in 
hazards of ordinary insulation 

LUMARITH* stays the 
\BLACK HAND OF CORROSION 

.,; 

v 

. 

The best protection against electro -chemical corro- 
sion is insulation that does not in itself promote de- 
composition when subjected to unfavorable conditions. 

In electrical applications Lumarith is outstanding 
for chemical inertness. It does not combine with mois- 
ture to form free acids, nor is it subject to failure 
through oxidation. Even in direct current applications 
it protects against the usual sources of corrosion. 

You can depend on Lumarith for high dielectric and 
tensile strength and freedom from cracking. It stands 
up under abrasion hazards while retaining necessary 
flexibility. 

Supplied in films, sheets, rods, tubes and molding 
materials. Films available plain or in special mat finish 
for easier winding, reducing slippage and increasing 
visibility. "Lumarith for the Electrical Industry" is a 
reference booklet you'll want to keep handy. Send for 

o 

Even Under severe conditions of 
humidity and current load, Luma- 
rith films thin enough for hairlike 
copper wire protect against corro- 
sion. 

Open circuit coils éspedally re- 
quire extra protection against elec- 
trolysis ,associated with moisture 
and leakage of current through in- 
sulation. Here Lumariih is ideal. 

it today. Celanese Celluloid Corporation, a division of 
Celanese Corporation of America, 180 Madison Ave- 
nue, New York 16, N. Y. 

Celanese yarns and fabrics with the same basic elec- 
trical characteristics as Lumarith are especially manu- 
factured for the electrical industry. For data, address 
Celanese Corporation of America, 180 Madison Ave- 
nue, New York 16, N. Y. 

l ARI H* 
I 

e"fCé.iev.teaé 9Paatc. 
Ray. U.S. Pal. 011. 
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IF YOU THINK IT'S ONLY 

SALES TALK... 

Try an Eldorado pencil at your drafting board! The proof 

is in the using-and an Eldorado gives you superlative 

proof of 
uniform, accurate grading 

smooth responsiveness 

strength under pressure 

flawless, opaque lines 

If you are not using an Eldorado-make the ac- 

quaintance of America's finest drawing pencil. Send for 

a Comparison Sample by filling out and mailing the 

coupon below. 

With the pencil, we'll also send a complimentary copy 

of "1 Shall Arise"-a portfolio of Typhonite Eldorado 

pencil reproductions by Samuel Chamberlain. The sub- 

jects are buildings of artistic and historical importance 

bombed by the Nazi Luftwaffe early in the war. The 

portfolio is most appropriate at this time as a magnifi- 

cent memento of the culture and the courage of the 

countries now rising again as the Allied Nations liberate 

them, one by one. 

TYPHONITE 

ELDORADO 
Pencil Sales Department 59-J 12 

JOSEPH DIXON CRUCIBLE CO., JERSEY CITY 3, N. J. 

Gentlemen: 
Please send me a Comparison 
Sample of Typhonite Eldorado 
drawing pencil in .... degree. 

Also the Portfolio of drawings, 
"I Shall Arise". - 

Name 

Address 

City State 

the apparatus selected. Electronic 

means may also be employed. 

A series of torsional relays is 

available from Wallace & Tiernan 

Products, Inc. of Belleville, N. J. 

that covers the frequency band of 

10 to 20 cycles per second. The 

resonant frequency of each relay is 

adjustable within the limits of plus 

or minus one-half cycle per second. 

This adjustment is made by loosen- 

ing two lock nuts and threading two 

counter -weights to a new position 

nearer or further away from the 

shaft on which they are mounted. 

Thus the natural period of oscilla- 

tion of the relay is varied. 
Sharp response of each relay is 

obtained at its resonant frequency 

plus or minus 2.5 percent when op- 

' erating under a condition of con- 

stant amplitude and frequency of 

current pulses. The time of re- 

sponse for closure of the torsional 

relay contacts is within three sec- 

onds from the instant a 1.2 -ma cur- 

rent at five volts is impressed upon 

the relay winding at its resonant 

frequency. 

Inverted Triode for 
Industrial Measurements 

SEVERAL INDUSTRIAL OPERATIONS 

that were previously considered 

very difficult or impossible have 

been made practical by a new elec- 

ttonic tube that can measure 

hydrogen ion contents of chemicals 

(pH), minute currents produced by 

phototubes, ion current in mass 

spectrometer, alloying constituents 

of ,steel, and minute quantities 

which previously required an elec. 

trometer or its equivalent. 
In this tube the outer electrode, 

which is normally the plate in any 

ordinary vacuum tube, is used as 

the control grid. This inversion 

minimizes the space charge effect, 

thereby making it possible to se- 

lect a value of grid bias that will 

result in zero grid current. 
With this tube, currents as lo 

as 10-" ampere can be measured ands 

as low as 10-" ampere can be indí 

cated. Direct potentials can be 

measured to a sensitivity of 10: 

volt in circuits up to 10" ohms ID 

resistance. 
The sensitivity of this tube is 

made possible by an extremely lov 

grid current and a high grid -to 
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+l1' KURZ-KASCH FOR PLASTICS? 
urKasch offers a 28 year old reputation 
r' toroughly-engineered, quality produc- 

t One of the largest, hest -equipped 
[chive custom molding plants in the coun- 
y./'5,000 sq. ft. of floor space with 125 
>n session and transfer presses of all sizes. 
C,nplete mold -making and finishing facil- 
et Extensive production sequences of 
'11 frequency preheating equipment, with 
11 <perience in their use. Complete in- 

sert -production 
shop. For satis- 
faction in plastics, 
key these facilities 
into your produc- 
tion line. 

£cry %or6iirrer- 
youYóe too rougfi orr oUr aastomárs/ 

THE MAN who runs your plastics job 
at Kurz-Kasch isn't run-of-the-mill 
material-and he doesn't start from 
scratch. He's either learned molding 
through long years of Kurz-Kasch 
training, or he has graduated from an 
apprenticeship following a thorough 
job -training course. 

We've got a couple of other new 
wrinkles too, even if we are one of the 
oldest names in the business. For in- 
stance we've got a complete shop for 
producing all types of metal inserts 

right in the plant. And extensive 
radio -frequency preheating equip- 
ment-with more experience with it 
than most. 

If you know plastics, you know that 
these production improvements- 
plus the facilities described here- 
make for the progressive but sound 
type of leadership you want to find in 
your molder. If you don't know plas- 
tics, knowing your molder helps even 
more. Put your plans up to Kurz- 
Kasch today, and see for yourself. 

BUY WAR BONDS FOR VICTORY - HOLD THEM FOR PROFIT 

unz are 
For over 25 years Planners and Molders in Plastics 

Kurz-Kasch, Inc., 1425 South Broadway, Dayton 1, Ohio. Branch Sales Offices: New York Chicago Detroit Indianapolis Los Angeles Dallas St. Louis Toronto, Canada. Export Offices: 89 Broad Street, New York City 
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BEFORE YOU SET UP 

FOR PEACETIME PRODUCTS 
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Specify the SHORT CUT FASTENING METHOD 

and avoid later changes, expense, delays 

Don't wait until you resume manufacture of your peacetime 

product to find out that needless tapping, needless inserts ín plas- 

tics, or other fastening "bugs" are slowing down assemblies and 

running up your costs. 

Check up now, while your plans are still in process. Choose 

fastenings as carefully as you settle any other factor of design. 

Make sure you are using the short cut fastening method - Parker- 

Kalon Self -tapping Screws-wherever possible. 

Give your product the advantage of the 30% to 50% sa%ing in 

assembly time and labor made possible by P -K Self -tapping 

Screws. Eliminate tapping for machine screws and tap expense- 
fumbling witbnuts and bolts - costly inserts that slow up molding. 

USER'S GUIDE -FREE! P -K "Users' Guide" describes all 

types of Parker-Kalon Self -tapping Screws and tells where to use 

tltena. Designers and assembly planners need this important in- 

formation. Write for a copy. 

ASK THIS EXPERT ON FASTENINGS 

how to simplify and strengthen assem- 

blies, how to save time and lower costs. 

The P -K assembly Engineer gives you 

unbiased advice, because P -K makes all 
types of Self -tapping Screws. Ask him to 

call . . . or, mail assembly details for 
recommendations. ParLer-Kalon Corp., 

208 Varick Street, New York 14, N. Y. 

o 

.... . 

+Lm51 

Will "Blind Fastenings" 
boost your parts breakage? 

Heres' how Tagliabue licked thi! 

"bug" and speeded production 

Difficulty in jualging hole depth. 

when tapping blind holes for small ' 

c 

machine screws, resulted in tap / 

breaking through, ruining plasti 

parts at Tagliabue Mfg. Co., Brook] 

lyn, N. Y., makers of TAG pressure 

and temperature instruments. 

Changeover to P -K Self-tappis 

Screws ended this trouble, stoppt 

breakage, saved tapping time at 

tap expense. 

P -K Type "Z" Screws are us( 

(A) to attach steel clips fastenit 

window to plastic door; (B) to fa 

ten plastic rheostat disc to door 

(C) to attach steel clamps laoldin 

wire to door. The screws form the 

own strong threads as they a 

turned into plain holes. One e 

operation retakes a fastening. 

PARKE RKALO N 

Qaditq C id 
SELFTAPPING SCREWS 

For Every Metal and Plastic Assembly 
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ERAMIC 

CAPACITORS 

for HIGH 
VOLTAGE 

Three 
new 

double 
cup style 

ceramic 
capacitors 

engi- 

neered 
by Centralab 

for transmitter 
applications 

where 

high 
working 

voltages 
and loads 

are required. 

Type 
850 currently 

available 
with 

two terminal 
styles 

- axial 
screw 

type 
and lug style 

. . . or one of each. 

Capacities 
ranging 

from 
25MMF 

NPO 
to 100MMF 

N750. 

Working 
voltage 

to 10,000 
D.C. 

Type 
851 available 

with 

two terminal 
styles 

as illustrated. 

Capacities 
ranging 

from 
25MMF 

NPO 
to 200 MMF 

N750. 
Working 

voltage 

to 20,000 
D.C. 

Type 
852 designed 

to withstand 
shock 

of 100 to 200 G. 

Axial 
screw 

style 
terminal. 

Capacities 
range 

from 

10MMF 
NPO 

to 25MMF 
N750. 

Working 
voltages 

to 

'10,000 
D.C. 

Ask for Bulletin 
721 and 814, 

s», Porioble Ré. 
Per* Selector Switches 

C.ranlic CoPeciters, 
'100 and Veriohle 

Po% Insidotors. 

1911 

n cRL 44 

Division 
of GLOBE 

-UNION 
INC., 

Milwaukee 

*Jo 

cp 

52 

6-32TAP -915" 

f 
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ONE CENTRAL SOURCE. FOR 

ral2E %y/se¢ o 9ptdudtnia,C 

ELECTRONIC TUBES 

r 

.: 

ri; d 

STOC.KS.ON HAND FOR 

Tototediate 

RECTIFIER 

POWER 

CONTROL 

PHOTO -ELECTRIC 

TRANSMITTING 

RECEIVING 

I Helpful 

1 BUYING I 

e I GUIDE I 

I Available I 

on Request 

Write for itl k - 

SUPPLIERS OF ELECTRONIC PARTS AND EQUIPMENT TO INDUSTRIAL AMERICA 

Electronic Tubes, Rectifiers, Power Supplies, Intercommunicating Systems, Sound Systems, Photo -Cell Equip- 

ment, Batteries, Chargers, Converters, Generators, Supplies for Resistance Welders, Fuses, Test Instruments, 

Meters, Broadcast Station Equipment, Relays, Condensers, Capacitors, Resistors, Rheostats, Transformers, 

Switches, Coaxial Cable, Wire. Soldering Irons, Microphones, Speakers, Technical Books, etc. 

Here you have the advantage of a 
complete, centralized service on all 
types of industrial electronic tubes. 
Many are "on -hand" for rush de. 
livery! This enables you to obtain 
the exact type you require, in the 
shortest possible time. Rectifier, 
power, control, photo -electric, cath- 
ode ray, transmitting, or receiving 

. in RCA, G.E., Raytheon, Am- 
perex, Eimac, Taylor, and other 
well known makes. 

Save time and work-Call Allied First! 
Write, Wire or Phone Haymarket 6800 

Engineering Service Available 

d 

ñ 

EVERYTHING IN 

ELECTRONICS & RADIO 

It's faster, simpler to 
get all your electronic 
and radio supplies from 
this one central source. 
We carry the largest 
and most complete 
stocks of parts and 
equipment under one 
roof . .. ready for im- 
mediate shipment. Be- 
sides, our procurement 
experts are in constant 
contact with all leading 
manufacturers. This 
complete service sim- 
plifies and speeds sup- 
ply of diversified needs. 

ALLIED RADIO 
COR POR A TION 

833 W. Jackson Blvd. Dept. 24-M-4 Chicago 7, Illinois 

cathode resistance. Due to the small 

magnitude of the current expected 

in the usual applications, it is abso- 

lutely necessary that none of the 

minute quantities of current be ab. 

sorbed in surface leakage. There- 

fore, every precaution has been 

taken to design the tube so that 

unusually high resistance exists be- 

tween eách electrode. 

Pant -Leg Leakage 

The use of "glass pant -leg" sup- 

ports has provided a maximum 

surface leakage path between elec. 

trodes. The pant -leg consists of a 

glass sleeve surrounding a win 

which acts as support for mounting, 

This method of construction pre. 

vides the insulation necessary be- 

tween electrodes so that practically 

no energy is absorbed from the 

source being measured. 
The tube is termed an inverted 

triode by Westinghouse engineer 
because the outer electrode, which 

is normally the plate in an ordinary,' 

vacuum tube, is used as the contra 

electrode or grid in this tube. This 

places the control electrode at a 

maximum distance from the spare 

charge region surrounding the fila- 

ment, thus minimizing the amount 

of electrons collected by the control 

electrode. In this manner, the cur 

rent to the control electrode is held 

at a minimum. 
The mesh mounted between the 

filament and the control electrode in 

used as the anode. This construc- 

tion provides more radiating sus 

face to the grid, decreasing its tens 

perature and possible thermionil 

emission. The control element 01 

grid, being farthest from the fila, 

ment, receives less heat and light 

from the filament, thus decreasini 

emission 
the, 

the grid. 

Operation 

The filament is operated at a le! 

temperature to minimize the eral 

sion of photoelectrons and primani 

electrons from the grid. All of th, 

electrodes are operated at rat' 

low voltages to reduce the pose' 

bility of ionizing residual gas i' 

the tube, which would cause poi 

tive ion current in the grid circuit 

In taking measurements of es. 

tremely minute currents, the - 

trostatic charges which build up o' 

the inside surface of:rthe glass b 

produce a sufficiently high electrl 

field to seriously affect .the over 
sensitivity of the tube. This else 
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ONE Simple BASIC UNIT 

USED THROUGHOUT in 

the design and manufacture 

of wiring systems, harnesses, 

connections and electrical 
and electronic components 
. . . eliminating all complex, 

cumbersome, unnecessary parts! 

N+rt li 

"J .. S 

"/ 

8` y 1 

F 
X 

IMMEDIATE 

OR GRADUAL 

ADAPTATION TO 

YOUR PRODUCT! 

WRITE FOR YOUR COPY TODAY 

Our new publication,.AMP SIMPLIFIED WIRING, explains the 
limitless possibilities of this new system and presents photo- 
graphs and complete data on many typical installations. 
You will want others in your organization to hove a copy. 
Add their names to yours in sending for AMP SIMPLIFIED 

WIRING (Bulletin 33). 

AIRCRAFT -MARINE PRODUCTS INC. 
1521-53 N. 4th ST. HARRISBURG, PENNA. TELEPHONE: HARRISBURG 1.1111 

A & M ACCESSORIES, LTD., TORONTO, ONTARIO, CANADA 

naa..1 ~no on- 

IJ 
Hu* ..,.-..,,<,t 

s.w Null W. U. I. Pat. Of 

1 
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*1~47/1a 
SELF- 

SHIELDING ) .i 
COMPACT 

RUGGED 

07 cite l Gb' ,ctt g soot 
t d vail,ble 

be c nt°em ° 
N 

MAXIMUM 

LIFE 

PREFERRED 

BY 

MAJORITY SET 

MANUFACTURERS 

MASS 

PRODUCTION 

HIGH 

PERFORMANCE 

SIMPLE 

AND 

ECONOMICAL 

The weight and space saving advantages of Ken-Rad 
"self -shielding" metal tubes have long been recognized 
Their sturdy ruggedness under severe service condi- 
tions in fighters and bombers is a matter of record 

TRANSMITTING TUBES 

CATHODE RAY TUBES 

SPECIAL PURPOSE TUBES 

RECEIVING TUBES 
INCANDESCENT LAMPS 

FLUORESCENT LAMPS 

ENRAD 
EXECUTIVE orricce 

O WENSBORO. KENTUCKY 
EXPORTS 11 Y O O R c STREET R c M TORS 

t, 
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HITTING AN 

`NITION PROBLEM 

...ON THE HEAD 

_ nrjor problem confronting today's 

e ner of electrical products is the 

roer selection of material for use 

rote temperature variations occur 

:<ently as in automotive ignition 

n.'adio parts. The unusually rigid 

-t;lrements for dielectric strength 

r cheat resistance in these items call 

or plastic compound of extraordinary 

critility. 

orthe ignition parts illustrated at 

gl. Durez technicians developed a 

htolic plastic molding compound 

hlh not only more than meets the re - 

u uments for dielectric strength and 

.q resistance, but also has a low 

rgrr factor, good moisture resistance 

.nnow shrinkage which reduces stress 

rend inserts and renders the finished 

)it less susceptible to cracking. This 

aik:ular compound is mineral -filled and 

)asses far better arcresisting qualities than 

be seal mood -flour -filled material 

F versatility of the more than 300 

)Izz phenolic molding compounds 

la nade their use practically universal 

.Ipughout industry. Such properties 

1$' ighest dimensional stability under 

hypes of climatic conditions, them - 
resistance, impact strength, heat 

stance, dielectric strength and 

inure resistance ... render them in- 

.ra able to the product designer. 

Add to the product versatility of Durez 

compounds the many new molding 

methods and processes developed by 

your custom molder, and you can 

readily appreciate the scope which is 

offered to imaginative minds with 

post -victory markets in view 

Many years' experience in successf'd 

product development has filled the 

it 

Durez files with a wealth of valuable 

data. These data, plus the full co- 

operation of experienced Durez tech- 

nicians, are available at all times to- 

wards the successful solution of any 

materials problem which you may 

have. 

Durez Plastics & Chemicals, Inc., 812 

Walck Road, North Tonawanda, N.Y. 

r . pS v ó v 00. 
Pleb0 
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Air -Cooled 
RADIATORS 

.. by ARPIN 
Immediate shipment on several sizes for Air- 
cooled transmitting tubes in types: 

889-R 892-R 
891-R 893-R 

127-R 

Write for information and prices. 

Also Try Us For 

Mercury Vapor Rectifier .Tubes 

ARPIN MANUFACTURING CO. 
422 Alden St. 

ORANGE, NEW JERSEY 

tric field also makes consistent re. 

sults practically impossible. To 

eliminate this condition, a small 

piece of spring wire is mounted 
with a slight pressure against the 

inner wall of the glass bulb. The 

connection is then brought out to a 

base pin and connected to an elec. 

trical ground with respect to the 

other electrodes. If not thus neu- 

tralized, electric fields created by 

the charge on the glass bulb cat 

easily be of sufficient magnitude to 

exert a greater control over the 

electron flow than is obtained from 

the control electrode. 

Circuit 

As low voltages are used on tha 

electrodes, the anode current is lon 

in, 'comparison with ordinary tr' 
odes. Therefore, a microammete 
or galvanometer must be used i 
the plate circuit to measure the 

small currents. The output may alss 

be fed into a suitable voltage 

amplifier, in which case the RH-501 

tube will serve as a coupling device 

between the source under measure. , 

FIG. 1-Circuit of an electrometer using 

the inverted triode for high sensitivity 

ment and the amplifier proper. 

Should the tube be used in this 

manner it is possible to use more 

rugged and cheaper instruments to 

obtain measurements previously 
requiring laboratory precision 
equipment. A typical electrometer 
circuit using a microammeter or 

galvanometer is shown in Fig. 1. 

The tube and all leads from the 

voltage supply should be shielded 
very carefully from any stray mag- 

netic or electrostatic fields. It is also 

necessary to shield the tube from 
light as there may be some photo- 
electric effects while sensitive read- 

ings are being taken. It ís advisable 
to mount the tube in a reason- 
ably tight shield can containing 
a drying agent such as calcium 
chloride or phosphorous pent -oxide 
to protect it from moisture in the 

ti 
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1 

iyEXIBLE VARNISHED OIL 
11 BI NG: ;hit TURBO insulation 
Nets the diversity of require 
ants necessary to stond up 
inst breakdowns, Impairment' 

rough moisture absorption, and 
I general deteriorating influ- 

Ices caused by acids, alkalis, 
es, corrosion, etc. 

. 

and Mrs. 

Analysts now investigating 
Mr' 

ok, little 
pocketbook, 

America's 
post - !war the 

doubt its bulk 'The be 
aze t mot question. 

ng 

appears 
engineers 

and designers 
spice ., an electrical 
Ma Manufacturers, blueprinting 

e form o1 Product 
in- 

al Present tr- 

by incorporating 
quality 

electri- 

cal 

can write 
on 

9 
nee URBO uta 

cal insulotionT an 
Army, Na Y 

Extensively 
specified 

A forces to 
ca amply trl and 

TURBO industrial 
ti 

One 
of the various 

manufacture. 
On 

Wished 
Tub - 

civilian 
to flexible Varnished 

TURBO 
products-flexible 

Sleevin 
nExtruded 

xtru 
Wise 

Tubi 
Va 

hed Glass Tubing, ltea Mica - 

plate, 

n 

Markers,Cambrics. specific 
problems 

C solve 

IF IT'S 

ere aPPhca- 
unugúallY severe 

the re - 

pertain.'" 

n 
;emPe arose, oPetatlonal 

or 

etc. 

climate Specimen 
the tree 

TURBO SP 

lés and sizes of 
each. 

A 

¡]rite today totWill 
With same letterhead, go 

our 
company 

note on Y without 
obliaatian 

bring it promptly 

hazards. 

Air n 
n 

al CO ans. T post-war cpGO 
quirementa 

of P 

BRAND HURON 
5T. GHI 

S. 
325 W 

W,IVI 
E 

NEw YORK, 

2b POUR 

GV 
ARpS 

VARNISHED 'CLASS TUBING: 
the extensive use of this TURBO 
product is directly attributable 
to its excellent characteristics un 
der high heat conditions: Heavy 
duty Operating conditions, con. - 

fined areas where ventilation is 
minimized and other similar 
problems are solved. 

EXTRUDED TUBING: where 
the effects of temperatures are 
apt to induce insulation embrit. 
Ilement, TURBO Extruded Tubing 
is especially suited. Sudden cif, 
matic changes, wide fluctuations 
in temperature, or refrigérdnt 
operating conditions will not af- 
fect its dependability. 

ANY 

WIRE IDENTIFICATION 
MARKERS: the facilitating 
of production and assembling 
operations, with córresponding 
increases in functional efficiency, 
ore effected with this TURBO in- 
sulation product. :Available in 
any size, length'or color. TURBO 
markers meet W. requirements. 
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7aZaa,-z 
THAT'S 

"GEARED TO 

THE KEY" 

ar THE SCREW 

Bristol Multiple -Spline Socket Set Screws set tighter 
... even in hard -to -reach places ... without rounding 
out or breaking. 

Where a small screw is called for .. . 

where vibration will be a problem .. . 

where the fastening point is at an awk- 

ward place - think immediately of the 
screw that's built like a gear. 

The Bristo Multiple -Spline Socket Set 
Screw is specified for aircraft parts, 

from 
Screw 

Here's Geared to 

ehin8 
power; hence 

faster 

assembly 

on of 
rotary wren no key 

nstnissi hapcd key 

1 

s tP 

spread 
the se 

A. 
strong, 

holed. 

that .Ws 

'sic' 
Geare 

4 

photographic equipment, electrical as- 

semblies, because the multiple -spline 
design (the teeth in socket are geared to 
the key) provides much greater strength, 
permitting more tightening force even on 
screws as small as No. 4 wire size! The 
diagram shows why. 

. East 
a 

with the spline-shaped Pline s 
key dpes 

not 

turning, 
e 

meshinó all ; 

Z' T g paBe. 

rounding, 3 
of breaking 

w 

to release 
e 

socket screw's 

le acting 

al --the gear 
principle 

"MUL11Pl_E- 
C 

SOCKE1 
SET 

the Key 

_ hter setting 

fasterr, 
easierr, t'g 

- 

.1 .. 

Hex: Key exerts 
out ward pressure 
against socket wall; 
screw will round out 
or break. 

Bristo: Key exerts 
inward pressure; no 
danger of rounding 
out or breaking 
socket wall. 

So Bristo Multiple -Spline Screws can 
be set tight to hold against vibration, yet 
they can be loosened with a flick of the 
key! See THOMAS' REGISTER for 
more facts, list of product applications. 

+1SIo 
+ ° Ox 

.-11111.1, 
l 8 ann. r sserbt r 
1SreY1 ` W 
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MOTORS for 
ELECTRONIC 
APPLICATIONS 

. 
S 

'/s HP -115 Volt D. C. Shunt Wound 1725 R. P. M.- 
Reversible, Ball Bearing, Ventilated. 

Cut shows one of many types and sizes of Ohio Motors 
designed for driving Electronic Devices. 

RANGE 
1/100 to 2 HP.-A.C. 
1/100 to 1 HP.-D. C. 
1/100 to 1/4 HP.-A.C. Synchronous. 
1 to 100 oz. ft. A.C. Torque. 
Shell type motors for built-in applications to 4 HP. 

-D.C. and to 7-1/2 HP.-A.C. 
All usual voltages and cycles. 

What is your problem? 

THE OHIO ELECTRIC MANUFACTURING CO. 
5908 Maurice Avenue Cleveland 4, Ohio 

_ 

u 

a III rIt MIA 
.. 

_ 

Y/i .I._ Emma erill: :. r/%/I WO. .ri. 

um / I/% 

FAZE 

PLATE vOtTtOE 

. , 
9 q 

IN vOlTS 

FIG. 2-Average characteristic plate 
current curves for the inverted triode 

air condensing on the bulb surface. 
Even a microscopic film of mois- 

ture, if allowed to form on the bulb 

surface, provides a leakage path 

between the control electrode and 

the cathode. If a leakage of current 
occurs through this moisture film, 

the change in resistance in the con- 

trol circuit causes the control elec- 

trode voltage to vary widely, thus 

destroying the accuracy of meas- 

urements. The minute currents be- 

ing measured are usually less than 

the leakage currents. 
As added insurance against sur- 

face leakage, the outside surface of 

the bulb is sometimes treated with 

a solution such as Silicone resin 

or some other suitable material. 
This coating then helps to break up 

the possible formation of moisture 
into tiny'droplets which do not con- 

tact each other. Thus a continuous 
leakage path through the moisture' 
is not possible. 

The filament current is very 

critical and must be held constant 
If there is any drift due to battery 
or other changes the plate current 
will naturally shift, which will of-' 

feet the constancy of the readings. 
It is therefore advisable to use only 

a battery which has been seasoned 
or has been stabilized so that its 

voltage has become practically 
constant. 

Average Curves 

The characteristic curves shown 

are taken from readings of several 

tubes. The plate current curves' 
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TALK TO TAYLOR 
NOW 

ABOUT THE PAR 

LAMINATED PLASTICS 

WILL PLAY IN YOUR 

POSVOI ?""C" 
R)ny forward -looking manufacturers who are determined 

ivoid a lengthy shut -down between war -production and 
p ce -production are already working on blueprints of 
t r proposed post-war products. 

'L help you now with your post-war plans, we have created 
aI manned a Post -War Deselopinent Department. This 
Ihartment has no duties other than those of discussing 
rt h forward -looking manufacturers the contributions that 
rininated Plastics (Phenol Fibre and Vulcanized Fibre) 
c i make to the performance and economy of the products 
o tomorrow. 

tore you decide that a product or a part can best be made 
itim glass, steel, wood, or any other material, it will pay 

T 

you to find out whether or not that product or part can be 
made better, cheaper, 
or faster in laminated 
plastics. Consultation 
on such problems with 
the engineers in our 
Post -War Development 
Department is yours for 
the asking, without cost 
or obligation. Write us, 
in complete confidence, 
about your plans and 
problems. 

POST-WAR DEVELOPMENT DEPARTMENT OF 

Mau -produced by malbining from tub.. 
of Phenol Fibre, this radio pert combiner 
light weight, bigb dielectric quality. low 
moistur.-bsorption, and tb ability to 
stand severe shock. IL 'waver combination 
of qualities you require. it's rare case 
indeed that can't La solved by Laminated 
Plastics. 

rA1LoR Finn= CO Y 
IMINATED PLASTICS: PHENOL FIBRE VULCANIZED FIBRE Sheets, Rods, Tubes, and Fabricated Parts 
NRRISTOWN, PENNSYLVANIA OFFICES IN PRINCIPAL CITIES PACIFIC COAST HEADQUARTERS: 544 S. SAN PEDRO ST., LOS ANGELES 

E:CTRONICS - December 1944 
189 



BIG GUN CONTROLS 

e 

11.._ 
.0.7 

I 
. :r 

Black Grade LE DI- 
LECTO Gun Director 
Part, Smooth Sawed, 
Drilled, Milled, 
Reamed. 

Punched Black Grade 
LE DILECTO Insulator. 

SEND FOR CATALOG "DO' 

CO -44 

need 
tough 

insulation 

Natural Grade LE 

DILECTO Support 
Block, Smooth Sawed, 
Milled, Drilled. 

GRADE "LE" DILECTO a Laminated Phenolic 

Plastic combines good mechanical properties with good 

electrical insulating qualities. 

Tensile Strength 
Compressive " 
Flexural 

8500 PSI 
37000 PSI 
19000 PSI 

Dielectric Constant 
at 1000 KC 5.5 

Power Factor 0.045 

Dielectric Strength 
%" thick 250 vpm 

(Above Figures are NEMA average) 

' WHICH GIVES COMPLETE TECHNICAL DATA ON ALL DILECTO GRADES 

DISTRICT OFFICES: New York - Cleveland - Chicago - Spartanburg, S. C. 
West Coast Rep., Maywood, Ltd., San Francisco - Sales Offices in principal cities 

Gun/tine/a/al=1J149»wnd. F I B R E COMPANY 
Established 1895.. Manufacturers of laminated Plastics since 1911-NE\1'M R Ili DF.1451.aliE 

1 
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When the guns 

are racked . . . 

When the shooting is over and the 
great civilian demands can again be 

met, Jefferson Transformers will be 

ready. 
Under the stimulus of war produc- 

tion, still greater developments in 

manufacturing technique and quality 
control have been effected to insure 
you Transformers to meet your most 
exacting requirements. 

When the guns are racked, we'll 
be ready to serve you. JEFFERSON 
ELECTRIC COMPANY, Bellwood 
(Suburb of Chicago), Illinois. In Can- 

ada: Canadian Jefferson Electric Co., 
Ltd., 384 Pape Avenue, Toronto, 
Ontario. 

77, 1141 

'7' 
,111 

7 -11-1WII 5 

" 

9 

? 
- ,; 4.4; 41' 

JEFFERSON 

Igenng 

TRANSFORMERS 

II 
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REAL and READY 
for twa. dome .RADIOS 

Lots of dream -stuff will become tangible two, three, 
five years hence. But crystal-clear radio can come 

as soon as facilities and materials are released to 

your industry. 

PAN -EL Control Crystals are ready NOW. 

We are, of course, busy -on production of the 
most "difficult" type crystals. But our quantity - 
manufacture technic permits us to handle these War 
orders and look for Peace orders at the same time. 

We. can match any crystal -control problem that 
faces you, for any fm or other electronic purpose, 
and assure you of postwar volume deliveries, on 
regular schedules, at an economic price. 

And our War -trained staff of engineers is always 

ready to work with you on circuits or special appli- 
cations of PAN -EL Crystals - without obligation. 
Write us, won't you, so we can help? 

PAN-ELectronics LABoratories, Inc. 

500 Spring St., N. W., Atlanta, Georgia 

QU NTITY PRODUCERS OF STANDARD AND SPECIAL 
GM"" 

\ma" 
1 

shown in Fig. 2 represent avera$e 
values, although individual tubes 
should not vary greatly from the 
average. 

The grid current curves also 

represent average values taken on 

several tubes but the readings on 

individual tubes may vary consider- 

ably from the figures shown. The 

curve in Fig. 3, with 4.5 volts on the 

anode shows that the grid current 
passes through zero at minus 1.8 

volts. The important feature to no- 

tice is that the grid current of every 

tube crosses zero at some bias volt- 

age near this value. It is therefore 
possible to select a value of grid 

bias such that the grid current is 

'UMW IME111 

summvimmii 
S11CCN::::i 

liimuwamizau 

)o 't 0 
Can0 &.5 w1.T5 
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FIG. 3-Average characteristic grid 

current curves for the new tube show 

the possibility of selecting a value of 

grid bias that permits zero grid current 

zero; hence, extremely minute cur- 

rents can be measured accurately. 
By adjusting the grid bias so that 

the grid current is zero it has been 

found practical to measure grid 

currents as low as 10-' ampere to 

obtain indications of grid currents 
as low as 10-" ampere. By provid- 

ing a bias adjustment on either side 

of the floating potential, reversal of 

control current is effected to ad- 

vantage in electrochemical polariza- 
tion studies. 

Every precaution should be taken 

to insure that no electrical leakage 
is present in the circuit wiring. 
Wherever possible, all leads from 

the electrodes should be air insu- 

lated. Where construction requires 
feed -through insulators, quartz 
glass or other material which of- 

fers extremely high resistance to 

surface leakage should be used. 

FLUORESCENT MAPS are used 

in night' bombing operations. 
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FOP EVERY PMPPÚg RCp 
:TEST-oZSTRUMEa75. 

'he Garod Radio Corporation 
nd other;designer's and build- 
rs of radio receivers, trans- 
itters and,radar.equiphént;' 

se RCP- test .instruments in 
!heir laboratories and on theirº 
ssembly;. lines: The: exacting : 

Itarndards- which these .elec- 
Ironic manufacturers set for 
heir products call for equally 
igh standards in test instru - 
ents. At RCP, we are concen- 

rtating our efforts to develop. 
nd produce such equipment 
far the'Armed Forces and for 
)dustry's every test need. , 

ae.... t : r.'31~: 

sharing responsibility for quality 

COMBINATION 

TUBE AND 

SET TESTER 

AND 

ANALYST 

RCP MODEL 8046 

Two complete instruments in one All meas- 
urements con be made at the socket terminals 
without removing the chassis of the unit 
under test or using test prods. Direct testing 
of all acorn tubes, all old and.new regular 
receiving tubes, rectifiers, etc Complete 
leakage test under rated voltages of all 
electrolytic condensers. Regular resistance 
test for electrostatic condensers at high volt- 
ages. Gives true rendition under rated load 
of all popular sizes and types of batteries 

Our Catalog No. 128 describes our com 
plete line of standard test instruments. 
Write for it. Our engineers will be glad 
to confer with you on your test prob- 
lems or to design special instruments. 

ANALYZER, mounted in cover of instru- 
ment cose, has improved multiple circuit - 
selector system, which with multitester makes 
a comprehensive free point, free reference 
system set tester. Provides for metering at 
all socket terminals for current, voltage, 
resistance and capacity. 
MODEL 8046, complete, for operation 
on 105-135 volts, 50-60 cycles ... 
$102.00, for 210-270 volts, 50.60 
cycles ... $106.00; also available for 
25 cycle operation -5112.00. 

RADIO .CITY PRODUCTS 
COMPANY, INC. 

127 WEST 26th STREET NEW YORK. I, N. Y. 
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TUBES AT WORK 
New Oscillator Tube For 1200 Megacycles 194 

Tubes Measure Cloud Ceilings for Pilots 194 

Television Station Design 
194 

2,000,000 -Volt X -Ray Tube 
198 

Experiments with Electronic Organs 206 

A New Electronic Compass for Aircraft 214 

X -Ray Irradiation of Quartz Crystals 227 

New Oscillator Tube For 1200 Megacycles 

.AN ACORN TRIODE of the heater type 
has been announced by RCA and 
labeled type 6F4. Intended primar- 
ily as an oscillator, it operates at 
frequencies up to about 1200 Mc due 
to a closely spaced electrode struc- 
ture and the use of a radial 7 -pin 
base having two connections each 
for grid and plate. The close spacing 

provides high perveance and the 

double leads permit lower lead in- 

ductance than single leads. 
A power output of 1.8 watt is 

available from a single tube at mod- 

erate frequencies with 150 volts on 

the plate. An output of about 45 

milliwatts may be had at 1200 1\Ic 

with 100 plate volts. 

Tubes Measure Cloud Ceilings for Pilots 

CONSISTENTLY ACCURATE readings 
of cloud ceilings in daylight are 
provided by ' a pulsating light sys- 
tem using a phototube detector. De- 

veloped by Laurence W. Foskett, 
U. S. Weather Bureau, in conjunc- 
tion with General Electric lighting 
engineers, the system measures the 
height of clouds two miles up in 

daylight for the first time in avia- 
tion history. 

The complete equipment consists 
of a mercury -arc projector, a pickup 
unit known as a ceilometer, and a 

recorder which provides a contin- 
uous record of ceiling height and 
relative cloud density. A tiny super - 
high -intensity quartz mercury lamp 
is mounted at the focus point of a 

searchlight mirror to throw a 120 - 

cps pulsating beam vertically into 

the sky. 
Although not visible to the hu- 

man eye in daylight, the beam is 

scanned readily by the ceilometer. 
This unit consists of a phototube 
pickup and amplifier feeding to an 

output meter. It is located 1000 

feet from the projector and is tuned 
to the same frequency as the light 
pulse in order to distinguish the 

mercury light signal from back- 

ground light. Scatter energy, pro- 

duced on cloud layers dense enough 

194 

to scatter the beam, is detected as 
the ceilometer scans the beam. A 

selsyn drive, between the ceilometer 
and the recorder, translates the po- 

sition of the ceilometer into cloud 
heights on the recorder. 

Since the tiny quartz lamp oper- 
ates at an extremely high temper- 
ature, G -E engineers developed a 
high-pressure jet method of air 

,q 
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Electronic equipment of the Novalux 
ceilometer. The scanning drum may be 
operated by a hand crank at the side 

blast cooling good for any temper. 

ature conditions normally encount- 

ered. The air cooling mechanism 

consists of a motor -driven con. 

pressor enclosed in a weather-proof 

housing. 

Television Station Design 

A WORKING MODEL OF a new telev¡ 

sion station designed to provide 

flexible broadcasting studios was 

exhibited by The Austin Companp, 

engineers and builders, at the NAB 

annual convention. The station M. 

eludes one large studio with 44 -foot 

movable stages, and two smaller 

studios which are served by a cot. 

mon set of controls on a pivoting 

control platform. Offices; dressit 

rooms, work shops and storage fa 

cilities are located on the growl 

floor surrounding the studios, while 

the second story is devoted to ca 

trol rooms, broadcasting equipment 

and observation areas. 
The large studio stage moves tt 

right or left on a track for speedy 

change of scenes. Its control a 

observation facilities have been ar 

ranged iñ a manner similar to tha 

in the Austin -designed master tel 

vision studio, where a' turnta 
stage and independent seatin 

areas on either side of a cent 

control room make possible rap 

changes of both scenes and au 

ences. Sponsors and the public 
accommodated in lounges on eit 

side of the control room. 
To avoid unnecessary duplicatio 

of costly broadcasting equipmen 

the control rooms serving the la 

studio and the two small studios 
located back to back, in a mann 

which permits centralized install 

lion of cables and wiring. The 
floor área below the observat 
rooms has been laid out to facilít 
transfer of cameras and mi 

phones from one studio to anothe 

so that a minimum of stan 

equipment will be required. 
Austin engineers also exhibit 

their design for a two -studio f 
station developed in oo-operati 
with the electronics department e 

General Electric. This station pn 

vides complete facilities for loe, 

f -m broadcasting, as well as for ne 

work relays. These are laid out 

either side of one main control roo 

having glazed areas affording 
clear view of both studios. Acti 
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ELECTRONIC 
AIR CLEANING 
Smoke, dust, and soot par- 
ticles 100 times smaller than 
the eye can see are drawn 
out of the air electronically 
by an ingenious arrange- 
ment of positively and neg- 
atively charged plates. This 
device facilitates precision 
manufacturing of delicate 
instruments, guarantees 
purity and sanitation in food 
processing, promotes health 
and cleanliness in restau- 
rants and hospitals. 
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BY GUARDIAN 
Electronic air cleaners ionize dust particles and collect these particles on a series of posi- 
tive and negative plates called "Collector Cells" which are arranged in a venetian blind 
fashion. Rectifier tubes in a power pack change the a -c secondary voltage info pulsating 
d -c voltage. This d -c voltage is smoothed out by a capacitor and charges the Ionizer and 
Collector cells. 

Relays ore built into the power pack to protect it against short circuits or other irreg- 
ularities in circuit operation. Typical of such relays is the Guardian Series 40 a -c relay 
which has a laminated armature and field piece. 

The Series 40 is well fitted for use in power packs such as illustrated, because it is 
designed to handle a maximum of control in minimum space. It has a switch capacity of 
double pole, double throw with 121/2 ampere contacts (rated at 110 volts, 60 cycles, non -inductive load). Coils are available for standard voltages up to 220 volts, 60 cycles. Normal power requirements are 9 V. A. 

For details on this and other Relays by Guardian write for General Relay Bulletin. 

1 

_ti..a 

qtr ,n 
Serle 40 A C. Relo, 

Consult Guardian whenever a 
tube is used-however-Relays 
by Guardian are NOT limited to 
tube applications but are used 
wherever automatic control is 
desired for making, breaking, or 
changing the characteristics of 
electrical circuits. 

GUARDIAN & ELECTRIC 
1625-P W. WALNUT STREET CHICAGO 12, ILLINOIS 

A cOM((TE (IN( OP RELAYS SERVING AMERICAN MAR INDUSTRY 
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, provide the many functional 
advantages of E -E Electronic Tubes. 
Quite another thing is to endeavor consistently to make a good product better. 

E -E engineers and research technicians-since the inception of the organization 

-have adopted a policy of round table discussions. Executive and employee 

alike have their say at these open forums. 

Subject: You and your product or equipment, as it pertains to the versatility and 

performance of E -E vacuum tubes. Thus, by a thorough knowledge and under- 

standing of the problems of particular applications, complete solutions are made 

available without a trial 'and error interval. 

Every tube-Rectifier or Amplifier-is a studied outgrowth of these confer- 

ences and incorporates advantage -characteristics for every application. 

The new E -E Data Book, completely descriptive, is now available. Write now- 

ELECTRONIC ENTERPRISES, INC. 

GENERAL OFFICES: 65-67 SEVENTH AVENUE, NEWARK, -4, 
EXPORT DIVISION: 25 WARREN STREET, NEW YORK, 7, NEW YORK 

CABLE ADDRESS: SIMONTRICE NEWYORK 
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J1acd- to-meet the exacting 
specifications of battle communications 

in the air. on the surface and under the 
sea ... Tacks are but one of the many precision 

made electronic essentials that National Fabricated 
Products will supply for your post war requirements. 

.1" ' 
. 

FABRICATED PRODUCTS 
- 2650 WEST. BELDEN AVENUE. CHICAGO 47, ILL. 

Manufacturers. of SOCKETS, TERMINAL ASSEMBLIES, JACKS AND 
CONNECTORS for use in every field of electronics. 

NE 
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PORTABLE POWER PROBLEMS 

THIS MONTH-EASTERN AIR LINES' RADIO COMPASS TEST UNIT 

{P 
y 
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ACCURATE PRE-FLIGHT tests of vital automatic radio compasses on all planes operated by 

Eastern Air Lines are quickly made with a portable, battery -operated oscillator unit. The 

time -saving, dependable instrument was developed by Eastern radio engineers, who selected 

}Burgess Batteries to provide the necessary voltage for test readings. 
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THE OSCILLATOR UNIT is not influenced by external conditions, permitting service technicians 

to check for dangerous radio compass defects while aircraft are inside hangers or close to 

metal objects, long before plane departure time. Burgess Industrial Batteries are designed 

to meet the requirements of exacting special applications. Let Burgess engineers help you 

solve your portable power problems. Write us today about your specific needs, or send 

coupon for free Engineering Manual. Burgess Battery Company, Freeport, Illinois. 

FREE 80 -PAGE ENGINEERING MANUAL! 

31 descriptive pages, 25 charts and 36 data tables on dry battery charac- 
te ristics for electronic applications. Tabbed for ready reference. Write 

t ' . Dept. 9 for your freecopy. Burgess Battery Company, Freeport, III. 

Name 

Company 

Address 

City State 

'! 

eT 

BURGESS BATTER ES 

ities in the two studios can be 

watched from a public observation 

corridor, which also commands a 

view of the control room through 

the glazed walls of a sound chamber 

connecting the two studios and the 

control room.' 

2,000,000 -Volt X -Ray Tube 

IF ALL THE RADIOGRAPHIC equipment 

previously in existence, plus all the 

radium mined to date, could be con- 

centrated on the taking of a single 

radiograph through 12 in. of steel 

it would require a longer. exposure 

time for the job than would a two - 

million -volt x-ray tube recently in- 

troduced by Machlett Laboratorie, 
of Springdale, Conn. Besides high 

voltage, the new tube involves pre- 

cision focusing of the electron beam. 

to produce practically a point sow CE 

of x-rays. 
Doubling of previous top operat 

ing voltage for x-ray tubes is síg 

níficant in industrial x-raying of 

heavy steel objects. The increase, 

from one to two million volts re- 

duces the exposure time in a par- 

ticular instance from one week t+ 

less than an hour. With the 
tube, it is possible to detect tht 

.1 4 

5 

i 
Operating with an applied potential of 

2.000.000 volts, this new x-ray tube h 

reduced the exposure time in one Pa' 
ticular application from a week with 

a million volts to less than an hour 

with two million. Raymond Machletl, 

President of Machlett Laboratories, 
holds the tube 

1 
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IfNtMA'NN' CIRCUIT 
AKERS employ on over - 

id trip unit that is FULLY 

ECTRO-MAGNETIC. 
rt circuits and danger- 

' overloads open the 

0 aker instantly; while 
Sí is delayed on momen- 

y harmless overloads. 
'ey are vibration! and, 

1 >ck-resisting. 
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PROTECTION. 
FOR YOUR EQUIPMENT. 

You may have complete confidence in the positive. operation 
of- your HEINEMANN Circuit Breaker. Our Quality Control 
Department is responsible for productioh.of parts and assenn 

blies according tó -rigid specifications set üp by our customers 
as well as our owri`Engineeriñg°Deportment. 

Processrinspectioñ on süb-assemblies and final°assemblies' 
consists of raw material, parts, finish and workmanship inspec 
tion. The completed Circuit Breaker then passes -a final test 
insuring a finished product worthy of the HEINEMANN label. 

HEINEMANN CIRCUIT BREAKER -CO. 
Subsidiary of Heinemann Electric Co., Established 1888 
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SLYAXIA -.NEWS 

DECEMBER 

ELEC,TRONI(; EQUIPMENT EllITIUN 

Published in the Interests of Better Sight and Sound 194 

Type EF-50 Pentode 

Found Useful at 
High Frequencies 

Sylvania's Type EF-50 Amplifier Pentode, 
originally produced primari y for military 
purposes, has a number of unusual features 
that suggest mad); applications in postwar 
design. 

The outstanding characteristic of the 
EF-50 is that it is designed to operate at 

250 volts on both -screen and plate,perrnitting 
operation at higher frequencies because of 
the resulting reduction in input loading. 

Tube is provided with its own external 
shield, grounded throúgh center lug, as 

well as internal shielding brought out on 
two terminals. Since suppressor and caihode 
are brought out separately, 9 pins are needed. 

Full technical data on the EF-50 calk be 
obtained from Sylvania. 

"Next 1 ,,ie you go bail ingout, for heaven's 

sake grab a set with Sylvania Tubes!" 

Sylvania Equipment Helps B -29s 

Report "Mission Accomplished" 
Company's Tubes, Electronic Devices 

Extensively Used on Snpei foltresses 

Radio communications equipment and electronic navigational aids have been 

developed to a new pitch of perfection aboard tite giant Boeing Superfortresse) 

which have so convincingly demonstrated their ability to strike hard and 

effectively, deep within the enemy's territory, after flying from far -distant 

. 

Exterior view shows the B-29 bristling 
with 50 -calibre machine guns and 20 mm. 
cannon. The Superfortress is powered by 
four 2200 -hp. engines, rolls on don ble- 
wheeled landing gear, carries electronic 
equipment suc/t as is manufactured by 

Sylvania and others. (Boeing Photo) 

DID YOU KNOW... 

That many. industries use Sylvania Piran 
tubes to measure pressures' ranging from 
1/10 tó 1/10,000 mm? 

* * * 
That newly defiíted life ratings for Sylvania 
Fluorescent lamps show that, in many ap- 
plications, life expectancy is greater than . 

previously indicated, when lamps are burned 
on. long time -on cycles.? 

bases. The long operating range of tl 

Superfortresses necessitates a complex etc 

tronic nerve system to assure close coma( 

in flight. accuracy in reaching target, at 

safe return to base. Radio and elecuund 

equipment - estimated to total appro 

mately one ton for each Superfortress 
includes the most modern navigationt 
devices, iii addition, of course, to tb 

transmitters, receivers and other apparati 

necessary for communication between en 

members, between aircraft in flight, an 

between planes and their distant bases. 

Sylvania has made important contribu 
tions to the electronic equipment that help 

make possible-and ultimately transmits - 
the terse, stirring message,"Mission Aceom 

plished." Not.only are many Sylvania tuba 

utilized iti the various radio sets and chute 

devices carried by the Superfortresses, b 

Sylvania is among the manufacturers su 

plying electronic equipment for the 13-.9 

SYLvANÍAVELEcTRIc PRODUC É IN. r Spot 
MAKERS OF FLUORESCENT LAMPS, FIXTURES, ACCESSORIES, -INCANDESCENT LAMPS,RRDIO TUBES, CATHODE RAY TUBES, ELECTRONIC DEVICE' 

200 December 1944 - ELECTRONICS 



CREativ 

° .. . .. _ 

LATRONICS - December 1944 

'' 

gIl. 

I 

o a A+k... . , 

1 

r 

411/10tt+ 
;.."4 

I _ 

T 

Industry is entering an 

era of electronics, 
marked by the keenest 

competition in business 

history. The rich rewards 

will surely go to those 

who employ Creative 

Electrical Engineering to 

best advantage. 

In this highly technical 

field, LELAND Electric 

has solved many diffi- 
cult electrical problems 

with skill and ingenuity. 

This valuable experience 

may be the key to your 

post-war plan. We in- 
vite your inquiry. 

f 
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jG 

GpN 
ELECT-GaetpN, 

O*to`io 

elan laá flecsric 
Cupola 

Ltd. 

THE In Caeado: . - 

¡ 1, Ohio. 

MOTOR GENERATOR SET, NAVY TYPE 3 UNIT-A.C. 
or D.C. drive, and up to 2t/2 KW, A.C. or D.C. output 
-special frequencies, governor speed controlled. 
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No. 845 
Popular Three Decade Type 

Input constant: 1,000 ohms. 

Voltage Increments: 0.001 to 1.0 in 

steps of 0.001 

t.`` 
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COMPLETE .SHA°1LCROSS 

....INST,RUMENT CATALOG[ 
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Shallcross \- 

DECADE 

POTENTIOMETERS 
(Accurate Voltage Dividers) 

Shallcross Decade Potentiometers or Voltage 

Dividers are designed to provide accurate incre- 
ments of input voltages. Actúally; the instruments 
consist of two accurately calibrated resistance 
boxes operated simultaneously by a single set of 

controls. As the dials are rotated, thé resistance 
in one circuit increases while the resistance in 

the other circuit decreases by the same amount. 

Thus the total resistance remains constant across 

the input terminals. 
These accurate Voltage Dividers are available 

in a wide range of total resistances and voltage 

increments. Two of the popular standard types 
are listed here. For complete details, or for special 

units for specialized applications write, giving 

full particulars of your application. 

(Where required, all Shallcross Instruments 
can be supplied with overall FUNGICIDAL 
MOISTURE -RESISTANT protection) 
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No. 835 
Four Decade Voltage. 

Divider 

Input constant: 10,000 
ohms. 

Voltage 'Increments: 
0.0001 to 1.0 in steps 
of 0.0001 

OTHER SHALLCROSS PRODUCTS 

Akra-ohm Accurate Resistors 
Rotary Selector Switches 

Multi -Resistance Standards 
Telephone Transmission Test Eqpt. 

Wheatstone Bridges 
Fault -Location Bridges 

Low -Resistance Test Sets 
(Bond Testers) 
Kilovoltmeters 

Kilovoltmeter Multipliers 
Portable Galvanometers, etc., etc. 

SPECIALISTS IN ACCURATE RESISTORS 
The reliability of all Shallcross Test and Electrical Measur- 
ing equipment is doubly assured by use of Shallcross Akra- 
ohm wire -wound resistors throughout. Made in the widest 
variety of shapes, types, and ranges, Akra-ohms are 
available to tolerances as exact as 0.05 of 1%. Write for 
Catalog No. 825. 

SH.ALLCROSS. MFG. CO. 
DEPT. E-124, COLLINGDALE, PA. 

ENGINEER ING. DESIGNING MANUFACTURING 

presence of a piece of 0.014 -in. foil 

laid on the surface of a piece of 

16 -in. thick steel. 
Voltage for the tube is supplied 

from a Van de Graaff type electro. 
static generator developed by MIT 

and Westinghouse and utilizing air 

under pressures between 200 and 

400 psi. The tube must withstand 
the same pressures. Since rate of 

leakage goes up exponentially wit/ 

pressure, this requires a particularll 
effective method of producing glass 

to -metal seals, a fact complicated b 

the great length of interface-sealin 
involved in -the design. Each tub 

, TNteiT 

ÍI 

The new x-ray tube contains a cola= 
formed by a series of annular. rings of 

glass and metal. To maintain a uni. 

form field with minimum dispersion of 

the electron beam. 12.000 volts Po- 

tential Is applied between the metal 
rings of each section. A total of 181 

sections are used 

has about 300 ft of seal, or a thou- 

sand times that of the largest stand- 

ard tube. Since rejections because 
of leaky seals customarily run above 

one per hundred tubes, a new tech- 

nique was devised. 

H -P Heating of Glass 

The method developed consists 
of rotating a mandril with a slotted 
chuck to establish the precise spac- 

ing required of the Kovar rings - 
As the assembly revolves, a se - 
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AMPHENOL offers you. a 

OMPLETE INSERT REFERENCE CHART 

For '(AN" Series Electrical Connectors 
- aICAL <ONNECTORS 

C..A N" f AM PH t N -° L`ECi . INIns ..,. 

E 
s 

R 

lD T ARRANGEMENTS for - 

... 

® 

" 

e 
® ` s ® é 0 ®°® 1"S ' ® I.* ger 

'1 ®,e ®I®,® ®`* 
0 * ® ' ® ® e 
o,' .1 

. 

C- vrrr.im!`` . 

. . ® 

W' A 

* 
^>. 

i, 

010 
I 

® 
I _ 

' \ } ® f ® 
.. 

® 

\.L 
\ .\ 

®W, 

+L® 10, ® 
® 

,. 

CO : P ()MIDI - AMP NINOI l}D. (ORON(O w+- _._ 

You may have this helpful chart. You can in 
an instant find the correct insert that fits your 
particular combination of conductors, voltage 
and current requirements. 

First advantage-this chart organizes for the 
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eye the most complete line of AN inserts made 
by any one company-arranged and divided 
according to number of contacts-readable 
from top to bottom and left to right. Each in- 
sert is illustrated full size on this 38 x 50" 
chart. A table gives the mechanical spacing 
of contacts and other valuable information. 

All it takes to get this chart is a request on 
your company's letterhead. 

Also included are two ringbook charts. One shows all connector shell types and styles including the special purpose shells-pressure-tight, moisture -seal, explosion - proof, light -proof. The other clearly explains the numbering system for connectors. 
AMERICAN PHENOLIC C O R P O R A T I O ,N 

Chicago 50, Illinois 
IN CANADA AMPHENOL LIMITED é TORONTO 

Conneetors(AN, British, U. H.F.) Fittings Conduits Cable Assemblies U. H. F. Cable Radio Parts Plastics for Industry 
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Fixeds 

4 -WINGED 
DRIVER 

CAN'T 

TWIST 
OUT OF ENGINEERED 

TAPERED 
RECESS 

IN AMERI- 

CAN PHILLIPS 
SCREW HEAD 

4 
e 

...that's why 

AMERICAN PHILLIPS SCREWS 

drive Faster... Straighter .. . 
and Cost Less to Use 

Like a bayonet fixed on a gun, an American Phillips Screw can't 
wobble, twist off, or drive any way but straight. For the engineered, tapered 

recess in the American Phillips screw -head fixes the 4 -winged driver firmly 

in position ... makes screw and driver an inseparable, straight-line driv- 

ing unit until the screw is set up flush and tight. 

This brings new ease and speed to production screw -driving 
... makes power drivers practical for any type of work ... prevents 
accidents, scarred and rejected work, loss from split screw -heads. That's 
why over-all savings, in plant after plant, score American Phillips Screws 

at 50% or better, over any other type of screw fastening. 

What's more, American Screw Company inspects eve,y Ameri- 

can Phillips Screw ... for physical fitness of head, thread, and point .. . 

then checks shipments by automatic weigh -count to assure full value. 
Try American Phillips Screws on your own assemblies. You'll find they 
cost less because they help you produce much more. 

AMERICAN SCREW COMPANY, PROVIDENCE 1, R. I. 
Chicago I I: 589 E. Illinois Street Detroit 2: 502 Stephenson Building 

tio1 

1 ' Í 

Vl. 

°Put the Screws on.the Japs ... BUY BONDS!. 
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STEEL 
and STEATITE 

2111.! 

bonded 
PERMANENTLY 

The high mechanical 
strength 

of steel and the excellent, 
permanent 

insulation 
qualities 

of STEATITE 
have been combined 

by 

General 
Ceramics 

through 
íts development 

of a new method 
of 

hermetically 
sealing 

and permanently 
bonding 

together 
STEATITE 

and 

metals in various 
combinations. 

These SEALEX 
combinations 

successfully 
withstand 

the most 

severe temperature 
changes, 

and show no vibration 
fatigue. 

The metal parts are tinned to facilitate 
soldering 

where desired. 

The General 
Ceramics 

method 
of fusing steatite and steel 

solves the problems 
of hermetically 

sealing 
and permanently 

protecting 
equipment 

against 
moisture. 

For long -life, dependable, 
efficient 

service 

specify 
"Steatite".and 

"Sealex" 
Combinations. 

~id ataMtka- 

AND STEATITE 
CORP: 

GENERAL 

KEASBEY 

NEW JERSEY 

I 

2O 
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IDEAL FOR 

MANUFACTURE 
AND SERVICING 
OF ELECTRICAL 

ASSEMBLIES 

Don't think of Cherry Rivets only as "blind" rivets. Just 

remember they are upset with a pull instead of a pound- 
that they need no bucking bar-no backing up-that they 

turn* a two man job into a one -hand operation. 

Then you will use them in all hard -to -get -at spots (in cor- 

ners-wherever space is limited). You will use them in all 

types of metal structures; you will use them in plastics, ply - 

woods, enameled surfaces (the pull action doesn't crack or 

shatter brittle, surfaces)-They will work in soft materials 

(rubber, leather, fabric) without bending, buckling or tilt- 

ing the rivet. 

With Cherry Rivets, short runs become production jobs 

without tooling or special set-up. Remember, too, that Cherry 

Rivets have wide tolerance in hole size and grip length-are 
fast to use and most economical. 

See for yourself how 

Cherry Rivets can cut 

production costs in 

your plant. Write for 
Handbook A-43. Ad- 

dress Department 
A-120, Cherry Rivet 
Company, 231 Wins- 

ton Street, Los Angeles 

13, Carffornia. 

CHERRY RIVETS. THEIR NANUEACTURE AND APPLICATION ARECOVERED BT U. S. PATENTS ISSUED ANDPENDIN 

ülk-M 
LOS A N G E LES, CALI FOR N I A 

quence of gas -flame and high -he. 
quency electronic heating steps are 
followed which give the seal re- 

quited. Glass sections al -e formed to 
shape while plastic and the com- 

pleted column is lowered step by 

step as new sections are added at 

the top. Assembly and out -gassing 
operations follow. 

The new tube is shown in the ac- 

companying illustration, being held 

by its designer, Raymond Machlett, I 

president of the Laboratories. It is 

completely sealed off so that its 

vacuum of 10' mm of mercury does 

not have to be maintained by pump- 

ing, and is compact enough to be 

relatively portable. 
As the sectional drawing reveals, 

the column is made up of a series 

of annular rings, alternately of Py. 

rex glass and Kovar alloy. Each of 

the 182 metal rings acts as an ac- 

celerating electrode to provide steps 

of 12,000 v each. The result is a 

uniform field with a minimum dis- 

persion of the electron beam during 
its -travel from the cathode at the 

top to the region of the last accel- 

erating electrode. At this latter 

point, the beam is focussed mag- 

netically to strike the gold target 
at the bottom in a spot a few thou- 

sandths of an inch in diameter. Re - 

suiting x-rays pass through the tar- 

get and the bottom housing for pro- 

jection through the object being ex- 

amined to the film beyond. 
The reduction in exposure time 

made possible with the new tube 

permits examination of complete 

mechanical assemblies where the 

proper relation of parts within a 

housing can be determined. In the 

medical profession, better depth 

dosers are made possible for ther- 

aD of cancer. Using a 200,0004 
tube, a therapist can obtain 32 per- 

cent of the skin dose at a depth of 

10 cm. With a million -volt unit, the 

percentage goes up to 42. The hvo- 

million-volt tube gives 50 percent. 
Effectiveness of the treatment de- 

pends on obtaining the greatest pos- 

sible depth dose with the least pos- 

sible effect on superficial tissues. 

Experiments with 
Electronic Organs 

By JOHN H. JUPE 

EXPERIENCES in the construction of 

various electronic organs are re- 

lated by S. K. Lewer in Electronic 
Engineering for September, 1941 
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Today, our electrical equipment encircles the globe; some serving at 
Greenland's ice cap or in Kiska's fogs ... others stewing in the swamps 
of a Pacific atoll. 

With the destinations of war -products totally unknown, manufac- 
turers logically have preferred "building -in" WESTONS on their con- 
trol panels. They know that a WESTON will perform dependably 
anywhere ... that there is sound reason behind WESTONS acceptance 
as the international standard. 

And tomorrow, with equipment reaching known markets, instrument 
preferences will remain unchanged. For while human life no longer will 
be at stake, reputations will. So manufacturers will continue to "build - 
in" the instruments which consistently tell -the -truth ... to build broader 
market acceptance and customer good -will, and assure highest 
efficiency from the machines which bear their name. 

estop 

Milt -11'1i 

3 
q 5 6 

0111111111111//041,I 

trWier11)~, 

Laboratory Standards 
Precision DC and AC Portables 

Instrument Transformers 

Sensitive Relays 

DC, AC, and Thermo Switchboard 

and Panel Instruments 

Specialized Test Equipment 

Light Measurement 

and Control Devices 

Exposure Meters 

Aircratt Instruments 

Electric Tachometers 

Dial Thermometers 

WESTON ELECTRICAL INSTRUMENT CORPORATION 
618 FRELINGHUYSEN AVENUE, NEWARK 5, NEW JERSEY 
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Pregwood is built up by Impregnating wood lamina. 
thins with phenolic resins and pressing them together 
under heat and pressure. The laminations may be 
arranged with grain running one direction. This 
method produces high 
strength products such 
no Pregwood 1100. 

PREGWOOD 1100 

rAI 

pREGWOOD is a relatively new material possessing 
many unusual qualities that have adapted it to many 

uses-such as switch gear in heavy duty switches, picker 
sticks on textile looms, ski bottoms on military skis. 

The test figures shown below indicate the remarkable 
strength of the material-which has a lower specific 
gravity than aluminum. 

Pregwood has a certain measure of efficiency as an elec- 
trical insulator. It is non-absorbent and does not take up 
moisture. It is chemically inert and can be used for ap- 
paratus parts that will be exposed to acids and alkalies. 

Changes in humidity have relatively little effect on dimen- 
sions: and a low co -efficient of thermal expansion holds 
the material stable under marked changes in temperature. 

It has the quality of wearing smoothly without slivering or 
cracking. This makes it especially desirable for parts of 
textile machinery where it will not snag threads of fabrics. 

THE FORMICA INSULATION COMPANY 
4661 Spring Grove Avenue 

CINCINNATI 32, OHIO 

TENSILE STRENGTH COMPRESSIVE IZOD IMPACT 

#/sq. in. 30,000 a #/sq. in. 20,000 Ft. Lbs./In. 

Notch Width 
FLEXURAL 

#/sq. in. 48,000 

Test samples are available on request-. 

Flatwise Edgewise 
7.0 6.0 

oRM.içji 
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s tit w"4ssair:~ 
UCTORS 

SAMPLE 

FREE 
Write for 
sample card 
containing ac- 
tuaJ unit. Also 
ask for Bulletin 
78C describing 
B & w M 
tors in de 

iniductail, 

gls- New Standards of Efficiency 
for Many Types of Radio Equipment 

THINK of all of the places where 
you can use exceptionally rugged, 
finely made, light -weight little coils 
like this! Many types of mountings, 
pitches from 4 to 44 t.p.i., and any 
diameter from 'Az" to 1'/a" can be 
supplied. Q is amazingly high, due 
to the small amount of insulating 
material in the electrical field. 

These B&W Miniductors can be 

equipped with either fixed or vari- 
able, internal or external coupling 
links, and many other special 
features. They are adaptable to 
every need from complicated band - 
switching assemblies and "tailor- 
made" coupling link units, to 
sturdy, easy -to -mount coils for any 
tuned r -f circuit. Send us your 
specifications. We'll match them! 

BARKER & WILLIAMSON 
DEPT. E-124, 235 FAIRFIELD AVE., UPPER DARBY, PA. 

Export: LINDETEVES, INC., 10 Rockefeller Plaza, New York, N. Y., U. S. A. 

He was confronted by a choice of 
(a) complex waveforms, analyzed 
by the keyboard controls into the 
various tones required; or (b) sine 
waves, synthesized by the keyboard 
controls into the various tones. 

He chose (a) and decided that an 

electrostatic method of generation 
was best for the amateur because 

cutting and shaping metal elec 

trodes is easier than winding large 

numbers of electromagnets or set 

ting up precision optical system. 
and because time delay resistance, 
capacitance circuits provide ease 

means of controlling tone etc. Th'1 

original choice has been confirmc1 

by later experiments. 
The first experimental generate 

was a gramaphone record with equ 

spaced tinfoil waveforms pasted 01 

it and using a fixed pickup els 

trode. Both this and a later al 

metal disc were discarded becautl 

of modulation or tone variation ps 

duced by mechanical defects. TI 

system evidently required a high 

degree of mechanical precision. 

There were also difficulties concern 
ing accuracy of frequency when a 

number of discs were driven from 

a common shaft. 

Vibration Methods 

Vibratory systems were then ex 

ambled and a start was made using 

stretched wires, where the vibra 

tions produce variations of capar 

itance which are translated intoos 
cillatory voltages across a high re- 

sistance. To generate sustained 

(organ) tones, the wires must b 

kept in continuous vibration. This 

was achieved in the first instance b, 

feeding back some of the output 

from the final a -f amplifier into tie 

string itself and arranging a 'mug 

netic field transversely to the string, 

For selecting and converting tl1 

various tones, a second set of pick 

ups was provided. Brass or phos- 

phor bronze wires were found to be 

quite satisfactory and small b 

magnets about two inches long were 

placed on each side of the wire to 

provide the magnetic fields. 
Quite pure tones were obtained 

provided the maintaining electrode 

was at the center and the magnet 

1 distant from the end of the wire 

The chief difficulty was in maintain 
ing absolutely constant amplitude 
of vibration, due to minute pickul 

and amplifier changes. . 

Later, a method of maintaiaiul 

210 December 1944"- ELECTRONIC 



Because of the basic importance of adequate wiring to the entire electrical industry, 

Anaconda is presenting messages like this in a wide list of national publications. 

01"0't os' P`pN5' 

Row 480111 TI/E 

SCRAMBLE fOR 
POSTWAR MARKETS? 

41 '" r 

Toy 
ADEQUATE 

TO MEET PEACETIME 

EXPANSION? 

- +-+-" 

J,. 

ou 

R/s,l q pO 1/4/4.7_ 

DwNS D DOIyA,r/M 

WILL OUR 

_ELECTRICAL 
CAPAC/Tr 

BE 'TOO LITTLE 

AND T00 LATE'? 

, a.a :- 

,yLiM.,¡.r+a, :`'-.-"L'_-+:_z 

BE SAFE - BE CERTAIN 

''/, '/. , 

If the facts below make sense, check up on your wiring plans now! 

FUTURE MARKETS 

Foresighted market surveys won't mean much if 
plant wiring and service equipment capacity don't 
back up potential volume. 

NEW DEVICES - 

Do your plans anticipate the huge increase in the 
use of electricity-the power demands of new, com- 
plex electrical machines? 

COSTLY TEAR -DOWNS 

Figure the expense of possible downtime and labor 
costs for emergency wiring and equipment. 

AtuiDA 
--=- 

_-.6+GL.r- 

OBSOLESCENCE 

What about your banker? He'll want to be sure 
that electrical efficiency is adequate to keep your 
plant a prime commercial risk. 

POSTWAR EMPLOYMENT 

You'll want to help assure places for the horde of 
returning men. Don't let inadequate wiring cramp 
your personnel., 

Obviously unwired planning will cost a lot more 
than planned wiring. Wire Ahead! Have a talk 
with your electrical contractor, power engineer or 
utility power engineer. 'au 

ANACONDA WIRE & CABLE COMPANY 
25 Broadway, New York 4 ... Sales Offices in Principal Cities 

4ee- P4.eitetePo~.(Zr W4wr& ' Awe/4~ 0144160/ 
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Air Ci=n- 

e1ec1roll1US. . 
problem child or benefactor? 

ondc..... 

THE N -Y -T SAMPLE DEPARTMENT CAN TAKE 

THE GUESSWORK OUT OF TRANSFORMER 

SPECIFYING FOR YOUR POST-WAR NEEDS 

Placing the 'cart before the horse is 

to' publicise in glowing terms, elec- 

tronics of the future. Construc- 

tively, it's a job for engineers and 

designers with 'both feet on the 

ground". 

The N -Y -T Sample Department is 

helping to set 'the pace with re- 

search, engineering and develop- 

ment in the electronic field. Spe- 

cially -built transformers, filters and 

solenoids-for every industrial and 

electronic requirement-are being 

produced to the highest degree of 

perfection ever attained. 

Immediately that military needs 

taper, collaboration in the solution 

of transformer problems will be 

available to aid in the advance- 

ment of electronics . . , through 

product prestige and integrity. 

NEW YORK 
TRANSFORMER CO. 

26 WAVERLY PLACE, NEW YORK 3, N. Y. 

411.k 
, ,- ' 

.,<r`1_ 

4 
- - +, ' .' o 7 

- 
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a 

¡Y 
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Alb - % 
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PUT YOUR RECONVERSION PLANS IN ACTION QUICKLY 

%rr 
WITH LOW COST 

PEASE "22-16" Continuous 
Blueprinting and Processing 
(Washing, Developing and 
Drying) Machine has an ac- f 
tual-production speed of 20 
feet per minute. 

r,= 

_..:.R 

4 

1 

i ' f. 

1 

e ' . 

- - 
I 

1 

RECONVERSION will not be a mere return to prewar production... 
The use of new materials and new methods will increase the demand 
for high quality Blueprints delivered quickly at low cost. 

PEASE BLUEPRINTING MACHINES will provide these necessary 
Blueprints in volume and. on time. Unparalleled in performance, 
fast and economical in operation, they require less attention and 
make sharper, clearer, more contrasty prints. than any other tracing 
reproduction machine. Pease Blueprinting Machines are noted for 
their speed (Pease "22", not illustrated, produces prints at 30 feet 
per minute or more) and for their low cost, quality production .. . 

fine prints as low as one cent (or even less) per square foot. 

PEASE SENSITIZED PAPERS, for use with any Blueprinting or Whiteprinting 
(Dry Direct Process) machines, are uniformly dependable for producing 
quality Blueprints, Blueline Prints, Brownprints (Negatives), Brownline 
Prints and Multazo \X'hiteprints. 

Ask for descriptive literature and prices today. 

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

ac/riseqct aQ2á4ulá y9iacixy %~ 
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Sf+RINGS 
ñ' yourposFWar 
PRODUCT 

*eliable 

Every spring is a design problem in itself. Consider some of the 
factors involved: strength and tension, corrosion resistance, uniformity, 
fatigue, freedom from drift and "creep", temperature properties, elec- 
trical conductivity. 

The question of failure, for instance, can in many cases be traced not 
only to fatigue but to corrosion, and is often overcome by a corrosion - 
proof material such as beryllium copper, nickel alloys, phosphor bronze 
or stainless steel, or by cadmium plating. 

Or take the question of uniformity. The spring maker's ability to hold 
all springs uniform may often be found of greater value than the mainte- 
nance of absolute tolerances. Such uniformity is highly dependent on 
the manufacturer's technicians and equipment. 

Reliable is thoroughly equipped and staffed to assure the combination 
of balanced properties best suited to the actual product use of the spring. 

Submit your spring needs fo us. Reliable catalog 44 supplied on request. 

THE RELIABLE SPRING & WIRE FORMS CO. 
3167 Fulton Rd., Cleveland 4, Ohio Representatives in Principal Cities 

YOU CAN RELY ON VllIIIIMV/!A 

ellúble. , 
CAPS HOOKS SENDS ROUND AND FLAT 

WIRE SPRINGS LIGHT STAMPINGS 

the strings with low pressure air 
jets was thought promising but it 

failed above about 800 cps. 

Used Reeds 

Attention was then given to vi. 

brating reeds as variable capaci 
tance elements, with reeds take 
first from a harmonica and later 

from an American organ. Forty 

reeds, covering 32-2000 cps in fir 

octaves, were assembled and at first 

direct acoustic output was difficult 

to silence, particularly at the higher 

frequencies. Cotton wool provided 

a reasonable solution to this pro' 
lem. Key click filters were aka 

necessary and by suitably choosing 

the values, could be made to providt 

"attack" controls as well. 
Continuously operated reeds we -t 

satisfactory but there was a sligh 

background roar, i.e. stray picks J 

from all reeds simultaneously. Tü 

war stopped experiments but them 

have been some later ones using t4 

undulating change of capacitas 
to produce a frequency change l) 

an oscillator instead of a currebl 

change in a resistance. In the opin: 

ion of Lewer, this system merit] 

further careful consideration. 

A New Electronic 
Compass for Aircraft 

By DAVID WILLIAM MOORE, JR.i 

Fairchild Camera and Instrument Core 
Neto York City 

USE OF THE magnetized needle typi 

of compass in aircraft showed thsl 

certain errors were introduced dug 

ing turns and other maneuvers d6¡ 

to the accelerations imposed on 

compass needle. To obviate this e 

feet, a class of compasses known i 

earth inductors was developed. 
first, these compasses used as 

sensing element a rapidly rotatin 
coil of wire which generated a mii' 

ute voltage as it cut through th 

lines of force of the earth's field 

The accelerations of the afters! 
would not affect the voltage gener- 

ated by this rotating coil, and a 

long as it was maintáined in an up- 

right position accurate direction in 

dications could be obtained. 
Certain defects were inherent in 

this type of earth inductor, thoug 
the most important being the neces 

sity of employing brushes to coned 

this induced voltage from the cos 

These brushes generated in the 
selves a noise voltage which maa. 
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THE BROWNING FREQUENCY METER, used 
by police and other emergency radio facilities 
for the past five years, is still the best meter for 
such services - because it was specifically de- 
signed for them. The design, which permits de- 
termination of any five frequencies from 1.5 to 
120 Mc., makes for simplicity of operation 
which requires less than one minute to check 
one frequency. All Browning development work 
aims at specific, rather than broad, uses. Thus, 
all Browning equipment is best for its particular 
job. Furthermore, Browning Laboratory facili- 
ties are available for study and solution of your 
own, specific electronic engineering problems. 

Write for data. 

BROINHIN 
LABORATORIEL.,:liCO.RPORATED 
WIIICNESTER;` MASSACHUS'ETTS' 

_ .,..ur-.i.we' ' 
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PERMANENT. MAGNETS M A Y DO IT B E T T ER 

Battle Commands 

ON a modern U. S. dreadnaught, 
about 2200 telephones and more 

than 300 loudspeakers link all battle 
stations. They flash orders and reports 
instantly-make possible the split-sec- 

ond timing that wins battles. 

Vital parts of each telephone and 
speaker are permanent magnets. They 

are also employed in radio and sub - 
detection equipment, firing systems, 
compasses, instruments and numerous 
other devices, raising the total per bat- 

tleship high into the thousands. 

F 

OFFICIAL U. S. NAVY PHOTOGRAPH 

Reach All Hands! 
Because we manufacture permanent 
magnets for virtually every use known 
to science, our specialized knowledge 
of design and production is unusually 
complete. If you have a problem in- 

volving permanent magnets, our engi- 
neers will be pleased to consult with 
you. Write for a copy of our "Permanent 
Magnet Manual". 

Coovri0ht 1944-The Indinos Steel Product@ Co. 

INDIANA STEEL PRODUCTS 
Cosispamy 

* SPECIALISTS I N PERMANENT MAGNETS SINCE 1 9 1 0 * 
6 NORTH MICHIGAN AVENUE CHICAGO 2, ILLINOIS 
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DABILITY 
in your Postwar Radio=Phono Combinations 

LOOK TO 

WEBSTER PRODUCTS 

TODAY 
Dynamotors and 

Voltage Regulators 

TOMORROW 
World Acclaimed 
Record Changers 

WAR BONDS 
are Top Valúe for 

TODAY and TOMORROW 

p ANG 
In the selection of component parts for your models, you will 

be interested in the dependability of the unit and the ability 

of its manufacturer to carry through on any program under- 

taken. You will find satisfaction on both scores at Webster 

Products. 

Webster Record Changers will have all the features you would 

expect from the pioneer manufacturer of record changers- 
with remarkable economies of space. 

We will be glad to discuss with manufacturers now the ways 

we may serve you today and tomorrow. 

WIBSTC i s 
$825 W. ARMITAGE AVE. w CHICAGO 47, ILLINOIS 
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24~pa.med 
QUALITY 

The Industrial Condenser 
Corporation manufactures a 
complete line of Oil -filled, 
Electrolytic,Wax and Special 
Mica Capacitors for all in- 
dustrial, communications 
and signalling applications 
up to 250,000 volts working. 
Complete laboratory and 
engineering facilities avail- 
able for solution and design 
of capacitor problems for 
special applications. 

An Industrial Condenser for 
every industrial application. 

I 

-_1 
. 

_: .. 

r. 1olt61,. ,.r6,,- 

.5 MFD. 50,000 VOLTS 

DC WORKING 

(Illustrated above)...28 inches 

high, weight 175 pounds, built by 

Industrial Condenser Corpora. 
tion to meet. Navy specifications. 

Oil -filled, oil impregnated. Built 

for 24 hour continuous operation 
and total submersion in salt 
water. 

-r\t, '? . 

. 

PAPER-, OIL AND ELECTROLYTIC CAPACITORS 

INDUSTRIAL.. 
CONDENSER 

CORPORATION 
3243-65 NORTH CALIFORNIA AVE., CHICAGO 18, U.S.A. 

DISTRICT.-OFFICES.IN'PRIN.CIPAL CITIES. 

times approached the signal voltage 
in magnitude. In addition, the 
high-speed rotating coil in itself 
presented an undesirable mainte- 
nance problem. Later developments 
have produced earth inductors hay 
lug no rotating coils, and in some 
instances no rotating parts at all. 

New Type 

In our laboratories, we have de- 

veloped an entirely new type of 

magnetic field responsive device. 
This form of earth inductor, while 

inherently possessing nó substan- 
tial advantages over those now 

available to our armed forces, does 

present an entirely new and novel 

approach to the problem, and one 

which we felt would be of interest 
to the field.. Although rather exten- 
sive laboratory and flight tests have 

been made of this system with very 

successful results, no attempt has 

been made to market the device. It 

is, at present, merely a scientific 
curiosity, but one which may open 

up new channels of thought along 
other lines. 

When permalloys are placed in 

the earth's magnetic field, they be- 

come magnetized inductively to a 

measurable degree. This fact is 

made use of in our earth inductor, 
as it is in many other systems. 

As shown in the accompanying 
drawing, the permalloy sensing ar- 

mature is surrounded by an excit- 
ing coil. The magnetic field of the 
exciting coil is normally at right 
angles to the longitudinal axis of 

the armature. In this position, 
there is no magnetic induction be- 

tween the armature and the excitr 
ing coil along this axis. If, how- 
ever, this armature is inductively 
magnetized by some outside field, it 

will no longer be neutral with re- 

spect to the magnetic field of the ex- 

citing coil and a magnetic couple 
will be formed between it and the 
armature. 

In actual practice, an alternating 
current of suitable frequency is 

passed through the exciting coil to 

produce an alternating magnetic 
field at right angles to the longi- 
tudinal axis of the armature. Then, 
when the armature is inductively 
magnetized by the earth's field, an 
alternating couple will be produced 
between the armature and the coil. 
If the armature is free to move very 
slightly along an axis in the plane 
of the exciting coil, and at right 
angles to the longitudinal axis of 
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for Your 
a dRelat Qn is 

Connectors 
AVAILABLE ON 

PRIORITY 
ORDERS 

Will coaxial cable table 
connectors , c this lugs or spen cial 

p 
design parts 

roles in Y°r 
P 

general category, 
we suggest postwar so products? 

If ' 
our Offer you carefully consider both 

exceptional facilities. 
ditiÓ" tO 

iings and 
Division, in Connector 

line of stand- 
ard 

O representative 
staffed and equip is uniquely á4s in this fl.%d On 

rd units' 0 
our r+ t° serve your 

basis, 
COO. 

a mass production 
happy to Our engineers will be 

on specific problems or sun with you 
detailed. informaion send you more 

.---"--' - **''°'4 \ ' 
I45105111. a,nne 

..- :. 
DIVISION OF 

y 
CON N ETC R 

1111511100. StSISIAtiet CO. 
eR0Ao 

:otc1o*ttON CORPORA 

IActval Size) U. S. ARMY -NAVY 
COAXIAL. 

CONNECTORS 
Built in 

accordance with U. S. Army -Navy 
designs and 

specifications, these 
precision units interlock firmly, when 

coupled, to assure positive, 
vibration -proof contact. The 

die cost, zinc housings and other metal parts are heavily 

silver plated. 
Contact parts (both pins and 

sockets) are 

made of 
specially 

tempered spring -brass. Cable plugs 

and 
receptacles alike are 

insulated with low -loss mica 

filled 
bakelite. Plugs may be had in either Signal Corps 

#PL -259, or Navy 
#C1-49195 

models. 
Connector recep- 

tacle 
#50-392-1 is 

standard for each of these 
designs. a i 
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THE ORGANIZATION 

ifin4 
.. ...t44 5'" 1. , 

""-i17 

Like many another "depression -born" company 

beset by trying problems, we learned early 

and well the vital importance of giving more and 

better service than a customer ordinarily 

expected. Faithful adherence to this principle throughout 

the ensuing years has not only forged a stronger 

rélationship with old customers but has laid the 

foundation for an organization, which today, 

is recognized as a leader in the field of precision 

fabrication of all types of plastic materials. 

Sea% us The specifcatións for your next requirements and let 
us prove to you that we can produce these parts better ... faster .. . 

more economically! We have a stock of standard materials on hand 
at all times-all of which meet Army, Navy and Air Corps 
specifications. 

Branch Offices: 

NEW YORK: 420 LEXINGTON AVE. 

DETROIT: 14319 STRATHMOOR AVE. 

CHICAGO: 4317 RAVENSWOOD AVE. 

CHARLES W. MAJOR 
President 

C. STUART TABOR 
Vice -President 

RAY USCIIOLD 
Secy-Treces. 

ROBERT BEAN 
General Manager 

recision ORK, CORPRENE, 

4 
n 

.. 
FABRICATORS, INC. 
EAST ROCHESTER, N. Y. ° i 

PHENOL FIBRE, RUBBER, ASBESTOS 

AND OTHER MATERIALS 
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Silentbloc in Your New Blueprints 
Ifeans a Better Product...Lower Costs 

ExERAL g1LE14TBLOC 

'Rubber Mountings 
ana Bearings 

absorb shock 

Control vibrut vibration, 
torque action 

Give trouble -free 
isalgnment 

Correct ,f 

Unassembled Parts 

Ae,cembled Silentbloc Torque Bearing 

!1 NTEI CONS fRUCTION gives engineered perform- 
rr Silentbloc consists of outer metal sleeve into which 
!Air ring is forced under high pressure and inner shaft, 

through rubber. Radial compressive force of elon- 
t it, rubber forms indestructible rubber -to -metal union. 

~~0 

I N!BLOC Mounting 
vi. engineered control of 

n 

yhtion in motors and 
'ng equipment, cushions 

., t; loads, absorbs noise. 

SILENTBLOC Bushing 
corrects for misalignment of 
hinges, shafts, bearings. 

mprovcs operation,cuts 
machining and fitting costs. 

. 

of `-, 

BEFORE you approve any 
blueprint, check the im- 

provements you might make with 
General Silentbloc mountings, 
bearings and bushings. 

If you have a problem of vibra- 
tion, shock load or noise, a 

Silenthloc mounting can he engi- 
neered for your specific needs. 

If your equipment has oscil- 
lating parts, a Silentbloc rubber 
torque bearing can simplify con- 
struction and give trouble -free 
operation without lubricants. 

You can improve performance 
and cut production costs with 
Silentbloc rubber bushings that 
correct for misalignment of shaft 
supports or bearings. 

General Silenthloc parts can be 
made any size, to carry loads of 
ounces to tons, using any kind of 

THE GENERAL TIRE & RUBBER CO. 
Mechanical Goods Division, Wabash, Indiana 

Silentbloc Rubber Mounting above 
is used to damp or isolate vibration 
and cushion shock loads in motors 
and other moving equipment. 

metal and rubber. Skilled General 
engineers can design a Silentbloc 
to give the exact performance 
you specify. 

Siléntbloc has been proved in 
use on automotive, industrial, 
marine and home machinery, 
electrical equipment, aircraft and 
other products. Silentbloc belongs 
in your new product blueprints. 

It Will 'Puy You to Know 
More About Silentbloc 

For factual booklet, 
write The General 
Tire & Rubber 
Company, Dept. 
95, Wabash, Ind. 

::'J..I. 
Sxx.ENxBx.óc: 

aMO11NTINGS:r:.,sEARINGS 
. - 'COUPLINGS 
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Probably the most important single factor in modern 
warfare is complete, dependable communications. De- 
pendable communications require a dependable power 
supply. Pincor ís proud of its part in furnishing portable 
gasoline -driven and other electrical power supply units 
to the fighting front as well as to the home front. 

Look to Pincor for your postwar needs in power plants, 
motors, converters and battery chargers. 

DYNAMOTORS ... CONVERTERS 

GENERATORS .... D C MOTORS 

POWER PIANTS...GEN-E-MOTORS 

BUY WAR BONDS! 

PIONEER 
GEN -E -MOTOR 

CORPORATION 
5841.49 DICKENS AVENUE 
CHICAGO 39, ILLINOIS 

EXPORT ADDRESS:25 WARREN STREET.NEW YORK 7.U.S.A.CABLE 
t_ 

" .. tr.4 

ADORESS:SIMONTRICE.NEW YORK 

the armature, a mechanical vibra- 

tion of the armature at the fn. 
quency of the alternating current in 

the exciting coil will result. 

Rochelle Salt Crystal 

This vibration of the armature is 

transferred to any suitable pickup 

which will convert mechanical no- 

tion to an electrical voltage. In our 

experiments, a standard phono- 

graph crystal pickup was used. 

The phase of the crystal output 
voltage with reference to the phase 

of the current in the exciting coil 

will be a function of the magnetic 
polarization of the armature. This 

Essential components of the suggested 

earth -inductor compass for aircraft 

magnetic polarization of the arma- 

ture will in turn depend upon th 

orientation of it with respect to the 

earth's field. If the armature is 

placed in an east -west position, it 

will not be magnetized longitud- 
inally by the earth's field and con- 

sequently no output will result from 

the vibration pickup. If the arma- 

ture is rotated in either a clockwise 
or a counter -clockwise direction 
from the east -west position, the 

armature will become inductively 
magnetized and an output voltage 

will result. 
The phase of the output voltage 

will shift 180 degrees as the arma- 

ture passes through the east -west 

position and may be taken as a left - 

right type of indication. The mag- 

nitude of the voltage is, assuming 
linear output from the crystal 
pickup, proportional to the cosine 

of the angle between the longitud- 
inal axis .of the armature and the 
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Design value 
goes beyond 

price 
Qat does one designer build into .his product that 
n ces it sell at a profitable price, while a competing 

ar:le loses money fór its producer? 
Little things, often hidden things. Little things that 

-nice a big difference, like Lord Shear. Type Mountings 
rlonded Rubber. 

Where there is machinery in motion, there is vibra-. 
-i I, and vibration means strain to machine and to man. 
Ltd Shear Type Mountings and other bonded rubber 
ptducts control and isolate.vibration. 

Factories that are quieter, pleasanter, more efficient; 
su)mobiles, trucks, buses, locomotives, airplanes that are 
;ii other and safer in operation; delicate laboratory 
e9ipment that is made more accu- 
ra: and trust -worthy; these arethe 
gilts that Lord is helping designers 

a ! manufacturers to accomplish. 
The science of vibration con- 

tr, and isolation has been devel- 
opd by Lord for more than twenty 
yers. This accumulated experience 
Iswadable to you, without cost, 
aFenever you are.faced with a vi - 
b tión problem. 

Write for free literature which 
l bring you upto date in factual 

]orrmation on vibration control. 
cd Vibration Engineers will work 
wh yOu to bring your product to 
a+ew 'standard of perfection. 

Buy More War Bonds 

BOWDED RUBBER 

Seat 7qe 
MOUNTINGS 

111KES RUBBER ,/K .54414 TO ABSORB VIBRATION / SALES REPRESENTATIVES / NEW YORK - 2130 MADISON AVE. 
CHICAGO - 520 N. MICHIGAN AVE. 

ORD MANUFACTURING COMPANY \ BURBANK, CAL.77102450EDOLIVEAVE. 
DETROIT -ITARD AVE. 

MERAN AwOSEA CNDINECA.0 COUP.. LTD. 
TORONTO, CANADA ERIE, PENNSYLVANIA. 

lOriginators of Shear Type Bonded Rubber Mounting's 

0 
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Da you zecag.4z 
deae in¢uEatoae? 

They are the first radio tower insulators made in this country. 

They were designed and built by Locke for the original wire- 

less telegraph stations. 

That was a long time ago and every day since has added to 

our skill and . experience. 'Research facilities available 

nowhere else in the industry have been in constant use find- 

ing better, simpler, lower cost methods of producing the 

finest in radio insulators. 

Whether your requirements are standard or special, we think 

you will find them better filled by Locke. 

A COMPLETE 
`CLAY"RAMIC 

SERVICE 
For every electrical, chemical and 

mechanical application, Locke has tin. 

rivalled facilities for the production 
of fired clay pieces by every known 

method. 

(1) Dry Process -Porcelain and 

Steatite 

A process ideally suited to the 

production of certain pieces with 
reasonable tolerances and ade- 

quate mechanical and electrical 
strength. 

(2) Vacutite Process-Porcelain and 

Steatite 

A process developed by Locke 

for forming intricate pieces. 

Close tolerances. Mechanical and 

electrical strength almost equal 

to wet process. 

Wet Process - Porcelain and 

Steatite 

The standard process for the 

production of high voltage in- 

sulators, and porcelain for 
mechanical and chemical applica 
tions. Exceptionally strong 
mechanically and electrically. 

Locke Wet Process porcelain and 

Locketite is produced by the follow- 
ing methods, the selection of method 

depending upon the piece. 

(1) Pugging (5) Jiggering 
(2) RamExtrusion(6) Plastic Press 

(3) Wet and Dry (7) Core Casting 
Turning (8) Drain Casting 

(4) Plunging (9) Throwing 

and certain other methods which at 

the present have only limited 
application. 

Other clayramic products will be 

available in the future to meet 'special 

conditions. Whatever your problem, 
our experienced electrical, mechanical 

and ceramic engineers will be glad 

to help. Their services have resulted 

in material savings in money, time 

and critical materials to other manu 
facturers. Perhaps they can help you. 

(3) 

Z > '-P INSULATOR CORPORATION 
BALTIMORE, MARYLAND Zeade44 ¿do let yrrocied 
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Lighting systems - radio transmitters - ventilating equipment - telephone 
circuits and a multitude of other operations must often be controlled from a 
remote point in varying sequence. Of itself remote control - even in varying 
sequence - is no insurmountablé obstacle. Physical or economic factors, how- 
ever, often dictate the use of only a single conductor of radio carrier wave 
circuit as the control medium. Such control is possible only if the operation - 
selective device possesses high sensitivity and critical reponse. The W&T 
Torsional Relay - stable over a wide range of ambient temperature and 
pressure - was developed to fulfill this specific requirement. 

W&T Torsional Relays provide low cost, dependable variable sequence 
control which can be made completely automatic with the addition of W&T 
monitoring units. 

A 

ELLEVILLE 9 PRODUCTS, INC. 
NEW JERSEY 

Í I 
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MITCHELL'-RANG.ad i - NEW 

la if.1 TRIPLE -STRENGTH dwierim. TUBING 

MITCHELL -RAND 

i°i 
55 TTAIILS 

OLE ELECTIIICM 

INSULATION 
HEADQUARTERS 

EST. 1889 

a 

to give it properties never before attained. 

in Sleevings of any brand or manufacture. 

_ - will TRIPLE-STRENGT 
and ...and more abuse- 

withs+o^dndlin9 than any -- 

known 
rough ho sleeving .. 

insulotin ITS 
WHILE MAINTAINING 
DIELECTRIC 

AND OTHER 

-PROPERTIES. 

M -R TRIPLE -STRENGTH Fiberglas Tubing con be used 

on the leads of transformers which are toy be potted 

in high melting point compounds and in assemblies 

which after they are completed are dipped and baked 

for six or morn hours at 2500 F. to cure the varnish 

coating of the assembly. 

Fiber9la/ 
M -R TRIPLE-STRENGTH RIPLE-ST 

EB 
VISE or FRAY 

TUBING WON'Tfor LONG 

. is the OPTIMUM 

LIFE... HIGH 
DIELECTRIC.. 

TEN 

SILE STRENGTH 
.. FLEXIBIL111 

FREE FOR YOUR ASKING. A Sample Cord of Varnished Tubings; samples to fit sizes from 
BAS wire $I20 1.032"1 to 50 (.325"I...a Wall Chart with quick easy to read reference tables 
of electrical symbols, capacity of conductors, dielectric averages of insulating materials, math- 
ematical tables; tap drill sizes, standards of varnished tubing sizes ... Wax and Compound 
Guide Book and the M -R Book of Electrical Insulations. 

ALL ARE FREE FOR YOUR ASKING . . . WRITE FOR THEM ON YOUR LETTERHEAD 

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

Fiberglas Varnished Tape and Cloth 
Insulating Papers and Twines 
Cable Filling and Pothead Compounds 
Friction Tape and Splice 
Transformer Compounds 

A PARTIAL LIST OF M -R PRODUCTS 
Fiberglas Braided Sleeving 
Cotton Tapes, Webbings and Sleevings 
Impregnated Varnish Tubing 

-Insulating Varnishes of all types 

Fiberglas Saturated Sleeving and Varnished Tubing 
Asbestos Sleeving and Tape 
Extruded Plastic Tubing 
Varnished Cambric Cloth and Tape 
Mica Plate, Tape, Paper, Cloth and Tubing 

.: 

81 

Ir 
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hoiiontal component of the earth's 
rienetic field. 

Teat Model 

1 our tests, this device was con- 
abreted with an armature ten cm 
o n surrounded by an exciting coil 
lot inches in diameter. The out - 
au if the crystal pickup was ampli- 
ieaby a small amplifier having an 

_lification of approximately sixty 
lb.The output of the amplifier and 
3I rtion of the current passing 
. nigh the exciting coil were com- 
a ,yid by a dynamometer type of 
ei'right indicator of the type used 
)ri Fairchild radio compasses. With 
,hiarrangement, we were able con- 
3i91ntly to obtain full-scale read - 
nil of the left -right indicator with 
ieNations of the armature of only 

Ig from the balanced east -west 
Ration. 

echanical vibrations transmit- 
tedo the armature from the out - 
3i_ were kept out of the amplifier 

vI suitable high-pass filter which 
nilpressed the low -frequency vibra - 
ties and permitted the four-hun- 
dal cycle operating frequency to 

I. 

"I model of this device was flown 
ur laboratory plane, and results 
oaching those obtained in the 

ratory were obtained. 
,dditional information may be 

n btined by referring to United 
Sites Patent 2,331,617, or from 
tit author at Fairchild Camera and 

.lrument Corp. 

May Irradiation of 
Kurtz Crystals 

111; TECHNIQUE of permanently al- 
e ng the frequency of quartz 
bes by subjecting them to x-ray 

lindiation and so changing the 
atnic properties of the quartz it- 
se is described by Clifford Fron- 
lii director of research at Reeves 
S.nd Laboratories, in the October 
is ,e of The Radio Engineers 
D+est. Results of the experimental 
wtk accomplished and a discussion 
D the various factors involved are 
cCtalned in the article, from 

lch the following is abstracted. 
'Then a BT quartz oscillator - 

pie is irradiated with x-rays, or 
b};ertain other radiations, it grad - 
u y becomes smoky in color and 

the same time the oscillation fre- 
q , ncy decreases. Similar effects 
a obtained with oscillator cuts 

f 

- . 

_y rí'/y-. 
t I0 ,!1-,,," 

:emetiaaIIy Sealed 
IRAN S FORME RS. 
of Proven Design .. . 

In Full Production-Short Delivery 

We are -in full production on Hermetically 
"Sealed'Trañsformers and ready to accept orders 
for short.d'elivery. 

CHICAGO TRANSFORMER 
DIVISION OF ESSEX WIRE CORPORATION 

3501. 'WEST ADDISON STREET 

CHICAGO, 18 

1 
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There has been a definite need for a superior lock to be 

used with flat disc dials of various thicknesses. We couldn't 

buy a dial lock with all the required features... so we built 

one, and now offer a custom built dial lock at mass 

production prices. Originally designed for use with the 

Techrad Counterdial, as illustrated, the Techrad Dial Lock 

is readily adaptable to other disc dials mounted either 

front or rear of panel. 

The Techrad Dial Lock is simply constructed, employ- 

ing the established right hand/left hand thread principle 

wherein two metal discs come together or go apart. This 

does not permit the lock to drag or scrape on the dial 

when disengaged, and it is impossible to distort or bend 

the dial scale when locked. Hairline accuracy of the setting 

is maintained when the dial is locked because the two 

locking discs do not rotate. By withdrawing the retaining 

pin, either disc may be rotated independently which allows 

exact centering at all times and provides adjustment for 

dial scales of varying thicknesses. With dial scales of aver- 

age thickness, the lock may be completely engaged by less 

than a 270 degree rotation of the knurled thumb screw. 

This new Techrad Dial Lock is sure to supply your 

demand for a better lock. Write now for complete infor- 

mation and price data. 
Master Engineering takes nothing for granted. 

Technical Radio Company 
Over ten years of continuous experience 

275 Ninth Street San Francisco 3, California 
Export Agents: 

Frazar & Hansen, 301 Clay St., Son Francisco 11, California, U. S. A. 

.ao 
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SAVE TIME and GRIEF 
having Whitaker produce your wiring assemblies 

A quarter of a century of experience is 

made available to you when you turn 

your wiring harness and assembly jobs 

over to Whitaker. 

You will find that the statement 
"Whitaker can wire it" is no idle boast 

... We have the experience, plus ample 

plant facilities for volume production .. 

All Whitaker produced assemblies are 

engineered to specifications, and pass ex- 

acting inspections. 

In addition to custom-built engineered 

wiring assemblies, Whitaker also offers a 

quality line of standard stock cable prod- 
ucts ... We cordially invite you to write 
and advise us of your needs. 

WHITAKER CABLE CORPORATION 
General Offices: 1307 Burlington Avenue, Kansas City 16, Missouri 
Factories: Kansas City, Mo. St. Joseph, Mo. Philadelphia Oakland 

obles, Wiring Harnesses and Assemblies for Automotive, Aircraft, Marine and Radio Equiimenf. 
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SILVER SOLDERING (both internal 

and external) used ín all connections 

.. tight, .evenly spaced winding upon 

Steatite cores ... conservative ratings 

in accordance with NEMA standards 

. rigid inspection at every stage of 

production ... are some of the reasons 

why this is a good line for YOU... . 

Write for 
Complete Neer Catalog 

Dept. 4 

TELEPHONE 

EVERGREEN 6.0036 

FOR PRECISION 

HAINES MANUFACTURING CORP. 
"C2ectranic Crrn,anenta" 

248 -2 Z4 Mc ICMEIN STREET 
BROOKLYN 6, N.Y. 

other than the BT, and with sub. 
stances other than quartz. The 
total frequency change that can be 
effected increases with increasing 
initial frequency of the plate, and 
can be roughly estimated for a 

given frequency on the basis of a 

decrease of approximately 0.02 per- 

cent in the frequency -thickness coo. 
stant of irradiated quartz. There 
is, however, a considerable varia- 
tion in response among different 
crystals of the same frequency; 
in an unsensitized 8 -megacycle 
plate the observed total response 
varies between'500 and 3000 cycles, 
with an average change of about 
1400 cycles. The rate. of change of 

frequency is primarily determined 
by the intensity and wavelength of 

the x-radiation employed. The rate, 
like the total change, also increases 
with increasing initial frequency of 

the plate. Rates now achieved in 

production in the Reeves plant 

average about 40 cycles change per 

minute' in 8 -megacycle plates. A 

considerable increase over this rate 

can be expected from Philips x-ray 

equipment designed for the pur- 

pose: The change in frequency on 

irradiation is accompanied by lit- 

tle or no change in crystal activity. 

Baking Reverses Action 

The frequency change brought 
about 'by radiation can be reversed, 
and the plate restored to its original 
frequency, by baking at tempera- 
tures over about 175 deg. The rate 

of reversal increases with increas- 
ing temperature and is practically 
instantaneous above 400 deg C. Ir- 

radiated plates have been found to 

be stable below 175 deg C. 
The fact that the frequency 

change is downwards from the orig- 

inal value permits the salvage of 

plates that have been overshot in 

frequency during manufacture, pro- 

vided that the desired frequency 
change is within the range of the 

radiation technique. Similarly, 
plates that have gone over fre- 

quency due to ageing, re -cleaning, 
or under -plating may be recovered. 
At the present writing, roughly 
1000 over -frequency plates are be- 

ing recovered per week by x-rays 
in the Reeves plant. 

Another advantage of the method 
arises in that the frequency of 

stabilized crystals can be adjusted 
without disturbing the surface 
condition of the quartz. Plates can 

f 

4 
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THESE GENERAL 
INDUSTRIES MOTORS ARE 

CERTAINLY SMOOTH / YES, AND YOU N. 
CAN'T BEAT THEIR 
PLASTIC PARTS. 

YOU CAN DEPEND 

r 
SMALL MOTORS and molded 
plastic parts, both from 
General Industries, meet 
frequently on assembly 
lines of leading manufac- 
turers. When they do, 

they match up with pre- 
cision because of the care 

and ability which goes 
into their manufacture. 

UPON BOTH 
FROM GENERAL INDUSTRIES 

Our Smooth Power drives have been proved for 
years in our own lines of recorders, record -changers and 

turntables. Their quick pickup, unvarying speed, 
1 velvety smoothness and dependability have kept them 

favorites for many peacetime products, and have been 
responsible for their wide military use. Most buyers find 

what they want in our standard lines, but when specifi- 
cations are unusual, we design and build them to order. 

THE 
ci In our molded plastics division, your blue- 
7ints or sketches get close scrutiny by engineers who 
,ow plastic compounds and how to use them. Our 
old designers study every job to find ways of doing it 

1 tter, quicker and more economically . As for close 
lerances and fine finishes, we refer you to the assembly 
ten and inspectors in the many plants which depend 
ipon us for their molded plastics. 

So, you can depend upon General Indus- 
tries for your postwar needs in both these 
products. You'll save time by starting 

general discussions now, to be followed by 
details when our military commitments 

have béen finished. Please address the spe- 
cific division ... motors or molded plastics. 

ENERA..L 
NDUSTRIES 

COMPANY 

ELYRIA OHIO 

RONICS- December 1944 
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OiITypé EC CAPACITRON 
e .. in. a Wide Range 

of Ratings for 
Single Hole Mounting! \ 

ti 

; 
i -1 ''= II i 
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c F E 

V 0 II 

11/=' Diameter 
Container 

2' and 21/2' Dia. 
Container 

Catalog 
Number 

Working 
DIMENSIONS IN INCHES 

Capacity 
in Mfd. 

Voltage 
D.C. 

. 

A B C D E 

1 

F 

6EÓ200 
6EC300 . 

6EC400 
6EC600 
6EC800 
6EC1000 

10EC100 
10EC200 
10EC400 
10EC600 
10EC800 
15EC50 
15EC100 
15EC200 
15EC400 

2.0 
3.0 
4.0 

t 6.0 
1 8.0 

10.0 
1.0 
2.0 
4.0 
6.0 ' 

8.0 
.5 

1.0 
2.0 
4.Q 

600 
600 
600 
600 
600 
600 

1000 
1000 
1000 
1000 
1000 
1500 
1500 
1500 
1500 

2% 
4 N 
4N 
4 
4% 
4 
2% 
4% 
4 
4 
5 
2N 
4% 
4 
4% 

1% 
1% 
1 iI 
2 
2 

2% 
1;2 
11/2 

2` 
2 % 
23 
1% 
1N 
2 
2% 

%x 16thd 
%x 16thd 
%xl6thd 
1x14thd 
1 x 14thd 
l x l4thd 

%xl6thd 
%xl6thd 
1:14thd 
1x14thd 
1x14thd 

%xl6thd 
/xl6thd 
1:14thd 
lxl4thd 

1 

1 

1 

174 
1746 

114 
1 

1 

17,4 

1% 
134 
1 

1 

174 
1/4 

1 y 
1% 
1% 
15/i 
1 N 
15/8 

1% 
1% 
1N 
1N 
ls/ 
1% 
1% 
1% 
15A 

N 
N 
N 

1 

1 

1 

s 

N 
1 

1 

1 

N 
N 

1 

1 

All of the Above A.W.S. Army -Navy Submersion 

Proof Units Available in Production Quantities for 

Piompt Delivery. Write, Wire or Telephone - Now! 

- _ _`-r 
s) 

50'1 1 

Telephone: MlChigan 9656 

74 CAPACITRON 
318 West Schiller St. Chicago 10, Illinois 
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. Doing a war job today 

RECOMMENDED ...' 

for your post-war radio 
For distinct, accurate tuning, include in 

your post-war radio manufacture the variable 

air condensers and push button 

tuning devices of Radio Condenser Company. 

The job these condensers are doing 

today in bringing every message distinctly 

and accurately to the men in our 

armed forces - should warrant your using 

them to assure the same distinct 

tuning in commercial sets. 

Because of their recognition today, we 

heartily recommend them for your post-war radio. 

RADIO CONDENSER C O . 
CAMDEN, N. J. 

RADIO CONDENSER CO. LTD., TORONTO, CAN. 

El' ;TRONICS - December 1944 
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M 
Vr\OUR 

PRO °. MENT PROBLEMS 
G TAY LIE 

BEL TEEN THESE COVERS! 

WE OFFER 

FAST DELIVERY 

ON OVER 

10400 
ITEMS 

OVER 
800 PAGES 

r41 ea09tiee Soule/ 

RADIO PARTS 
RADIO TUBES 

and INDUSTRIAL 

ELECTRONIC EQUIPMENT 

SEND FOR . 

THIS MASSIVE 
FREE 

Buying Guide 

-today! 
Available without charse to outlier. 

iced purchasing agents. engineers 
and ~editors. who write to us 

on Company stationery. stot 
ing their tin.. 

Address boa DR 

For INSTANT SERVICE-Telephone BArclay 7-1840 

RRDI 
& ELECTRONICS CO. 
212 Fultow Street, New York 7, N. Y. 

11130 be finished to have a dc_ 

frequency at a specified tern 
cure by irradiation to freqzz 
while held at that temperat 
The greatest advantage of 
method, however, is that freq 
adjustment can he brought ur+ 
continuous, visual, control by a 

lating the crystal in the x-ray he,,_ 

until it reaches the desired frt 
quency and then stopping the tin t 

meat. This can be accompli?1 
while the crystal is mounted in it 
permanent holder, if the latter 
suitably designed, or in a temporcr 
holder so made as to permit ez 

trance of the x-ray beam. Prk. 

quency adjustments of the highs 
precision can be attained in th 

way. 
The irradiation - to - frequener 

technique is of special advantage I 

the manufacture of ultrahigh fn.- 

quency plates, in the range over lb 

megacycles, since the conventionL 
methods of finishing crystals her, 

become very difficult to conttc 
while the radiation technique, 
the other hand, is at its maximan 
power. 

Magnitude of Change 

The rate of change of frequency 
of a quartz oscillator -plate during 
irradiation la rapid at first but tht'i 
decreases and approaches zero L' 

saturation. At this point there 
no further change in frequency 
continued exposure to the x-rar4 
The total change of frequency that 

can be effected is variable and JE 

pends on a number of factors: 

Among these are the type of cut 

of the plate, the treatment give - 

to the plate prior to irradiation, tb 
kind of radiation employed, and tht 

initial frequency, or thickness, 
the plate itself. There also is a cu 

siderable variation in respons 
among different specimens of rat 
quartz and hence between differer' 
plates of the same frequency ' 

therefrom. The time needed 
effect saturation appears to be con 

atant for plates of a given fre- 

quency regardless of the total 

amount of change provided that tttE 

conditions of irradiation are iden- 

tical. The observed variation ii 

saturation value in 8000-kc, BT -rut 
plates is roughly from 500 to 30 1 

cycles decrease, with an average 
change of approximately 1400 eye! 

decrease. 
The average saturation value 18 

a function of the initial frequency 
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by so many EE'S 
onsider solder a 

. 
IF 

HYDENT connectors had no other exclusive virtues ... EE's would 
still insist on their use because they slice connecting costs! Here is 

about how a cost comparison works out: 

Solder 
connection 

HYDENT 
(Indent Typo) 

c tion 

Connector Cost 
Solder Cost 

Labor Cost 
(Installing) 

100 
100 

100 

100 
- 

10 to 20 

virtually a stand-off 
a total saving 
a big saving 

But on all other counts, too, the HYDENT (indent -type) connection ranks 
equally high. It saves space, because it's more compact; it's strong mechan- 
ically, efficient electrically, and it has proved beyond doubt ... through ser- 
vice records extending back for years ... that indenting is the one way to 
make permanent electrical connections permanent. - 

For complete specifications- on HYDENT connectors; available in all 
types and for all wire and cable sizes, write to Burndy Engineering Co., 
107 Bruckner Boulevard, New York 54, N. Y. 
IN CANADA: Canadian Line Materials, Limited, Toronto 13 

Headquarters 
for 

CONNECTORS 

u TRONICS - December 1944 
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/4¿oliS PROMPT DELIVERIES T'" y PRECISION 

°\ i,e_~ RESISTORS! 

ELCO wire -wound PRECISION RESISTORS are seeing active 

duty on every fighting front. Their ability to stand the "gal f"- 
their high degree of accuracy-makes them a"firstuwith the 

BIG names in radio and instrument manufacturing 

Resistors may be YOUR bottleneck in 

YOUR production schedule. You can 
break this bottleneck by specifying 
ELCO-the resistors that are meeting 
war -time deadlines-only because they 
are delivered when YOU want them 
as YOU want them- 

PROMPTLY! 
SPECIFICATIONS: 

"A-1"-15/32 long x t/," dia.-Mountable with 
6-32 flat or lilester screw. No. 21 tinned 
copper wire leads. 1 to 300.000 ohm 
value -1/2% standard accuracy-non in- 
ductive pie wound-t/- watt, 30° C. tem- 
perature rise in free air --100° C. maxi- 
mum operating temperature -200 D. C. 
maximum operating voltage. Baked var- 
nish finish. 

"A -R" --Same as A-1, with leads reversed. 

"B-1"- 15/16 long x t/" dla.-Mountable with 
6-32 flat or 'nester screw. No. 21 tinned 
copper wire leads. 1 to 500,000 ohm 
value-t/% standard accuracy-non in- 
ductive pie wound -1 watt, 30° C. tem- 
perature rise in free air -100° C. maxi- 
mum operating temperature -300 D. C. 
maximum operating voltage. Baked var- 
nish finish. 

"B -R"- Same as B-1, with leads reversed. 

"T"-1-1/32 long x 7/16" dia.-Inductively 
wound-t/% x .015 strap terminals -35 to 
35,000 ohms -2 watts. 100° C. maximum 
operating temperature-normal accuracy 
1%. Baked varnish finish. 

"M"-1-13/32 long x %" dia.-Mountable with 
6-32 screw -1/4 x .015 thick strap terminals 
-non inductive wound -1 meg ohm max- 
imum resistance -600 volts maximum op- 
erating voltage -100° C. maximum oper- 
atrng temperature -1.5 watts -1% normal 
accuracy. Baked varnish finish. 

"G"-15/32 long x t/" dia.-Mountable with 
6-32 flat or filester head screw. No. 21 
tinned copper wire leads. 1 to 500,000 
ohm value. t/2 % standard accuracy- 
non inductive pie wound .8 watts. 30° 
temperature rise in free air. 100° C. max- 
imum operating temperature. 200 D. C. 
maximum operating voltage. Baked var- 
nish finish. 

114 'West 18th Street, New York, N. Y. 

A -R 

o 

I 

B-1 

Telephone - Watkins 9-47745 
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WHEN YOU SPECIFY SMALL METAL TUBING 

to 
5/8 

MAXIMUM O.P. 

/N THESE METALS: ' . 

.SEAMLESS:' - ° 

:Stainless:Steels '.' "Manel' and ..'Inconel" 
Carbon' Steels Aluminum ° 
Alloy Steels. Copper and Beryllium Cópper 
Nickel : 

WELDRAWN:" Stainless Steels,"Monel" 

TO THESE : STANDARD . TEMPERS: 
Temper:.#1 Annealed' ° 8' 

Temper #2. Half -hard 
Temper.#3:: . Full=hard . ' ° 

Special tempers to -your specifications 

aR AN DODE AN :- CA TH:ODE .SLEEVES: 

" 

1L!ERIOR, TUBE COMPANY, 

' Seamless, l.ockseám, lapsearñ' 

NORRISTOWN, PENNSYLVANIA 

THE BIG MAME IM 

TUBING 
FOR EVERY SMALL TUBING APPLICATION FROM 5/8" 00 DOWN 

U ;RIOR 4t1 Seamless in various analyses. WELDRAWN ,;[pRRW:.. 

1 

Welded and drawn Stainless. "Monet" and "I nconel" 

ECRONICS - December 1944 

SEAMLESS and Patented LOCKSEAM Cathode Sleeves 
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QUARTZ CRYSTAL 
> 

c 

CUT °C 

DUMP RADIO (0. 
(OUH(lt etuns. i* .°c IN u s. 

For more than 10 years 
we have been manufacturing crystals. Not 

only are we crystal manufacturers, but 

crystal specialists as well. Consult us on your 

"crystal problems". 

PETERSEN RADIO CO. 

Council Bluffs, Iowa 

CRYSTALS EXCLUSIVELY SINCE 1934 
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or thickness, of the plate and in. 

creases with increasing frequency 

Preliminary measurements indicate 

that the average change in BT 

plates of a particular frequency can 

be calculated on the assumption 

that the frequency -thickness con- 

stant of irradiated quartz is less by 

some constant amount than in ordi- 

nary quartz. It ís seen that the an. 

erage decrease in this constant is 

equivalent to a 1400 cycle average 

saturation value in an 8000-kc plate. 

Using the relation : 
frequency in cycles = K/thick 

ness of plate in thousandths of an 

inch where K for ordinary BT 

plates is ^' 100 X 10° cycles per sec. 

and per 0.001 inch, and the plate 

thickness ís constant, the value of 

K for irradiated quartz is found to 

be 99.9825 x 10°. In a table, are 

given the corresponding total fre- 

quency changes that can be effected 

over the range of BT frequencies 

from 3 to 50 megacycles. The table 

also includes total frequency 

changes over this.range for values 

of K equivalent to various satura- 

tion values up to 12-kc plates. 
A rough idea of the magnitude 

of the frequency change to be ob- 

tained between different pieces of 

quartz can be gained from the lum- 

inescence phenomena described in a 

later section and from the original 

color of the quartz. Generally 

speaking, colorless quartz shows a 

wide variation from specimen to 

specimen in the degree of responss 

in color to radiation. On the other 

hand. deep 'smoky quartz and cit 

rifle uniformly show a relatively 

small response. Amethyst quartz is 

entirely unaffected. If amethyst is 

first decolorized by baking, irradia 
tion restores the amethystine color. 

Rose quartz, which contains trace 

of titanium in solid solution, de- 

velops an extremely intense, almost 

black, smoky color. Chalcedony b 

weakly affected by x-rays and alter 

nate bands in the mineral may be 

come unequally colored. Opal is not 

affected. Tridymite, an orthorhom 
bic polymorph of Si02, is deep': 

colored by x-rays. 

Methods of Irradiating Plates 

With the x-ray technique, tha 

crystal must be placed as close ai 

possible to the window of the x-ray 

tube, preferably within distance oa 

one-half millimeter. and the x-ra. 

beam should be made as intense 

r 
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DAY WILL HOLD A STOP WATCH... 
THIS BOOK is designed to help you prepare for 
CONVERSION DAY ... it presents the story of a 
unique institution that may have the answer to 
your production problem ... it suggests a plan for 
putting your new product development in training 
for the post-war starter's gun. 

When materials are no longer ear -marked for war ... when civilian goods are price -marked for peace 
. there will be no glory or profit at the finish line 

for any but the winners! 
"Cost -Plus" profits will he outlawed ... wartime 

regulations will give place to time studies .. , the 
stop watch will take over control in the competitive 
race for manufacturing economies. 

J 
E .o.'- 

Lewyt has set the pace in contract manufactur- 
ing ingenuity through two post-war periods of busi- 
ness readjustment. We've had long training in cost - 
sensitive specialization. We're ready to partner 
with other manufacturers in producing their com- 
ponent electrical and electronic assemblies, chassee 
and housings ... or complete units. 

With our exceptional facilities and skills in elec- 
trical and mechanical parts manufacture carefully 
developed through 56 years, it will pay you to talk 
with us ... at least write for this 48 -page book. 
Ask for "Series B". There is no cost or obligation. 

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

/ 

LET LEWYT DO IT 
iITRONICS - Deeanbfr 944 
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In every branch of the Army 

and Navy, Advance °Relays 

are dependable components 

of many types of electrical 

equipment. Factory produc- 

tion is still all-out for War, ° 

but Engineering Service for 

Post -War ,products is avail- 

able now. 

y 
'r '3> 

í x_ 

CO-OPERATIVE ENGINEERING 

FOR NEW 

RELAY APPLICATIONS 

SIMPLIFY your product development and 

manufacturing problems by calling on Ad- 

vance Engineers for the close co-operation 

they are prepared to give you immediately. 

This service not only applies to adaption of 

one or more of the forty basic types of Ad- 

vance Relays, which are usually directly applic- 

able to most modern electrical control require- 

ments, but may be utilized for the develop- 

ment of special test models. In any event, you 

will have the best of relays, exactly as you want 

them. Write today. 

óvancee%rs 
ADVANCE ELECTRIC & RELAY CO. 

1260 WEST SECOND STREET LOS ANGELES 26, CALIFORNIA 

l 

o 

t 
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K-140 

Maximum Capacity 140 mmf 

Minimum Capacity 6 mmf 

Has 29 plates spaced .022" 
(Photo 1'h times actual sise( 

K-150-050 

Capacity 150 mmf 

Spacing .050" 

Use this reliable 

West Coast source for 
Variable Air Condensers 
Kaar Engineering Company now 
offers prompt delivery of stand- 
ard and special types of variable 
air condensers suitable for many 
applications in radio transmitters 

I and receivers. They are particu- 
larly useful as tank and antenna 
tuning capacitors in low and me- 
dium power transmitters. 

3134 

O 
(J 

110 

The small cross-section of Kaar 
condensers allows a number of 
them to be assembled in multi- 
channel radio equipment in a 
minimum amount of space. Every 
Kaar c4 acitor is substantially 
constructed with soldered and 
plated brass rotor and stator plates. 
Shafts can be furnished slotted for 
screwdriver adjustment, and ta- 
pered lock nuts and split bushings 
assure positive locking without 
disturbing the adjustment. 

Special types are available with 
very wide air gaps, double rotors 

goi 

K -100-2B 

Capacity 100 mmf 

Spacing .022" 

KAAR 
VARIABLE 

AIR CONDENSERS 

FOR TANK CIRCUIT 

AND ANTENNA TUNING 

and stators, high maximum capac- 
ities or special mounting brackets. 
Further information will be glad- 
ly furnished upon request. 

KAAR 
ENGINEERING CO. 

PALO ALTO, CALIFORNIA 

Export Agents: FRAZAR AND HANSEN 

301 Clay Street San Francisco, Calif. 

t MOBILE RECEIVERS-Crystal 
controlled superheterodynes 

I for medium and high frequen- 
ties. Easy to service. 

,.... 
M-wrry. 

1. 

CRYSTALS- Lowdrift quart: 
plates. Fundamental and 
harmonic types available in 

various holders. 

P~- , 
, 

l c% 

C C 

TRANSMITTERS-Mobile, 
marine, and central station 
transmitters for medium and 
high frequencies. Instant 

heating, quickly serviced. 

,..... ....... 
L 

i 

MICROPHONES-Type 4-C 
single button carbon. Su- 
perb voice quality, high 
output, moisture -resistant. 

POWER. PACKS-Heavy 
duty vibrators and power 
supplies for transmitters, re- 
ceivers. 6, 12, 32 volts DC. 

A 
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IN CRYSTALS 

BROADCAST 
Jr 

ar 

Type SR -2V. Adjustable mounting pet. 
miu setting low drift crystal to exact 
frequency. Available with or without 
heating unit. 

POLICE 

100 KC STANDARD 
...-_ 

i 

1 

r+ 

-_- Type SR -100. 100 Kc crystal unit. 
New design-new stability. Designed 
for mounting In standard five prong 
tube socket. 

Type SR -P. Standard three-quarter inch 
AT or BT, pressure mounted. Avail- 
able in frequencies from 1 Mc to 5 Mc. 
Special cuts to order. 

AIRCRAFT 

+ 

Type SR -F. Typical of a wide variety 
of crystals carried in stock for civilian 
aircraft requirements. Available in all 
standard frequencies. 

SCIENTIFIC RADIO PRODUCTS CO. 

gErsrivFpACFY 
There's always a trail -blazer with 

the birth of a new industry. At 
Scientific Radio Products we were 
among the first to pioneer and intro- 
duce mass production of faultless 
crystals to serve our nation at war. 
Latest development of our research 
engineers is a new plated crystal re- 

cently ap proved by the Signal Corps. 
Today, in Scientific crystal units 

you have the UNBEATABLE COM- 

BINATION of modern design, 

sce.05-4 )?0,1 
738 W. BROADWAY, COUNCIL BLUFFS, IA 

rugged construction, jewel-like pre- 
cision and time -tested performance 
-advantages which hale made our 
crystals first choice with those seek- 
ing the finest. 

Your plans may include equip- 
ment in which crystals are used. 
Perhaps other developments of our 
engineers may lie just what you're 
looking for. Call on us. We'll be 
glad to work with you on any prob- 
lem. 

LEO MtYtRSON WVGrO 
- I. M. SN1DtlfR W9111 

MANUFACTURERS OF PIEZO ELECTRIC CRYSTALS AND ASSOCIATED EQUIPMENT 

possible, since the photo -electric re- 
sponse cif the quartz appeals to be 

directly proportional thereto. 
The wave -length of the x-rays 

employed should be so selected as to 
yield maximum absorption in the 
total thickness of the quartz plate 
being irradiated. For example, soft 
x-rays are strongly absorbed and 
al -e relatively efficient in producing 
ionization, but their penetrating 
power is low and hence they .may 
not penetrate through a thick crys- 
tal. On the other hand, hard x-rays 
penetrate deeply but their absorp- 
tion and ionizing power is relatively 
low and hence the greater part of 

the energy in the x-ray beam might 
be transmitted through a relatively 
thin crystal. Considering the vari- 

ous factors ibvolved, copper radias 

On is best for general use, 
Foreign material such as metal, 

glass; or plastic sheets should not 

be placed in front of the crystal 
during irradiation since this will 

absorb part of the incident radia- 
tion, especially the relatively effec- 

tive soft components, and thereby 
slow down the change in the quartz. 
X-rays used in irradiating oscil- 

lator --plates should not be filtered. 
If the crystal is irradiated while in 

a bakelite or other holder or if it is 

oscillated in a special holder on the 

tube during irradiation, every effort 
must be made to keep the shielding 
material as transparent to x-rays 
as possible, both by controlling the 

thickness and the composition of 

the material. 
Advantage should be taken of the 

fact that quartz crystals can be 

markedly sensitized to the effect of 

x-rays by prior baking to 300°C to 

570°C. Baking also is advantageous 
because of the stabilizing effect it 

has on the crystal. Attention should 
also be given to methods of increas- 
ing the efficiency of the radiation 
by coating or backing up the crys- 
tal with a highly scattering metal 
or substance. The plate that im- 

mediately supports the crystals in 

the irradiation jig should be made 
of nickel, since this metal will give 
the maximum amount of back -scat- 
tering in copper radiation. 

Every care must be taken to 

shield the operator both from direct 
and scattered radiation. Irradia- 
tion jigs should be completely 
shielded by lead sheets not less than 
i -mm in thickness. 

Quartz ' crystals may acquire a 
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Unique research, engineering, tool design and 
production skills combine, not only to build control 
devices that fulfill the most exacting requirements, 
but also to build special purpose devices for which 
no specifications exist. Our list of customers, the 
most exacting in government, aviation and manu- 
facturing, attest to these skills. 

Manufacturers of Electrical, Electronic & Mechanical 

atiOk/#9~ 

EASTERN AIR DEVICES, INC. 
585 Dean Street Brooklyn 17, N.Y. 
An Affiliate of THE FRED GOAT CO., INC., Est. 1.393 

1 

MODEL -J 80 A 

AXIAL FLOW BLOWER 
AIR DELIVERY (FREE AIR) 

170 C.F.M--(NEMA CODE) 
65 C.F:M. (NAFM CODE) 

60 cycles 115 volts single phase 
capacitor run 3100 R.P.M. 12 watts 
input 1 oz. in. starting torque 1 mfd. 
condenser required Weight 16'/2 oz. 
Overall length 3 i%g" Motor diameter 
13/4" Fan: 4 blade propeller type, er 
diameter, 

We invite inquiry! 
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Ce M. H. Staiñless Steel BELLOWS 

' Are Standard Production Items 

C. M. H. Stainless Steel BELLOWS 

are standard production produc; 
hence, shipping delays are mini- 

mized. All the ,advantages of Stain- 

less Steel have been utilized in the 

art and craftsmanship of C. M. H. 

BELLOWS. They are the solution 

to both difficult and urgent re- 

quirements. 

'C. M. H. Stainless Steel BELLOWS 

are corrosion resistant and operate 

efficiently at either high or low tem- 

peratures. They have the qualities 

required for handling high pres- 

sures-which may be further in- 

creased by multiple ply construe - 

lion, where needed. Ferrous fittings 

.attached by circular seam weld- 

ing, give uni-metal assembly and 

assure non -corrosion of the assem- 

bled parts. 

C. M. H. engineers and produc- 

tión will help you solve your imme- 

diatl ellows problems-where 
they are to be required for valve 

stem housing on vacuum equip- 
ment, thermostats, pressure con- 

trols, valves, recording instruments, 

hydraulic mechanisms, rotating 
shaft seals, or other purposes. Write 
for complete information today. 

Ask for Chicago Metal Hose Engineering 

Take -off Form SSB2 on which to submit 

your bellows requirements. It will save 

you time-assure more accurate, ex- 
peditious handling. 

Flexible Metal Hose for Every Industrial Use 

j 

thEThHOSE 
'. 

CHI Gip CORPORATION 

f11AYW00D, ILLINOIS 

Plants: Maywood and Elgin, the 

Rare Gases 
and Mix -hires 

ARGON 
NEON 
HELIUM 
XENO N 

.KRYPTON 

Airco Rare Gases are pure and free 

of active gases. Mix tures are blended 

uniformly and accurately. They are 

available in lead glass or PYREX 
containers. 

The individual gases as well as 

many standard mixtures are avail- 

able both for production and ex- 

perimental use. Special mixtures 
can be supplied to meet any need. 

AIR REDUCTION 
General Office: 60 E.42nd ST., NEW YORK 17, N.Y. i 

O' 

Platinum metals scrap and 
residues refined and re- 
worked on toll charges; or 
purchased outright by us ... 

:°:: onic 
Eedt 

Write for list of Products. 

Discussion of technical 
problems invited . . . . 

- SIGMUND COM 8t C0: 
` 44,GOLD ST, ! : NEW YQRK 

. 
. °; S/NCf V 1901- ' 

. .. 
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tat the strain gage is quick to see 
r(s RAPID determination of static or dynamic strains 
rg or complex structures, Waugh oilers a range of 
n' nts of extraordinary value. There is the 12 -channel 

,ge control unit which, together with recording 
wilt, permits 12 simultaneous measurements of 

».d vibration. \Vith this equipment, strain frequen- 

:OJ o to t 50o cycles can be recorded. 

etithere is the vector computer... a robot brain for 
v7 tat ion of linear strain measurements on the sur- 

\ ctor Computer Type 30 -lot I. 

face of a structural element when rosette gages are used. 

The output of the instrument furnishes directly the prin- 
cipal stresses as well as the stresses or strains at any angle 
to the axes of the rosette. 

These instruments are indicative of the range of modern 
instruments available through Waugh Laboratories. Write 
for details-Strain Gage Con- 

trol Unit Type \IIZCto and 

Vector Computer Type 30-101. 

Write for Rental 
. List and Service 

Manual on busi- 
ness letterhead. 

arc Coast Branch: 180 East California St., Pasadena 5, California 420 LEXINGTON AVE., NEW YORK 17, N. Y. 
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Photo Courtesy 
Supremo Instruments Corp. 
Greenwood, Miss. 

í 
"ola Faithful" 

ri 

r 

. 

. s 
Li ° 

ta 

sr, 

7 

_ 

: 
1.0 

, G, lo - 

; 

ant's 
SERIES 500 
Series 500 (.500" diameter discs) is the 

;general service unit of the Conant family 
of instrument rectifiers. Its design and 
construction are the result of more than 
eleven years of constant experience 
and close co-operation with instrument 
manufacturers. 

I ¡ere is a rectifier that will take accidental 
overloads in its stride without damage 
because of its rugged construction and 
ample disc area. 

Assembly operations are simple and speedy 
with its single mounting stud. For all 
general applications at commercial and lower 
audio frequencies, you'll be wise to choose 
Conant's "Old Faithful;' Series 500. 

jnbtiunient Mee/0.~ 
ELECTRICAL". LABORATORIES 
6500 0 STREET, LINCOLN 5, NEBRASKA, U. S. A. 

20 Vesey St., New York J New York 2017 Grand Ave., Kansas City. Mo. 
85 E. Gay St., Columbus, Ohio 7935 Eustis St., Dallas 18, Texas 
600 5. Michigan Ave., Chicago 5, 111. 4018 Greer Ave., St. Louis, Mo. 
1215 Harmon PI., Minneapolis 3, Minn. 1526 Ivy St., Denver, Colo. 

4214 CountryClubDr.,Long Beach7,Cal. 
4205 N.E. 22nd Ave., Portland I I, Ore. 
Coleo Postal 930, Sao Paulo, Brazil 
50 Yarmouth Rd., Toronto, Canada 

static electric charge during irradi 
ation, especially if they are placed 
directly in contact with the win. 4 

dow, and thereby may attract par 
tides of dust to their surface. ' 

dust can be blown off with corn 

pressed air-a much easier p 

cedure than trying to remove th 

static charge. Under certain coal 
dítions the metal parts of water) 

cooled tubes may sweat and moisli 
ture may deposit on the surface of' 

the crystals. This can be overcome, 
by proper design of the irradiatioal 
jig and the tube housing. 

Silver plated crystals may darken) 
during irradiation if ozone is dei 
veloped in the x-ray tube housing. 
The ozone can be eliminated byl 

proper insulation and shielding:di 
the high tension thereby preventing' 
corona and llash-overs. Gold, nickel 

and aluminum plated crystals have 

been observed to be affected in this 

Svay. 

The x-ray beam where it hits the, 

crystal should he large enough it. 

cross section to completely cover 

the critical area. In most types of 1 

shear mode plates, less than 50 per.?I 

cent of the total area of the cry",',I 

tals has to be irradiated to gait, '. 

maximum effect. 

PHOSPHOR AUTOCLAVES 

. t tr1,1 , rvy-. 
_ 

- .t. ¡ ol 

r`i I' Il 
r 

+f +, ` t,. 

'I. 
: 

. I --- 
. r 

Hydrogen sulphide from the tank et 

lower right passes through six stages of 

gas purification before going to steam 
jacketed. glass lined autoclaves mount 
ed at top of stand. The smelly gas is 

used in the manufacture of phosphors 
(or cathode-ray tubes at the Dobbs 
Ferry plant of North American Philips 
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RESERVED... 

.. 
, 

"for the main radio in your home" 

A STROMBERG 

_ - 

1 in- 1n`,-,1 

' 

ar 

.,..:o. -c.-, 

; 

A 66 -WORD PRE -VIEW OF THE 

POSTWAR STROMBERG-CARLSON 

DEALER FRANCHISE 

1. We will have-soon after Vic- 
tory-a fine line of Strorriberg- 
Carlson FM and AM radios, 
phonograph combinations, and 
television receivers, in a wide 
range of prices. 
2. We will have a policy of dis- 
tribution planned to give every 
Authorized Dealer a good profit 
opportunity on the Stromberg- 
Carlson line. 
3. And the Stromberg-Carlson 
name will be even more widely 
and more favorably known 
than ever before. 

,-41 

CARLSON 

-1 

"For the main radio in your home"- 
that's the story Stromberg-Carlson's na- 
tional advertising is currently telling 
through 50,000,000 impressions in lead- 
ing magazines. 

"For the main radio in your home"- 
because there's nothing finer than a 
Stromberg-Carlson, and your main radio 
should be a good radio-a quality musi- 
cal instrument in every respect! 

That's the keynote of the postwar 
Stromberg-Carlson sales story. 

And it sets the theme of the Stromberg- 
Carlson radio in your plans, too. Marks 

Stromberg-Carlson as: 
-the important radio unit 
-the radio unit carrying real 

profit -opportunity 
-the radio unit with easy -selling 

public acceptance. 
Plan your postwar sales program around 
this potent Stromberg-Carlson theme. 
You'll find the Stromberg-Carlson "main 
radio" will be a profit maker-at what- 
ever price the customer can pay for his 
choice of an outstanding table model, con- 
sole or radio -phonograph combination. 

For the main radio in your home, there's nothing finer than a 

STROMBERG-CARLSON NECWEYORRK 
Radios, Television, Telephones, and Sound Equipment 
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247 



Precision fabricated DIALS PANELS PLATES 

ingeniously decorated with sharply defined markings 

44- "PACKAGED. METAL ENGINEERING" - 
saves you time, money, labor on 

INTRICATE, UNUSUAL, COMPLEX. JOBS 

GRAMMES Dials, Panels, Name and Instruction Plates reflect 

the high quality work of specialists. Etched, printed, or litho- 

graphed, the close tolerance calibrations are sharply defined, 

markings easily legible, letters and holes accurately positioned. 

The multi -colored decorations are plated and enameled by 

specially developed processes. 

With 69 years of precision fabricating skills, broad "know- 

how;' and cleverly devised assembly methods, Grammes can 

_save you time, money, and materials on your parts or product 

...centralized facilities provide economical production. 

GRAMMES CONTRACT SERVICE-yourCOMPLETE manufacturing source 

$...available NOW for Research, Design and Engineering-complete 

facilities, from idea development to post-war manufacturing-con- 

fidence assured. 

"Packaged Metal Engineering" ... in one package ... one 

service ... we rake over ALL responsibility, acting as Your 

factory from Design Research to Drop Shipments. 

If you have a metal fabrication problem, send for booklet "Contract 

Service by Grammes" today. 

/105 
NEE 1875 

Çt4#,wi1th 
METAL 

SI 

MASTER 
CRAFTSMEN 

IN 

L. F. GRAMMES & SONS, INC., 112 Union Street, 

NEW YORK CHICAGO DETROIT 

GRAMMES FACILITIES 

STAMPING 

DRAWING 

SPINNING 
WIRE FORMING 

ETCHING 

LITHOGRAPHING 

EMBOSSING 

HARD ENAMELING 

DRILLING 

WELDING 

MACHINING 

SPRAYING 

HEAT TREATING 

PLATING 

ANODIZING 
. (Alumilite) 

ENAMELING 

TOOLS 8 DIES 

LINE ASSEMBLY 

DECORATED METAL 

PRODUCTS SPECIALISTS 

-applying artistic 
designs and finishes 
that add beauty and 
color to your product. 

' RM 

\ 
tE * ,. . 
MORE THAN A 

BILLION PIECES 
OF WAR PRODUCTS 

ALLENTOWN, PA. 
MILWAUKEE PHILADELPHIA 

DECORATED METAL PRODUCTS ETCHED DIALSPANELS PLATES CONTACTS 'TERMINALS CLIPSLUGSETC. 

PLATINUM 
AND 

SILVER 
for electronic use 

PLATINUM 
WIRE FOIL RIBBON 

SEAMLESS TUBING 

SILVER 
SHEET WIRE 

BRAZING ALLOYS & FLUX 

THE AMERICAN PLATINUM 

WORKS 

Refiners & Manufacturers 

N.J:R.R. Ave. át Oliver Street 

Newark 5, N. J. 

y 
EQUIPMENT 

ELECTRONIC EQUIPMENT 

QUARTZ CRYSTALS 

MANUFACTURING t 
ENGINEERING `.( 

DESIGNING . *rf 

TO ORDER;' 

.4. 

REX BA S SETT 
I M G O R P O RA T E D 

FORT LAUDERDALE 
FLORIDA 
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Fairchild No. 539 
Portable Recorder 

...with one lead screw 

»u have a choice of four pitches: 98, 118, 141 and 161 lines 
I r inch; either of two directions: In or Out; and either of 
lo speeds: 33.3 rpm or 78 rpm. Sixteen conditions in all 
pvided by one lead screw and its simple related mechanism 

a Fairchild No. 539 Portable Recorder. 
Other recorders require eight separate feed screws to obtain 

Wual flexibility. 
' The Fairchild recording head mechanism is easily operated. 
're octagonal reading scale is mounted directly in back of 

carriage mechanism. It is calibrated in minutes for each 

tch, speed, direction. It shows the minutes of recording 

completed; the minutes remaining. It is set by rotating the 
scale until the required conditions appear at the top. 

Pitch is selected by snapping one of four gears into place. 
Direction is controlled by the movement of a lever. All 
without the use of a single tool. 

The Fairchild No. 539 Portable Recorder is built with long 
practiced precision skill to meet the exacting demands of 
radio and communications for studio -quality recording in the 
field. Descriptive and priority data are available. Address 
New York Office: 475 - 10th Avenue, New York 18; Plant: 
88 - 06 Van Wyck Boulevard, Jamaica 1,S. Y. 

SOUND 
E4IUIPMENT 

CAMERA 
AND INSTRUMENT CORPORATION 
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Matching the Cathode Follower to a Transmission Line 250 

Scaling Test of OFHC Copper for the Housekeeper Seal 252 

A Neon -Counter for Medical Research 284 

Matching Cathode Follower to Transmission Line 
By L. R. MALLING 

San Aie.Oo, Calif. 

UNLESS SPECIAL PRECAUTIONS are 
observed, it is unlikely that the ef- 
fective internal impedance of a tube 
used as a cathode follower will 
match a transmission line exactly. 
To overcome this condition, it has 
been common practice to shunt the 
line with a small value of resistance 
or to add resistance in series with 
the line to ensure a more exact 
match. 

Due to the effect of feedback, the 
internal impedance of a cathode 
follower is reduced to a value which 
is equal to the reciprocal of the mu- 
tual conductance or 11g,,,. Thus a 
tube with a mutual conductance of 
5000 micromhos will have an in- 
ternal impedance due to negative 

i0 
a 

feedback of 200 ohms. It is desir- 
able to select a tube with a g, such 
that the effective internal imped- 
ance comes as close to the im- 

pedance of the transmission line as 
possible. Tubes of the 6J6 type are 
particularly suited for this purpose, 
as with the twin triodes tied in 

parallel, the g,, is of the order of 
10,000. 

An exact match is made when the 
alternating voltage across the cath- 
ode circuit is exactly half the grid 
to ground voltage, a measured check 
that can be quickly and conveniently 
made. The voltage across the cath- 
ode circuit is given by E, = E, g,,, R. 
where E, is the voltage across the 
cathode load, E, is the grid to 

ELECTRONIC FLASH WELDING 

.t..,, . 

'-at ` 

`t 

Four simultaneous flash welds are made with this four -cornered machine which 
fabricates 150 metal frames an hour from metal strips 0.05 inches thick. A 20 kva 
transformer is located at each corner and controlled by an electronic welding cycle 

control 

Circuit of suggested method of matching 
a cathode -follower tube to a transmts 
sion line by varying the grid potential 
to change the internal impedance of the 

tube 

ground voltage, and R is the effec- 

tive cathode -to -ground impedance 
formed by the shunt value of the 

impedance of the transmission line 

and the internal impedance of the 

tube under the negative feed -back 

or cathode -follower condition. 
The g,,, of a tube may be consid- 

ered to be a factor dependent on 

the plate current; so that we have at 

once a useful method of controlling 
the effective internal impedance of 

the tube when used as a cathode 

follower. By making the grid po- 

tential variable it can thus be seen 

that a perfect match to a transmis- 
sion line can he obtained. 

(supedun.ce tNeusureruecet 

The internal impedance of the 

cathode follower can be measured 
as follows: The transmission line 

is replaced by a resistor of equiva- 
alent impedance and the direct d -c 

voltage across this resistor noted. 

A small additional current is then 

applied from the positive plate po- 

tential through a known resistor 
and the new voltage across the 

cathode resistor noted. The effec- 

tive plate current in the second test 

is the cathode current minus the 

bleeder current. We thus have a 

small ' plate - to - cathode voltage 
change with a small plate current 
change, from which the effective in- 

ternal impedance I?, of the tube 
may be determined from 
dE,./dl,. where dl, and dE,. are the 

incremental changes in the plate 
current and the plate -to -cathode 
oltage respectively. In the case of 

the cathode follower, it is conven- 
ient to consider voltages in relation 
to the fixed plate potential as a con- 

venient reference point. 
In the :above discussion it is as - 

4 
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TS 
GIVE ACCURATE, TROUBLE -FREE SERVICE 

Designed and Built 
to Withstand 

SHOCK 

VIBRATION 
TEMPERATURE EXTREMES 

HUMIDITY 
ALTITUDE 

° o1l,alri 

W 

i 

For helpful data and infor- 
mation, write on company 
letterhead for Industrial 
Catalog and.Engineering 
Manual No:. 40. Address 
Oh mite Manufacturing Co., 

4818 Flournoy Street 
Chicago 44, 111. 

-kw yP . 

¡ -- 

:I 
O 

RHEOS.TATS 
RESISTORS 

TAP SWITCHES 
- CHOKES . 

. Because they are so consistently reliable in actual 

service ... Ohmite Rheostats, Resistors, Chokes and 

Tap Switches have become "the control engineer's 

control units." 

Shown here are a few of the many types extensively 

used in military and industrial equipment. The wide 

variety of types and sizes in stock or special units pro- 

vides a ready and exact answer to most applications. 

In designing for war or postwar, let Ohmite ex- 

perience help you, 

ÓHMITE MANUFACTURING COMPANY 
4818 Flournoy Street Chicago 44, U.S.A. 

. o ° . / .. ' . . 

. 
e 
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MEET THIS. MEMBER OF . THE 

FREED TRANSFORMER . FAMILY 
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FREED 

BAND 

oce«-ed 

PASS FILTER, 

ca,u all FIVE 
Freed development and research created this Band Pass Filter which is 
the last word in rugged construction and specialized engineering. A refer- 
ence to the curve provides an accurate picture of its performance. Five 
points of superiority are five good reasons why Band Pass Filters for your 
post war products should be by Freed: 1. They provide maximum per- 
formance in a minimum of space; 2. They provide high attenuation in the 
stop band, with low insertion loss; 3. They are rigidly tested and inspected 
for uniformity; 4. They are available in a complete range of frequencies to 
meet your 'requirements; 5. They are physically constructed for rugged 
service. 

For transformers, reactors, filters for your postwar products, con- 
sult Freed Engineering Service now. Descriptive folder on request. 

FREED TRANSFORMER -S 
TREED TRANSFORMER COMPANY. 

74, -SPRING STREE,T, NEW YORK,.ECIT-Y 

sumed that the amplification fac- 

tor is large compared to unity. In 
the case of pentode or screen grid 
tubes, this is always the case. The 
slight error introduced with the 
majority of triodes may be ne- 
glected. The effective impedance 
for the case of a triode with low 

amplification factor is given by 

r,/ (µ -F 1) where r, = normal plate 
resistance and p. = amplification 
factor. 

. 

Scaling Test of OFHC Copper 1 

for the Housekeeper Seal 
BY ULRIC J. HOCHSCHILD 

3fetaliographer 
United States Metals Refining Co. 

Carteret, N. J. 

IN THE EARLY DAYS of high -vacuum 
electronic tube research, the need 

of a method for producing a tight, 
lapped joint between copper and 

glass tubes was encountered. A 

method was devised by W. G. 

Housekeeper which lent itself to 

quantity production. The procedure 
takes advantage of the reaction be- 

tween cuprous oxide and glass 
whereby the two fuse together suf- 
ficiently to give a vacuum -tight 
seal. 

There is a marked difference in 

the thermal expansion of copper 
and of glass, and difficulties from 
this fact were overcome by House- 
keeper by making the copper wall, 

at the joint, very thin so that the 
copper could deform enough to 

compensate for the differential in 

the expansions. The copper there- 
fore must not only have the prop- 
erty of forming a strongly adherent 
scale but also must be very tough 
to withstand the stresses during 
cooling of the joint. After con- 
siderable investigation, OFHC cop- 
per was selected for this work and 
has become the standard in the 
industry. 

In order to be certain that the 
copper in stock is the correct type, 
it is tested before allowing it to 

go into production. Among the 
tests for establishing the suit- 
ability of any given lot of copper 
is the co -called "Scaling Test" 
which seems to be well adapted to 
determining the probable scale ad- 
herence in pratice. 

This scaling test has assumed a 

formal status and it therefore 
seemed desirable to make an invest- 
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KLIXON 
SNAP -ACTING CONTROLS 

Small, compact, light -in -weight Klixon Snap - 

Acting Controls meet every requirement 

whether it be mechanical design or per- 

formance. They are available for such appli- 

cations 'as motor and transformer overheat 

protection, electrical circuit overload protec- 

tion, thermal time delays or temperature 

control for radio equipment. 

Actuated by the scientifically calibrated 

Type C-7220 Precision Snap Switch. 
12 amps. 30 Volts D.C., 125 Volts A.C. 

Type C-2851 Thermostat. For such' use 

as Roughing Controls on Outer Crystal 
Ovens. 

;1 L - 

- 
fi 

Type C-4351 Thermostat. Used for Tube 
Worming, Tube Cooling, High Limit 
Controls, etc. 

Spencer thermostatic disc, Klixon controls 

snap the circuit ''open" to a clean break or 

"close" to a solid make every time they op- 

erate. Their accurate operation is unaffected 

by vibration, motion, shock or altitude. They 

are available in a wide range of standard 
types, such as those illustrated, with ratings 

to meet practically all requirements. Write 

for complete information. 

Type PM (NAF-1131) Circuit Breaker. 

, 

- _ . , Y 

Type RT Thermostat. 
Adjustable 
Temperature 
Control. 

T 

c,.E= 

g. . , 

1 i 
It t,i. 

Type ER Series. Ambient Compensated 
Time Delayed Relays. 

r 

- 

Type B-3120 Thermostat 

and Heater, 
Crystal Dew 

Point Control 

: SPENCER-TMERMÓSTAT COMPANT,:Attlebtiro-,Mtiu, 
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Mechanical shaking - one hundred and twenty times a minute 

through a one inch stroke for a lull hour-on this Government bronco 

... a rough ride for any instrument-but J -B -T Vibrating 

Reed Frequency Meters take this slamming in stride- 
with accuracy unaffected. They're rugged. 

During the run, meters are rotated in the clamp to subject 

the reeds to stress and shock not only in 

their normal plane of operation but also in 

cross planes. They also undergo 24 hour 

vibration tests and single impact shocks of 

50 G's and above-through all planes. 

Here's where the designer's specifications 

of base inserts, lock washers at every criti- 

cal point, polymerized finish, and similar 

precautions prove their worth. 

7 

For technical data on the 
complete line of J -B -T 
Vibrating Reed Fre 
quency Meters. send for 
VF -43 with supplements. 

(Manufactured under Triplett Patents and/or Patents Pending) 

J -B -T INSTRUMENTS, INC. 
431 CHAPEL STREET NEW HAVEN 8, CONNECTICUT 

20 -WATT UNIYE.PSALI 

AMPLIFIERI 

Plug in for A.C. or 6 - 

volt auto battery; no 

power pack necessary. 

Uses mike and built-in 
phono at same time. 
78 RPM motor, 9 - 

inch turntable, crystal 
pick-up, separate on - 

off switch. Long-play- 
ing needle included. 

Continuously variable 

tone control on in- 

clined eye -level con- 

trol panel. Ube one or 

two 8 -ohm speakers 

without need of extra 

transformer. lass one 

6SJ7GT, one 6SC7, 

two 6í.8G, in push- 

pull, two BXSGT,. 
Model 8720, with 
tube,, F.O.B. New 

York $56.28 
Model 6721, same u 
6720, less phono play- 

er *42.87 

TERMINAL RADIO--CORP 
IS CORTIANOT'ST.NEW- YORK 1, N.V. 

PHONE WOrlh 2:1115 

inc 
self -synchronizing 

facsimile 
for the "newspaper" of the air 

Finch Telecommunications, Inc. 
. Passaic, N. J. 

J 

R 

12-.7771T-4 
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1111 GREATER RELIABILITY 
1 WESTINGHOUSE D.0 

INERTEEN CAPACITORS 
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.. 

Westinghouse 
1`IERTEEN CAPACITORS 

For The Communications Industry 

LETRONICS - December 1944 

When a product scores an outstanding service 
record-there's always a sound "reason why". 

In the case of Westinghouse D -C Capacitors, 
materials ... processing ... assembly techniques 
... are combined to produce units that will give 
maximum life under the most severe operating 
conditions on land, sea and air. 

NONINFLAMMABLE, NONEXPLOSIVE "INERTEEN"-the safe 

1 dielectric impregnating liquid. Its high dielectric constant 
provides greater capacitance per weight and volume than 
other' insulating mediums. It gives maximum stability for 

high temperature service. 

"SOLDER-SEALING"-an exclusive Westinghouse develop- 
ment. It creates a hermetic seal between porcelain and 
metal, in all Type FP Capacitors. It gives positive pro- 
tection against leaks, moisture entrance or any contami- 
nation that might result from breathing. 

3 
ELECTRONICALLY -CONTROLLED WINDING-insures freedom 
from wrinkles and mechanical damage for the aluminum 
foil and Inertex dielectric paper which provide the 
capacitance. 

Designers of communications equipment find 
that the complete Westinghouse line meets all 
requirements. Capacitors are made in accordance 
with A.S.A. standards CP-70 and CP-71. Range is 
from 1,000 to 250,000 volts d -c; 400 to .001 mfds; 
for use in ambient temperatures ranging from 
-40° C. to 75° C. For complete application data, 
write for your copy of B-3300. Westinghouse 
Electric & Manufacturing Company, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. J.60560 

NOTE THESE FEATURES 

of Type FPC (Porcelain -clad) Capacitors 

for higher ratings 

End closures act as capacitor terminals. 

Metal case and bushings required by 

conventional capacitors are eliminated. 

Over-all dimensions and space are held 

to a minimum. 

For higher voltage ratings, units can be 

mounted in series. 
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O7hez 
Thermal Conductivity 

.-. zt:. -+iri-'-~~~c-_ . 

Thermal conductivity of Chace Man- 

ganese Alloy No. 772 is far below the 
values of alloys ordinarily used for low 

heat transfer applications. It is less than 
50 % that of steel ... less than 10 % that 
of brass ... and only 2 % that of copper. 

Barriers of this alloy have been used 
to reduce heat losses by 50 %. Where heat losses 

tend to upsét action- or where handles or other 
parts of devices must be kept cool --try Chace 
Alloy No. 772. 

This alloy has also high electrical 
resistivity, 1050 ohms per circular mil 
foot ... a temperature coefficient of 
expansion twice as great as that of 
ordinary steel ... a vibration damping 
constant about 25 times greater than 
steel. It is available in sheets from .003" 
up in thickness, and from .0625" to 6" 

wide ... in rods down to .125" diameter 
... in wire down to 16 gauge .050" .. . 
and also in special shapes. 

A4- 

Complete engineering and research facilities 

available ...Bulletin No. A-942, giving detailed 

information, is yours for the asking. 

W.M. C CO 

Thermostatic Bimeta`Ís and Special Alloys 
1630 BEARD AVE DETROIT 9, MICH. 

igation of it to establish the opti- 

mum conditions for conducting it 
The results obtained reveal that 
the tentative test procedure of heat. 
ing at 850 deg C for 30 minutes 
was not far amiss, the only change 
indicated is to shorten the time of 

heating to 20 minutes. 

Procedure 

The recommended procedure for 

conducting this scaling test con- 

sists of heating a clean, smooth 
specimen of the cast or wrought 

i 

copper in air, at 850 deg C for 30 

minutes, in a clean muffle furnace. 1 

The furnace used by us comprises 
a Sillimanite beaker heated elec- 

trically. Slow air circulation is 

induced through the beaker by a 

chimney effect produced by tubes:: 
one of which reaches from the! 

upper surface of the cover to al 

point near the bottom of the verti- 
cally disposed beaker and the other _ 

from the bottom surface of the 

cover upward a few inches above 

the cover. 
After heating, the specimen is 

quenched in water. An inspection 
of the sample after this treatments' 
reveals one of three conditions as 

far as the scale is concerned: (1) 

All the scale adheres. (2) All the 

scale has fallen off or is loose. 

(3) The scale adheres -partially. 
In condition (1) , the copper has 

passed the test and is considered 
suitable for glass. to copper seals. 

In condition (2), the copper is 

definitely unusable for glass to 

copper seals. The action is unques- 

tionably true scaling having the 

following characteristics: (a) The 

detached scale is in sheets or flakes, 

retaining the shape of the specimen 
surface. (b) The scale has parted 
from the copper at the copper -scale 

interface. (c) The surface of the 

copper is all exposed, although itill ' 

may be discolored, or not quite 
;I. 

clean. 1 

In condition 3, two types o l; 
shedding can occur. Either true - 

scaling, but incomplete because the 

content of the contaminating el 

ment which causes scale sheddin 
is very small (border -line case) ; o l 

il scale loss is caused by mechanical, 
stresses set up in cooling. Th 

latter type is characterized by chipl 

ping or fracturing of a conchoida!' 
nature. It usually takes place at, 
such favorable locations as sharp 
corners; deep scratches or stria- 
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LOS ANGELES 

911`.! 
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I 

rwer Murphy John 1. Cote 
ATLANTA-Murphy It Cota 

S Ivy St. 
N. C. S. C, G... Ala.. & Fla. 

IP', ¡'7 - 
li 

b:,,1 a_. 
11 Schoonm.ler R. C. Merchant B. L MacPherson C. R. lynch 

IALLAS DETROIT FORT WAYNE LOS ANGELES 
. , Grit! Si. 4879 Woodward Ave. -1714 Alabama Ave. 110 W. Seventh St., T6 8 011ahom. State of Michigan Indian. 8 Kentucky Calif., below Fresno, 

and Arizona 

I WINNIPEG] 

P. AP. 7 i 
f2! 

{DALLAS 

P. R. Sturgeon 1. V. Costello 
BOSTON BUFFALO 

25 Huntington Ave. 547 Elkcot Sq. Bldg. 
Maine, N. H. Vt, New York state 
Mass.. Conn., R. I. a.cept New York City. 

-. ' l , 
a I , 

MacDonald 1. C Muggleoorth John J. Mahoney 
PHILADELPHIA-S. K. MacDonald 

1341 A,.h St. 
Southern N. 1. including Trenton, Del., Md., Va., 8 W. Va. 

7 " 1 

.II' Trr 
\ (4TTT e. 

MILLIAMPERES 

I ..aC , 
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R. G. Bowen 
SALT LAKE CITY 

Bl E. Foot St., 
Logan, Utah 

'Utah, Nev., Cole., 
Wyo., 8 N. Me, 

1. L Vcrgilio 

47 . . 

' ! 

I_FT. WAYNE) 

MEMPHIS) !ATLANTAI 

{ 

j 

L H. W.Idrip 

ic7C 

1 . 
1. M. Cartwright W. C. Cartwright 

MEMPHIS 
1176 Peabody Ave. 

Tenn., Miss., La.. 8 Ark, 

W. 1. Purdy 
SAN FRANCISCO 

410 Mallet St. 
'Northern Cold., 
including Fresno 

o 

_ 

N. W. Kathrinu. 
ST. LOUIS 

1218 Olive St. 
Mo.. Kan., 8 III. 

south of Peoria 

1. C. Lehner 
CLEVELAND -1. L. Vogito Co. 

504 Erie Bldg. 
State of Ohio 

P 

IFJr.w*s,9.+ ' 

M. E. Fouler 
MINNEAPOLIS 
Andrews Hotel 

Minn., N. Del., S. Dal.. 
le., Neb., Weston Wis. 

/, 
1. A. Bcsigo 

nir. 

John M. Forshey 
NEW YORK 

17 Park Place 
New York City and 

New Jersey north of 
Trenton 

Sit l, ! - I 

M. C. Larkin 

Don H. broken. 
PORTLAND 

917 S. W. Oak St. 
Wash., Ore.. Idaho. 
Mont., Br. Col., and 

A1.ú. 

l,9,111 

Noble C Shill L D. Cahoon H. F. DREW 
WASHINGTON TORONTO WINNIPEG 
S. K. MacDonald 2271 Danforth Ave. Spading Sales. ltd. ' 
Riggs Bonk Bldg. Ontario, Quebec, i 170 Fort St. 

Regional office of New Brunswick Alberta. Soslalchew.n, 
S. K. MacDonald, Phila. & Manitoba 

SIMPSON ELECTRIC COMPANY 
5200-5218 Kinzie Street 

Chicago 44, Illinois Ey, 
\ 

a 

INSTRUMENTS THAT STAY ACCURATE.' 
Buy War Bonds and Stamps for Victory 

John C. Hill, Mgr. 
EXPORT DEPT, 

308 W. Washington St. 
Chicago, III. 
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Proud as a sculptor »hen his masterpiece is unveiled 

Sincere pride is a natural trait of everyone at R -B -M... 

justified pride in the advanced design and precision 

manufacture of every product; enthusiastic pride in its 

wide approval and acceptance. An important reason why 

R -B -M is a leader in its field 

r 

__._ - -- .. 
_1= 

New R -B -M 400 Cycle Relay 

.l 

Designed especially to meet the exacting requirements 

and severe operáting conditions of fast, modern aircraft, 

this new R -B -M-400 Cycle Relay is light in weight, high 

speed in operation, completely sealed against dust, and 

not affected by vibration. It is thoroughly insulated to 

prevent phase arc -over, and contact bounce has been 

reduced to an absolute minimum. Rigidly tested under 

all conditions. Now being used by leading airplane 
manufacturers. Available for many applications. Send 

for complete specifications today. Write Dept. A-12... 

R -B -M MANUFACTURING COMPANY 
'Division of 

ESSEX WIRE CORPORATION 
LOGANSPORT, INDIANA 

am' r n 
RELAYS, SOLENOIDS, SWITCHES AND CONTROLS 

.1 FORELECTRICAL,. ELECTRONIC AND INDUSTRIAL USE 
. 

HAVE YOU' -. 
:2A .PROBLEM 

At your service are a group of 
highly -trained, precision workmen 

.specializing ín production of varied 
electronic testing equipment, sub- 
assemblies, and other small quantity 
production. Their valuable experi- 
ence and thorough knowledge of 
electronics may be just the answer 
you're looking for. 

Also at your service are our cons 
piece metalworking facilities for 
making screw machine products 
and small parts. 

We are prepared to give imme- 
diate attention and prompt deliver- 
ies on all orders. For further in 
formation, write or wire .. . 

Electronics Division 

12 CASS STREET, SPRINGFIELD 4, MASS. 
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ORDER OFFER. 
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National Distributor 

135 LIBERTY ST. New York 6,I+ 
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fHE 'MANY ;MILLIONS IÑSTALLED IN 1941 IS 
t 

- j ff 
P°44:(11;1 

POSTWAR VALUE 

,The story of -Franklin's series 33 Radio Socket, with patented 
i'U" 'shaped ,bow, spring action contacts, is most remarkable 

'. developed and patented early in 1938 it received imme- 
Idiate acceptance and approval by practically all the radio 
set manufacturers and became standard equipment with most. 

I . 

' Seriea .39 sockéts should be riveted to the chassis to 
becorne'a permanent part of the set ... no replacement 
Will be necessary as the socket will outlive the set. 

Series. 39 sockets were 'the favorite yesterday and will be 
the favoritertomorrow far standard broadcast receivers. 

tp¡niature, Lock- 

. -- 

1 

" g9, Dihepfol, Lions, 
for other opPlico 

For the details of the 
Radio 

and Sockets lete line 
in, Battery and o comp f Radio 
moulded or ceramic.: Franklin 

complete 
Buyers Guide for 

write for the 

C 

with 
whints 

with which is iñcluded ° 

the Electronic'lndustries. 

r 

_. . . ---,. 'y RADIOSOCKET 
- 

NqG e o 
The favorite yesterday, the favorite for tomorrow a;.` 

CO04\'e °\Ó ` 

sC9 `es ,r 
,A,, 

es 

.\"s 
CO es rp r 

Illustrating the "U" shaped bow spring 

action contacts...39H and 39G...usd 
in Franklin's series 39 Sockets. 

Bow spring action Direction of metal, 
maintains resiliency grain prevents break. 

- - even after -installation , ing of soldering tail 
of oversize pins 1 and permits rough 

handling in production j 

e 

"U" shaped contact provides separate 
soldering tail which prevents solder from 

. flowing into contact body 

The 39G contact' has o soldering cob to 
eliminate wiring to ground ....con be in 
serted inony-position where grounding 
is desired. . RNKLI MANUFACTURING CORP. 

ETS TERMINAL STRIPS PLUGS SWITCHES, PLASTIC FABRICATION METAL STAMPINGS ASSEMBLIES 
l;f, Franklin Mfg. Corp. of California 17 S VA RICK I C K S Te14, /7 t west ITN St . Les Apeles .. Calif. _ NEW YORK N . Y. 

i 
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There's a Lot in a Transformer 

That You Can't See . . 

Of course we are proud of the appearance of 

ADC Transformers. One of our greatest satis- 

factions however, is in the way they are 

designed and built-for it is upon these quali- 

ties that ADC performance has been achieved 

and maintained. 
It might be easier to make transformers some 

other way, but we enjoy doing our work the 

right way-and that means a lot to all of us 

here at ADC. 

SEND FOR LATEST CATALOG! 

2833 13th Ave. S., Minneapolis, Minn. 

260 

tions and dents or bruises in the 

copper. Very little copper surface 
is exposed and the parting is in the 

scale itself. This kind of scaling 
is also recognized by the explosion - 
like nature with which the particles 
of scale fly off the specimen. This 

force is very great. When the 

specimen is left in the quench 
water, particles weighing only 1 

milligram or less are thrown 
through several inches of water. 
We have never encountered any 

difficulty in distinguishing partial 
true scaling from the conchoidal 
type of scale detachment. 

This test is simple and seems to 

be extremely sensitive to condii 
tions unfavorable to scale adher- 
ence. Certain precautions must be 

observed to avoid misleading indi; 

cations. For example, where sev- 

eral specimens are heated at the 

same time, one specimen containing 
'phosphorus might affect the other 

specimens, so that they have the 

appearance of being phosphorized 
copper. 

The furnace muffle must be fr 
of such sublimations as are forme' 
when copper is heáted in hydrogen' 
otherwise erratic results will b 

obtained. The tools with which th 

specimens are handled should be 

clean; particularly must contac 
with phosphorus compounds of any 

kind be avoided. 

ss 

Recent Investigation 

When the matter of scaling tests 

first became of interest, we decided 

on heating at 850 deg c for 30 min 

"utes because of the results de. 

scribed by Webster, Christie and 

Pratt in their paper "Comparative 
Properties of Oxygen -Free -High 

Conductivity, Phosphorized and 

Tough -Pitch Coppers", A.I.M.E, 
Inst. Metals Div., 1933. The scat 

ing test of different kinds of coppel, 

was first studied according to thee 

procedure of these authors. How ill 

ever, the method of calculating th 
percentage loss of scale was. 

changed to avoid negative values. ,r 

The tests were made on 12-gaug 

B&S (0.081 -in. diam.) wire which!, 

had been annealed at 490 deg C fore 

30 minutes in a steam atmospherel 
After annealing, the wire wale 

pickled in dilute sulphuric acid, 

washed and dried. The wire wall 

then cut into 8 -inch long pieces 

These were coiled on a i -in. mandre 

and then washed free of grease. 

1 
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USES 
TYPICAL pUR 

FOR WAR 
P RÁpIO 

55-2 FOR LOOP OR OUTSIDE 

ANTENNA -SELECTION 

5S-15 PUSH SWITCH FOR 

DIAL LIGHT ON BATTERY SETS 

r Ta 
.v..;b. r. . 

. - .. - 

. 

;11%4 

r - 

SS -7 FOR FIXED SETTING FOR 

BAT.-A.C.-D.C. OPERATION. 

S. ! 

. y 

SS r7 
SS -2 POWER. TRANS. PRIMARY TAPS / OR A.C.-D.C. CHANGE OVER 

SS -3 WAVE BAND SWITCH 

EPSS-3 MAY BE USED' 

AS VARIABLE TC 8 

WAVE BAND SWITCH 

INSTEAD OF 55-3 

AND SS -7 

55-1 POWER SWITCH . 

SS -7 3 -POSITION 
. TONE SWITCH 

- SS -15 
SS -9 SOLENOID TYPE 

PUSH BUTTÓN TUNING 

THE SWITCHES OF 
HUNDREDS OF APPLICATIONS 

Line, Slide, Rotary -Action -Types 

Inexpensive but Dependable 
FROM post-war radio equipment to 

toys; from instruments to ap- 
pliances. Stackpole switches afford a 

complete engineering selection. They 
are compact, dependable, low in 
price, and are, subject to countless 
adaptations designed to match your 
specifications exactly. 

Standard types include 1-, 2-, 3-, 

and 4 -pole styles, with or without 
spring return, detent, or other op- 
tional features. 3 -position and various 
other types are available. .Write 
today for a copy of the 36 -page 
Stackpole Electronic Components 
Catalog including Switches, Fixed 
and Variable Resistors and Iron 
Cores for a variety of uses. 

STACKPOLE CARBON COMPANY, St. Mary's, PA. 

a 

OTHER STACKPOLE PRODUCTS 
BRUSHES - CONTACTS (All carbon, graphite, metal, and composition types) 

POWER TUBE ANODES PACKING, PISTON, and SEAL RINGS 
BATTERY CARBONS POWDER METALLURGY COMPONENTS 

. 

WELDING CARBON PRODUCTS 
VOLTAGE REGULATOR DISCS 

RHEOSTAT PLATES `and DISCS, att. 
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Announcing 

RAWSON j ELECTROSTATIC 

VOLTMETERS 

Type 518 

HIGH 

VOLTAGE 

AC or DC 

Measure true R.M.S. values on 

A.C., no waveform or frequency 
errors. Leakage resistance 
greater , than one million meg- 
ohms. 

No power consumption. 
Very small capacity current 
A.C. 
Available in ranges from 1000 

volts to over 20,000 volts full 
scale. Rugged, well -damped 
movement. 

Accuracy better than I% 

RAWSON ELECTRICAL 
INSTRUMENT CO. 

111 Potter St., Cambridge 42, Mass. 

on 

If r 
go_ 

ROTARY 
nt 
STAMP 

(Pateed) 

A single wheel Stamp for stamping figures 

and letters on brass, aluminum or soft steel; 

also plastic and wood, with but a single 

hammer blow. All figures on I wheel; en- 

tire alphabet on 2, One stamp replaces 

12 individual, hand stamps. Wheel of tool 

steel. Characters, engraved for maximum 

stamping service, fur- 

nished any size from' 
I / 16 to 3/g", Also 

supplied with shank 

for press. Write for 

Bulletin EIH. 

We also make num 

tiering machines... 
automatic and non 

automatic . for 

stamping, either hot 

or cold, numbers 

and letters into 

various materials. 

NUMBERALL STAMP 8 TOOL CO. 

HUGUENOT PARK ¡EATEN ISLAND 112,.N. Y 

i 
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Would. You 

sr XoWr daily paper? 

b7 
. ,z--2 

< :i, :. 
I 

HAT man is here again! The guy who used to say 
I can get it for you wholesale" now whispers: "I 

can get it for you WITHOUT RATION COU- 
I-INS .. ." The sad thing is that-he CAN. But, oh, 

at a price to pay! 
u can't beat arithmetic. If there are ten refrigerators for 

and a hundred eager bidders for them, the seller is 
ng to nick those ten buyers for all the traffic will bear! 
ein prices soar ... the dollars that buy those refrigerators 

ü.p in value. Too few goods, too much money on the 
l se, connive to breed the worst of all national dangers: 

PLATION. A 100 -cent dollar sinks to 51-or less-in 
Ping power! Uncontrolled prices ... less for your hard- 
ened money! A drop in the value of your savings account, 

4. 

of your insurance, of everything you own. Would you like 
to pay a whole dollar for your daily paper? 
"Ration coupons?" Oh. nuts! "Ceiling prices?" "Listen, 
fella, I can get you what you want-for only a few dollars 
more ..." Don't you believe him. He can't, really! You 
may not give up ration coupons THIS time, but you may 
have to give up MUCH more.in the long run. The unhappy 
spiral of inflation can put every thing you want and need 
'way beyond your price -reach! Don't let this happen to you 
-your neighbors, your entire nation. Instead, for a FAIR 
share at a FAIR price, take the Consumers' Fledge of Fair 
Play, and LIVE UP TO IT: "I will pay no more than ceil- 
ing prices; I will take no rationed goods without giving up 
ration coupons." DEFEAT the scourge of Inflation! 

Here at Kenvon, we're proud to play our small role on the stage of a BIG 
war. .That's why EVERY Kenyon transformer used by our fighting forces 
throughout the world reflects only the highest precision craftsmanship. 
Kenyon workers are doing their share-bringing Victory closer by turn- 
ing out top quality transformers nninterruptedly-and as fast as possible! 

1(ENYON TRANSFORMER' 
o 

840. BARRY STREET. 

. NEW YORK, 'U. S. A.; 
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Give Your Products Modern 
WEBSTER 
ELECTRIC 

SOUND 

REPRODUCTION 

Silk purses don't come from sow's ears, we have been often told. 
It is equally true that clear, high quality tone reproduction only 
comes from use of the best in crystal pickups ... and that means 
Webster Electric. 

Remarkable tone range of Webster Electric Pickups is the result 
of a background of engineering experience in the design of mod- 

ern sound equipment for faultless tone reproduction. Webster Elec- 
trick Pickups have the precise balance to give exactly the right 
needle pressure . .. light weight to prolong record life ... styling 
to harmonize with modern cabinets. 

Tomorrow's radio -phonograph sets will be gauged more critically 
than ever by the clarity and wealth of detail with which they repro- 
duce .. . the extraneous noises which they screen out. With Web- 
ster Electric Pickups every nuance and tone color is reproduced 
... details in the record track are brought out ... overtones and 
harmonics are picked up that are lost with old style equipment. 

Now is the time to be making sure that your products will contain 
the results of the very latest developments in sound reproducing 
equipment. That means the use of Webster Electric Pickups. Write 
Webster Electric today. Let us give you full information. 

pRM 1 
(Licensed under patents of the Brush Development Company) 

WEBSTER ELECTRIC COMPANY, Racine, Wisconsin. U. S. A. 
Established 1909. Export Dept.: 13 E. 40th St., New York (16). N. Y. 

Cable Address: "ARLAB" New York City 

WE-BSTER I§ ELECTRIC 
"Where Qualify is a Responsibility and Fair Dealing an Obligation" 

LET'S ALL BACK THE ATTACK-BUY MORE WAR BONDS! 

and oil with carbon tetrachloride. 
Each specimen coil was carefully, i 

weighed, and batches of 3 or 4 1. 

heated in a clean electric muffle 

furnace for 30 minutes at a definite t 

temperature in a slow current of' . 

air. The coils were then quenched' 
in water and any loose .scale wag' 

rubbed off. After drying carefully! 
the specimens were again weighed. 
The scale was then pickled off with 

a solution of ammonium chloride 
hydrochloric acid and water. Afterli 

washing and drying, the specimentI 
were again weighed. 

Scale Loss 

The percentage of scale loss ill 

calculated according to the follow 

ing method: Original weight = W 

Weight after quenching = Wq; 

Weight after pickling = Wp .I 

Then Wo - Wp = Total Loss o 

Cu. This is almost all in the forms! 

of Cu20. Only a negligible amountd 

of cupric oxide is formed. Averag 
relative thickness of CuO in tht 

total scale did not exceed 5 percent] 
It seems, therefore, permissible tá.; 

neglect the presence of cupric oxid 

without appreciably affecting th 

.accuracy of the results. 
Contrary to the method of Web 

loo 

90 

80 

70 

60 
c 

50 

3, 4 

500 600 700 800 900 1,000 

Temperature, deg C 

Fig. 1-Curves of percentage of scaling 
for several varieties of copper. Curve 1 

(1) is OFHC copper; (2) tough pitch; 

(3) tough -pitch deoxidized, 0.008 percent 
phosphorus; (4) tough -pitch deoxidized, 
0.012 percent phosphorus; (5) cathode 
copper, plus 0.01 percent zinc; (6) 

cathode copper, plus 0.0015 percent 
phosphorus; (7) OFHC, plus 25.90 

oz/ton silver 
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A GUARANTEED WELD THICKNESS 

HERE ARE ELECTRICAL STEEL COILS 

114242 Gtosrz 

NOT ROLLED SHEETS! 

)u can have the fabricating advan- 
ges of coils for all regular require- 
ents when you use ARMCO Electrical 

eels. 
For those grades where cold rolled 

I .act ice has not yet been developed 
assure coils of highest magnetic 

panty, ARMCO has perfected a 

i iique method of butt -welding hot 
died sheets into coils which can he 

I Ipplied as narrow as one inch. This 
ves you the advantage of continuous 
xrations for all grades of silicon 

I eel. Weld thicknesses are guaran- 

teed to be within the thickness toler- 
ance of the sheets. Magnetic quali- 
ties are not affected by the welds. 

This way you can save time, labor 
and steel by using coils for all stand- 
ard operations. There are relatively 
no end -of -strip scrap losses. And 
besides being easier on dies, coils help 
step up production by eliminating all 
"hand -feeding" to presses. 

\Vhether you need coils or sheets, 

there is a grade of ARMCO Electrical 
Steel for every requirement. You will 
get steel of top magnetic quality with 

/ 

low core loss and exceptional perme- 
ability; steel that is ductile, flat and 
clean -surfaced. 

Write for data on ARMCO Electri- 
cal Steels for specific jobs. Wé'll be 

glad to supply you with the infor- 
mation you need. Just address The 
American Rolling Mill Company, 
2601 Curtis Street, Middletown, O. 
EXPORT: THE ARMCO INTERNATIONAL CORPORATION 

7P+eeiika.6 
/6/1;,. ~ a0.!" a.r 
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Pumps1 Stoles MICROVAC 
'HEART OF HIGH VACUUM SYSTEMS'! 

°c' 16g 
, t+f 

x.r 

J 

i 

1111 
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LOW 

POWER 

I J." 
REQUIREMENT 

FIVE SIZES: from 15 

to 225 cu. ft. per min. 

F.J. STOKES MACHINE CO. 
6046 Tabor Rd., Phila. 20; Pa. 

) hi High Vacuum i 

¡PUMPS GAUGES EQUIPMENT 

Higher Dielectric Strength - Longer Life 
Can Be Built into Your Equipment 

T .1 

mur '115111 
itfríE_ Bi+lf1Y 

kV EIINifl7t' 1FIf1®r?197: ííh , ' 
I' 

_ ..-__ -----m - 

Electrical 

- ' -- 
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INSULATING VARNISHES 
Because of the accurate control of all production and strict 
adherence to carefully developed formulae, Pedigree varnishes 
are uniformly high in dielectric strength. 

In addition, they provide resistance to oils, acids, alkali, and 
abrasion. 

PRODUCT 

PEDIGREE 
%le P. D. GEORGE C O. 
5200 North Second Street St. Louis, Missouri 

Call In= the Pedigree.Varnish:'Man .Nearest You. 
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TRAOEMARK 

A NEW 

BIKELITE polystyrene plastics are now available in 
several distinct forms. Each member of this new con- 
stellation is a star of the fast magnitude-with brilliant 
low -loss electrical insulating performance in high fre- 
quency and electronic service. Best known are BAKELITE 
polystyrene molding materials. Of growing importance 
are insulating films and insulation coatings made from 
the base polystyrene resin. Seseral fabricators have 
greatly extended the usefulness of this plastic by offer- 
ing such polystyrene fabricated forms as rigid sheets, 
tubes, and rods in various dimensions depending upon 
source. One fabricator also supplies a flexible Iilnr that 
can be punched and stamped, as well as filaments in 
continuous rolls. 

This RAKELI I E polt'Irenc group presents sweep- 
ing opportunities for superior and economical high- 
frequenty equipment. In each of its varied forms, 
RAKFLITE polystyrene offers the sterling qualities of 

_ ` - T ' - I - - - j 

GROUP 

resistance to many chemicals, a high index of refrac- 
tion. transparency and clarity, and excellent resistance 
to water absorption. It has low specific gravity, and is 

rigid or flexible. according to loam. Its wide variety of 
transparent, translucent, and opaque colors can be 

used to enable ready identification of parts or to im- 
prove the appearance of countless products. 

Our field engineers and development laboratories 
are ialways glad to team up with designers :and fabri- 
cators in developing new uses for BAKELITE poly- 
styrene in high -frequency equipment. 

TRADE pep NAM: 

BAKELITE CORPORATION, 30 E. 42 St., New York 17 

tl,,it of ttolo,, Carbide and Carbon Corrora$ion 

`'- . o ,f.SY ,: :'. : o, 

I 

o, st 
41 

rene 
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ACCURACY CANNOT RE COM- 

PROMISED WITH IN THESE WAR 

DAYS OF LIGHTNING SPEEDS AND 

WORLD WIDE COMMUNICATIONS, 

ALL TUNED INTO OUR PRESENT 

TEMPO UY PRECISION GEARS. 
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a 

i{ 
. 

i . uakér Works 
-INCORPORATED : 

1910-32 North Front Street, Phiradelphia, Pennsylvania 

ster, Christie and. Pratt, who ob. 

tained negative values whenever 
Wq was greater than Wo, this 
method expresses perfect scale ad- ' 

herence by "zero percent Scaling", 
Molecular Weight of CIO = 

127.14 + 16.00 = 143.14. 

143.14 X Total Loss of Cu = Total 127.14 
Cu2O formed 

Wp + Weight of Total Cu2O = Weight', 
of Specimen after heating but before' 
quenching = Wh 

117), -W, = Scale Loss. 
Scale Loss 

X 100 = % Scaling. Total Cu,O 

The following varieties of copper 
were thus tested: (1) OFHC, (2) 
tough pitch, (3) tough pitch de 
oxidized, 0.008 percent phosphorus 
(4) tough pitch deoxidized, 0.012 
percent phosphorus, (5) cathode 
copper, plus 0.01 percent zinc, (6) 
cathode copper, plus 0.0015 percent 
phosphorus, (7) OFHC, plus 25 - 
30 oz/ton silver. 

Figure 1 shows the curves drawn 
from the data calculated from the 
tests. The plotted data are the 
averages obtained from the 3 or 4 

specimens heated at the same time. 
All the curves for copper contain- 

ing no phosphorus dip to a mini- 
mum value between 800 and 900 deg 
C and then rise again. It is im- 

portant to point out that the rise 
in percentage of scaling on the 
high temperature side of the dip 
is not true scaling (for instance, 
induced by the presence of phos- 
phorus in the copper), but is of the 

conchoidal nature, caused by me- 
chanical stresses set up in cooling. 
Since for a given duration the 
scale is thicker for higher tempera- 
tures, the rise in the curve beyond 
the dip may indicate that the thick- I 

er the scale the more the tendency 
to conchoidal shedding of the scale. 

The scale formed at low tempera- 
tures on all the coppers studied is 

not very adherent. The change in 
character, as far as scale attach- 
ment is concerned, takes place over 
a small range of temperature and 
this range is probably narrower 
and at a lower temperature than 
the curves indicate. This critical 
range in which the change occurs 
is different for most of the non - 
scaling coppers used, with the re- 
sult that there is a marked differ- 
ence in the temperature range of 
good scale adherence between these 
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Clore Type C- d.t. Relay 
with Plug -Ir. Mounting. 

fililr/íé' % #3r1_!1 \ 
PC;!?ilfsI;S '¡ 1 r ts ir Jif./.% iCiiti 
11 :91 

/ 
.91 7;% 7, %' f , //y I/I 1CY.lC:AC;rJ 

Double arm armature assem- 

bly of .stainless steel shaft, 
operating in a marine brass 
yoke. Heelpiece, core. and 
armature assembly are of 

magnetic metal. 

High voltage spring pile -úp 
insulators of special heat - 
treated Bakelite.. Has mini- 
mum cold flow properties, low 
moisture absorptiorr content 
and permits punching without 

. cracks or checks. . 

Contacts are welded to nickel 
silver springs by special proc- 
ess. May be of precious 
metals or alloys in 12 differ- 
ent standard or special types 

and sizes. 

Spring bushing insulators are 
mode of Bakelite rod under 
patented process. Resist vi-' 
brotion and withstand heavy' 

duty,service. 

--, 
FORM a 

Ti 
FORM B 

rOºM C 

T1 

lO-77.) I. 

FORM E 

Contoct'springs employing any 
of these basic forms can be fur- 

nished. 

CLARE "CUSTOM-BUILT" RELAYS 
Can be depended on under most severe conditions of Temperature 

... Humidity ... Atmospheric Pressure ... Voltage ... or Vibration 

THE Clare Type "C" d.c. Relay, like all Clare "Custom -Built" Re- 

lays, has that unusual flexibility of design that permits the design 
engineer to have just the relay for the specific function required. 

By "custom -building" the Clare Type "C" Relay in this way, Clare 
assures exceptional service in spots where hard usage, long life and 
absolute dependability are of prime consideration. Severe conditions 
of temperature, humidity, atmospheric pressure, voltage and vibra- 
tion are met by including in the relay construction the particular 
Clare feature or features to meet them. 

The Clare Type "C" Relay can be "custom-built" to work perfectly 
under conditions that call for definite times for operation and release 
of the relay, high speed keying without contact chatter, marginal 
operation which may include close pick-up and drop -out values, the 
transfer and switching of high frequency circuits ... and many others. 1 Design engineers have found the innumerable contact arrangements 
possible with the Clare Type "C" to be valuable. Some of the impor- 
tant uses to which these relays have been put include: 

Sequence control of machine tools 
Radio, radar or other electronic controls 
Electric eye controls 
Counting equipment 
Alarm systems 

Pictured and described here are some of the special Clare construc- 
tion features that make it possible for Clare Relays to so effectively 
reduce overall relay cost, simplify installation and insure better and 
more dependable performance. 

Clare engineers are ready at all times to assist in developing a relay 
"custom-built" to your exact requirements. Send for the Clare catalog 
and data book. C. P. Clare & Co., 4719 West Sucnyside Avenue, 
Chicago (30), Illinois. Sales engineers in all principal cities. Cable 
address: CLARELAY. 

LLAR R LAYS 
Custom -Built" Multiple Contact Relays for Electrical, Electronic and Industrial Use 
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°THE `, 
THAT GIVES YOU 

EVERYTHING! 

o 

11, 

MODEL 5O4-A 
TUBE AND SIT TESTER 

* Design proven by over 5 years pro- 
duction of thousands of this model. 

* Operation as simple as ABC. Multi - 
section push-button switches do all 
work. Simply "follow the arrows" 
for tube checking. No roaming test 
leads for the multimeter. 

* Open face wide scale 41/4 -inch 
rugged meter built especially for 
this tester -500 microampere sensi- 
tivity. 

* Each AC and DC range individu- 
ally calibrated. 

*Professional appearance. Solid 
golden oak tarrying case. 

* Guaranteed Rectifier. 

SPECIFICATIONS 
DC MICROAMPERES: 

0.500 
DC MILLIAMPERES: 

0.2.5.10.50.250 
DC AMPERES 

0.1.10 
DC VOLTS -1000 OHMS PER VOLT: 

0.5.25.100.250.500.1000.2500 
AC VOLTS 

0.5.10.50.250.1000 
OUTPUT VOLTS: 

0.5. 50.SO.250.1000 
OHMMETER: 

0.200.2000.20.000 OHMS 
0.2.20 MEGOHMS 

BATTERY TEST: 
Check Dry Portable .,A., and "13 Bat 
tones Under Load 

CONDENSER CHECK: 
Electrolytic: checked on English Reading 
Scale at Rated voltages oltages o1 25.50.100. 
200.250.300.450 volts. 

TUBE TESTER: 
Emission type with noise test. floating filaments, easy chart operation. Checks 
all receiving type tubes. 

POWER SUPPLY: 
115 volts GO cycle. Special voltage and 
lrequenCy upon request. 

SUP°EME 
SUPREME' INSTRUMENTS CORP. 

Greenwood. Miss., V. 5..4. 

BROADCAST ENGINEERS / I 1 ., 
:POLICE RADIOMEN 

"flour/ r'té .iVu úr / 
. 

-on your phasing and 
tuning gear problems 

Let us know now your requirements 
and specifications for phasing and inn- 
ing 

- 

ing gear for your directional antenna. 
Andrew custom built equipment will 
again become available as soon as Uncle 
Sam releases our engineering and man- 
ufacturing facilities from production 
for war. 

This release may come at any moment. 
Be sure that your needs are listed at the 

.top of our peace -time back -log. The 
planning you do now will speed your 
own reconversion to the ne++ high 
standards of the future. 

Andrew engineers will gladly apply 
their years of skilled experience to the 

! 

-.---_- 

- 1Qgt - 1 

solution of your special problems in the 
field of directional antenna equipment: 

Phasing networks and equipment 
Antenna tuning units 
Remote reading antenna ammeters 
Phase monitors 
Coaxial transmission lines and 
accessories 

ANDREW CO. 

363 East 75th Street 
Chicago 19, Illinois 

...... _ ................ .. 

BAKELITE SHEETS, 
R DS AN TUBES 

\ l 

,1=---4 

We can furnish Army and 
Navy specification materials 
from our representative local 
stocks. On special Mill ship- 
ments we can give prompt 
delivery. Also complete fabri- 
cation service backed by 20 
years of experience. 

ELECTRICAL 
INSULATION CO., INC. 
12 Vestry St., New York 13, N. Y. 

1 
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TRA AEI. FAR 
.. . 

Were 
we to visit the world-wide 

stations 

where 
Audiodiscs 

ore used, 
the mythical 

magic 
carpet 

would 
be needed 

for the tour- 

ney.... 
The processes 

that give Audiodisc 

recording 
blanks 

their 
phenomenal 

fidelity 

were 
originated 

some 
years 

ago. 
Constant 

research 
has recently 

resulted 
ín decided 

im- 

provement 
to an already 

established 
accept- 

ance 
for superior'quality. 

Today 
transcriptions 

on these 
discs 

ore bringing 
entertainment 

and information 
to civilians 

and servicemen 

on every 
continent 

and on countless 
islands 

in all the seas. 
Audio 

Devices, 
Inc., 

444 

Madison 
Avenue, 

New 
York 

22, New 
York. . ak. 
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¡'NF EQUIPMENT 
FOR POST WAR AIRLINES AND 

AIRPORT TRAFFIC CONTROL 

COMCO MODEL 132 VHF RECEIVER 

Fixed frequency, crystal controlled superheterodyne Re- 
ceiver. Frequency range 100 to 150 Mc. Standard 51/4 inch 
rack panel mounting. 12 tubes. 

COMCO MODEL 170 
VHF TRANSMITTER 

50 watts output. Frequency 
range 100. to 150 Mc. Cabinet 
size: Width 23"; Depth 18"; 
Height 48". Comco Model 
127AA Transmitter also avail- 
able for operation on a fre- 
quency range of 200 to 550 kc. 

A VHF Transmitter and Re- 
ceiver especially designed for 
airport traffic control towers, 
aeronautical ground stations 
or relay service. Engineered 
for ease of installation and 
maintenance by men who have 
had actual "in the field" ex- 
perience. 

Comco Engineers have pioneered in the development of 
VHF static -free equipment for aeronautical use. They are 
ready, if VHF becomes a requirement in post-war planning, 
to supply compact, sturdily constructed equipment to meet 
the most exacting specifications for dependable operation. 
Write for complete details. 

COMMUNICATIONS COMPANY, Inc. 
Manufacturers of Radio and Electronic Equipment 

CORAL GABLES 34, FLORIDA 

coppers. For instance, OFHC plus 
25-30 oz/ton silver seems tó form 
a very adherent scale at tempera- 
tures from 700 deg to 900 deg C, 

Tough pitch copper, on the other 
hand, has a very narrow range of 
good scale adherence, and at no 
temperature reaches the degree of 
scale attachment of the other (oxy- 
gen -free) coppers. 

Thickness of Scale -vs- Temperature 

In order to ascertain the influ- 
ence of thickness of scale alone and 
the effect of temperature only on 
the scale adherence, a time series 
was run at each of the following 
temperatures: 700, 750, 800, 850 
and 900 deg C. The durations of 
heating were: 10, 20, 30, 45, 60, 90 

and 120 minutes. The extent of 
scale formation, expressed in grams 
of copper that were converted to 

0.90 

0.80 

0.70 

0 0.60 

> 
50.50 

U 
I. 
210.40 

Ú 

10.30 

0.20 

0.10 

o 
0 20 40 60 80 100. 120 

Minutes 

a,c 
40 

750°C. 

Fig. 2-These curves show the weight 
of copper converted to scale per sq in. 
of surface at various temperatures and 

heating times 

scale, per square inch of surface, 
was determined in each test. It 
was found that for two kinds of 
copper tested, OFHC and tough 
pitch, the extents of scale forma- 
tion for any particular temperature 
and duration were closely the same. 
The differences between corre- 
sponding samples of these two 
kinds of copper were usually less 
than ± 5 percent, and are due mere- 
ly to experimental errors. There- 
fore, the data for the two kinds of 
copper were averaged- and from the 
averages, the curves of Fig. 2 were 
plotted. 

A series of scaling tests were 

i 
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DR8:008. 
A . NEW " IMPROVED- RECTIFIER .. . 
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INC. 

Tb REPLACE.THE 872 A:-." WITH 

ONLY .A CHANGE.l1N 5-OCKET . , 
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DR8008, with Longer Pins, Wider Base 
provides better filament contact and insures longer tube 
life. The longer pins and wider base of the DR8008 give 
positive filament contact and eliminate almost all pin 
resistance heretofore encountered with the 872A. 

Other notable improvements such as dome type anode, 
gloss boot, filament with large emission surface and 
bottom closed shield plate combine to give greater dura- 
bility and performance, as well as longer tube life. 

SPECIFICATION: 10,000 volt inverse peak. Extensively 
used for power supplies from 1,000 to 5,000 volt output. 
Current output: 2 tubes, 21/2 amperes. 

HICAGO 47, 1917 NO. SPRINGFIELD AVE. 101 HAZEL STREET, PATERSON 3, N. J.' EXPORT DEPT., 85 BROAD _STREET, NEW YORK 4,N. Y. 
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IN THE FIRST SIX POST-WAR MONTHS 
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SIGNAL GENERATORS 
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PANEL INSTRUMENTS 
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VOLTOHMMILLIAMMETERS 
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POCKET TESTERS TUBE TESTERS VOLTOHMMILLIAMMETERS 

VCHECK THE TYPES AND QUANTITY 
Estimate your future equipment needs and place a tentative post-war order for 
them with your jobber now. This foresight will enable him to stock the Triplett 
instruments you will need, and will assure you quicker resumption of civilian 
business. Give best priority you can obtain to facilitate deliveries as production 
is available. 

Get the complete list of Triplett instruments and radio test equiprnenf. 

a 

Triplett 
ELECTRICAL.INSTRUMENT CO. BLUFFTON, OHIc 

EISLER. -ELECTRONIC 
EQUIPMENT... the plus- 
factor in tube manufacture 

ir 

MCI r.c.,auiwc CO. 

and sealingmachines, flaringunits, laboratorya K.23ff P-. 
r.es. paralus, etc. A note on your company letterhead 

will bring details without obligation; write today. 
* EISLER serves 98% of Ameri 
con vacuum tube producers today) 

!A 

QS)00; 

rwt 

(TOP) No. 23.81 Stem Machine, one of 
several in the EISLER line, speeds pro.. 
duction and reduces breakage losses. 

(RIGHT) No. 95-L Butt Welder, hos sire 
plited control, and assures perfect 
welds with minimum damage to metal 
grain structure. 

(EXTREME RIGHT) No. 11 -TU Glass 
Tube Slicer, makes clear, sharp cuts- 
does not require skilled operator. 

Y./C.d./4f 
teli/ 
751 SO. 13th STREET NEWARK 3, NEW JERSEY 

The CHAS. EISLER specialized facilities are supplying 
high -efficiency manual, automatic and semi -automatic 
machinery for vacuum tube and electronic component 
production. Hundreds of devices for every phase of 
manufacture are included-glass tube slicers, stem 

.1 ir.. 

NGINEERING COMPANY 

FAST 
WORK ON 
YOUR WAR 

ORDERS 

If your need's are urgent, 
take advantage of our ex- 
ceptionally large and 
complete stock of radio - 
electronic supplies and 
parts. Most orders can be 
filled immediately from 
stock, and shipped the 
same day received. 

And to help you order just 
what you need, we have 
the big D a l i s catalog 
which is yours for the ask- 
ing. Write on your busi- 
ness letterhead for your 
copy. 

Try Dalis-just wire, 
'phone or -write . . . 

N. L. LAIL . 

Wholesale Distributors 
RADIO -ELECTRONIC SUPPLIES & PARTS 

17 Union Square 
NEW YORK .3, N. Y. 

Phones: Algonquin 4-8112-3-4-5-6.7 
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a New Extruded Plastic Tubing 

Excerpts from the E.T.L. report covering tests made on 

Natvar No. 400 ín accordance with A.S.T.M. Standards. 

DIELECTRIC 
STRENGTH 

- A.S.T.M. D350-43 

Average volts per mil: At 28°C - 1090 

At 85°C - 700 

Wall thickness: .0235" 

DIELECTRIC 
CONSTANT 

AND POWER FACTOR 

Dielectric constant at 29°C and relative humidity 60% 

At 60 cycles: 8.15 

At 1 megacycle: 4.35 

Power Factor: At 60 cycles: .056 

At 1 megacycle: 
.064 

ARC RESISTANCE 
- A.S.T.M. D495.42 

Average - 135 seconds 

OIL RESISTANCE 
- A,S.T.M. D295 -43T 

"Turbo) 10" at 105°C was used. After 15 minutes im- 

mersion there was no apparent change in the tubing. 

After 24 and 48 hours there was no sign of change in 

the tubing. Three separate tests were made. 

HE %T ENDURANCE 
- A.S.T.M. D350.43 

After 7 days at 125°C the tubing did not crack or 

otherwise fail when bent ISO° around a i's" mandrel. 

TENSILE STRENGTH 
AND ELONGATION 

At 200% elongation: 
Average 1980 lbs. per sq. in. 

At Maximum: 
Average 2870 lbs. per sq. in. 

Total elongation: 
350% 

LOW TEMPERATURE 
FLEXIBILITY 

After 3 hrs. at minus 30°F specimens were bent around 

a mandrel 5;r" in diameter. There was no sign of 

cracking or other failure. 

FLAME RESISTANCE 
- D350-43 

Burned about t/4 in. in 10 to 15 seconds and then went 

out. Three tests were made. 

EFFECT OF CHEMICALS 

Effect of 7 days immersion in solvents at room tempera- 

ture; average of 3 tests in each solvent: 

Change in weight 
Per cent of 

Solvent 
weight of speci- 

men as received 

5 per cent 
sulfuric acid 

1 percent 
potassium 
hydroxide 

Petroleum 
Ethyl Alcohol 
Benzol 

Change in dimensions 
Per cent of dimensions 

of specimen as received 
Outside 

Length diameter Thickness 

+ 0.41 none none 

+ 0.83 none none 

+ 6.62 +2.6 none 

4- 1.66 none none 

+21.9 +6.6 +10.9 

norte 

none 
none 
none 

-24.0 

WATER ABSORPTION 
Average of 5 tests 

Water absorption, 
per cent by weight of dry 

specimen 

0.63 

Soluble matter, per cent by weight of dry specimen 0.01 

Total water absorption, per cent by weight of dry 

specimen 

0.64 

Change in dimensions: 
in length 
in outside diameter 

in thickness 

This new tubing is now commercially 
available for war 

uses. For further information, write, wire or phone us. 

VAPNzsD 
>'ELEPHONENL 

P 
RAHWAY 7-2171 

CABLE ADDRESS 

1 RA NDOLPH A VENUE 
NATVAR: RAHWAY, N,1. 
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Ingenious New 

Technical Methods 
Presented in the hope that they will 
prove interesting and useful to you. 

i 

New 9000° Arc Torch can be used for Welding and 

Brazing all ferrous and non-ferrous metals and alloys 
Now an arc torch that makes it possible 
to do most jobs electrically that previ- 
ously were thought possible only with 
gas. This attachment for arc welders 
provides an independent source of heat 
by means of two carbons. It is capable 
of produci ng intense heat, approximately 
9000° F., Cover 2000° hotter than an oxy- 
acetylene flame. Pure heat, no oxygen 
or gas to contaminate the weld. No 
pressure to force the molten metal awáy 
or blow holes in light sections. 

Developed to capitalize to the fullest 
on the time -saving advantages of elec- 
tric welding, the new Mid -States 9000° 
arc torch can be used with any AC or 
DC electric welder. It opens up new 
horizons of service in this field, never 
before possible with an electrically oper- 
ated instrument. 

New uses are being found every day for 
products that have been familiar to us 
for years. Wrigley's Spearmint Gum, al- 
ways enjoyed for its chewing satisfac- 
tion, is now proving with the fighting 
men overseas many benefits which will 
be useful to you in peacetime. One of the 
big factors in mass production is the 
alertness and efficiency of the man on 
the job. The chewing of Wrigley's 
Spearmint will help keep you alert and 
wide-awake during those work periods 
that, while seemingly dull and monoto- 
nous, call for watchfulness in order to 
get perfection in the final assembly. 

You can get complete information from Mid -States Equip- 
ment Co.,, 2429 S. Michigan Ave., Chicago 16, Illinois 

For BRAZING Steel, Cost Iron, Malle- 
able Iron, Copper, Brass, Bronze, and 
other ferrous and non-ferrous metals. 

For HEATING to Straighten or Bend, etc. 

Y-167 

2 

.0 
0.2 0.25 0.30 

Grams Per Square Inch 

Fig. 3-Percent of scale versus weight 
of copper converted to scale for OFHC 
copper at four different temperatures - 

Ps 

then conducted, in which specimens 
were heated at the proper time, fort 

each of the temperatures, 700, 750,1 

800, 850 and 900 deg. C, which' 

would form the same thickness o' 

scale. The data obtained from these 

tests were plotted in two way! 

percent scaling versus weight o 

copper that was converted to scale, 

and percent scaling versus the 

temperature. Only OFHC copper 

was so tested because phosphorus) 
bearing copper showed at least 55 

percent scaling for . any heating 
period up to 2 hours and any 

temperature in the range 500-1000 I 

deg C. The curves for OFHC are, 

shown in Fig. 3 and 4. 
In these curves, there is a decided 

dip to a minimum scaling-prcent: 
age at 0.25 g/sq in. copper con l+ 

version (Fig. 3) and at 850 deg C-' 
(Fig. 4). Referring to Fig. 2, the 

duration of heating at 850 deg C 

to convert that quantity of surface 

copper to oxide is 20 minutes. 
From these findings we concluded 

18 

16 

14 

2 

0 
0 v+ 
-1.,, 

la' 
R . 

-5 
0 
ó 

-5- 
,1,..1 

''' 

, 1 
750 800 850 

Temperature , deg C 

Fig. 4-Percent of scaling plo 
against temperature for OFHC coPPK 
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FREQUENCY 

METER 
and 

' 

MONITOR 

for HIGH FREQUENCY 
SERVICES -1500 kc 

I to 200 Mc 

nor measuring and monitoring the carrier frequency of a -m transmitters, these two 
ew G -R instruments offer many operating advantages over equipment formerly 
Mailable. . 

With the Frequency Meter, readings are substantially independent of amplitude 
f modulation, input waveform and input voltage. Over very wide ranges, changes 

any of these do not affect the meter indications. The instrument requires no di- 
ect connection to the transmitter ... a foot or two of wire provides ample coupling. 
'he indicating meter has six ranges with full-scale values of 200 cycles, 600 cycles, 
kc, 6 kc, 20 kc and 60 kc. 

One of the most useful features of the Frequency Monitor is its great sensitivity. 
t can be used to monitor mobile stations. The numerous operating conveniences 
iclude: a panel switch to select any one of four temperature -controlled quartz 
lates; a "stand-by" control to maintain operating temperature continuously with 
he tube circuits disconnected; positive indication of the direction of frequency de- 
iation; panel terminals for the audio output and for the output of the crystal buffer 
tage for calibrating or adjusting transmitters or receivers. 

You'll find that this combination of instruments is one of the best G -R has de - 
eloped for high -frequency communications monitoring. 

Because we are in full-time production of war orders, none of these instruments 
re available for shipment, and probably will not be until after the war. We ARE 
ccepting reservation orders, howeverrand will fill them in rotation as soon as pro- 
uction starts. 

MT«. OUTIVI 

.,11 MI-. 

.., .. 

lw 

</T.,LL 
..111nn 

J. 

r 

FREQUENCY METER 
RANGE: 0 to 60,000 cycles In slx ranges 
ACCURACY: *2% of full scale 
INPUT VOLTAGE: Any between 0.25 

and 150 volts 
MOUNTING: Relay -rack panel; walnut 

end -frames (illustrated) for table 
mounting, extra 

TYPE 1116A FREQUENCY METER 
5185.00 

FREQUENCY MONITOR 
CARRIER RANGE: 1500kcto200 Mc 
ACCURACY: 0.603% with our quartz 

plates 
QUARTZ PLATES: Up to four,not in- 

cluded in price; ground to channel 
frequency 

MOUNTING: Same as Frequency 
Meter 

TYPE 1175A FREQUENCY MON- 
ITOR $250.00 

CAMBRIDGE 39;.MASSACHUSETTS 

E N E RA L -RADIO COMPANY°, NeVi 

k 6 5 . 

Los Angeles 38' 
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When a really difficult 
coil problem confronts 
you, let us demonstrate 
how our specialized 
research, engineering 
and production skill 
can solve it - just as it 
has so many other 
complex assignments. 
Our engineering staff 
is available for consul- 
tation without obliga- 
tion. 

í TAN 
INE 

:ELie c 00.0c[10 DODó 
oaeo¡tur OQDD 

WE INVITE YOUR 
INQUIRIES 

STANDARD 
WINDING Co. 

44-62 Johnes Street 
NEWBURGH, NEW YORK 

NEW YORK OFFICE: 53 PARK PLACE' 

REctor 2-5334 

- ANOTHER 
. SPECIAL 'BY 

PROGRESSIVE 

ACtuht 
SIZE 

71 other "specials' 
are il" 

in Catalog 
18. 

lustrares tables 
of 

which incicf lht standard 
weights p 

equses . 0 
p1eces. sec. for it. 
tractions, 

etc. 

1%eGRESSINE M15-01°. tO. RO 

0 NORWtOOD 
S7., TCN11 

ENLARGED 
fOR DETAIL. 

Special heads. 
thretefl 

on t:1 
and fin.res metal or 

togs of pac to eold- 

at1oY 
adapter prudres ºre ld óPeg spec000000.ce 

Y 

utPut 
25, 

ottnUS' BUY MORE' WAR BONDS 

`- 
CARTER DYNAMOTORS vea án 9raa/ .ga.noua 
CXá0~14n4a/.óne 

J. + 
,... 

, 

'41:`; 
: 

'`, 
1 

.. 

t . ., o 

° 

1 11:r 
, -, 

. 

.. . -.` . 

THOUSANDS of'Cáitér Products are 

faithfully providing dependable, elli- 

cient 'service in leading communications 

equipmentall over the globe -Send for 

lateit Catalog of CARTER PRODUCTS Today. 

i r Carer Motor Co. 

1606 MILWAUKEE AVE. CABLE: G!NEMOTO1 CARTEtt, a well known name In radio for over twenty years. 
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Torture Test - DOUBLED: 

_ 

he story of a transformer yanked back and forth from Pole to Equator 

yien of the U. S. Army Signal Corps say that no mar - 

1r where they run their lines,"It's either too hot or 

to cold." To make sure equipment can take it, the 
brps runs the five -cycle humidity test. 

They were giving this test to a Thermador trans- 

Irmer. They put it into a chamber, pressed a button 
1 get the bleak 50° below. They pressed another 
Ittton, the thermometer shot to the 197° of a blazing 

luatorial noon. Five times they raised and lowered the 

'tmperature. They watched, through the glass doors, 

'.ater dripping onto the transformers-condensation. 
After forty-eight hours they took an ice pick to get 

I I the terminals. 
They wiped them dry, connected the current, threw 

on the switch. If, after this torture, the transformer 
could take 2,000 volts it would pass the test. They gave 
it not 2,000 but 4,000 volts, doubling the test-and, of 
course, it took it! BUY MORE WAR BONDS! 

THERMADOR ELECTRICAL MANUFACTURING CO. 
5119 South Riverside Drive Los Angeles 

2Lay/' 

THERMADOR 

TRANSFORMERS 
DEFEAT HEAT COLD HUMIDITY 
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"Extra -ordinary" relays are engineered, designed and 
manufactured by Cook Electric Company to meet the 
entire range of aircraft and electronic applications. 
They are engineered with the "plus" features that make 
all Cook products extra -ordinary, and are designed, 
tooled and fabricated completely under one roof, in 
a model plant that provides capacity to produce in 
quantity. 

*The large relay illustrated above is the 
Type 108, now in quantity production. Pro- 
duced with the finest relay materials. High 
permeability, magnetic materials, annealed 
an controlled atmosphere. Various modifi- 
cations adapt it to a wide range of appli- 
cations. Adjustment to specific conditions 
provides extreme high speed sequence or 
marginal operation. Coils bakelite impreg- 
nated and heat cycled to meet severe 
humidity conditions. Available in a wide 
range of voltages from 6 to 220 Volts D.C. 
and 10 to 220 Volts A.C., 20 to 25 Cycle and 
50 to 60 Cycle. Mounting holes provided in 
heel piece for direct mounting to panel. Can 
be equipped with octal speaker plug or 
other types to meet special requirements. 
Dust -proof housings and weather-proof cov- 
ers are also available. 

*The small relay illustrated above is the 
new Type 900. Its features include: Stainless 
steel bearing pins for long life and perma- 
nent adjustment. New coil terminal design 
to prevent coil losses due to breakage of 
lead wires. Wide spacing of staggered spring 
terminals and elongated holes to facilitate 
wiring. High permeability, magnetic mate- 
rials, annealed in controlled atmosphere. 
Coils wrapped in serving and bakelite im- 
pregnated against moisture, to Air Corps 
specifications. Single or twin contacts and 
single or double spring pile-ups to six 
springs high. Saving in space and weight. 
Sturdy, durable construction. Nickle silver, 
beryllium copper or Inconel spring mate- rials optional. Withstands high G and vibra- 
tion tests due to light weight and balanced 
armature. 

GOIll' 'ELECTRIC . 

I 

:r-=' / 
j_ I ,...... 

2700 SOUTHPORT AVENUE CHICAGO 14, ILLINOIS 

that, under the conditions obtain- 
ing in our method of conducting the 
scaling tests, and using 12 -gauge 
wire, the optimum temperature and 
duration are 850 deg C, and 20 
minutes, respectively. Specimens 
treated under these conditions 
should show the minimum of con- 
choidal fracturing in the case of 
copper which should pass the test. 

Conclusions 

In all.the tests, 3 or 4 specimens 
were treated under identical con- 
ditions of temperature and dura- 
tion. Only small differences in 

scaling specimens from the same 
batch were noted at temperatures 
up to the dip and larger differences 
in the conchoidal fracturing range 
of temperatures. The plotted data 
are averages. 

A duration series at 850 deg C 

was run on OFHC and tough -pitch 
coppers. The data obtained were 
plotted; giving the curves shown 
in Fig. 5. The differential in scale 
adherence in favor of OFHC copper 
was indicated in all tests at dura- 
tions up to 60 minutes. After 

40 

30 
rn 
C 

20 

C 

° 10 

o 
11..- 

20 40 60 80 100 120 

Minutes at 850 Deg C 

Fig. 5-Percent of scaling produced on 
OFHC and tough -pitch copper at 850 

deg C for various heating times 

longer heating periods, the curves 
cannot be considered reliable, as 
fairly large variations between 
specimens of the same test run 
occurred in this range. This is un- 
derstandable if one considers the 
explosion -like nature of scale de- 
tachment when the thickness of the 
scale is heavy. It is a matter of 
chance whether scale particles de- 
tached in such a violent manner are 
small or large. 

We have found that there is no 
essential difference in the results 
obtained with hard or soft copper in 
the scaling tests. Annealed copper 
of the various kinds tested were 
available when this investigation 

1't 

I l 
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ESMERALDA COPE HAS TWO JOBS .. . 

Esmeralda Cope is one of many hundreds of women workers in 
the Detrola Radio Division who now are building land mine detectors, 
FM signal generators and other electronic war equipment. This job 
continues until Victory. But without detracting from this primary 
task, many of these workers are being acquainted also with their post- 
war assignments on the same production lilies. Thus they will be 
ready to build hundreds of thousands of fine radio receivers, auto- 
matic record changers, television receivers and other products to en- 
rich the life of a world at peace. Yes, Esmeralda Cope has two jobs. 
And International Detrola's creed of highest quality rules them both. 

BUY WAR BONDS TILL VICTORY 

HEIRO[11 R1111111 
DIVISION OF INTERNATIONAL DETROIA CORPORATION BEARD AT CHATFIELD, DETROIT 9, MICH. 

C. RUSSELL FELDMANN PRESIDENT 
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BEAT 

F1LEIJUEMY 

GEEI1ATOR 
Type 140-A 

A dependable 
teat inatranrent a 

E.' 

$_ s 

-- _ ary Lr1' 

An accurate signal source capable of supply- 
ing a wide range of frequencies and voltaues. 

Frequency Range 20 C.P.S. to 5 MC. 
Output Voltage 1 my to 32 .olts. 
Power Output 1 watt. 

BOONTO RADIO 
\ `1 BOONTON, N. J. Útalib,l 

DESIGNERS AND MANUFACTURERS OF THE "O" MÉTER ... OX -CHECKER o . FREQUENCY MODULATED SIGNAL 
GENERATOt :.. BEAT- FREQUENCY GENERATOR ... AND OTHER DIRECT READING TEST INSTRUMENTS 

.x- :=F:Y= 

HAM 
Fungus -Proofed 

Waxes 
Asti' vital service to -the Armed 
Forces we, now offer Fungtis Resist-. 
ant Materials. These recently devel- 
oped: products are the answer to 
Communications requirements 
where -the. impregnation or 
coating 'of radio parts 
and'. equipment are 
concerned. 

ZOPHAR waxes and compounds' 
meet every specification of boththe 
Army and Navy.for waterproofing 
and insulating all electrical and 
radio components. They also have 
wide application in packaging of 
every description. . 

ZiPHAR MILLS 
112 -130 -26th STREET ESTABLISHED 1846 

BROOKLYN, N.Y. 

2ely 
LABORATORIES 

REFLEX 
SPEAKERS 

DESIGNED 
for 

WAR 
USE 

* HIGH * 
EFFICIENCY 

* RUGGED * 
CONSTRUCTION 

* HIGH * 
POWER 

I * UNIFORM * 
RESPONSE 

* HIGH * i 
I INTELLIGIBILITY 

* WEATHER * 
PROOF 

* REFLEX * 
SPEAKERS 

ARE THE 

ACCEPTED 

STANDARD 

FOR ALL 

WAR 

USE 

--, . Every high ef- 
ficiency speak- 
er In Universi- 
ty's extensive 
One of speech 
power repro- 
ducer has a 
vital part In 
the WAR pro- 
gram. 

Submit your spe- 
cial loudspeaker 
problem direct to 
o u r engineering 
department. 

_o ó - o 
o- 

tU N I V E R S '1-"3-;,Y ./ 
22 5 ST ¢ l V e.`: ' 

á 
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Here's The Precision Factor 
in Radio Frequency Control 

g v+'<`(1 %> 
C(p 

c 

440.~1 
PRODUCTS COMPANY 

1519 McGee Street, Kansas City, Mo. 

Producers of Approved Precirlon Crystals for Rodio Frequency Control 

For the inside facts about precise radio frequency con- 
trol, look inside the holder! 

Crystal Holder Units are made in many types, but each 
depends upon the quartz -crystal blank for its accuracy 
in final performance. 

This is why more and more electronic engineers specify 
quartz oscillator plates made by Crystal Products Com- 
pany. Here they get crystals made under the most 
exacting .methods of control. Here, too; they find valu- 
able cooperation in engineering the crystal and its holder 
for any specific circuits. 

Our products and our services are available to you. Use 

ELECTRONICS-December 1944 
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MEETS SIGNAL CORPS SPEC. 

71-2202A (dated 4112144) 

vin&az un IA 
Non-metallic Fungus Inhibiting 

Coating for Over-all Treatment 

of Assembled Ground Equipment* 

- 

1I 

Non -corrosive to copper, 525 aluminum, low car- 

bon steel, cadmium plated steel. No deteriorating 
effects on coated or adjacent parts. 

The fungicide is completely dissolved thereby 
eliminating the possibility of settling out. 

Moisture -proof. Non -inflammable, (spec. 71-4943). 

Actually beats specification requirements for in- 
sulating properties and drying time ... tack -free 
in 8 minutes ... hard in 45 minutes. 

NON-TOXIC TO HUMANS-official tests show 
INSL-X will not cause dermatitis. 

' . 

I.t 

.1l 

Salicylanilide 

INFORMATIVE LITERATURE ON FUNGUS PREVENTION AVAILABLE UPON REQUEST 

.THE INSL-X CO., Inc: 857 Meeker Ave.. Brooklyn 22, N.Y. 

Chicago . Detroit . - Los Angeles Philadelphia 

was started and were therefore 
used. Our standard tests for certi- 
fication of OFHC copper are made 
on hard -drawn wire. 

We are well aware that the 
method of calculating the percent- 
age of scaling ignores the penetra- 
tion of oxygen into the copper, and 
that the scale is not pure cuprous 
oxide. However, there is little like- 
lihood that anyone making scaling 
tests would be interested in any 
more than the indications derived 
from visual inspection. Small er- 
rors in calculating the data from 
these tests have no particular prac- 
tical significance. 

The writer wishes to express his 
indebtedness to the management of 
the United States Metals Refining 
Co. for permission to publish this 
paper, and to Messrs. H. M. Schlei- 
cher and Max Heberlein for their 
greatly appreciated help and advice 
given during the investigation. 

A Neon -Counter for 
Medical Research 

By O. CAMERON GRUNER 
McGill University, Montreal, Canada 

IT HAS LONG BEEN supposed that the 
blood is different in cases of cancer 
from that of other diseases, and 
from that of a healthy person. A 
reliable test for cancer has long 
been sought, and over one hundred 
and fifty have been devised. Some 
of these depend on chemical, some 
on biological, and a few on physical 
differences. The last named may be 
the best one because the chemical 
reactions can be traced ultimately 
to physical constitution. 

The discovery of mitogenetic 
radiation, emitted during the divi- 
sion of all living cells, was naturally 
applied to the problem of cancer 
growth, and it was found that this 
radiation is definitely 'increased in 
the tissue, but diminished in the 
blood of the patient. That means 
that a person suffering from cancer 
has lost something from his blood 
which is present in health-some- 
thing in the form of radiation. 

The technique for detecting this 
radiation is very difficult and time- 
consuming, so much so that Hol- 
laender and other physicists decided 
that mitogenetic radiation does not 
exist at all. However, the fact that 
electronic engineering has produced 
some outstanding instruments 
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When you reveal 
your post-war line 

BE SURE IT'S 

POWERED BY 

s.,,.4 ., 
mY0trAc 

. 

lE AK V°°. 
UNIT 
CELL 

»RAYA -VAC 
. . . If your V -Day products 

will require dry batteries, be sure to include Ray -O -Vac 
in your plans. The know-how that has solved so many 
portable power problems for the armed forces can be of 
great value to you. Ray -O -Vac" engineers are at your 
service. Write Dept. I -A. 

..r. 

RAY -0 -VAC 'COMPANY, MADISON, WISCONSIN 
OTHER FACTORIES AT CLINTON, MASS., LANCASTER, O., SIOUX CITY, IA., FOND DU LAC, WIS., MILWAUKEE, WIS 
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ARE . 

YOU /SURE 

YO ARE 

MING' 
THE MOST 

EFFICIENT 

JOB? 
'1Ne; or ' fpecicdists in 

Etectiical Papers - Let 
our' aboratorie analyie 
your requirements. 

ror," SEND FOR 
Free'Booklet 

"I dustrial 
u5.;11111 Piper The 

New Produc- 
ti 

tioñ Answer." 

wce.u.s.,` 

.CENTRAL PAPER COMPANY 
I N C O R P.O R A.T E O 

2442 LAKESHORE DRIVE, MÚSKEGOH, MICH. 

pecialists 
... in Assembly and sub -assembly 

of Precision Electronic Products 

Complete Facilities for Production 

and Testing of Audio Equipment 

Consult us with your Production 
Assembling Problems 

RADELL 
CORPORATION 

6323-27 GUILFORD AVENUE, INDIANAPOLIS 5, INDIANA 

Microphone Cables 
RUGGED-FLEXIBLE 

Qur same high quality 
control demanded by the 
Army and Navy will be 
available to manufacture 
of commercial types 
sound systems when 
vilian production is 
sumed. 

i:,,... 
J.., __, Diamond 

Wire & Cable Co. 
Chicago Heights, Illinois 

of 
ci- 
re- 

0I (l,l, ;1 a,o a 
Jli`0nf 

0 r - 
/!8 W\ 

)//, D 

A complete plant from copper drawing 
to final insulating and inspection. 

E 

ür 

ra 
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IISHAKE P R O O F THREAD -CUTTING SCREWS 

Exclusive Thread -Cut - 
ling slot pros idessharp, 

lrrated,cutting edge. 

WHY YOU SHOULD USE 

2 As each Type 1 is 
driven, it cuts its own 

perfect mating thread. 

3 Eliminates tapping- 
no taps to buy or 

maintain. 

iHA'ñEP 

Snug, tight fit ahrays, 
because each screw re- 

mains in the thread it has 
cut itself. 

5 Drives easily in any 
thickness of metal. 

OOF'inc. inc. 
Disribu/tor of Shakeproof Products- Manufactured by ILLINOIS TOOL WORKS 

2501 North Keeler Avenue, Chicago 39, Illinois 
Plants at Chicago and Elgin, Illinois 

In Canada: Canada Illinois Tools, Ltd., Toronto, Ontario 

Los Angeles Office Detroit Office 
5670 Wilshire Blvd., Los Angeles 36, Calif. 2895 E. Grand Blvd., Detroit 2, Mich. 

Y I 

T 

-. 

amme,- 
4.0.1;\ 

--- 
- 

1 THIS 
ENGINEERING SERVICE! 
Through laboratory research and extensive field 
experience, Shakeproof engineers are in an excel- 
lent position to help you speed assembly, lower 
production costs and improve product perform- 
ance. They thoroughly understand fastening prob- 
lems and can recommend the type and method of 
fastening best suited to your particular product 
and to the requirements of your assembly line. 
This Shakeproof Engineering Service is offered 
without obligation. Write today ... a Shakeproof 
field engineer will contact you immediately! 

..,.,. 1o.01011 

OailLY 
GNP V. 
11.11 

i 

6 Maximum thread con- 
tact assured because 

of standard machine screw 
thread. 

Kit contains a variety 
of sizes and styles of 
Shakeproof 'lype1 
Thread -Cutting Screws. 
Write todas for Kit No. 22! 

r. y 

:114:!( 
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New ín conception and application 

GREENR CTIFIER MRI 
... providing flexible DC power for laboratory work 

New in conception and application, the Green Multi -Rectifier MR1 fulfills 

a definite need in the laboratory. By providing in one compact unit a 

flexible DC power supply, the Multi -Rectifier MR1 lifts the restrictions 
which orthodox rectifiers, generators or batteries impose upon engineers 
and technicians. By the simple shifting of a few external links a choice of 
four different voltage ranges is available, with control from zero to max- 

imum on each range. 

It. 

.°,.tti. 

SELECTROcPLATER 

L 
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.ese.iióiiiéi .a..... 
...\..0. ..E]u...El0E6\.! 

1.01.[1..N.70[9I.. 

ir 

2t 

( 

Unlike present rectifiers, the 
MR1, designed and developed 
by Green engineers, incorpo- 
rates six individual selenium 
rectifier sections. These may be 

quickly interconnected by ex- 
ternal links to provide four dif- 

0 4 ferent ranges of DC power: 

1lí1\ el 

0-8 volts, max. cap., 100 amps. 
0-16 volts, max. cap., 50 amps. 
0-24 volts, max. cap., 35 amps. 
0-48 volts, max. cap., 18 amps. 

On any range, the two panel -mounted voltage 
control switches offer a range of control in 49 
steps from zero to maximum. Maximum current 
limitations are indicated on each range. For con- 
venience in connecting to loads, output terminals 
are located on each side of the Cabinet. On -Off 
push buttons control the 3 -phase magnetic'con- 
tactor ín the main power supply circuit. Over- 
load warnings are given by supervisory Monitor 
buzzer and lamp located between the voltmeter 
and ammeter. The Automatic Watchman fur- 
nishes automatic current interruption in ease of 
prolonged overload. Cabinet size: 22" wide x 15" 
deep x 363/4" high. 

W.. GREEN ELECTRIC COMPANY, INC. 
SF EECEf O.fE.Ef ES .NO .EE TYPES Of .ECEIFFEf EOU,ErENF 

GREEN EXCHANGE BUILDING '130 CEDAR STREET NEW YORK 6, N.Y. 
RECTIFIER G ENGINEERS 

available for laboratory medicine -- 
such as the electrocardiograph, the 
electro -encephalograph, audio -fre- 
quency measuring instruments, not 
forgetting the electron microscope, 
suggests that something might be 
devised for detecting radiations of 
the kind referred to above. 

The Geiger counter has failed to 
reveal conclusive evidence of these 
radiations, but it was thought that 
a neon counter might serve the pur- 
pose. In ELECTRONICS for July, 
1937, a short note by Stager was 
published, entitled "Relaxation Cir- 
cuit Measures Radiant Energy", 
which suggested a device that might 
prove useful. In this circuit, the 
neon lamp charges and discharges 
as the potential accumulates. If the 
material to be stúdied emits a radi- 
ation which adds to the potential, 
the beats of discharge will become 
more frequent; if the material in- 

terferes with the accumulation of 

potential, the beats will slow down. 

Technique 

The accompanying diagram shows 
the circuit of the electronic equip- 
ment used in the experiments. The 

material to be studied was exposed 
to the. neon lamp by arranging a 

small stage over the lamp so the 

specimens could be placed on the 

platform. The blood was usually 

Electronic circuit for counting flashes 
of a neon lamp. When blood or tissue 
is exposed to the neon bulb, a change 

in the rate of flashing occurs 

collected in moderately large drops 
on a microscope slide which, when 
dry, was inverted so that there was 
no screening action caused by the 
slide itself. A quartz slide was some- 
times used, especially if a portion of 

an agar culture was to be studied. 
In this case, the microbes or mold 
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PLANNED -WIRING 
WILL KEEP YOUR POST-WAR PRODUCT FROM GETTING 

o.. 
, 

- -- 

ROCKBESTOS FIREWALL RADIO HOOKUP WIRE 
Sizes No. 8$ to 411 Na in 1000 volt rating, and No. l E, 14 and 16 ANC 
in 3000 volt. 

The first lightweight, small diameter, flame -resistant 
hookup wire, designed in 1937 and widely used since in 
airborne and ground communication systems, electronic 
devices, instruments and apparatus. Operating tern- 
peratures range from 125° C. to minus 50° C. Also 
with tinned copper shielding braid and in twisted pair or 
tripled construction. 

ROCKBESTOS TYPE CA LEAD WIRE 

Has high -dielectric strength and moisture resistance for 
use where heat and humidity are encountered. No. 20 
to 8 AWG solid or stranded copper, monel or nickel 
conductors insulated with synthetic tape and various 
thicknesses of felted asbestos finished in black, white 
or colors for coding purposes. Also with All -Asbestos 
insulation only, for high temperature applications 
where moisture resistance is not required. 

ROCKBESTOS MULTI -CONDUCTOR 
FIREWALL INSTRUMENT CABLE 

This unusually small diameter, light 
weight, high -dielectric No. 26 A\VG 
three conductor cable was designed for 
an electronic device in which three No. 22 
AWG single conductor aircraft circuit wires 
previously used had proved too bulky. It is made 
to a nominal diameter of .145" (smaller than a 
No. 14 A11'G single conductor 1000 volt Rock- 
bestos Firewall Radio Hookup Wire). Xis() in four 
and five -conductor construction. 

a black eye... 

INVESTIGATE ROCKBESTOS PERMANENTLY 
INSULATED WIRES, CABLES AND CORDS FOR 
TROUBLE -FREE WIRE PERFORMANCE 

Every electrical designer can make or break his product. He 
can male it by giving as much consideration to the selection 
of wire as to other components ... or he can break it on the 
drafting board by overlooking the effects of ambient and oper- 
ating temperatures, abrasion, vibration, moisture, oil, grease, 
corrosive fumes or flame upon the wire. 
Ind that's not all! There are possible overloads, operating 
voltage, current carrying capacity, dielectric strength, insula- 
tion resistance, voltage drop, diameters of bushings, wire -ways 
and wire, to name a few other factors to be taken into con- 
sideration in advance ... if you don't want your product to 
get a black eye. 
Perhaps you are at the wire -specifying stage right now, or 
need engineering advice. If so, investigate Rockbestos 
permanently/ insulated wires, cables and cords ... 122 stand- 
ard constructions designed for severe or unusual applications 

and we are ready to go to work on a "special" if we 
haven't got what you want. For wire recommendations or 
engineering assistance write the nearest district office, or: 

Rockbestos Products Corporation, 418 Nicoll St. 
New Haven 4, Conn. 

FOR VICTORY ... BUY WAR BONDS 

ROCKBESTOS RESEARCH 
Solves Difficult Wiring Problems 

LOS ANGELES, SAN FRANCISCO, SEATTLE, PORTLAND, ORE. 
ilEW YORK. BUFI ALO, CLEVEI AND, CHICAGO, PITTSBURGH, ST. LOUIS, 

LECTRONICS - December 1944 
289 



TO THE 

POINT a"' 

._ 

We May 1, 

Have The 
Answer 
To Your 
Post -War 
Need For 
Electronic 

Controls or . 

Assemblies 
If you have a post-war produc- 
tion problem involving elec- 
tronic devices or sub -assemblies 
in quantity, our broad experi- 
ence in the design and manu- 

i facture of electronic equipment 
emay offer the best answer. Your 

inquiry will put you under no 
obligation. 

.0 

Among- our present products ,are 

Electronic Sound Devices Inter- 
communicating Systems Industrial 
Voice -Paging and Broadcasting 
,Equipment Permanent and Port- 
able Amplifying Systems Record- 
ing and Disc -Playing Units Elec- 
tronic-Controls Operating 
Sequence Recorders 'Oth,r r 
Special Electronic Devices. 

BELL SOUND SYSTEMS, INC. 
1189 Essex Ave. Columbus 3 Ohio 
Export Off. 4900 Euclid Ave., Cleveland 3, Ohio 

s.l 

JI 

r- 

/e's JeIYe - 
1:7'./Ce."1,,°1:9e' 

erJ Ó0j/° 4p/ °°/ 
oitOMOuiy 

g°/,/ 
et tae.f 
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'<me 
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For'intormaticn on our Standard Nary and Mari- 
time Fittings consult Graybot Electric Company. 

7-I I ELKINS ST:, SO. BOSTON 27, MASS. 

35 YEARS OF PLASTIC MOLDING EXPERIENCE 

MEMBER OF THE SOCIETY OF THE PLASTIC INDUSTRY 

IT'S TINY! 

It's Light and '" Handy 

ACTUAL SIZE 

IT CAN'T 
SHAKE LOOSE! 

The Boob Self -Locking Radio Anchor Nut, No. 6. Designed Especially for Radio and Electronic Products 

No slip! No rattle! No axial play! Gripped hi 
its built-in lock, the All -Metal Boots Nut can't 
shake loose despite the severest vibration or tem- 
perature changes. Can be removed and used over 
and over again. Saves weight. Makes assembly 
easier. And here's why : 

Small size, thin base, sturdy-a help to smart 
lines, compact design. 
More easily handled than a clinch nut. 
Will nut turn when screw is applied. 
No distorted threads (no punch needed), 
You get a flush surface on opposite side with- 
out chamfering. 

Motion picture-"All Work And No Play" - 
16 mm. sound -3O minutm. 

For information write Dept. A -T 

BOOTS 
SELF-LOCKING NUTS 

-Ipism`r A4 Earx. ts-o NrSXr bn ll+ 
Boots Aircraft Nut Corporation 

General Offices New Canaan, Conn. 

A 
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TIMES 
CTUAL 
SIZE 

and getoVilet 
DIAL LIGHT SOCKET 

'41 = 

j y Tensile strength of leads and connec- 

tions far in excess of requirements. 

Tough, plastic shell molded around 
bracket providing a secure bond with 

mechanical strength for beyond any 

normal requirement. 

i 

1 

Rounded edge will not cut or fray wire 

insulation. 

Voltage Breakdown between contocts- 
1200 Volts. Voltage Breakdown to ground 
-5000 Volts. 

Lug on contact fits in groove in shell so 

that contact cannot be turned or twisted 
when inserting lamp. 

Center contact mounted so that it can- 
not protrude from shell and short on 

chassis when lamp is removed. 

Plastic shell is recessed for contacts, 
-1111- which cannot be pushed or pulled out 

of position. 

Stronger, tougher, neavy walled plastic 
shell. 

A variety of different mounting bracket 
styles available, suitable for practically 
any mounting. 

ior Your Present and Post -War Production 
40th ANNIVERSARY 

1904-1944 
TMs year Lent celebrates Its 
a0th year of service to the 
communications Industry. 

Lent Dial Light Sockets have always been known for their superior mechanical 
qualities and electrical characteristics. 

Now these sockets are still further improved, with even greater mechanical 
strength. A stronger, tougher plastic shell is attached to the bracket with a 
new type of construction that provides a virtually unbreakable bond between 
shell and bracket. Its eicellent electrical' characteristics are maintained. 

Consider these Lens Dial Sockets for your present and post war production. 
Write for sample today. 

In Business Since 1904 

LENZ ELECTRIC 
MANUFACTURING CO. 
1751 N. WESTERN AVE. CHICAGO 47. ILLINOIS 

e 

'-LZRONICS - December 1944 

I CABL 
291 



Telex Receivers 
are tiny . . . but tough! 

410-'. 

.-21 es 

..te .l 

. ` `. . 
. 

. 

\r 

.r 

C-sni 

9 ' 

Photograph Signal Corps, U.S. Army 

e 

During the daring invasion of Attu Island Telex tiny 
Receivers proved they were tough. In this Aleutian cam- 
paign our men and equipment mastered the severest 
weather and the most rugged terrain ever encountered. 

In this atmospheric graveyard of fog and dampness the 
Division Command Post was established on Attu. Vital 
messages were delivered with exceptional clarity by de- 
pendable Telex Receivers-the product of masterful 
engineering. 

In solving your present and near future electronic 
development problems, the experience of Telex engineers 
in creating the first wearable Electronic Hearing Aid and 
in serving the U. S. Army Signal Corps should be of great 
help to you. Write us today. 

Telex Experience Offers: 
Magnetic Receivers: 

Cu. Vol.-Approx. 0.3 cu. in. 

Impedance-Up to 5000 ohms. 

Sensitivity -18 dynes /sq. cm. for 10 
microwatt input. 
Construction -Rugged and stable, 
using only finest materials, precisely ma- 
chined-no diaphragm spacing washers 
in Telex receivers. 

Transformers and Chokes: 
Cu. Vol.-Down to .15 cu. in. 

Core Material-High permeability 
steel alloys. 
Windings-To your specs. ( Limit of six outside leads on smallest cores.) 

ELECTRONIC PRODUCTS DIVISION 

X 
.PRODUCTS COMPANY 

Telex Park Minneapolis Minnesota 

was removed from an ordinary cul- 
ture tube and placed on the slide. 

Specimens of fluid blood were ex- 
amined in the Kimble tube in which 
they were collected. Broth cultures 
of organisms in Pyrex -glass tubes II 

could also be accommodated over the 
same stage. Mice, small rats and 
living tumor could be similarly 
placed. The neon lamp and stage 
assembly were enclosed by a lead 
cylinder topped by a lid of the same 
material. 

The results of study have been of 

considerable interest. Healthy, 
blood, and also blood from persons' 
not suffering from cancer, slows .1 

down the number of beats per five. 

minutes. The blood of cases with 
cancer increases the number of."' 
beats, and when the disease is un- 

der control (surgery, x-rays, ra- 
dium), the number slows down 
again. Tumor tissue (experimen- 
tal) raises the rate, which shows 
that the 'phenomenon is not in the 
same category as that of mitogen- 
etic radiation, for with the neon - 
counter, the blood produces the 

same effect as the tissue. 
Similar results are obtainable 

with blood -smears, and also with 
formalin-fixed cancer tissues, so 

that the phenomenon may be one of 

resonance-a change in potential, 
being induced from a source of! 

changing potential. This is in har- 
mony with the discovery that Pfeif- 
fer''s crystallization test would ma -1 

terialize even if the specimen tested 
were at definite distances from the 

test -fluid. 

BIBLIOGRAPHY 

Steger, A., Relaxation Circuit Measures 
'Radiant Energy. ELECTRONICS. July. 1937. 
p. 29. 

Rahn, O., Invisible Radiations of Organ- 
isms. Protoplaerna-Monographlen, 1931 
Berlin, 1'o. IX. 

Groner, O. C., Experience with the Pfeiffer 
Crystallization Method for the Diagnosis 
of Cancer. Can. Med. Ass. Jr., U, 
p. 99-100, 1940. 

Gurwitsch, Alex., Excitante de la Divide 
Cellulalre, Congress at Madrid, 1933. 
l'analyse mltogenetique spectrale: Vol 
55 of Exposes de Physiologic, Paris, Her- 

mann and Cle, 1934. 

THE JAPANESE, at one stage of 

their war with China, paid a 

bounty of $2,000 for each captured 
Chinese Signal Corps officer and 

$500 for each enlisted signalman, 
according to Captain Hung -Yen Lo, 

of the Chinese Army Signal Corps, 
now on detached service at Camp 

Crowdér; Mo. 

. I 
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DOW ANNOUNCES 
a further important 

II 

CDOW POLYSTYRENE 
J 

i 

1(iw announces a further reduction in the base price of Styron to 25c per pound, effective 
)Ivember 1, 1944. 

t :roused efficiency of production has made this further reduction possible. This is in 
1 ¡oping with the established Dow policy of manufacturing quality materials-in quan- 
(h-at low cost. 
t l E DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 

T el. '.d.Iplw. Wodina ton Cleveland D.1roll Cbkaao Sl. lout. Hw,Io. Son Frend,o Lot Angeles Scottie 

DOW PLASTICS INCLUDE: Saran, Styron, Ethocel, Saran Film and Ethocel Sheeting 
Write for new Dow booklet "Now to Puf Dew Platlitr to Work" 

(DOW POLYSTYRENE) 
From the only privately owned synthetic styrene plant with 
sufficient facilities to core for molders' postwar requirements. 

D ow 
cNEMICALi PLASTICS YAGNEiIUM 

INOIIPINLASLI TO INDUSTRY ANO VICTOSFi 
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For Positive Operation 

(í=-`` - 
of Electrical Brushes and Contacts 

USE SILVER GRAPHALLOY 
Silver Graphalloy works in extremes of 
heat and cold. It is a molded graphite' 
impregnated with pure silver, a highly - 
efficient conductor that is self-lubricat- 

ing and extremely 
durable. Used in 
gun fire control, ra- 
dar, slip -ring, instru- 
ment applications, 
and many others. 

GRAPHITE METALLIZING CORPORATION 
YONKERS. NEW YORK 

Silver Graphalloy brushes have high cur- 
rent capacity, low contact drop, and low 
electrical noise. Silver Grapholloy contacts 
have low contact resistance and will not 
weld when subjected to surge currents. 

Silver Grapholloy is furnished silver-plated 
for soldering to springs or holders. 

Investigate the superior qualities of Silver 
Graphalloy. Make it a silver job. 

IA S SPEC/Fr 

<IMPHA TRADE MARK 

SLIP -RING AND COMMUTATOR BRUSHES AND STATIONARY CONTACTS 

-' The inherent stamina of Cinn,uJngraph 

Speakere is due to experience he design and 

manufacturing plus highest inspection shun- 

1 auras. w all types of Cinaudugraph Speukrn:, i 

from smu11 watch -like llundte-Talkie units 

' to large auditorium sprol,rrs.'isn't I find the I 
I same precision; the s painstaking rrork- 

msuship and the s - Io,,C-linwl faithful 

Ireproduet ion. 

Watch Cinaudagruptt Sptvl.trs otter Victory!. 

Cinaudagraph 
!t .'nA 9 

sa _ 

ter. 
%-`., 

. 39.11 S. Michigan Ave., Chicago . 

Art Export Div., 13 É. 40th ,St., New York 16, N. Y. 

_ 

yry 7xifjl dn 1 
.u. '''_WWW+..rfÁm/¡rill t l /lri 

Speakers,' .Inc. 

-e/YQ. t7'Gi?.e4 /Í,Zl1~ eyt CGC.l.6' fíyl ail ¿he fY,U2I.Cl 

t° 

! 
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Vital bearings for a Mark XIV Gyro Corn. 
pass being inspected with a Spencer Stereo. 
tropic Microscope. 

A Ship- 
A Compass- 
A Microscope 

A bridge of Amer- 
ican merchant ships 
is carrying tens of 
thousands of tons of 
fighting supplies to 
our allies and our 
own armed forces in 
every quarter of the 
globe. 

Indispensable to 
navigation on many 
of these ships is the famous Sperry 

Mark XIV Gyro Compass. On hazard 
ous voyages, blacked out and unable 

to use radio, ships are guided on their 

course by this precise instrument. 

To inspect certain parts during manu- 

facture, Sperry uses Spencer Stereoscopic 
microscopes. Their depth of focus, large 

object field and high resolution of fine 

detail enable inspectors to see greatly 

magnified images of parts with hair line 

sharpness and with stereoscopic, three- 

dimensional clarity. 

1-WI'---. 
.}r1.)NAVv- 

SpencerLENS COMPANY 
I 

BUFFALO, NEW YORK 
SCIENTIFIC INSTRUMENT DIVISION 01;, 

AMERICAN OPTICAL COMPANY' 

s 
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FROM ONE 

SMALL T011VN 

TO THE _ EARTH'S 
° 

e° 

FAR ..CÓRN.É.R.S 

-- ° u _lr .° 

. 

; 
o . 

OUT to the Far East, to ports ón the seven 

seas identified only in code on the pack- 

ing cases, goes war material so vital that it is 

needed on every beachhead and before the 

beachhead is created-poured out of one ship- 

ping room in just one factory in just one small 

Connecticut town! 

Incredible? Not when Yankee ingenuity is 

taken into consideration-the same Yankee 

ANKOSEAL multi -conductor 
insulated cables are among the 
most promising of Ansonia 
war -proven developments. If 
you have, or expect to have, 

a use for electrical cables- 
CHECK ANKOSEAL! 

^ 

_a;, -- INA 

N-5 -= ePN,ItLIpptÑE 

g 
_is}'nDS 

;.F, 
, - j ~aei 

. 

°1 

/ 
4u SiRiyp f 4 

ingenuity that stems from many lifetimes of 

meeting difficult situations. 

That's the case here at Ansonia-typical of 

our approach to the problems which any form 

of electrical cables can solve. However difficult 

the requirements of peace may be, we feel 

that we can be of assistance in meeting them 

in new ways, as we have met the changing 

problems of war and peace before. 

THE ANSONIA ELECTRICAL COMPANY 
Specializing iu "Ankoseal " a Thermoplastic Insulation 

ANSONIA CONNECTICUT 

A Wholly -Owned Subsidiary of 

NOMA ELECTRIC CORPORATION 
GENERAL OFFICES NEW YORK, N. Y. 

-In peacetime makers of the famous Noma Lights-the greatest name in decorative 
lighting. Now, manufacturers of fixed mica dielectric capacitors and other radio, radar 
and electronic equipment. 
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NEWS OF THE INDUSTRY 
Employ went outlook post ar; Fe.senden archiN es; 
conference notices; telex ilion receiver sure ey ; f-rn 

station for FCC; organization change in .%%F; figures 
on output 

Toward Parts Standardization 
EXTENSIVE STANDARDIZATION of ra- 
dio components for postwar civilian 
production is planned by the RMA 
Engineering Department and Parts 
Division. Arrangements have been 
made for cooperation between com- 
pany executives under the direction 
of W. R. G. Baker of the engineer- 
ing department and R. C. Sprague 
of the parts division. Each parts 
section is to be represented by an 
executive member who will attend 
meetings of the engineering stand- 
ardization groups. 

These members include: J. I. 
Cornell, H. E. Rice, A. DiGiacomo, 
and Louis Kahn-fixed capacitors; 
Henry Sarkis-variable air capaci- 
tors; J. D. Heibel-ceramic dielec- 
tric capacitors; H. W. Rubinstein- 

volume controls; D. S. W. Kelly- 
fixed composition resistors; Jesse 
Marsden - wire -wound resistors; 
George Mucher-plug-in resistors; 
S. Del Camp-sockets; W. A. Ell- 
more-speakers; Arni Helgason- 
power transformers; Henry Richter 
-h -f circuit switches; H. M. Dres- 
sel-interrupters and rectifiers; 
Monte Cohen-r-f and i -f trans- 
formers; L. M. Temple-dry bat- 
teries; and P. K. McElroy-relay 
racks. 

Metal -Working Electronics 
MORE THAN THIRTY of the exhibi- 
tors at the National Metal Congress 
and National Metal Exposition in 
Cleveland during October displayed 

.. 
¿SO 

HAM SHACK DE LUXE 

Curtains and all. this ham shack has been established in Chicago as a tribute to 

the 25.167 radio amateurs In the armed forces of the Nation. Formerly opened by 
sponsoring Hauicrafters Co.. the aback was the scene of tills ceremony as Cyrus T. 

Read of the company and ARIL. left, and Carol R. Witte. acting communications 
manager of AREL, right. examine thi service flag presented by Chet Horton. member 

of the Hamleters Radio Club 

various types of electronic appan 
tus related to the production, fahr 
cation, and testing of metals and 
metal products. In addition, a nun' 
ber of technical papers on electrontt 
subjects were presented at me., - 

ingS of the sponsoring group - 
American Society for Metal 
American Institute of Mining and 
Metallurgical Engineers; American 
Welding Society, Society for E>,- 

perimental Stress Analysis, Ameri 
can Industrial Radium and X-RaN 

Society, and the Metal Powder As 
sociation. 

For Engineering 
Curricula Changes 

ENGINEERING OOURs S are better 
adapted than those in liberal arts to 
give a broad understanding of the 
modern world. So said Allan Hazel- 
tine, technical consultant and pro- 
fessor of electrical engineering, 
Stevens Institute of Technology, 
during a talk at the 52nd annual 
meeting of the Society for the Pro- 
motion of Engineering Education 
(SPEE) in Cincinnati recently. 

Professor Hazeltine felt that im- 
proved methods of presentation 
might make it possible to condense 
the full equivalent of a four-year 
course in general engineering into 
three years and permit the addition 
of other courses of instruction not 
now given. 

Another subject considered at 
the conference was the coordination 
of physics, mathematics and elec- 
trical engineering staffs toward 
communications and electronics 
curricula. This was discussed by Dr. 
E. A. Guillemin of Massachusetts 
Institute of Technology. He sug- 
gested that mathematics prepara- 
tion should include differential and 
integral calculus, ordinary and par- 
tial differential equations, Bessel's 
functions and spherical harmonics, 
functions of a complex variable, 
vector analysis, and advanced cal- 
culus. 

He proposed that more than the 
customary amount of . time be de- 
voted to the formulation of electro- 
magnetic theory and a thorough 
foundation should be given in the 
theory and application of electron 
tubes with particular emphasis on 
those features which are important 
at uhf. Special attention should be 
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PRECISION 
Frequency 

Calibration 
up to 

2000 
Megacycles 

with the LAVOIE 

HARMONIC 

FREQUENCY 

GENERATOR 

PROVO 
DES output 

voltages 
which 

are 

.multiples 
of 10 megacycles 

or 40 

megacycles 
with CRYSTAL 

-controlled 

accuracy. 

SELECTS 
10 megacycle 

series 
or 40 

megacycle 
series 

by means 
of a 

switch 
located 

on the front panel. 

1 

becialis,ts 
EETRpNiCS 

IDENTIFIES 
any one of, these 

har- 

monics 
by means 

of a Frequency 
Iden- 

tifier. 
The Frequency 

Identifier** 
con- 

sists of a filter which 
provides 

high 

attenuation 
of all voltages 

except 
that 

of the frequency 
to be identified. 

BE SURE 
to specify 

FREQUENCY 

of Identifier 
wanted 

when 
ordering. 

The above 
methods 

can be used in the calibration 
of equipment 

requiring 
a 

voltage, 
such as receivers 

or wavemeters 
. or (by using 

the Beat Detector 
built 

into the Harmonic 
Frequency 

Generator) 
in the calibration 

of equipment 
producing 

a voltage, 
such as oscillators 

and signal 
generators. 

C; 
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0 ' J 
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GI,ZERS A 

II 
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N 
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he 
NV1LL N. J. 

ACrvRERs 

eve jo Arrierlt of UHF 414'pm 

Write 
for detailed 

information. 
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For Positive Operation 

- 1., . 
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of Electrical Brushes and Contacts 

USE SILVER GRAPHALLOY 
Silver Graphalloy works in extremes of 
heat and cold. It is o molded graphite' 
impregnated with pure silver, a highly - 
efficient conductor thot is self-lubricat- 

ing and extremely -"' durable. Used in 
gun fire control, ra- 
dar, slip -ring, instru- 
ment applications, 
and many others. 

Silver Graphalloy brushes hove high cur- 
rent capacity, low contact drop, and low 
electrical noise. Silver Graphalloy contacts 
have low contact resistance and will not 
weld when subjected to surge currents. 

Silver Graphalloy is furnished silver-plated 
for soldering to springs or holders. 

Investigate the superior qualities of Silver 
Graphalloy. Make if a silver job. 

GRAPHITE METALLIZING CORPORATION 
YONKERS, NEW YORK TRADE 

Ars spErFr 

ífta- 
MARK 

SLIP-RINGAND COMMUTATOR BRUSHES AND STATIONARY CONTACTS 

- 
"ll . es 
IThe inherent stamina of C .tauJngraph 

Speakers is due to c tnrirnce iii design and 

manufacturing plus highs inspection ston- 

durJ.. In all types of Ci nuurlugrapl, Speakers. 

from .mall watch -like Ilurli,-Talkie ' t s 

1. 

to large auditorium, »peahens. fm,'ll find the 

same precision, the same painstaking work- 

s ...unship and the saute lung-li..d failhGd 

reproduct iou. 

Vi ateh Cinaudagrald, Speakers after Victory,. 

--I, 

1 dO11L' 

1*, Cinaudagraph Speakers, I ''' ,V 
...%==1 3911 S. Michigan Ave., Chicago . 

Af q li t - Export Div., .13 E. 40th ,St., New York 16, N.' Y. , 

Mpe l ° irme ¿eat t .in aII -Me 917041:d 
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Vital bearings /or a Mark XIV Gyro Com- 
pass being inspected with a Spencer Stereo. 
tropic Microscope. 

A Ship- 
A Compass- 
A Microscope 

A bridge of Amer- 
ican merchant ships 
is carrying tens of 
thousands of tons of 
fighting supplies to 
our allies and our 
own armed forces in 
every quarter of the 
globe. 

Indispensable to 
navigation on many 
of these ships is the famous Sperry 

Mark XIV Gyro Compass. On hazard- 

ous voyages, blacked out and unable 
to use radio, ships are guided on their 

course by this precise instrument. 

To inspect certain parts during manu- 

facture, Sperry uses Spencer Stereoscopic 
microscopes. Their depth of focus, large 

object field and high resolution of fine 

detail enable inspectors to see greatly 
magnified images of parts with hair line 

sharpness and with stereoscopic, three- 
dimensional clarity. 

E' Nyv 
-_ 

Spencer LENS COMPANY'BUFFALO, 

NEW YORK 
SCIENTIFIC INSTRUMENT DIVISION 01' 

AMERICAN OPTICAL COMPANY 
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FROM ONE 

SMALL TOWN 

TO THE. EARTH'S 

FAR CORNERS 

OUT to the Far East, to ports on the seven 

seas identified only in code on the pack- 

ing cases, goes war material so vital that it is 

needed on every beachhead and before the 

beachhead is created-poured out of one ship- 

ping room in just one factory in just one small 

I Connecticut town! 

Incredible? Not when Yankee ingenuity is 

taken into consideration-the same Yankee 

ANKOSEAL multi -conductor 
insulated cables are among the 
most projmising of Ansonia 
war-prosen developments. If 
you have, or expect to have, 
a use for electrical cables- 

CHECK ANKOSEAL! 

TO: u551 

.c.H$NA 

211 

quSTRáttA1 

__ l 

ingenuity that stems from many lifetimes of 

meeting difficult situations. 

That's the case here at Ansonia-typical of 

our approach to the problems which any form 

of electrical cables can solve. However difficult 

the requirements of peace may be, we feel 

that we can be of assistance in meeting them 

in new ways, as we have met the changing 

problems of war and peace before. 

THE ANSONIA ELECTRICAL COMPANY 
Specializing in "Aukoseal" a Thermoplastic Insulation 

ANSONIA CONNECTICUT 

A II'holy-Owned Subsidiary of 

NOMA ELECTRIC CORPORATION 
GENERAL OFFICES NEW YORK, N. Y. 

-In peacetime makers of the famous Noma Lights-the greatest name in decorative 
lighting. Nov, manufacturers of fixed mica dielectric capacitors and other radio, radar 
.end electronic equipment. 

ELECTRONICS - December 1911 
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NEWS OF THE INDUSTRY 
Employment outlook postwar; Fessenden archives; 
conference notices; television reéeiver survey; f -m 
station for FCC; organization change in AAF; figures 
on output 

Toward Parts Standardization 
EXTENSIVE STANDARDIZATION of ra- 
dio components for postwar civilian 
production is planned by the RMA 
Engineering Department and Parts 
Division. Arrangements have been 
made for cooperation between com- 
pany executives under the direction 
of W. R. G. Baker of the engineer- 
ing department and R. C. Sprague 
of the parts division. Each parts 
section is to be represented by an 
executive member who will attend 
meetings of the engineering stand- 
ardization groups. 

These members include: J. I. 
Cornell, H. E. Rice, A. DiGiacomo, 
and Louis Kahn-fixed capacitors; 
Henry Sarkis-variable air capaci- 
tors; J. D. Heibel-ceramic dielec- 
tric capacitors; H. W. Rubinstein- 

or; 

t . 

volume controls; D: S. W. Kelly- 
fixed composition resistors; Jesse 
Marsden - wire -wound resistors; 
George Mucher-plug-in resistors; 
S. Del Camp-sockets; W. A. Ell- 
more-speakers; Arni Helgason- 
power transformers ; Henry Richter 
-h -f circuit switches; H. M. Dres- 
sel-interrupters and rectifiers; 
Monte Cohen-r-f and i -f trans- 
formers; L. M. Temple-dry bat- 
teries; and P. K. McElroy-relay 
racks. 

Metal -Working Electronics 
MORE THAN THIRTY of the exhibi- 
tors at the National Metal Congress 
and National Metal Exposition in 
Cleveland during October displayed 

13167,-¡, 

HAM SHACK DE LUXE 

N 

Curtains and all, this ham shack has been established in Chicago as a tribute to 
the 25.167 radio amateurs in the armed forces of the Nation. Formerly opened by 
sponsoring Hallicraf tors Co., the shack was the scene of this ceremony as Cyrus T. 
Read of the company and ARRL. left, and Carol K. Witte, acting communications 
manager of ARRL, right, examine the -service flag presented by Chet Horton. member 

of the Hamf esters Radio Club 

various types of electronic appara- 
tus related to the production, fabri- 
cation, and testing of metals and 
metal products. In addition, a num- 
ber of technical papers on electronic 
subjects were presented at meet- 
ings of the sponsoring groups: 
American Society for Metals, 
American Instituté of Mining and 
Metallurgical Engineers; American 
Welding Society, Society for Ex- 
perimental Stress Analysis, Ameri- 
can Industrial Radium and X -Ray 
Society, and the Metal Powder As- 
sociation. 

For Engineering 
Curricula Changes 
ENGINEERING COURSES are better 
adapted than those in liberal arts to 
give a broad understanding of the 
modern world. So said Allan Hazel- 
tine, technical consultant and pro- 
fessor of electrical engineering, 
Stevens Institute of Technology, 
during a talk at the 52nd annual 
meeting of the Society for the Pro- 
motion of Engineering Education 
(SPEE) in Cincinnati recently. 

Professor Hazeltine felt that im- 
proved methods of presentation 
might make it possible to condense 
the full equivalent of a four-year 
course in general engineering into 
three years and permit the addition 
of other courses of instruction not 
now given. 

Another subject considered at 
the conference was the coordination 
of physics, mathematics and elec- 
trical engineering staffs toward 
communications and 'electronics 
curricula. This was discussed by Dr. 
E. A. Guillemin of Massachusetts 
Institute of Technology. He sug- 
gested that mathematics prepara- 
tion should include differential and 
integral calculus, ordinary and par- 
tial differential equations, Bessel's 
functions and spherical harmonics, 
functions of a complex variable, 
vector analysis, and advanced cal- 
culus. 

He proposed that more than the 
customary amount of . time be de- 
voted to the formulation of electro- 
magnetic theory and a thorough 
foundation should be given in the 
theory and application of electron 
tubes with particular emphasis on 
those features which are important 
at uhf. Special attention should be 

296 December 1944 - ELECTRONICS 



PRECISION 
Frequency 

Calibration 
up to 

2000 
Megacycles 

with the LAVOIE 

HARMONIC 

FREQUENCY 

GENERATOR 

PROVIDES 
output 

voltages 
which 

are 

.,multiples 
of 10 megacycles 

or 40 

megacycles 
with CRYSTAL 

-controlled 

accuracy. 

SELECTS 
10 megacycle 

series 
or 40 

megacycle 
series 

by means 
of a 

switch 
located 

on the front panel. 

IDENTIFIES 
any one of, these 

har- 

monics 
by means 

of a Frequency 
Iden- 

tifier. 
The Frequency 

Identifier** 
con- 

sists of a filter which 
provides 

high 

attenuation 
of all voltages 

except 
that 

of the frequency 
to be identified. 

BE SURE 
to specify 

FREQUENCY 

of Identifier 
wanted 

when 
ordering. 

The above 
methods 

can be used in the calibration 
of equipment 

requiring 
a 

voltage, 
such as receivers 

or wavemeters 
... or (by using 

the Beat Detector 
built 

into the Harmonic 
Frequency 

Generator) 
in the calibration 

of equipment 
producing 

a voltage, 
such as oscillators 

and signal 
generators. 

Write 
for detailed 

information. 



TEMPER:ATURU'. 

FLUCTUATIONS 

if, 

D 

t Wherever critical tem- 
perature is concerned, 

countless manufacturers have learned to de- 
pend on the precision and ruggedness of H -B 

Thermostats and Red Top Thermo -regulators 
(adjustable thermostats). They know they 

can count on H -B Instruments to eliminate 
guesswork, simplify supervision and aid in 

increasing the quantity and quality of pro- 
duction. Ranges of application are from 

minus 30 to plus 350° F. Temperatures con 

be maintained with these instruments to an 

accuracy of a fraction of a degree. Many 
shapes and sizes now available on short 

order-single units, or in quantity lots. 

Time to get your production operating tem- 

perature -perfect is now. Request bulletin 
4-759 telling how. H -B Instrument Company, 
2524 No, Broad Street, Philadelphia 32, Pa. 

THERMOMETERS THERMOSTATS RELAYS 

THERMO-REGULATORS HYDROMETERS 
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JANETTE CONVERTERS are specially designed for use'with 
A.C. apparatus used in marine service. Electronic devices used 
on ships, shore stations, os well as for domestic applications, 
can be operated from a D.C. power supply, by using reliable 
Janette converters. Better deliveries con be made on ISO, 300 
and 500 voltampere, 115 volts D.C. to I phase. 60 cycle 110 volts 
A.C. rating, than for converters of other capacities or voltages. 

ASK FOR BULLETIN 13-25. 
Wherever there are ships, you will find Janette converters. 

Janette 
556.55$1V. " Illoriroé. St. Ghi.cacyy, I1lD 

for Precision 
instruments 

THE LONG -LIFE PIVOT 
Permopivots are tipped with Permometal', a highly developed precious 
metal alloy...the product of Permo s own metallurgical laboratory. The 
unique qualities of Permometal make it ideal for tipping precision pivots. 
It has an extremely low coefficient of friction, eliminating the need of 
oil...it is non -corrosive and non-abrasive. Actual tests definitely prove 
Permopivots keep precision instruments accurate longer. -r. Dr aM. 

PERMO, Incorporated METALLURGISTS 
6423 RAVENSWOOD AVENUE CHICAGO 26, ILLINOIS 

Write Today for Complete Information 
I 

ig 

1 
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PRODUCTION " 
FOR THE TASKS OF PEACE 

WARTIME EXPERIENCES have developed production "muscles" for 

the communications industry that will be used to excellent advantage 

in the tasks of peace. With our customers, old and new, we have en- 

joyed a relationship that points clearly to the road to peacetime pro- 

duction. For instance: 

1 Our Old Customers Learned that Sickles production facilities were 

flexible and versatile. Conversion from peacetime to wartime pro- 

duction was quick and effective. Quantity was stepped up rap- 

idly. Quality was maintained. 

2 Our New Customers Learned that it is practical to sub -contract 

parts and components to Sickles. To many of them, this was a new 

experience. We expect them to continue to profit from that ex- 

perience in peacetime. 

3 Sickles Learned that our foundation for such production was sound. 

In three years, we have gained additional experience that must 

be the equivalent to that of ten years. Reconversion to peacetime 

production will be smooth. Our facilities will help our customers 

to deliver the goods of peace as they did the weapons of war. 

So our postwar plan is extremely simple. It is to continue to serve our 

customers in meeting their specialized needs for performance, quality, 

quantity and low cost. To us, that program seems sound. Can we help 

you now, to plan your postwar production "muscles"? 

THE F. W. SICKLES COMPANY CHICOPEE, MASSACHUSETTS 

: 

n1 

Pad49wed __', %~ 

- 

' F`. S[4. 

SOME SICKLES 
FIRSTS 

1. .1933-Dual Mica 
Trimmers* 

2. 1936-Silver Cap Con- 
densers* 

3. 1940-Low-loss "Ripple" 
Loops* 

4. 1941-Midget I.F. As- 
semblies 

5. 194V-More Coming 

* Patented 

RMY- 
.E ( 
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Ultra High -Powered Sound... another 
BOGEN first for post-war markets! 

Thé BOGEN MC -225, identified by the 
Army as type AN UIQ1, and by the 
Navy, Marine Corps and Amphibious 
Command as the Portable Beach. 
master Announcing Equipment, is il- 

lustrated above, This system has 
seen extensive action In Normandy, 
as well as in the Battle of France in 
its entirety. Numerous other phases 
of its service include amphibious 
landings in the South Pacific, and 
more recently, a vital contribution to 
.the success of the airborne invasion 
of Holland. 

BOGEN sound engineers-by devel- 
oping, designing and building ultra 
high-powered sound systems for 

every branch of the Armed Forces- 
have gained the knowledge essential 
to leadership in the field. The experi 
ence gained "under fire" will lend 
impetus to both theory and actuality 
for tomorrow's applications. 
BOGEN Sound Systems-setting a 
new standard for Industrial Program 
Equipment - for announcing, inter- 
communication and public address 
broadcasting-will be available for 
schools, hospitals, churches, indus- 
trial plants, airports, railway sys- 
tems, recreation centers, etc. 
BOGEN engineers are ready to assist 
you in the planning of sound equip. 
ment needs. Inquiries are invited. 

Pavid _Bogen co. INC 
!d`,. °'"""W" BOGEN SOUND SYSTEMS AMPLIFIERS 

5e - _ COMMUNOPHONES i ELECTRONIC EQUIPMENT 

..,. 663 BROADWAY, NEW YORK,12,N.Y. 

given to circuit theory, Fourier 
theorem for steady and transient 
conditions, network synthesis, elec- 
tron tube circuits, transmission 
lines, and wave guides. 

Concerning the educational re- 
quirements for the production engi- 
neer, Dr. J. A. Hutcheson of West- 
inghouse Research Laboratory sug- 
gested that academic training is 
merely the first step in the develop- 
ment of a production engineer. 
After getting a foundation in the 
theory and application of electrical 
engineering, the production engi- 
neer -to -be must acquire a knowl- 
edge of properties of materials and 
gain the ability to design equipment 
which satisfies mechanical require- 
ments. At Westinghouse, he pointed 
out, a single engineer is given the 
responsibility for design, produc- 
tion, and testing of the apparatus 
he develops. This makes it neces- 
sary for him to carry out or direct 
all of the operations which may be 
necessary in conception, design, en- 
gineering, manufacture, mainte- 
nance, and sale of the particular 
equipment. 

Fessenden's Papers Available 
THROUGH A GIFT to the North Caro- 
lina State Department of Archives 
and History, papers of the late Pro- 
fessor Reginald A. Fessenden are 
made available for the first time for 
scholarly investigation. Fessenden, 
who served as head chemist with 
Thomas A. Edison, as electrical 
engineer with the United States Co., 
and was connected with the Stanley 
Company, has left data related to 
wireless telegraphy and signalling; 
position determining of vessels at 
sea; multiplex telegraphy; an invis- 
ible submarine periscope; sound 
detectors for aircraft; equipment 
for generating and storing power 
from the sun's rays and other sub- 
jects. 

An Electronic Monument 
INSTEAD OF AN UNFUNCTIONAL 
STATUE of a man on horseback, 
Brig. Gen. Frederick H. Kisch will 
be memorialized by the building of 
a laboratory in Haifa, Palestine, to 
house facilities for electronic in- 
vestigation and instruction. 

Gen. Kisch, who was killed in 
action in the Tunisian campaign, 
served as chief engineer in Mont - 
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New Designs' Simplify. 

Mass Production! 

HIGH FREQUENCY COILS, 

TRANSFORMERS AND SWITCHES 

FOR ELECTRONIC APPLICATIONS 

\ 
.:.7,-;,t 

' :-.1-,t,,- ',1-. -J 

y ti L`i. 

Originality of desig ziriti'"frecision workmanship 

sett 1.--,'-Y. f(fe S units shown here. They are, 

d small sampling of the extensive 

in 

Ó57 Summit Avenue 

`-ériginééred vital parts we are producing 

iiers'own specifications. Our complete facilities, 

aboratory, design, development and manufacturing, 

:available to interested makers of electronic equipment. 

INQUIRIES ARE INVITED 

UPER ELECTRIC PRODUCTS CORP 

Jersey City, N. J:1 

Also Makers of Transformers for: Power Audio Frequency Luminous Tube' 
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RUBBER 

'FUSE BLOCK 
f ".' MADE BY 

, . JOHNSÓ 

This wee bit of a redhead 
n'.} 

is our engineer's answer 

to another 
rubberproblem 

: ' .' r _ it; is a rubber fuse block 

, f - for Líttlefuse Incorporated ..:.. ortant part of a 

á''. : r., 
,> and a veryímP 

G f "'' lane. Starting out as a regu- 

vk.1,s . 

plane. 
of rubber, ít acq 

ax z ríá tar piecea head that is 

Y.<<.t?! bright red 
samehead ,piece of rubber 

r = actually the 
r i}tás and will not fade or 

as its black body 

detach. from it. It. holds 
twofuses,e one 

oWhen' installed in a plane, 
exposed 

d 

each end. leaving ,the other end 
pilot 

end .s insertedh first, 

reversesto 

view When number 
obtaininguannew fust 

out, the 

tn 
thed 

the ends, 
exposed to view. When plane -lands 

red end is for itself for the red end, a 

this fuse block speaksre 
lacement. 

warning signal, iridica 
n the shi tOp an 

.all 
d neédsa 

mechanics that a fuse 

is burnt out funct ons.as a danger signal but care- 

fully cushions the fuses, p 
absorb- 

ing the vibrations. 
problem, let its have. 

If you have a P difficult ones. 
it; we w¢lcotn¢ the 
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METAL -COATING PROCESS 
FAST AND 
ECONOMICAL 

FOR HEAVIER 
COATINGS 

REQUIRES ONLY RAPID ELEOTRILYTE-RAT 
METAL CLEANER-RAPID APPLICATOR 

Plating current is obtained from dry 
cells, storage battery, or any oonvenlent 
source of direct current at 3 to S V., or 
use Rapid Plating Rectifier for heavy 
work. - For silver surfacing bus bar connec- 
tions, lugs, switch blades, etc. For plat- 
ing or touching up miscellaneous sur- 
faces with cadmium, nickel, zinc, copper 
and gold. Building up limited areas. 
Hard surfacing with nickel. Used in 
shop or field. Special applicators de- 
signed to speed up production line lobs. 

Our laboratory Is glad to cooperate. 
No obligation 

Rapid Electroplating Process, Inc. 

1414 S. Wabash Ave., Chicago 5, III. 
621 Graybar Bldg. 237 Rialto Bldg. 
New York. N. Y. San Francisco, Calif. 
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STANDARD or SPECIALLY DESIGNED 

CAPACITORS 
For the past 15 years Girard -Hopkins 
have built standard and specially cre- 
ated capacitors, designed to meet the 
most exacting climatic and technical 
conditions. Our line includes every 
stock type of capacitor for normal needs 
-Increased manufacturing capacity and 
a highly trained engineering staff enable 
us to quickly build and deliver spe- 
cially designed capacitors to your speci- 
fications; Consult us on your present 
and post-war capacitor problems for 
either wax or oil types. 

GIRARD-HOPKINS 
1000 

40th Ave. 

OAKLAND 1 

CALIFORNIA 

11! 

II 

II 
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History of Communications. Number Nine of a Series 

MILITARY COMMUNICATIONS BY TELEPHONE 

MODEL 7-45 

LIP MICROPHONE 7 

During the Spanish-American War the telephone as a means of elec- 
tronic voice communication met with favor and played a vital part in 
military action for the first time. Replacing men and horses, a telephone 
message could cross and recross enemy territory by wire without delay 
and cost of life. 

Today, telephones in the office and home life of the average American 
have been an instrumental force in our higher standard of living. 

Universal, manufacturing microphones and other voice communication 
components for the allied forces, will again after Victory is ours, stock 
dealers' shelves with the Universal components you have been waiting 
for. Until then - Buy War Bonds. 

Model T-45, illustrated at left, is the new Lip Micro- 
phone being manufactured by Universal for the U.S. 
Army Signal Corps. Shortly, these microphones will be 

available to priority users through local Radio Jobbers. 

UNIVERSAL MICROPHONE COMPANY 
INGLEWOOD, CALIFORNIA 

DIEIGN DIVISION, 301 CLAT STREET, SAN FRANCISCO II, CALIFORNIA CANADIAN DIVISION: 500 KING STREET WEST, TORONTO 1, ONTARIO, CANADA 
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CRYSTAL HOLDERS 

/3uill ,ta 2ftun 

SPEC/F/CA liONS 

Tested, used, and proved by the armed 
forces of our country, Howard Crystal 
Holders are ready to serve you in peace- 
time. Dependability, accuracy, and assured 
performance are the results of precision 
work by HOWARD'S skilled personnel. 
Send your specifications to HOWARD. 

* BUY WAR BONDS * 
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CHANNEL 

OUIRRD f11RNUFRCTURING CORP. y 
COUNCIL BLUFFS, IOWA ! // 
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Pyroerric \% 
precision Powdered metal cores 
to s e instrument development. 

Thavhey 

kept apace the vital P cification: They are manufactured PERMEABILITY1 
HIGH 

r LOS sired FREQUENCY RESISTANCE 
Consult Pyroferr' 

HIGH 
MEDIUM 

c on your Pow LOW der Metallurgy 
requirements 

PYRÓ-ERRIC[STREET CO, 
17.5. VARICK. NEW YORK, 14,-N. Y. 

gomery's British Eighth Army. His 
monument is proposed as an addi- 
tion to the Hebrew Institute of 
Technology, of which he was a trus- 
tee, and funds for the undertaking 
are being raised by the American 
Society for the Advancement of the 
Institute. 

Backed by some of the most prom- 
inent people in the U. S. radio in- 
dustry, the American group has 
planned to make the Institute into 
a leading technical school. During 
the war years alone, more than 1200 

engineers and technicians, trained 
at Haifa, have distinguished them- 
selves in the service of the United 
Nations. 

Full Employment 
iu Electronics 
POSTWAR VOLUME in the electronics 
industry will be $3 billion, in 

the opinion of Benjamin Abrams, 
president of Emerson Radio & 

Phonograph Co., who compares it 

with a prewar standing of $350 

million. Under these conditions he 

feels that not only will former em- 

ployees back from the fronts have 

constructive jobs open to them, but 

there will also be a need for half 

a million more people. 
Considering the training which, 

has been given to men by the Signal 
Corps, every effort should be made 

to channel such qualified personnel 
into installation and servicing 
activities which will be contingent 
to a rapid expansion of production. Id 

In units, he points out that current. 
demand for radios is in the 25 mil- 

lion set bracket with an additional 
normal requirement of 12 million. 
Large export quantities must be 

added to that. Before .the war, the 

industry had a capacity of 16 mil- 

lion receivers a year. 

Electronics Training Course 
BASIC PRINCIPLES and applications 
of electronics in industry is the 

topic of a new training course which 

has been prepared by Westinghouse 
Electric & Manufacturing Co. De- 

signed originally for company em- 

ployees, the sound slide films, lesson 

books, quiz books, and instructor's 
manual are available to others at 

reproduction costs. 
Subjects covered include: elec- 

tronics and the electron theory of 

matter; .electron movement during 
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LOUD SPEAKER 

HEADQUARTERS 

MAGNAVOX 

AGNAVOX, the oldest name in radio, is at 

the very forefront in new design and 

lvanced engineering. This company again 

ill assume its former peacetime role-world's 
atstanding manufacturer of quality loud 

,eakers-with skills and facilities stepped up 

new high levels by its war work. Once more 

td friends and customers will be served in the 

Saditional Magnavox manner, with the added 

(vantages of all new developments and the 

tperb equipment of its modern 6 -acre plant. 

Magnavox radio components are made 

cpressly for the manufacturing trade. When 

;)u're ready to talk about your postwar needs, 

Model 15E 3015, 

15 dynamic speaker. (118 additional models available) 

get in touch with loud speaker headquarters. 

The Magnavox Company, Compo- 

nents Division, Fort Wayne 4, Ind. 

a n avox 
has served theM radio industry 33 years 

lPEAKERS CAPACITORS SOLENOIDS ELECTRONIC EQUIPMENT 
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ATTENUATORS 
BY TECH 

$slues 
Stainless Wiper 

orms 

contocts and 

Alloy 

Rotor 
hu b pinned tds' 

ft pre. ing 

v°sts 
r° 

Wiper arms 
in per. 

stalest' 

ed in ony Proc 
furnish 

loss 

ticol impedonce 
on 

step upon 
request. 

LAB 

f¿ct odlu 

o. A31. 

Write for our Bulletin 

TEC ETE 
. 

^ í 

o . . 

a L A B O R A T O R 1 E S m 

7 LINCOL'N STREET 
JERSEY CITY. 7, N. J.o 

Send us your rhos. 
sls or specifications 
for quotations. We 
are ready to meet 
your delivery 
schedules. 

y 

This New Jig Speeds , 

Your Radio Assembly 
1) Can be loaded and unloaded in two seconds. 

2) Indexed 360' fixture to hold chassis in any position to 
step up soldering and ail other assembly operations. 

3) Adjustable to any size to base limits of the Jig. Comes 

in various sizes or we will make Jigs to your chassis 'or 

specifications. 
4) Sturdy,rigid construction. 
5) Holding adapters to fit yóur chassis. 

ROBERT L. STEDMAN MACHINE WORKS 

SPECIALISTS IN MASS PRODUCTION .TOOLS 

OYSTER BAY, LONG ISLAND . NEW YORK 

THIS . . 

GOOD DESIGN 
Broad, flat head has 
more bearing surface, 
permits greater sealing 
compression. One-piece 
construction - no weak 
soldered connections, no 
"pin -holes", no compli- 
cated assembly. 

S't co 

601' 

Photo Courtesy Oudemao Co. ~Ow 

'STRowisiriP 
AAr It - --. 

Leakproof 
TERMINAL SCREW 

THE 
POSITIVE seal for all 

terminal openings where 

leakage of oil, water or air 
must be prevented. Can be 
drilled lengthwise. Useful in 

capacitors, transformers, etc. 
Available in 6-32 diameter 
with I/2" head; 8-32 with 
9/16" head; 10-32 and 12-24 
with 5/B" heads. Write for 
samples, or phone Whitehall 
4680. 

MANUFACTURERS 
SCREW 

PRODUCTS 

223 West Hubbard St. 

...NOT 
THIS 

BAD DESIGN 
Four operations - 
soldered connec- 
tions subject to 

mechanical strain 
-slightest pinhole 
results in leakage 
of oil, water, air. 

Increases rejections - cuts production 
and profits. 

s ~ \ 
.=--x-'+ 

.Y 
Chicago 10, III. Old way Stronghold way 

4 

i 

l 
.....;\ ° 

` 
' .t!- .... 

_ 

,>.3+ :. tanePo 
. us ressíau II, 

d into^5 icohmor Bulle 

Ñ,rlro t`óB0pnw9h92.óó 
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Precious Metals Base Metals - Laminated 

. on on Electrical 

Base Metals- Base 'Metals Contacts 

AND NOW A NEW GENERAL PLATE 

LAMINATED METAL 

For Extra 

Conductivity 

WHERE 
SPRINGINESS 

IS 

REQUIRED 

Throughout the years, General Plate has pioneered 
in the development and manufacture of laminated 
metals for industry. Now it brings you, for the first 
time, a new laminated metal ...Silver on Beryllium 
Copper. 

This new metal combination gives you; for the first 
time, the extra good conducti%ity of silver ... plus 
the springiness of beryllium copper. 

No matter what the application, tiny switch blade 
or heavy strips, this new General Plate Laminated 

I metal will give you better performance through its 
silver and beryllium metal combination. 

It is available in combinations of silver on one or 
BOTII sides, or with silver between two layers of 

. 

BERYLLIUM COPPER 

beryllium (centrelay). 
Investigate this new General Plate Laminated 

Metal today. Our field engineers will gladly consult 
with you on your problems and make unbiased 
recommendations. Ask for their services. Write: 

GENERAL PLATE DIVISION 
OF METALS & CONTROLS CORPORATION 

Metals and Controls Corporation Divisions manufacture the following products: Laminated & Solid Precious Metals, Electrical Contacts, 1411.-1 Plated Precious Metals to Base Metals in all forms - 
Tru/lex Thermostat Metals. 

ATTLEBORO, MASSACHUSETTS 
50 Church St., New York, N. Y.1 205 W. Wacker Drive, Chicago, III.; 181 E. Morn 

. St., Conterbury, Ohio; 2635 Page Drive, Altadena, Califorriba 

' 
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What ate Inn 
PRECISION METAL WORKING 

REQUIREMENTS? 

Do you require versatility-the ABILITY to do sheet 

metal work, stamping and fabricating-the 
ABILITY to build metal boxes and cases in a wide 

variety of sizes-to build cabinets, chassis, odd 

shaped flat pieces, strips, panels, housing, etc.? 

Do you require the ABILITY to do precision work 

to extremely close tolerance? What about the 

ABILITY of helping work out a design or design 

change that can save up to thousands of dollars 

and speed delivery of many weeks? 

If the answer to any of the above questions is 

YES, write us for further information or consulta- 

tion on specific jobs. 

PORTER 
METAL PRODUCTS COMPANY 
121 INGRAHAM ST. BROOKLYN, N. Y. 

o 

current flow through metal conduct- 
ors; emission of electrons and their 
controlled flow through vacuum and 
gases; theory of rectification by 

vacuum tubes; Kenotrons-high- 
voltage, low -current rectifiers; how 

gas in a tube neutralizes space 
charge; gaseous rectifier tubes; 
electronic amplification; electronic 
generation of high -frequency ac; 
electronic oscillators for radio and 
carrier -current transmission; basic 
circuits for electronic control; in- 

dustrial applications of electronic 
regulation and control ; electronic 
conversion of light into electricity 
and electricity into light. 

West -Coast Conference 
To DEMONSTRATE that Pacific -Coast 
electronic manufacturers are no 

longer assembly firms, but now en- 

gaged in actual manufacture, two 

days during August were devoted 
to the first annual Electronics In- 
dustry Show in Los Angeles. Spon- 

sored by the West Coast Electronics 
Manufacturers' Association, the 
event featured an equal number 
of participants from both the San 
Francisco and Los Angeles coun- 

cils of the organization. The roster 
of WCEMA has now reached 55 

memberships. 

New RMA Members 
ADDITIONS TO THE MEMBERSHIP of 

Radio Manufacturers Association 
have been announced as: Arpin 
Mfg. Co., Airadio Inc., C. G. Conn 

Ltd., Fada Radio & Electric Co., 

Harvey Radio Labs, and Ohmite 
Mfg. Co. 

Television Receiver 
Intentions 
ACCORDING TO A SURVEY run off 

among several hundred metropoli- 
tan New Yorkers for Allen B. Du - 

Mont Laboratories, six out of every 
ten persons postponing the pur- 
chase of a television set say they 
will buy one within three years 
after the conclusion of the war. 

Interviewees were shown two 

half -tone pictures with screen 
equivalents of present and sug- 

gested future television definitions. 
Six out of ten said the difference 
was immaterial and would not 
cause them to put off buying re- 

ceivers in, anticipation of such an 

I 

A 

J 

i 
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A NEW -hp- AUDIO OSC LLATOR 
? OUTSTANDING NEW FEATURES: 1. ACCURATE CONTROL DIAL 

New friction driven dial provides hair -line accuracy 

Gfj 
^ O 

t 
L 

_ - . d; 
r 

Spring loaded 
gear -drive to 

maintain accuracy 

Rugged chassis construction on heavy cast frame 

rt 

EASY TO READ NO PARALLAX 

2. RUGGED CONSTRUCTION 

3. IMPROVED CIRCUIT 

The Model 200-1 is a resistance -tuned 
audio oscillator designed to provide 
high stability and accuracy for use in 

frequency measurements. It has a range 
from 6 cps to 6000 cps; divided into six frequency 
ranges as follows: 6 to 20, 20 to 60, 60 to 200, 

200 to 600, 600 to 2000 and 2000 to 6000 cps. 

Each of these ranges has an individual frequency 
adjustment so that the instrument may be set to a 

frequency standard such as the -hp- Model 100-B. 

The large, 6 -inch diameter, main frequency dial 
is calibrated over approximately 300 degrees, mak- 
ing possible a large number of calibrated points 
to cover the entire range. The dial itself rotates 
behind a fine wire locator which is visible through 
an opening in the panel. Parallax is completely 
eliminated and calibrations are spread over an 

effective scale length of nearly eight feet. Fast 
and extremely accurate settings are made easily 
with this dial. There are two manual controls: one 
direct action, and the second for vernier adjust- 
ments. An electronically regulated power supply 
is included to assure greatly improved stability. 

The Model 200-1 -bp- Audio Oscillator is but 
one among many new -hp- instruments which are 
to make public appearance as the cloak of mili- 
tary secrecy is removed. Preliminary technical 
information is as ailable on this instrument now 
... write for it! And watch for the early release of 
other new -hp- instruments. 

.*This frequencj coverage was selected for interpola- 
tion work. Other frequency ranges can be supplied 
from 6 cps to 100 kc on special order. 

HEWLETT-PACKARD COMPANY 
P. 0. Box 930 A Station A, Palo Alto, California 
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WHAT 

ELECTRONIC PARTS 
DO YOU NEED 

in a_MURRY 
_HARRISON has it! 

Most probably in Stock for immediate delivery 

SINCE 1925 
Still your best source 
of supply for the prod- 
ucts of A L L leading 
Manufacturers. 

Call WOrth 2-6276 

FIRST! 

Send for this 

MASTER 

BUYERS 
GUIDE... 

FREEto those directly 
connected with 

high priority purchasing. 
Kindly write on Company 
letterhead, giving your title. 

ARRIS-ON :RADIO- CORPORATION.. 
12 W EST: BROADWAY °NEW ,YORK CITY ° 7, 

Telephone - WOrth 2-6276 .Cablé.-.Harisorcid 

A GOOD MOLDING OLDING JOB DEMANDS 

MoCd-mahing ShiCC 

When choosing your molder, consider whether he 
makes his own molds. If he does, it usually means a 

better, faster Job . often a more -economical job. 
Then look at molds he has made. The skill and the 
care that are demonstrated in their construction are a 

sound measure of the worth 'of the final job. 

The molds of the telephone handset which are shown 
here were made by Auburn for Stromberg-Carlson. Because 
the wires used for connections to the transmitter and re- 
ceiver must be molded accurately in place in the handle, 
with the terminals properly positioned, the transfer mold- 
ing process was used. By this process the molding 
material, in a plastic state, is forced into the mold after 
it has been closed. Note the several parts of the mold 
necessary to form the threaded transmitter and receiver 
shells, the hole for the cord and the opening in the 
handle in which a switch will be assembled. 

On your next molded plastic job, get in touch with 
Auburn. Learn how Auburn s complete service can help you. 

!or mall parts molded automatically at low coat, write: Woodruff 
Company Division, Auburn Button works, Auburn, New York. 

tlf 

I 

I. 

Á 

_ENGINE.ERE.V PL'ASTIC P"R,ODÚCTS 
(enp,esslen, Lamle,, and Injection Molding 

Iulrad.d Vinyl ee A Tuber and Shapes 

Cellulose Shoat. Rods Skeels, Melded Pans 

M.Id tnglnieeing and (omplele Mold Shop FOUNDED IN 1 8 7 6 AUBURN. N.Y. 

.r 

AUBURN BUTTON WORKS 
INCORPOR A TED 

Gas Filled 

Pressure Condensers 

Johnson Engineers were 
among the first to design and 
build Gas Filled Pressure 
Condensers in fixed, vari- 
áble, and combination fixed 
and variable types. 

Gas Filled Condensers of- 
fer a decided advantage in 
size where large capacities 
or high voltage ratings are 
necessary. In some cases 
Gas Filled Condensers make 
possible an instrument that 
would be a mechanical im- 
possibility in an air type. 

Johnson Gas Filled Pres- 
sure Condensers are avail- 
able in several sizes of hous- 
ings depending on the rating 
specifications. Prices are 
low, efficiency is high, gas 
leakage is nil over long pe- 
riods of time. 

Write today for more in- 
formation and prices. 

JOHNSON 
a 1amoic5 name to Nadia 

E. F. Johnson Co. Waseca, Minn. 
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ALL FOUR MODELS DESCRIBED ON THIS PAGE ARE NOW AVAILABLE 
FOR TEN - DAY DELIVERY ON PRIORITY OF AA - 3 OR BETTER 

THE MODEL 710 

VOLT-OHM-MILLIAMMETER 
Sensitivity 1,000 

1 ohms per volt on 

\ both A.C. and 

D.C. *Direct 
o 9 reading. Com- 

pletely self-con- 

tained. * No ex- 

ternal source of 

current required. 

SPECIFICATIONS: 

6 D.C. VOLTAGE RANGES: 0 to 15/60/150/300/600/1500 Volts 
6 A.C. VOLTAGE RANGES: 0 to 15/60/I50/300/600/I500 Volts 
7 D.C. CURRENT RANGES: 0 to 3/15/50/150 Milliamperes 

0 to 3/15/30 Amperes 
A.C. CURRENT RANGE: 0 to 3 Amperes 
5 RESISTANCE RANGES: 0 to 1,000/10,000/100,000 ohms 

0 to I Megohm 0 to 10 Megohms 

The MODEL 710 comes complete with 
cover, self-contained batteries, test leads e .5 0 
and instructions. Size 6" x 10" x 10". 

3 
Net weight 11 pounds. Price 

THE NEW MODEL P-25 

MEASURES: SWITCH RESISTANCE, CONTACT 
RESISTANCE, FRACTIONAL OHM STAND- 
ARDS, ETC. INDISPENSABLE IN THE QUANTI- 
TATIVE ANALYSIS OF ALLOYS BY THE RE- 
SISTANCE CHECK METHOD; INSURES RAPID 
ACCURATE BOND TESTING!!! 

1' 171 
7. 

r 
=I '( 

FEATURES: 

RANGE: 

.00005 

OHMS 

TO 

.5 

OHMS 

Operates on self-contained battery-no external source of current 
required. 
Mirror scale on meter eliminates parolee enabling extremely accurate 
readings. 
Linear scale. 

SPECIFICATIONS: 
Accuracy-l% or better of any point. 
The built-in standard resistors are all of the 4 terminal type end are 
individually adjusted to an accuracy of I/z of 17,.. 
Circuit employed is exclusive adaptation of the potentiometric method 
of low resistance measurement. 

I Model P-25 Milliohmer comes complete 
with battery, all test leads and instruc- 

I }ions. Price $49.50 

$49 .So 

THE MODEL 610-B 

MEG-O-METER 
A NEW BATTERY -OPERATED 

INSULATION TESTER!! 

' :"-"q1.1 
@ I' 

it9's . 
`"91 

_ 

i i' 

INDICATES 
LEAKAGE UP TO 

200 
MEGOHMS 
AT A TEST 
POTENTIAL OF 

500 VOLTS 
D.C. 

NO HAND CRANKING: 
The 500 Volt Test Potential is made instantly available by 

throwing the front panel toggle switch. 

DIRECT READING: 
All calibrations printed in large easy -to -read type enabling 

exact determination of leakages from 0 to 200 Megohms. 

3 RESISTANCE RANGES': 
In addition to the 0 to 200 Megohm Range which is used for 

insulation testing, two additional lower ranges are provided, 
0 to 20,000 Ohms and 0 to 2 Megohms. 
Model 610-Bugcomes housed in hand - 62 G0 
rubbed, rugged Oak Cabinet complete 7 
with cover, self-contained batteries, test 
leads and instructions. Only 

THE MODEL 720 

A.C. AMMETER 
MEASURES A.C. CURRENT UP TO 

200 AMPERES 
`` 

_ 

r t'I 
_ ° - 

. 

4 RANGES: 0 to 10/50/100/200 Amperes 
The Model 720 combines the two most efficient methods of measuring 
A.C. Current. Heavy-duty binding posts on front panel used for measur- 
ing low currents to 50 Amperes. Built -In torroid transformer permits 
measurement of currents up to 200 Amperes without breaking line. 
Necessary only to insert either leg of the line through front panel core 
opening. 

Modelth720ttcomes housed in,h et, .50 leatherette covered cabinet, complete 
with cover and instructions. Size 13" x 

7" x 41/2". Price 

SUPERIOR INSTRUMENTS CO. 
Dept. E., 227 Fulton Street NPR York 7, New York 
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* Accurate Within 1Y2°... Direct Reading 

...Checking Radio Crystals in Sub -Zero Range 

* 

Designed especially for leading radio manufacturers, this Model 40 

Elematic Pyrometer is unconditionally guaranteed for accuracy. It 

is a high resistance, precision made instrument-the result of 

exhaustive tests by manufacturers, as well as our own engineers. 

The Model 40 has many important features: a special compensator 
which automatically adjusts instrument for variations in room tem- 

perature ... internal shunt that retards pointer swing ... a mirrored 
scale to avoid parallax errors ... 53/4" scale with 1/4" numerals, 
2° divisions ... 6" knife edge pointer ... sapphire jewels and hand - 
lapped pivots. Comes in walnut case with hinged removable 
cover and leather carrying handle. Write for further infórmation. 

-1 
7 

. 

ELEMATIC EQUIPMENT CORP. 
:'6046 WENTWORTH AVENUE, CHICAGO 21, ILLINOIS 

Adaptable to All Types Crystal Holders 
... and Available in Six Scale Ranges 
Enlarged view on left shows thermocouple connected to a 
standard crystal holder. The Model 40 comes in following 
scale ranges: 

0°- 150° C. 
Minus 40°-Plus 50° C. 
Minus 50°-Plus 100° C. 

Minus 55°-Plus 90° C. 
Minus 60°-Plus 100° C. 
Minus 85°-Plys 85° C. 

improvement. Seven out of ten 
would not delay the purchase of re.. 

ceivers because of the prospect of 
color over black and hite. Eight 
out of every ten had already seen a 

television program on the screen 
of a receiver. 

CONVENTIONS TO COME 

Dec. 11-12. First Annual Conference 
New York, N. Y. TELEVISION BROAD- 

CASTERS ASSOCIATION, Will Baltin, 
secretary, 500 Fifth Ave., New 
York 18, N. Y. 

Jan. 22-26. AMERICAN INSTITUTE OF 

ELECTRICAL ENGINEERS. Winter 
Technical Meeting, New York, N. Y. 

H. H. Henline, secretary, 33 West 
39 St., New York 18, N. Y. 11 

Jan. 30 -Feb. 1. INSTITUTE OF THE 

AERONAUTICAL SCIENCES. Thir- 
teenth Annual Meeting, Pupin 
Physics Laboratory, Columbia Uni- 
versity, New York, N. Y. Meetings 
Committee, 1505 RCA Building 
West, 30 Rockefeller Plaza, New 
York 20, N. Y. 

WASHINGTON NEWS 

HEARING -AID BATTERIES. When Di- 

rection 2 of Limitation Order L-71 

expired on October 1, production of 

B hearing -aid batteries was au- 

thorized on an industry -wide basis, 
according to WPB. It had become 
feasible for all five manufacturers 
of these batteries to return to pro- 
duction on a limited basis. Two of 

the five had formerly been cut to 

permit increased production of ur- 

gently needed military batteries. 

F -M YARDSTICK. An experimental 
f -m station with call letters W3XFC 
will be built and operated by FCC. 

Idea is to get practical data on 

the operational characteristics of 

the system. Transmission will con- 

sist of records, transcriptions, and 

tone modulations. Power output 
will be approximately 50 watts 
while both wide- and narrow -band 
transmissions will be made on vari- 
ous frequencies between 42 and 50 

Mc. The station will be operated 
at several locations in the Wash- 
ington area. 

AIR COMMUNICATIONS. Research I 

and development functions of the 

Signal Corps relating to aviation 
radio, radar, and electronics have 
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COPPER -OXIDE - SELENIUM 

--r 

} 

.o . 

sTUNGAR 

ONLY G.E. BUILDS ALL THREE 
Wherever d -c power supply is needed look to G.E. for the correct size and type 

rectifier to do the job. G.E. and on/3' G.E. designs and builds the three types of low - 

voltage rectifiers most commonly used. Each type differs in characteristics, basic 
materials and construction. 

Naturally, the conditions under which the rectifier is to operate and the results which 
are to be obtained determine which type will do the most economical, most efficient 
and most satisfactory job. 

In some applications all three types serve equally well. However in most instances 
consideration must be given to space requirements, weight, cost differences, efficiency 
and life expectancy. 

G -E engineers will analyze your rectifier needs and offer their recommendations. 
Whether they recommend copper -oxide, selenium or Tungar you can be sure that their 
selection is impartial because G.E. offers all three. For more information write to Section 
A1247-119, Appliance and Merchandise Dept., General Electric Co., Bridgeport, Conn. 

Hear the General Electric radio programs: "The G -E 
All Girl Orchestra" Sunday 10 P.M. EWT, NBC. "The 
World Today" news every weekday 6:45 P.M. EWT, CBS. 

BUY WAR BONDS AND KEEP THEM 

GENERAL ELECTRIC 
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THIS 
SOLVES 

R PROBLEM 
OgLEM_ 

pR 
ON 

POST W 

?RECISION 

PARTSI 

\ 

sou" 

, 

WRITE for THIS 

ADECO 
GUIDE - BOOK 

It POiints,the way to a'depend- source of supply for pre- cision parts and assemblies for your post-war requirements on a contract basis. As cialists in close -tolerance pro- duction,. the Adeco organiza- . tion .offers complete facilities 
to meet 

your 
most exacting s eati 
Particularly in the field of hydraulics. 

Send for This helpful book today. 

AIRCRAFT & DIESEL EQUIPMENT CORP. 

4405 North Ravenswood Avenue* 

Chicago' 40,Ihinois 

Your Pbrtñers in Precision 

FLOCK 
HAS MANY USES 

IN RADIO 
Practical, economical Cellusuede 
Flock is an excellent material for a 

variety of radio uses. Coat wire 
grills,, cabinet bases, cabinet interiors and phonograph turn- 
tables with versatile Cellusuede ,and note its high acoustical 
value ... low cost ... flattering suede or velvet effect. Rayon 
or Cotton Flock is furnished in a wide assortment of colors. No 
rationing ... no priorities ... no delay. 

Write for Color Card, 
Samples and Prices 

you want 
CRYSTALS 

CABLES . HARNESSES 

ELECTRONIC 
ASSEMBLIES 

CABINETS 

Telephone Peru, Indiana 

151 

Serving the Radio and Electronic Industries with precision engineered products. 

Wm.T.WALLAE mFG. Co. 
General- Offices: PERU, IADIAnA 

° (able Assembly Division: ROCHESTER, IfDlR In 
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HARDWICK, HINDLE PRODUCTS 
ARE SUBJECT TO 

' HIGH PRIORITY RATINGS 

a h 
a . 

TYPE E-300 . 

300 WATTS 

OHMS 

MAX. AMPS.I_ J 
HARDWICK KINDLE INC. 

11111110,111 
asa 

TYPl 8.50 

'50 WATTS rs...) 

1 cus 

1 .,..> 
AIMc...rn. 

.« 

Like many other fine products, they 
are subject also to first call by Uncle 
Sam. 

We are proud of the service they are 
performing in so many defense jobs. 

HARDWICK, HINDLE, INC. 
RHEOSTATS and RESISTORS 

DIVISION OF 

THE NATIONAL LOCK WASHER COMPANY 
ESTABLISHED 1886 

Newark _5, N. J., U. S. A. 

been transferred to the Air Corn. 
munications staff group of the 
Army Air Forces Headquarters, Of- 
fice of the Air Communications Of- 
ficer. At Wright Field, Dayton, 
Ohio, the Aircraft Radio Labora- 
tory is included in the switch. Other 
functions, such as procurement, are 
not affected. 

OUTPUT Is UP. Figures for August 
production, released by WPB, show 
a 7 -percent improvement over July, 
which leaves a 3 -percent falling 
short of schedule. In the accom- 
panying curves, actual figures are 
used through July, 1944. August 
figures are preliminary, and there- 
after schedule figures are used. 

1.000 

500' 

Commun,col.on and Electronic Equipment 

Toro/ 

------- 
1 Ill111,1111 

JFMAMJJASONDJFMAMJJASOND 
1944 

Manpower shortages are blamed 
for keeping the aircraft radar pro- 
gram behind schedule while design 
changes are the greatest impedi- 
ment to communication and other 
electronic production. 

BUSINESS NEWS 

LEAR AVIA has changed its name to 

Lear Inc. -in anticipation of entry 
into other markets besides those of 

aviation equipment. 

GENERAL RADIO CO. has opened a 

new office building at 275 Massa- 
chusetts Ave., Cambridge, Mass. 
This releases for war production 
office space formerly occupied in 

the main plant, bringing the total 
plant space to 112,000 sq ft. 

RAULAND CORP., Chicago, Ill. has 
purchased the phototube division of 

GM Laboratories. The trade name 
involved is "Visitron." Phototubes 
of this type are now in production 
at Rauland. 

WESTINGHOUSE ELECTRIC & MFG., 
Pittsburgh, Pa.,' has utilized 7,521 
out of 20,545 war -production sug- 
gestions by its employees, and the 
war effort has thus been saved ap- 
proximately $835,100, while the 
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`VARTEX" FIBERGLAS CLOWN 
. SILICONE REST JJ COATED 

Sheet .Insulation for 
NEW High Heat Applications, 

For the first time, a continuous fiber, 
soda -free Fiberglas Cloth ... impregnated 
with special high -temperature Silicone Resin 
... is manufactured in quantities for com- 
mercial use as sheet insulation for high heat 
applications. 

The new product's resistance to high, 
sustained heat is outstanding. Samples aged 
at 200° Centigrade were still very flexible 
after 400 hours exposure, while samples 
aged at 150° Centigrade showed little 
change after 2000 hours exposure. 

In addition to its high heat resistance, 
Silicone Resin -Coated Fiberglas has good 

"VARTEX" SILICONE 
RESIN -COATED 

FIBERGLAS 
CLOTH 

dielectric strength, low power factor, high 
mechanical strength, and exceptional low 

temperature flexibility. 
It is recommended for applications to 

motors, air-cooled transformers, generators; 
as insulation for relays, rheostats, resistors, 
operating at elevated temperatures, and for 
electronic equipment. 

Although it is slightly soluble in hot oil 

and petroleum solvents, the film is not 
affected during the conventional varnish 
impregnating cycle. 

Two Standard Thicknesses 
"Vartex" Silicone Resin Coated Fiberglas 

is available in two standard thicknesses - 
.004" and .007"-and is supplied in full width 
rolls (36") or cut into tape of any desired 
width down to 1/2". 

You will be interested in our Bulletin 
No. B-6 which gives further details about 
this new sheet insulation and charts show- 
ing test data and solvent resistance. Write 
for it today. 3" x 5" Samples of .004" and 
.007" sheets will also be sent at your request. 

INSULATION MANUFACTURERS CORPORATION' 

* CHICAGO 6 565 Washington Blvd. 

i-.;: >E CLEVELAND 14 1005 Leader Building 

MILWAUKEE 2, 312 East Witconsin Avenue 

Representatives in S DETROIT 2s 11341 Woodward Avenue 
MINNEAPOLIS: 316 Fourth Ave., Sovih 
PEORIA, 101 Heins Caart. 
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STOKES STANDARD MOLDING PRESSES 
11,1 

1t' l'i I " ` á . t kt'll 
_'is #: 

`_ 
100 TON 200 TON 

THEIR SAVINGS WILL MAKE 
" TOMORROW'S PROFITS 

USERS SAY: 
..240 more pieces per hour per 24 -cavity mold on Stokes 

Standard Presses." 
Rejects less than 2% on precision pieces. - 
30% greater production due to automatic time cycle." 

.. Maintenance only $5.00 per year total on all nine of our 
presses." 
Standard Presses protect molds, reduce mold mainte- 
nance." 

.. Controlled closing speed ideal for delicate pieces and 
precision work." 

.. One man attends battery of ten standard presses." 
F. J. STOKES MACHINE CO. 
6046 Tabor Road Philadelphia 20, Pa. 

N 
aJl. Ad MOLDING EQUIPMENT 8" 

DO YOU NEED 
Small Stampings 
Special Terminals 
'Soldering Lugs 

Precision Washers 
up to O. D. 

Manufactured to 'Your Specifications 

Large Tool Room Facilities 
plus 20 Years Experience insure 

HIGH GRADE STAMPINGS 
QUICK DELIVERIES 

on Medium and Large Quantities 

LET US QUOTE. ON YOUR REQUIREMENTS 

DIEBEL DIE & MFG. CO. 
3658 N. Lincoln Ave., Chic go 13, III. Phone WELlington 4202 
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STADWYCK 
R.F. COILS 
nn 

and 
iF9locialed 433enz1/e! 

There is a Stanwyck coil for every appli. 
cation in the Radio Frequency Spectrum - 
coils that have met the requirements of 
war and which will meet your requirements 
when the war is won . Send for folder 
describing our line and facilities. 

STAOWY'CK 
Ullinc"ing Company 

NEWBURGH NEW YORK 
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)STON OFFICES 

ARE YOU INTERESTED IN. 

499c~e Zeii,tede~«. 
'HROUGHOUT N.EW ENGLAND? 

The Electrical Apparatus Company is interested 
representing manufacturers having products of 

advanced design and of an engineering nature for 
lostwar applications. -- 

We have unusually fine facilities, a specially 
rained personnel of many years experience, and 
ire thoroughly capable of prodLing outstanding 
?suits. 

In our opinion, the postwar era will require 
)ncerted and well organized sales effort. We 
re enthusiastic about obtaining the greatest 
mount of business possible for the manufacturers 
?e represent. 

An interesting brochure of a really unique sales 
rganization will be sent gladly upon request. 

W. J. Kelleigh 
DEMONSTRATION LABORATORY ASSEMBLY HALL 
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ENGINEERS 

HARTFORD OFFICE 
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LAYS RHEOSTATS FOOT SWITCHES CAM LEVER SWITCHES; LIMIT SWITCHES SNAP ACTION SWITCHES TRANSFER SWITCHES RESET TIMERS 
IMOTE CONTROL SWITCHES PROCESS CONTROL TIMERS SOLENOID VALVES ELECTRONIC DEVICES TEMPERATURE CONTROLS PRESSURE CONTROLS 

ELECTRONIC CONTROLS AUTOMATIC PRODUCTION GAUGES 

OM.P A1\1 If 'Y E..É-CT° R C I : Á`L :.l P P RAT: US. C 
2000SOLDIERS FIELD ROAD, BOSTON 34, MASSACHUSETTS 
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¿SAVE T FICA f 
"MEGGER" INSULATION TESTING INSTRUMENTS 

Today's heavy demand on every type of electrical equipment makes 
maintenance a matter of vital importance. Regular check tests of the 
insulation on motors, cables, controls and other electrical apparatus will 
save priceless time through the detection of incipient failures and the 
application of corrective measures. 

Make sure that you have a "Megger" instrument and that it is used 
regularly and frequently. Minutes with the "Megger" tester can save 
days of delay. If you are not aware of the protection afforded by the use 
of "Megger" instruments and their importance in keeping electrical 
equipment in operation, write for the Pocket Manual of "Megger" 
Practice, No. 1420-E. 

-L 

THE NEW U. S. -MADE "MEGGER" 
INSULATION TESTER -Consists essentially of a 
direct -reading true ohmmeter of the permanent 
magnet moving coil type mounted with a d -c hand 
generator in a plastic molded case. Ranges up to 
1000 megohms, with hand generators up to 500 
volts. Widely used in hard service. Variable -pressure 
("Meg") and constant -pressure ("Super -Meg") 
types. Bulletin 1735-E. 

THE "BRIDGE-MEG" RESISTANCE TESTER 
-This instrument is a combined "Megger" Insula- 
tion Tester and a four -dial, multi -ratio Wheatstone 
Bridge. Will measure any ohmic resistance from .01 
ohm up to 100 or 200 megohms; hand generators 
rated up to 1000 volts. A complete and compact resist- 
ance measuring unit that is ideal for power companies 
and industrial plants. Catalog 1685-E. 

THE MIDGET "MEGGER" TESTER-In many 
ways the most remarkable "Megger" instrument ever 
built. Weighs only 3 lbs.-will fit an overcoat pocket 
or tool kit. Reads up to 50 megohms. Generates 500 
volts and is always ready to use anywhere because of 
the hand crank. Send for Catalog 1690-E. 

JAMES G. BIDDLE CO. PHILADELPHIA 7, PA 
1211-13 ARCH STREET 

idea -people were paid a total of $94,_ 
035. Production of war equipment 
during the first nine months of the 
year has been $612,099,591, or 22 
percent above a year ago. 

AMERICAN STANDARDS ASSOCIATION 
has moved into new and larger 
quarters at 70 East 45th Street, 
New York, N. Y. 

PH ILCO CORP., Philadelphia, Pa., 
has plans for experimental televi- 
sion relays between Philadelphia 
and Washington, D. C. Applications 
have been filed with the FCC. 

\VESTINGHOUSE ELECTRIC & MFG. 
Co., Pittsburgh, Pa., has started 
night classes for approximately 250 
employees who wish to work for ad- 
vanced degrees in electrical engi- 
neering. Operating since 1927 in 
conjunction with the University of 
Pittsburgh, the work-study plan has 
made it possible for 108 students to 
receive master of science degrees 
and seven to receive doctor of phi- 
losophy degrees. 

STROM BERG-CARLSON CO., Rochester, 
N. Y. has made a deal with Armour 
Research Foundation for inclusion 
of wire recording devices in the 
company's postwar home radio re- 
ceivers. 

WESTERN ELECTRIC Co., New York, 
N. Y., has become a member of 
Television Broadcasters Associa- 
tion. 

MUZAK CORP., New York, N. Y., 
has plans for a non -advertising pub- 
lic -subscription f -m radio service. 
Costs are reported to be $10 million. 
A three -channel service is to be of- 
fered at an individual cost of about 
5¢ a day. 

BENDIX RADIO Div., Bendix Avia-. 

tion Corp., Baltimore, Md., has es- 

tablished a new engineering and 
service organization to coordinate 
the company's expanding activities 
in the field of railroad radio com- 
munications. 

TOWNSEND BROWN FOUNDATION, 
Columbus, Ohio, has planned the 
erection of a large research labora- 
tory at Laguna Beach, Calif. Fa- 
cilities, which are estimated at 
$120,000 for building and more for 
equipment, will be devoted to gen- 
eral research in the fields of radia- 

1 
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ETRON 
CE -306 

Cetron 
Type 306 
handles primary currents of 
many small resistance welders, 
light control, arc welding con- 
trol, etc. Also serves in motor 
control application; and for 
other industrial purposes. 

CETRON 
CE -29 

Cetron 
Type CE -29 

Particularly sensitive to 
blue and violet light. RMA 
spectral sensitivity designa- 
tion S-4. 5 -Pin base inter- 
changeable with'other 
similar tubes. 

The two tubes illustrated above 
were selected at random from the 

COMPLETE LINE 
which Cetron has to offer you. Write 

for catalog. 

'n 
POPULARITY 

and PERFORMANCE 

a CTR)1I 
RECTIFIERS ... PHOTOTUBES ... THYRATRONS 

... ELECTRONIC TUBES... SPECIAL TUBES TO 

FILL SPECIAL NEEDS... 

Whatever the need , . . Continental is 

usually "a jump ahead" in creating and 
producing a fine tube to fill that need. 

Through the years "CETRON" has 
become more than a well -established 
trade -mark ... It has become a "buy 
word" for all who seek better -engineered 
tubes, of quality materials ... insuring 
better performance. 

\\AZ% .1/4\S\ 
"k`kb\R~ 

1 CHICAGO OFFICE, 903 Merchandise Mart 
1C NEW YORK OFFICE, 265 West 14th Street 
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,9aOPDCASTlN - 
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ECO0.,0`NG STUD LS! a SCHOO 

You Can Get Them 

GOULD MOODY 
"EeackSeal. 

. GLASS BASE. 
INSTANTANEOUS 

RECORDING BLANKS 
The tributes paid to "Black Seal" 
discs by many leading engineers 
have been earned by distin- 
guished service on the turntable. 
Your ears will recognize the dif- 
ference in quality of reproduc- 
tion, and the longer play -back 
life will prove the superiority of 
"Black Seal" construction. Choice 
of two weights - thin, flexible, 
interchangeable with aluminum, 
or medium weight - both with 
lour holes. 
An AA -2X rating is automatically 
available to broadcasting sta- 
tions, recording studios and 
schools. Enclosure of your prior- 
ity rating will facilitate delivery 
Old Aluminum Blanks Recoated with 
"Black Seal" Formula on Short Notice 

RECORDING BLANK DIVISION 

395 BROADWAY NEW YORK 13. N. ti 
EXPORT DEPT. ROYAL NATIONAL COMPANY. INC. 

SIP IOAD STRUT. N. Y. - - 

r P 
b 

r 

You'll find that X-RAY ORIENTATION - predetermination 
of the crystallographic axes of the Crystals to permit accu- 
rate cutting-insures constant freequency over a wide tem- 
perature range in every C.T.C. Crystal. 

Multiple mechanical lapping operations; dimensioning by 
edge lapping; finishing to final frequency -by etching, are 
among the other important operations that guarantee high 
activity and constant frequency throughout the long life 
of C.T.C. Crystals. 

For prices, delivery dates etc., get in touch with 

CAMBRIDGE 7 ' " 
CORPORATION 

439 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 

,- 
pl R dij 

C)% 
` 

s e 
*444 

1 .- 
Onlyí 2/º"ofspace needed 

WEIGHT: 2 oz. CAPACITY: 15 C. F. M. at 
8000 R. P. M. CONSTRUCTION: Housing 

of high impact phenolic plastic Wheel 
is turbo -type cadmium -plated steel 

SIZE: 25/8" long x 61/64" wide 
x 21/2" high 

The blower illustrated, No. 11/2, is one of many blower models manufactured by the 
1-R Manufacturing Company. These blowers were designed to outperform many larger 
and heavier types formerly in use. Where size and weight are factors these blowers with 
their minimum size and maximum output are the answer to cooling problems presented 
by electronic tubes or circuit components in such applications as air -borne communication 
units as well as in many industrial applications. 

1-R MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
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"CAN IT BE IMPROVED ...WITH PLASTICS?'' 

f Tl 
THE SYMBOL Of 

ENGINEERING EXPERIENCE 

AND MOLDING SKILL 

REPRESENTATIVES 

DETROIT 2 
BMUS NEW CENTER BLDG. 

LOS ANGELES 35 
1440 S0. ROBERTSON BLVD. 

CANADA 
A. IL M. ACCESSORIES LTD. 

II MELINDA ST.. TORONTO 

1403 BISHOP ST., MONTREAL 

910 SECOND AVE. 
SEATTLE 

This question does not presuppose that plastics is 

the magic "cure-all." On the contrary it rules out the 

Daly -luck influence as irrelevant to the problem. 

"Can it be improved with Plastics?" is the number 

one question in any consideration of engineered 

plastics for a product or part. 

Our engineers are trained to consider plastics in relation to the 

requirements of a product and the improvement desired. They 

have an appreciation of the complementary values of plastics and 

metals and have developed some original techniques with these 

combinations which have solved a number of product problems. 

Improvements ín products and parts have been attained by 

us through close collaboration with the design and production 

staffs of aircraft manufacturers. Along similar lines, we may be 

able to suggest applications of molded plastics to your products 

... present or planned. 

For the right application of plastics to your product, call on 

Plastic Manufacturers during the design stage. The design of 

your product may determine how close tolerances can be held. 

Selection of the right plastic material and molding method 

should be left to our experienced judgment. Send for free copy 

of Folder File E12, describing our facilities. 

PLASTIC MANUFACTURERS 
INCORPORATED 

STAMFORD, CONNECTICUT 
ENGINEERED PLASTICS FOR INDUSTRIAL APPLICATIONS 

MOLD MAKING INJECTION & TRANSFER MOLDING COMPLETE ASSEMBLY 
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UP A TREE 
because the tracing 
papers you use just 
won't stand up under 
frequent corrections or 
constant handling? 

c. Ae < )rí \\ 5\)i 

MEMO 

PUT A 8EE 

4"117 4'fr 
in your boss's bonnet . 7l ( 1 
to give tracing papers ' q .. /.,_ 
the old heave-ho, and ./t63uGN ,. .;, A 
to switch to tracing 

i "l7_ i 
cloths ... Arkwright 
Tracing Cloths! 

Sold by loading drawing 
material dealers everywhere 

that frequent correc- 
tions and constant 
handling don't hurt 
Arkwright Tracing 
Cloths a bit. In the long 
run, you'll also see 
they cost no more than 
tracing papers. 
Arkwright Finishing 
Co., Providence, R. I. ... 

4'41 V.:10 
.,/ 

cram t nula,,, 
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' ''--:5. ... ---.. n... 
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?maw 
no.» 

41/4 
el0n, "Wra 

2/4 Ál 
It TRACING CLOTHS 

AMERICA'S STANDARD FOR OVER 20 YEARS 

tion, cosmic rays, and high and 
ultra -high frequencies. It will be 
known as the Temple Hills Radia- 
tion Laboratory. 

LAFAYETTE RADIO CORP., Chicago, 
Ill., and Atlanta, Ga., has changed 
its name to Concord Radio Corp. 
Policies and personnel remain un- 
changed. 

WESTINGHOUSE ELECTRIC & MFG, 
Co. has located its prospective pro- 
duction on postwar home radio re- 
ceivers at its Sunbury, Pa., plant. 
The company has recently acquired 
a manufacturing license from 
Hazeltine. 

BROWN INSTRUMENT Co. Div. of 
Minneapolis - Honeywell Regulator 
Co., Philadelphia, Pa., has a plan to 
offer free technical and practical 
instruction in precision industrial 
instrumentation for students from 
Latin-American companies. 

PHILIPS LAMPS & RADIO WORKS, 
Eindhoven, Netherlands, was strip- 
ped of 36 carloads of machinery and 
technical equipment by retreating 
Nazi forces. 

TEMPLETONE RADIO CO., Mystic, 
Conn., has acquired a new plant 
involving 90,000 sq ft. of space in 
New London, Conn. The Mystic 
plant will be maintained for the 
manufacture of radio cabinets. 

WESTINGHOUSE ELECTRIC & MFG. 
Co. has announced that electronic 
tube production in its lamp division 
has expanded to 30 times the dollar 
values of tube production in 1939. 
Ninety-eight percent of the tubes 
are for war use. 

PERSONNEL 

HERMANN D. MYSING has been 
made manager of engineering serv- 
ice for the auto radio department 
of Radio Corp. of America at De- 
troit, Mich. He was formerly in 
charge of an RCA group working 
with the Signal Corps. 

DORMAN D. ISRAEL will preside as 
chairman of the panel meeting com- 
mittee for the first annual' confer- 
ence of the Television Broadcasters 
Association. He is vice president in 
charge of engineering and produc- 
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We've Done Away With Silver Soldering 

P. R. MALLORY t3 CÓ. Inc, 

MALLQR 

STEEL- BACKED 

STANDARDIZED 

lONTACTS 

' TYPE SUF 

TYPE SUR 

TYPE SVF 

TYPE SVR 

You're assured of quick delivery, high 
efficiency and long life when You 

specif\ Mallory standardized, sil ver - 
faced, steel -hacked contacts. Brazing 
is eliminated by a patented Mallory 
process and by the ingenious equip- 
ment pictured above. The silver face is 

bonded directly to the steel hack, in- 
suring completely even wear and at 
least 20% longer service than when the 
faces are attached with silver solder. 

By eliminating the silver solder, high 

currents can he carried without over- 

heating the contact. Safe operating 
temperatures are constant, and con - 

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

P.R.MALLORY8CO Inc. 

MALLOR 

This giant electrical furnace. carefully regulated, 
permanently bonds the silver conmcl face directly 
to the base metal backing. 

tact drop and heat development are 
greatly reduced. 

Mallory's specialized fabricating proc- 

ess produces silver -faced contacts of 

a hardness equivalent to cold headed 
rivets. To prevent any danger of cor- 
rosion, steel backs are Mickel -plated. 

Standard sizes of Mallory silver -faced 

contacts can be furnished attached 
to arms, studs, brackets, or ready 
for your own assembly operations. 
Literature giving detailed dimen- 
sions and specifications is available 
upon request. 

INDIANAPOLIS 6, INDIANA 

There's a Job 
for All to Do: 

Buy War Bonds! 

*Elkonite is a registered trademark of P. H. Mallory & Co.. Inc., for electric contacting elements. 

MANUFACTURES CONTACTS OF TUNGSTEN', MOLYBDENUM, 
SILVER, PLATINUM, ELKON'ITE* AND SPECIAL 
ALLOYS FOR INDIVIDUAL REOUIREMENTS. SPECIAL 
DESIGNS TO SUIT YO.0-R APPLICATIONS 

J 

EL'EC.T.RICAL. CONTACTS "AND CONTACT ASSEMBLIES 
NON FERROUS ,ALLO.YS .AND POWDERED -METAL PARTS 

ELECTRONICS - Decénibéi 1944 32.5 



-19 
A second citation for 

doing a good war job! 

RADIO RECEIVERS AUDIO OSCILLATORS TELEVISION 

ELECTRONIC TEST EQUIPMENT SIGNAL GENERATORS 

PHONOGRAPHS... Licensed by RCA Hazeltine Armstrong F. M. 

II III= YMANUFACTURING COMPANY, INC. 
305 EAST 63rd STREET, NEW YORK 21, N. Y. BUTTERFIELD 8-7800 

17 The only pre-war manufacturer of Home-Radiosft:t 
York Metropolitan area to.earn both these awár 
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MASTS 
AND 

TOWERS 

Catalog will be sent 
to engineers and 
executives writing on 
their business letter- 
head. 

Addresx Dept. AD 

HARCO 
STEEL 

\CONSTRUCTION CO. 

Elizabeth 4, N. 1. 

/vow urrkmg 
soew HAMPSHIRE 

KEENE, NEW 

50 
YEARS OF 

SPECIALIZED EXPERIENCE 

MACHINE SCREWS PLASTIC INSETS 
SHEET METAL SCREWS. HOLDING. -PINS 
MACHINE SCREW NUTS SPECIAL RIVETS- 

ALL TYPES .OF HEADS AND- THREADS 
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MSTANDARD 
FREQUENCIES 

4 , 

r . 

It 

` P. 

oi 

impo33id Ce ? Weil, here it- 

FREQUENCIES : 
1 p, 20, 40, 60, 80, 100, 120, 140,160,.180,190 

Accuracy 10. parts in 1,000,000 - 

Output 30 molts at 500;000 olmü 
Input 105-125V, 50-60c., 40 watts 

Weight: 50 pounds 

This Multi -frequency - generator fui- 
nishes the frequencies shown above at 
the turn of a switch. All frequencies are 
obtained from a temperature -compen- 
sated tuning fork and voltage -stabilized . 

circuit. 
With this unit it is possible to calibrate 
oscillators at many selected points with- 
out encountering complex oscilloscope 
patterns. One of the uncertainties in- 
volved in development work on tuned_ 

Manufacturer of 
the 

and distributor of 
Western Electric 
Watch rate Recorders 

circuits, filters, reeds-and in time meas- 
urement can be minimized with the aid 
of this instrument. 
Developed primarily to check frequency 
meters for precision war work, this 
Multi -frequency generator possesses a 
rugged durability and dependability in 
service that will prove an extra value to 
many laboratories. 
Additional information available on re- 
quest.' 

American Time Products 
580 Fifth Avenue INC. New York 19, N. Y. 

9 
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Does Your 
Postwar Design 

Acoustical 
Problem 

Call for Better 

Reproduction? 

i y. 

Permoflux Acoustical Devices have brought vital 
improvement to numerous wartime communication 
projects. Many of these developments will soon be 
available for the betterment of designs now on your 
own planning boards. Our engineers will be pleased 
to confer with you at any time. 

BUY WAR BONDS FOR VICTORY! 

PERMOFLUX CORPORATION 
4916-22 W. Grand Ave., Chicago 39, III. 

PIONEER MANUFACTURERS OF PERMANENT MAGNET DYNAMIC TRANSDUCERS 
9 n o 

tion for the Emerson Radio & Phon- 
ograph Corp., New York, N. y. 

DAVID SussIN has been made chief 
of research at Kelley-Koett Manu- 
facturing Co., Covington, Ky. He 
was formerly chief engineer. 

MANFRED K. TOEPPEN has resigned 
from FCC to enter communications 
consulting engineering practice in 
New York, N. Y. He was assistant 
chief engineer in charge of the 
Common Carrier Division of FCC. 

DR. A. M. SKELLETT, formerly of 
Bell Telephone Laboratories, has 
been made chief engineer in charge 
of research at National Union Radio 
Corp., Newark, N. J. . 

A. C. STREAMER has been elected 
president of the National Electrical 
Manufacturers Association to suc- 
ceed Leonard Kebler. Mr. Streamer 
is vice-president of Westinghouse 
Electric & Manufacturing Co.; 
Leonard Kebler is chairman of the 
board of the Ward Leonard Electric 
Co., Mt. Vernon, N. Y. 

MORRIS H. COOK has been made di- 
rector of specialty products develop- 
ment at Bell Telephone Laborator- 
ies, New York, N. Y. He was for - 

merly superintendent of manufac- 
turing engineering at the Haw- 
thorne Works of Western Electric 
Co. 

LESLIE J. WOODS, formerly vice-pres- 
ident and general manager of Na- 
tional Union Radio Corp., has been 
made manager of the industrial 
radio division of Philco Corp., De- 
troit, Mich. 

A. R. BUCKLES has been made chief 
inspector at Emerson Radio & 
Phonograph Corp., New York, N. Y. 
He was formerly a field engineer 

I 

i 
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GREATER EFFICIENCY 

FOR YOUR 1945 DESIGNS. 

MASTER of power and heat, ALSIMAG is the ideal insulation for tomorrow's 

Electronic devices. 

ACCURATE-manufactured to close tolerances. 

ECONOMICAL-because of high speed production methods. 

ALSIMAG Steatite Ceramic Insulators are permanent materials. They are strong, hard 

and rigid -do not distort by loading, nor do they shrink with time. Impervious to heat 

up .to 10000 C. Non -corrodible. Do not absorb moisture. 

No matter what. insulation you have been using, investigate ALStMAG. Send us a 

sample or design drawing. Let us prove that ALSIMAG will meet your requirements 

for improved efficiency and performance. 

Write for Property Chart containing complete data on physical characteristics. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

2N YEAR OF CERAMIC LEADERSHIP 

t' 1. 
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CHARACTERISTICS OF 

ALSIMAG INSULATORS 

High Mechanical Strength 
Permanent Rigidity 
Low -Loss Factor 
High Dielectric Strength 
Will Not Absorb Moisture 
Chemically Inert 
Heat Resistant 
Precision Made of Purest 

Raw Materials 

ALCO hat been awarded for the 
fourth time the Army -Navy "E" 
Award for "continued excellence 
in quantity and quality of 
atential u'ar production." 
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The 
name for 

engineered 
metal component 

production 

(/ 

Modern engineering, production 
facilities and .equipment offer 
straight -forward solutions to all 
problems pertaining to production 
tooling, stamping, forming, draw- 
ing, grinding,' welding, brazing, 
soldering and finishing. 
With the conclusion of vital military 
contracts, OLYMPIC will be avail- 
able for peacetime work, including 
complete design collaboration from 
blueprint to final production. 

i!l+ ̀ . 

- 

ACCURACY 

"Diversity in la' 
citilies are aptly il- 
lustroted by these 
metal parts, which 
require particular 
attention to close 
tolerances.- 

CRAFTSMANSHIP IN METAL PARTS 

OLYMPIC' 
TOOL & MFG: CO., INC. 

39 CHAMBERS ST. 

NEW YORK 7, N. Y. 

INSIDE AND OUTSIDE 

- ,THREADS, -CUTTER TEETH, - 

FINISHED'CYLINDRICAL SURFACES with 

S~- ZUouud Pajlie2 

- 

l 

PAPtR A'/ . 
<.....J 

PIERCE PAPER PRODUCTS CO. 
2726-D AUBURN ST., ROCKFORD, ILLINOIS 

011"_ 

Guard against damage in 
intra-plant handling or 
during shipment; save 
time and work in pack- 
ing operations. Tubes 
made to your require- 
ments in diameters from 
,T8" to 6"-any length- 
from kraft, chipboard, 
special compositions; 
available waxed or plain. 
Write for complete in- 
formation: get details, 
too, on our other lines of 
paper tubes and cans, 
gaskets, die -cut paper 
products. 

. 
MAN ROSS, 

O 
v. Wh41~ (4% or 

te 
Yours is a problem in research, large 

experimental volume 
production, Manross design equipped in experience 

and craftsmen 

s. 

Performance facilities to supply 
are weg rnance counter Y Your hairs for excellence and Manross hairsprings Pinrd 

endurance, set the standard 

N 
DIVISION OF 

4 
",..Zyz\ 

rr' HAIR i SPRINGS 

AN ROSS 8 SONS 
ASSOCIATED SPRING CORPORATION 
BRISTOL. CONNECTICUT 

430 December 1944 - ELECTRONICS I 



;, C: A. DATA SHEET 22-L 

%PPLICATIONS of 
Dual Sealed -In Electrode 

Selenium Rectifiers 

I.L.C,Su< 141.1S.za \ \ 1 1 5. N 

Standard Electrode 

Figure 1 

Figure 2 

Dual sealed -in electrodes are a recent Selenium Corporation of 

America development to meet demands of exceptionally severe 

service applications without sacrifice of the desirable character- 

istics of spring electrode contacts. 

Figures 1 and 2 show how the dual sealed -in unit employs a 

spring contact of conventional construction hooded by a spring 

member shaped to conform to the surface of the spring contact 

... completely sealing the interior. The entire unit is then hermeti- 

cally sealed with a coating best suited to the particular service 

requirements. 

The sealing member is of spring material, which gives it an addi- 

tional function in helping to maintain the contact' spring against' 

the face of the electrode, assuring positive contact under condi- 

tions of extreme vibration, shock or impact. 

Net result ... a rectifier that gives rugged, dependable service 

under all atmospheric conditions. 

The table below lists the conditions likely to be encountered in 

installing rectifiers, a check mark indicating the correct rectifier. 

DUAL 
REGULAR SEALED -IN 

Normal indoor use, non -tropical climates X 

Portable equipment not subject to excessive shocks or vibration X 

Outdoor use in enclosed cases X 

Tropical, high humidity or jungle climates 

Automotive and aviation equipment 
X 

X 

Corrosive atmospheres, as chemical, plating or battery charg, 
ing establishments x 

Maritime and naval installations x 

Military equipment X 

Heavily dust -laden atmospheres, non -corrosive, or desert con- 
ditions X X 

As part of machinery operating with considerable shock or 
vibration x 

SELENIUM CORPORATION of AMERICA 
1719 WEST PICO BOULEVARD' LOS ANGELES 15, CALIFORNIA 
FOREIGN DIVISION: FRAZAR 8 HANSEN 301 CLAY STREET SAN FRANCISCO 11, CALIFORNIA 
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Invasion craft at every beachhead depend upon 
vital communications to guide them safely through 
their missions. Vital communications equipment, 
in turn; depend upon sturdy components for con- 
tinued operations. Typical of these components is 
the Cardwell Model TK-300-US Variable Air 
Transmitting' Condenser (illustrated). 

Among transmitter manufacturers, Cardwell 
Condensers have the reputation for being thor- 
oughly acceptable and reliable. Cardwell pioneered 
the metal frame, grounded rotor variable con- 
denser as it is now used in electronic equipment, 
and Cardwell products continue to be the S/andard 
of Comparison. May they go forward with the 
Navy to Victory. 

CARDWELL CONDENSERS 
THE ALLEN D. CARDWELL MANUFACTURING CORPORATION 
1 PROSPECT STREET BROOKLYN I, N. Y. 

responsible for design and develop- 
ment of radar equipment for the 
War Department. 

RUSSELL H. LASCHE, formerly in 
charge of the company's sound 
equipment division, has been made 
director of engineering and re- 
search at Fairchild Camera & In- 
strument Corp., New York, N. Y. 

DR. W. L. EVERITT has been ap- 
pointed professor and head of the 
department of electrical engineer- 
ing Ott the University of Illinois, 

Urbana -Champaign, Ill. He was 
formerly professor of electrical en- 
gineering at Ohio State University. 

L. A. McNABB has been made vice- 
president in charge of electronic de- 
sign and production at Bell & 

Howell, Chicago, Ill. 

DR. MERVIN J. KELLY has been 
elected executive vice-president of 
Bell Telephone Laboratories, New - 

144-41 
s . 

York, N. Y. He was formerly di- 
rector of research in charge of de- 
velopment of radar and other fields. 

JOHN S. MILLS has been made pro- 
duction planning manager at Emer- 
son Radio & Phonograph Corp., New 

1_11 
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BACKGROUND 
FOR 

KNOW= HOW 

The telephone was still a novel device when Connecticut Tele- 

phone & Electric opened the doors of its first modest factory. 

Ever since, its people seem to have formed the habit of con- 

tributing to each revolutionary step ahead in communications. 

For example, they helped to take the electronic tube out 

of the laboratory, and put it to work for everybody, by pro- 

ducing one of the first such tubes to be manufactured on -a 

commercial scale. 

For the past four years, every ounce of our engineering 

and production experience has been at work for Uncle Sam. 

Postwar American industry will naturally seek to dreiw on the 

know-how developed during the war. Ours applies not only 

to communications, but to the general field of electronics and 

precision electrical engineering and manufacturing. If you 

have a problem involving communications, product improve- 

ment, product control, ignition, or the manufacture of precision 

electrical devices, our particular know-how is at your disposal. 

CONNECTICUT TELEPHONE 

& ELECTRIC DIVISION 
GREAT AMERICAN INDUSTRIES, INC. 

MERIDEN, CONNECTICUT 

TELEPHONIC SYSTEMS SIGNALLING EQUIPMENT ELECTRONIC 

DEVICES ELECTRICAL EQUIPMENT HOSPITAL AND SCHOOL COM- 

MUNICATIONS AND SIGNALLING SYSTÉMS IGNITION SYSTEMS 

LECTRONICS -December 1944 333 
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WE DON'T MIND IF YOU 
READ OUR MAIL 
For it points out facts that we already know ... and want you to know. 

Five years ago, Sundstrand installed gibs 
and retainer plates made of Laminated 
INSUROK in their pneumatic sanders. And 
in those five years, not one replacement was 
needed for these two vital parts. Some of these 
sanders worked in water ... some in solvents ... others finishing dry woods and metals. 

Yet this is not a strange story with Lami- 
nated INSUROK. For partsmadeoflNSURO.K 
are ready, willing, and able to take the abuse 
of hard work. 

There are many grades and types of Lami- 
nated and Molded INSUROK. And Richard- 
son Plasticians combine years of experience 
with the working knowledge of designers 
and manufacturers ... a combination which 
allows INSUROK to meet practically every 
industrial requirement. Richardson will be 
glad to work with you in redesigning an old 
line of products, or in designing the needs of 

a new line. Write for complete information. 

7)~(4« Peadried 

9Xe. RICHARDSON COMPANY. 
MELROSE PARK. ILL. NEW BNUNSWICN. N, 1, . FOUNDED 1411 INDIANAPOLIS I, ND LOCICLAND. CINCINNATI IS. oNlo 
OETKOIT OFFICE 6-2SZ G. M. BUI óOING, DETROIT S. IAICNIG AN NEW PORK OFFICE TS WEST STREET, NEW TONIC 6, N Y 

CLEVCLAND OFFICE: 316,1 F YMOUIN BLDG, CLEVELAND IS. OHIO 

York, N. Y. Formerly chief project 
manager, he had been a production 
engineer with the War Department 
DR. AUGUSTIN FRIGON, former act 
ing manager, has been made gen 
eral manager of Canadian Broad 
casting Corp. 

AWARDS 

Workers of the following con 
cerns in the electronic -field havi 
been awarded Army -Navy E bur 
gees for excellence in production; 

Anaconda Wire & Cable Co. 

South Mill and North Mill 
Sycamore, Ill. 

Electronic Corp. of America 
New York, N. Y. 

Essex Electronics 
Newark, N. J. 

Minneapolis -Honeywell 
Regulator Co. 
Aero Division 
Chicago, Ill. 

Philco Corp. 
Simplex Radio Div. 

Sandusky, Ohio 

Sentinel Radio Corp. 
Evanston, Ill. 

Sylvania Electric Products, Inc. 
Brookville, Pa. 

A Distinguished Service Award 
by the Army Ordnance Department' . 
recognizes outstanding and meri- 
torious services by: ll 

American Standards Association 
New York, N. Y. 

For meritorious conduct and out -1 

standing ability in serving the Sig -I 
nal Corps, the War Department has! 
bestowed on the following india 
viduals the Legion of Merit: 

1 

Colonel David Sarnoff 
Radio Corp. of America 

New York, N. Y. 

Colonel Thompson H. Mitchell 
RCA Communications 

New York, N. Y. 

For notable accomplishment in 

the electronic field, the Navy ; 

partment honors with its Certificate I.t 

of Achievement: 

Radar -Radio Industries 
Chicago, Ill. 

RCA Laboratories 
Princeton, N. J. 
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"I'LL BE RACK. I FORGOT TO TELL THE BOSS THAT 

ALMON CAN SHIP ALL THE COILS HE NEEDS" 

IUPER-QUALITY COILS AT REASONABLE PRICES 

lore and more every day, the industry is turning to Albion 

)r fast, quality and quantity production of coils, chokes, 

kid transformers. That's because here you benefit from 

ie unbeatable combination of management "know how," 
Milled workmanship, streamlined facilities, and central 

Dcation. Your requirements will be given prompt and 

ioughtful attention. 

F. ' 

l 

COIL COMPANY 
ALBION, ILLINOIS 

R. F. AND TRANSMITTING COILS AND CHOKES; 
I. F. TRANSFORMERS 

.ECTRONICS - December 1944 335 



NEW PRODUCTS 
Month after month, manufacturers de- 

velop new materials, new components, 
new assemblies, new measuring equip- 
ment; issue new technical bulletins, and 
new catalogs 

Resistance -Welding Control 
THIS ELECTRONIC TIMING unit con- 
trols á-c resistance welding opera- 
tions. It is easy to operate and can 
easily be applied to either existing 
or new installations. A single knob 

r 

N 

gives instant time control from 1 to 
28 cycles in steps of 1 cycle. The 
unit handles welding powers from 
i to 5 kva. 

Electrical Industries, Inc., 42 
Summer Ave., Newark 4, N. J. 

Glass -to -Metal Seals 
CAPACITORS AND resistors are now 
available with glass-to-métal seals 
to guard against leakage and moist- 
ure. The new type seals.make the 
glass and metal in these components 

i 

one integral unit which is leak- 
proof, shock -proof, humidity -proof 
and fungus resistant. Seal sizes 
range from very small to 3 in. in 
diameter. Capacitors and Koolohm 
resistors utilizing glass -to -metal 
seals are available in 8,000 different 
electrical characteristic combina- 
tions. 

Sprague Electric Co., North 
Adams, Mass. 

Electronic Forge - 
Pressure Timer 
A NEW, PRECISE, electronic forge - 
pressure timer has been incorporat- 
ed in the G -E line of capacity 
discharge controls for use with 
stored -energy type resistance weld- 
ing machines. The new timer, 
designed for dual pressure spot 
welding machines of the capacitor 
discharge type, functions to supply 
accurately timed forge -pressure, so 
that the required welding energy, 
cracks, indentations and sheet sepa- 

ration are reduced. The timer is 
calibrated in milliseconds. 

Industrial Control Div., General 
Electric Co., Schenectady, N. Y. 

Fungus -Resistant 
Coating 
DESIGNED FOR application on phe- 
nolic insulators, terminal blocks, 
junction blocks, and the fixed wind- 
ings of motors, generators and 
dynamotors is a new coating which 
has been designated as Durad Fun- 
gus -Resistant Coating No. 524. The 
manufacturer states it has been 
tested for dielectric strength, hard- 
ness, flexibility, and resistance to 

salt spray and thermal shock. 
Maas & Waldstein Co., 438 River- 

side Ave., Newark, N. J. 

I 

Industrial Sound Equipment 
AVAILABLE ON AA -5 priorities to 

war plants, hospitals and schools is 

Model M -50-C, 50 -watt amplifier 
supplied complete with radio tuner 
(which covers the full broadcast 

V 

band), record changer and space for 1 
record storage. A smaller 25 -watt 
model, complete with record player, 1 

will be available shortly. 
John' Meek Industries, Plymouth, 

Incl. 

Floating Cage -Type 
Speednut 
No RIVETING, welding or spinning 
operations, nor any special tools, 

are necessary to install this new 

self-locking Speednut in screw -re- 

ceiving position for blind attach- 
ments. Although originally designed 
for front mounting of aircraft in- 

struments (approved by Army Air 

Forces), this new cage nut may be 

used for any type of blind attach- 
ment. It is available in two styles: 
A6939, made of brass and phosphor 
bronze, for use with standard 6-32 

machine screws; and A5939, made 

'e 
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XACTING 
STANDARDS FOR 
AMERICA .... . 

THE ELECTIONS ARE OVER. The essential greatness of the American 
nation, the profound democratic spirit that has made Uncle Sam a 

symbol of human liberation in the darkest corners of the earth, has 
closed the ranks of our people and united them behind their chosen 
Commander -in -Chief. 

Only a few short weeks ago, the passions of political partisanship 
caused human emotions to run high and deep fissures seemed to appear 
in our national life. Fears and suspicions were aroused, hatred, bigotry, 
racial prejudice and other subversive doctrines were spread broadcast 
by campaign orators lacking real issues. Our Axis enemies -gloated and 
saw visions of a soft peace in the success of their "divide and conquer" 
technique. 

But America was too robust and intelligent to be undermined by its 
greatest asset. American democracy has withstood the acid test of an 
election in the midst of a war. And its people emerge from a partisan 
struggle, united and determined to work together for a speedy victory 
'and an enduring peace. 

Nothing must be permitted to obstruct or frustrate these historic 
objectives. Disruptive groups seeking to undermine our harmony, con- 
fuse our minds, promote class discord and racial hatred, must be weeded 
out, isolated, quarantined from American life. 

This is a time foi national greatness. We are winning this war, 
winning it because we remain united, because we never lost sight of 
the crusade and the riches in its victory. 

To all of us, there is the common problem of making our country 
stable, prosperous, contented; of making the world secure, peaceful, 
democratic. If we jointly accept this problem, the eras ahead for our 
children are literally golden ones. 

To -these aims, we of the Electronic Corporation of America dedicate 
ourselves, our thoughts, our energies and our resources. 

Our thoughts on this, and other matters of vital importance to every American, 
are more fully expressed in "A Plan for America at Peace", the 44 -page book 
prepared by a group of distinguished economists and writers. This plan, designed, 
as is all ECA equipment, to exacting laboratory standards, will be particularly 
interesting to the men and women of. our industry. We will be glad la snail you 
a copy, without cost or obligation. Write for it today. 

, ELECTRONIC-COR,P:;,:.OF AMERICA. . 

: 45 WEST :.Í8th STREET N.EW'>YORK.Í.I, N. Y. WATKINS 9=1870 
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develops Sperli 

volumel,production 

of improved Hermetic Seals, 

Conforming to Army -Navy requirements 
for critical field conditions 

Transformers, condensers, relays, vibrators 
and various component parts can now be 
protected against heat and tropical humidity, 
salt spray, sand infiltration, fumes, fungus 
attack and other varied conditions that cause 
sensitive equipment to fail under critical 
conditions. 

In the laboratories beyond Sperti, Inc., tech- 
niques have been discovered which permit 
volume production of improved Hermetic 
Seals at low cost, safeguarded by unique in- 
spection methods. 

Principal features of the improved Sperti 
Hermetic Seal are: 

1. Small, occupies little space, one piece, no other 
hardware needed, simple and easy to attach. (Solder- 
ing temperature not critical.) 

2. Vacuum tight hermetic bond, hydrogen pressure 
tested for leaks. 

3. Resistant to corrosion. 

4. High flash -over voltage. Does not carbonize. 

S. Insulation resistance, 30,000 megohms, minimum, 
after Navy immersion test. 

6. Thermal operating range -70° C. to 200° C. Will 
withstand sudden temperature changes as great as 
140° C. 

Wire or phone for information, today. Give as 
complete details as possible so that samples and 
recommendations may be sent promptly. 

RESEARCH, DEVELOPMENT, MANUFACTURING, CINCINNATI, OHIO 

entirely of spring steel, for use with 
standard 6Z sheet -metal screws. 
Both styles are available to fit panel 
thicknesses from 0.062 in. up, and 
require only one clearance hole of 
0.171 in. diameter. These Speednuts 
have a wide range of applications 
and can be made for larger screw 
sizes to meet individual require- 
ments. 

Tinnerman Products, Inc., 2106 
Fulton Rd., Cleveland 13, Ohio. 

Soldering -Iron Tips 
IN JULY 1944 ELECTRONICS, a 
soldering iron shaped like a pencil 
is described. Its manufacturer now 
has available five new interchange- 
able tips which may be used with 
the iron in applications ranging 
from delicate operations to some of 
the larger, heavier tasks. Irons and 
tips may be purchased separately 
or as a unit. 

Harry A. Ungar, Inc., 615 Du- 
commun St., Los Angeles 12, Cal. 

Communications Microphone 
MODEL 600-D MICROPHONE is de- 
signed for police, airport, utility, 
mobile communications and port- 
able PA systems. It has a press -to - 
talk switch, weighs 9 oz, and will 
withstand temperature changes 
from 640 to -185 deg F. The f re- 

quency response ranges from 50 to 
8,000 cps, with an output of -57 
db. The curve is substantially fiat 
for high articulation. 

Electro -Voice Corp., South Bend, 
Ind. 
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II When designing your post-war 

product, consider this new Oster 

development in applications where 

constánt speed is a nesessity . . 
. 

6100 

i 
d 6000 
or 

5900 
22 

SP EEL! V VOL'S 1/100 HP. 

24 - 26 28 30 
VOLTS 

32 

-Ráting of. Motór. 
: Type- BSTG-1A-2. 

HórsepotueT-1/1Ó0 continuoiis duty 
Speed -6000 R.P.M. ± 1%. - 

Voltage -25-30 vólts,D.C. 
Amps. input-.95 ' 

:Storting Toryue-:300oJo of 
. totque 

34 - 

Gives You the . New Design 

and Operating Advantages 
of CONSTANT SPEED 

Here is a new Oster development in a constant speed, governor - 
controlled motor that backs up your good judgment when you 
specify it for applications where constant speed is a necessity. 
This motor is now in production and deliveries can be made in 
the very near future. Here are the features that assure you of 
satisfaction: 
Housing: Die cast aluminum end brackets. Mild steel field housing. Totally 

enclosed. 
Finish: Black anodized end brackets. Cadmium plated field housing. 
Weight: 15 Oz. 
Bearings: Single shielded ball bearings, lubricated with a grease suitable 

for any specific application. Bearing housings fitted with steel inserts. 

Windings 8 Insulation: Field coils and armature wound with a select grade 
of insulated copper wire and impregnated with a high quality heat 
and moisture resisting insulating varnish. 

Brushes: Equipped with high grade metal graphite brushes. Beryllium cop- 
per brush springs. 

Governor: Furnished with á centrifugal governor to maintain constant speed 
over a voltage range of 25 to 30 volts. 

Temperature Rise: Maximum frame temperature rise at rated output will 
not exceed 55° C. 

Modifications: Motors can be furnished with special shaft extensions, mount- 
ing arrangements, finishes, leads, etc. All modified units are con- 
sidered special. 

-13151 
JjY 

r 

John .Oster Manufacturing .Co. 
DEPARTMENT .L-22 RACINE, WISCONSIN' 

3)E' 1 

4 MOUN ING HOLES 
6-32 TAP 

Let us help you fit this and other 
Oster Motors to your requirements. 

M -2T 
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MOTOR DATA 
No. 126 

230:0 -11UtM1 MOTOIt: 
1/5 HP at 3800 RPM 

jOoeo cis 
GM1. 

FÉATU.RES' 
ELECTRICAL MECHANICAL 

Series or shunt wound 
High starting torque 
Low starting current 

High efficiency 
Low RF interference 

Unidirectional or reversible 
Armature and field windings 

varnish impregnated and baked 

The basic 'design of the 

2300 Frame Motor 
has been used in scores 

of individual modifica- 
tions. Many of these 

designs are complete and 

available-others for 
new equipment can 

readily be developed. 

Low weight factor 
Unusual compactness 
Completely enclosed 
Base or flange mounting 
Laminated field poles 
Precision ball bearings 
Segment -built commutator 
Permanent end play adjustment 

2300.FRAME MOTORSI 

2318 
Series 

2310 
Shunt 

Watts Output, put, Int. (max.) 160 50 
Torque at 6000 RPM (in. oz.) 40 10 

Torque at 3800 RPM (in. oz.) 57 - 
Lock Torque (in. oz.) ` 120 14 

Volts Input (min.) I 5 5 
Volts Input (max.) 110 28 
Temperature Rise (int.) 50°C 50°C 
Diameter 2 is" 21(6" 

Length less shaft 4" 
Shaft Dia. (max.) .312" .312" 
Weight (lbs.) 2.4 1.5 

1501 .W:;Congress St., Chicago;U:S: A. 
. °DYNAMOTORS'.D. C. MOTÓRS. POWER PLANTS,.CONVERTERS '.. 

Export: Ád Auriema, 89 'Broad Sr.,. New York, U. S. A. Coblc:Auriema, New York 
. 

Voltage -Breakdown Testers 
Two TYPES OF testers are available 
for simple, positive means of test- 
ing voltage breakdown of materials 
or components. The first of these is 
Type P-3, which has an operating 
range of from zero to 10,000 v d.c., 
or from 0 to 8,000 v a.c. The second 
type is Type P-1, which has a slop- 
ing panel and a range of from zero 
to 4,000 v d.c., or from zero to 
3,000 v a.c. The voltage of these 
instruments is continuously vari- 
able over the entire range. They 
operate directly from 110-130 v, 
50-60 cps, a.c. A panel light indi- 
cates when the instruments are on. 
Breakdown is indicated by a red 
signal light, and a built-in meter 
indicates the direct -reading voltage. 
Current -limiting (to approximately 
50 milliamps) resistors safeguard 
the equipment in the event of a 
dead short. . 

Industrial Instruments, Inc., 17 
Pollock Ave., Jersey City, N. J. 

Electrical Appliance Tester 
AN IMPROVED ELECTRICAL appli- 
ance tester, having 0-20 watts and 
200 -watt scales, tests appliances op- 
erating on the 220-v, three -wire 
Edison system. The tester is an 
electronic instrument (designated 
as Model 900). It measures actual 
load values of volts, amperes, and 
watts, and. quickly locates trouble 

in a -c appliances while in actual op- 
eration. The tester is protected 
from accidental overload by means 
of a fuse. Overall dimensions of 
the unit are 91 in. high, 61 in. high 
and 3 in. deep. It weighs 8/ lb. 
The meter of the unit is 4 in. sq. 

Hickok Electrical Instrument 
Co., 10527 Dupont Ave., Cleveland 
8, Ohio. 
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-WITH MOUNTING ACCESSORI6E.S 

TYPE 108-B two -stage Amplifier 

provides transformer input impedances 

for either 30 or 250 ohms with nominal 

output impedance 500 or 8 ohms. Vari- 

able gain 65/105 db. with electronic 

volume control. Frequency response bet- 

ter than 1 db. 30/16,000 c.p.s. Power 

output +43 V.U. (20 watts) with less 

than 5% RMS harmonic content. Noise 

level full gain 56 db. below full output.' 

, ,. ,c 

- i. 

THE108 SERIES consist of four different amplifiers available simply by changing one or two small 

input panels on the master chassis. Except for these input panels all amplifiers have the same transmission 

characteristics. Input impedance, gain and noise level depending on types listed below. 

These units are designed for the highest type audio service having gain -frequency characteristics better than 

1 db. 30/16,000 c.p.s. Power output +43 V.U. (20 watts) with less than 5% RMS harmonic content. 

TYPE108-A Iwo -stage Amplifier provides transformer input for 

either 600 ohm or bridging. 600 ohm input fixed gain 61 db. Bridging 

input variable gain 6/46 db. Noise level 68 db. below full output. 

TYPE 108-B as illustrated and described above. 

TYPE108-C combines the input channels of the 108-A and 108-B 

Amplifiers. Channel 1-600 ohm input variable gain 20/60 db. 

Bridging input variable gain 2/42 db. Channel 2-high gain 30/250 

ohm input variable gain 62/102 db. with electronic volume control. 

Noise level 56 db. below full output. 

TYPE 108-D two-channet each 30/250 ohm input. Either chanoei 

variable gain 62/102 db. with electronic volume control, Noise level 

56 db. below full output. 

MOUNTING ACCESSORIES 
TYPE 202-A Wall Mounting Cabinet permits universal installation of 108 Series Amplifiers 

to any flat surface. Well ventilated and designed for maximum accessibility, servicing and 

convenience of installation. Standard aluminum gray finish. 

TYPE 9-A Modification Group permits 108 Series Amplifiers to mount on standard 19" 

telephone relay racks. Occupies 7" rack space. Allows servicing from front of rack. 

Standard aluminum gray finish. 

.The Langevin Campan 
INCORPORATED' . 

SOUND :RÉINFORC-EMENT AND REPR.ODÚCT'I 'N ENGLNEERING 
NEW YORK , SAN FRANCISCO LOS ANGELES 

37 W. 65 St., 23 1050 Howard St., 3 " ' 1000 N. Seward Si., 38 
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Improved Soldering 
Stand 
THE NEW MODEL SS -10 soldering 
stand embodies changes in the de- 
sign and construction for greater 
protection against injurious fumes, 
hand fatigue, and eye strain. The 
stand is available with a cast 
bracket for mounting on assembly 

- 

tables, or it can be supplied mounted 
on a wood base. The fume stack 
measures 3 x 9# x 32 in. The shield 
is fitted with a plate glass window, 
or a magnifying glass. 

Dept. SS, Ess Specialty Corp., 
Bergenfield, N. J. 

Miniature Six -Element 
Oscillograph 
TYPE PM -17-A1 is a new self-con- 
tained, compact, permanent -magnet 
oscillograph. The unit consists 
of three principle systems-the 
optical system, the six parallel 
galvanometer channels and the 
photosensitive -material transport- 
ing mechanism with internal motor 
and removable film holder, which 
are all enclosed within a light -tight 
metal case measuring 44x4áx14 in. 
The weight of the complete instru- 
ment is approximately 10 lb. De- 
signed to directly record small 
values of potential or current, such 
as the output of amplifying equip- 
ment, this new unit makes it pos- 
sible to obtain performance records 
on many types of equipment where 

441e 

' 
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To the basic F -C -I we now add 7)/711/ 
to broaden the use field of special finished cloth 
Printing means adding to the finished cloth surface a color, 

design or pattern purely decorative or in which may be com- 

bined a trade mark, firm name, pictorial sketch, etc. 

Cloth may be surfaced for any printing or lithographing 
process but as we use the term "printing" we mean running 

from cloth rolls on a production basis. Some very novel and 

beautiful printed effects have been produced on cloth for 

rk,BrOle''-#-Vr/: " 
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bookbinding. Multiple colors may be used and reasonably 
accurate register of colors maintained. 
As cloth finds new fields of industrial use the possibilities of 
printing become greater. Printing may be definitely regarded 
as one of the major steps in preparing cloth for specialized 
uses. 

CURRENT HOLLISTON PRODUCTION includes COATED AND IMPREG- 

NATED FABRICS INSULATING CLOTH BASE SEPARATOR CLOTHS rubber, starch -filled, 
glazed. TRACING AND BLUE PRINT CLOTHS white and blue, ink or pencil. MAP CLOTH, 

PHOTO CLOTH, self-adhesive. REINFORCING FABRICS. SIGN, LABEL AND TAG CLOTHS, 

waterproof to take any ink, meet any inking problem. BOOK -BINDING CLOTHS. SHADE 

CLOTH, impregnated waterproof, opaque, translucent or light proof. 

We urge you to consider CLOTH; and invite you to consult with us concerning possibilities and 
developments for your specific requirements. 

7 
PROCESSORSRwl pTHSFOR 

St C L PURPOSES 

MASSACHUSETTS 
USEtt 

Sates A9cnn 
al Cit1es 
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don't send a boy 

on a man's errand 

ó 

- I r 

There are many kinds of insulation of varying 

degrees of efficiency - you know that just as 

you also know that under certain conditions 

many types of insulation cannot measure up to 

the responsibility - they may not break down 

all of a sudden, but they don't last long. 

Where mica ought to be used that's where 

nothing else will serve - no compromise. 

-'1311 N May 

E L 

When you think of MICA think of MACALLEN 

tie Macailen company 
16 MACALLEN STREET BOSTON 27 
CHlCAfitti 565 W. >rlash4+itan *led. CLEVELAND* 1005 toaster 81dE. 

t 

larger general-purpose oscillo- 
graphs cannot be used because of 
space and weight limitations. A 
wide range of potentials or currents 
can be recorded by the use of ap- 
propriate external resistors, instru- 
ment transformers, or shunts. 

Bulletin No. GEA-4331 describ- 
ing this instrument is available 
from General Electric Co., Schenec- 
tady, N. Y. 

Terminal Blocks 
IN JUNE 1943 ELECTRONICS, the 
editors described in detail these 
terminal - blocks for sub -panel 
mounting. The blocks consist of in- 
dividual feed -through terminals 
and were originally available in any 
number of units between 1 and 10. 
Now the manufacturer has avail- 
able, on factory production, blocks 

which will accommodate any num- 
ber of units between 1 and 16, and 
because of their design the blocks 
can be furnished, on specification, 
with any number of terminals de- 
sired. 

Curtis Development & Mfg Co., 
1 Crawford Ave., Chicago, Ill. 

Thermosetting Plastic 
THERMOLAX IS a thermosetting plas- 
tic, with dielectric characteristics, 
especially designed for insulating 
electrical components to make them 
salt, moisture and acid resistant as 
well as impervious to fungus growth 
and climatic changes. The plastic 
has low density and is designed pri- 
marily for very deep penetration on 

coils, capacitors, wires, and vacuum 
impregnation. The six different 
types available include 100 -PC for 
thick applications; 430 -GC which is 

high in penetrating qualities; 
210 -GC for extremely thin coatings; 
850-26 whose penetrating powers 
are limited by a filler; 850-26 which 
withstands high temperatures; and 
200-C which is a thinning agent and 
acts to speed up the drying process. 

Thermolex Liquid Plastics Co., 
901 Nepperhan Ave., Yonkers, N.Y. 
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SAVE TIME, WEIGHT, METAL, 

MONEY AND LABOR WITH s 
DE -1° S 

Meyercord Decals are serving the war effort in a thousand 

different ways ... saving metal . money... weight... 
and man -power. Decal nameplates, instructions, inspec- 

tion data, serial numbers; dial faces, insignia, etc., are used 

on tanks, combat and merchant ships, planes and commun- 

ication equipment. They're durable, washable, and can 

be reproduced in any color, size or design. No screws, 

bolts or rivets required for application. No sharp edges. 

Meyercord Decals can be applied to flat convex or con- 

cave surfaces.. , for interior or exterior use ...on metal, 

wood, fabric, rubber...even CRINKLED METAL! Special 

mar -proof Decals are resistant to temperature extremes. 

fumes, abrasion , vibration. Free designing and technical 

service. For complete information address Dept. 9.12. 

THE MEYERCORD CO. 
World'. Leading Decalcomania Manulacture.r 

5323 West Lake Street Chicago 44, Illinois 
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0.00002 T0.10,000 VOLTS 

IL 

MODEL 300 

. - MODEL 402 
MULTIPLIER 

ELECTRONIC 

VOLTMETER 

. ,niw- 
. d. y 

MODEL 220 
DECADE 

AMPLIFIER 

/ . 

x ( I 
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This enormous range of voltages-five hundred 
million to one-is accurately covered by our 
Model 300 Electronic Voltmeter and some of the 
accessories shown above. Frequency range 10 to 
150,000 cycles. Accuracy 2% over most of the 
range. AC operation. Five decade ranges with 
logarithmic scale make readings especially easy. 
Uniform decibel scale also provided. May also 
he used as a highly stable amplifier, 70 DB 
gain, flat to 150,000 cycles. 

BALLATIE LABORATORIES, INC. 

BOONTON, N-EW JERSEY, U. S. A. 

Tubes in Aircraft Testing 
THE USE OF tube type 866A in dyna- 
mometers which are used to test 
horsepower and performance of 
airplane engines has been an- 
nounced. The tube and associated 
equipment is used to hold the speed 

11211 
i- 

Í ,I 

I 

I 

1/41 

of the aircraft engine to tolerances 
of about 0.1 percent. The dynamo- 
meter, by using tubes; holds the I 

speed of the engine constant no 

matter what the output in horse- 
power is. 

Taylor Tubes, Inc., 2312 Waban- 
sia Ave., Chicago, Ill. 

Power Circuit Transformers 
POWER CIRCUIT transformers in ca- 
pacities from 100 to 750 watts are 
available with simple, effective cir- 
cuit breakers for overload and 
short-circuit protection. These 
transformers can be mounted di- 
rectly on machines to step down 
the 550, 440, or 220 volts to 110 

volts. The circuit breaker is tam- 

i 

e 

4/ 4~ 

per -proof and is housed in the trans- 
former case with an extending re- 
set button. Glass -enclosed fuses are 
provided in place of circuit break- 
ers for 25- to 75 -watt transformers. 

Jefferson Electric Co., Bellwood, 
Ill. 

346 December 1944 - ELECTRONICS 



OF POSTWAR IMPORTANCE 

TO ELEC'TI40NIC ENCINEERS 

For tomorrow's world-the world of 
electronics-sensitive instruments and 
finely integrated mechanisms will re- 

quire the protection of scientific insu- 
lation against vibration. Tolerances 
hitherto acceptable, will have to be 

sharply narrowed. 

Rubber, undoubtedly, will continue 
to prove itself the most effective ma- 

terial for such service. Rubber mount- 
ings, properly engineered, will help 
reduce vibration to the vanishing point. 

This is not a new concept. For United 
States Rubber Company technicians 
have been furnishing mountings and 

other rubber -bonded -to -metal vital 

parts for specific industrial uses over 

a long period of years ... and with 

steadily advancing success. 

The war is affording even more exact- 
ing opportunities for test . . . pro- 
viding invaluable technical data. 
In tanks, P -T boats, aboard planes 
and ships ... in the shock of combat, 
U.S. Rubber mountings have provided 
the requisite protection for electronic 
and electrical equipment against im- 
pact and vibration. 

The exact knowledge of the chemical 
and physical properties of rubber- 
both natural and synthetic-as well as 
the techniques for engineering it- 
gained by "U. S." specialists, is of timely 
significance for electronic engineers. 

Manufacturers in this and allied fields 
are sure to benefit quickly and con- 
tinuously through their cooperation, 
at war's end. 

Serving Through Science 

with Engineered Rubber Mountings 

UNITED STATES RUBBER COMPANY 
1230 SIXTII AVENUE, ROCKEFELLER CENTER, NEW YORK 20, N. Y.. In Canada: DOMINION RUBBER CO., LTD. 

ELECTRONICS - December 1944 347 



SIGMA RELAYS 
ARE GOOD ,t 

- 

MIXERS 
Designed for great sensitiv- 

ity and high speed, Sigma 

Rela} s are capable of more 
precise adjustment than 
most commercial relays. 

When the job at hand re- 

quires large current capac- 
ity and precise pick-up 
adjustment it's a good idea 

to combine the Sigma Re- 

lay with another type to 
obtain these characteristics. 

- This" cii:cüit breaker' de- 

signed by Hatton of Hart - 
.ford instantaneous 
re-set value. 

l' 

cut-off 

r+ 

e 
II-3l 

att 

a' 

le. 
RA p. 

. .BTHURT.HATTON&CD. 

when current 

p 

exceeds a 

ri1 

Our engineering staff will 
gladly advise you of the 
best combination to meet 
your requirements. 

SIÑo'a lostruhteilts INC. J RELAYS 
62 CEYLON ST., BOSTON 21, MASS. 

Lacing Cord 
A LACING CORD, designated Band- 
Tite Lacing Cord, Grade R80, is a 
plastic material which may be used 
in place of waxed twine to lace or 
tie together electric wires or cables 
in electronic or switchboard appli- 
cations. The cord is unaffected by 
adverse weather conditions or by 
tropical insects. It is somewhat 
elastic and retains its elasticity 
indefinitely. The material is easy to 
handle because any knots tied with 
the cord will not slip due to the 
elasticity. The cord hugs the wires 
to which it is bound and remains 
that way permanently, according to 
the manufacturer. 

The Art Chrome Co. of America, 
141 Malden St., Boston, Mass. 

Glass -Lens Indicating Light 
AVAILABLE FOR heavy-duty service 
(120 volts) is an indicating light 
which has been designated as Type 
590 D/E and which features a 

small -diameter mounting hole and 
a new type of lens -cap. The lens - 
cap is a threaded type of cap and 
contains a heavy -walled glass lens, 

cupped in shape. Servicing is eas- 
ily accomplished without the use of 
tools or springs. The lens design 
provides 180 deg visibility. Lenses 
are available in red, green blue, 
amber- and white with sand -blasted 
interior surfaces, or in clear glass. 

The H. R. Kirkland Company, 
Morristown, N. J. 

Coaxial Connectors 
COAXIAL CONNECTORS, designated as 

Dico, are for use with high fre- 
quency instruments and one of their 
features is the precision silver-plat- 
ing of their accurately machined 
brass bodies and berryllium-copper 
contacts. The contacts maintain 
close contacts and are corrosion re- 
sistant. These units comply with 
Army and Navy specifications. 

Diamond Instrument Co., Wake- 
field, Mass. 

r 
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'JVhy MICRO SWITCH 

0 

Provides a Long Snap -Action Life 

C 

Micro Switch Operating Principle 
The operating principle of the Micro Switch as illustrated here is simple 

and fundamentally correct. The long member of the one-piece spring 
"C" is supported as a cantilever at "M". The two shorter compression 
members of the spring rest in specially shaped (patented) V's. When 
the plunger "E" deforms the long tension member, the cantilever force 
overcomes the vertical force supplied by the compression members and 

the free end of the spring "A" snaps the contact from one stop to the 

other with lightning -fast speed. Snap action in the reverse direction 

occurs when the deformation of the tension members of the spring by 
plunger "E" is removed. 

This one-piece beryllium copper spring is 

heat treated to provide the high fatigue 
resistance necessary to insure a minimum 
of 5,000,000 trouble -free mechanical 
operations, at full overtravel. 

The rivet type contact is of superfine 
silver 99.95% pure. 

The operating plunger is a highly polished, hard, 
stainless steel pin molded into an accurate Bake- 
lite head. This head is so shaped that it cannot 
rotate, hence bears on the switch spring at the 

same point through millions of operations. 

Micro Switch provides lightning -fast, snap -action 

control of electric circuits with reliable and positive 

operation accurately repeated over millions of cycles. 

This performance is made possible by use of the 

unique, field tested, and proven operating principles 

of the Micro Switch. The snap motion of the Micro 

Switch contact is in the same direction as that of the 

operating plunger. There are no reverse bends in the 

Micro Switch spring, and there is ib life -limiting 

"oil can" action. 

The experience of design engineers with millions of 
Micro Switches in a great variety of applications has 

shown performance ability and operating character- 

istics never before found in snap -action switches. 

Its small size, its high electrical rating, its ability to 

operate satisfactorily for millions of operations on 

minute movement and force differentials, its avail- 

ability in various types of housings and a wide range 

of actuators ... have made Micro Switch the choice 

of design engineers for precise operation of many 

types of plant equipment. 

Micro Switch Handbook -Catalog No. 60 will give you 

complete details as to electrical characteristics, con- 

struction, applications and dimensions. If you hap- 

pen to be specializing in aircraft equipment, also 

send for Handbook -Catalog No. 70. 

The basic Micro Switch is a thumb -size, 
feather -light, plastic enclosed, precision, 
snap -action switch, Underwriters' listed 
and rated at 1200 V. A., at 125 to 460 
volts a -c. Capacity on d -c depends on 

loud characteristics. Accurate repeat 
performance is experienced over mil- 

lions of operations. Wide variety of 
basic switches and actuators meets re- 
quirements varying from high vibration 
resistance to sensitivity of operating 
force and motion as 16w as 2/1000 
ounce -inches. Many types of metal 
housings ore available. 

©1944 

M ICRO ARK 

TRADE SWITCH 
A DIVISION OF FIRST INDUSTRIAL CORPORATION ' 

. . . - _ - . .. . , _ . r . 

FREEP-ORT",ILL.;:Ú:S,A.; Salés,Officés in:Néw:'Yó:k;.Chicagoi : 

Cleveland LosAngeles,' Bostliri, ̀ Dallas; Pórtland; ('Óré.) , ° 

y 

P. 

HUNDREDS OF SPOTS FOR MICRO SWITCHES 

An esptoslon-proof Micro Sea ch Is 
used with a spray gun to cut ott the 
ventilating system of the spray booth 
automatically when the gun ishung up. 

Two Micro Switches with spring type 
plungers are used to Insure correct 
position ut males lal in jigs and fixtures. 

Micro Switches are used as safety 
switches on high tension cabinet 
doe's.A normally open switch breaks 
circuit as duos is opened. 

Sprint plunger Micro Switches serve 
as break Indicators In rertito end 
paper mills. 

gaai", 
. 

USESSití " 

s, UNLIMITED 

"Uses Unlimited"-a dramatic tailing motion picture of Micro 
Switches, in color, is availobie to industrial groups, training classes, 
schools and colleges, through Y.M.C.A. Motion Picture Bureau, New 
York, Chicago, Son Francisco. Size: 16 mm. Lengths 40 minutes. 
Write us for details. 

A star has been added to 
our "E" flag as further rec- 
ognition to the men and 
women of Micro Switch for 
maintaining our war pro- 
duction standards. 

Let's All Back the 

Attack-Buy 
Extra War Bonds 
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WILL BE THE HEART-BEAT. 
OF TOMORROW'S INDUSTSY 

New electronic -engineered timing devices 
by Haydon, now measuring and motivating 
thousands of mechanical functions in war-. 
time industry, will find wider scope in un- 
counted duties after the war. 

AC MOTORS 
Available 450 
RPM to one 
Revolution per 
month; manufac- 
tured to your spe- 
cific voltage, 'fre- 
quency and speed 
requirements. 
Special lubricants 
for - 60°C. to 
+100°C. 

DC MOTORS 
Reversible-Com- 
pact - light in 
weight - with 
seven segment 
commutator-low 
reactance rotor 
winding - alnico 
magnet field - 
totally enclosed. 
Virtually any 
speed or voltage. 

They are engineered into 
new applications for 
homes, factories, labora- 
tories; in transportation 
and colhmunication - in 
short, Haydon timing de- 
vices will regulate and 
govern the energy of to- 
morrow, for greater econ- 
omy and efficiency. 

Write today for 
your. copy of this 
catalogue. 

a on 
MANUFACTURING COMPANY 

* INCORPOR.ATED * 

qo4e414,¿ Ve, eo~-f d 

High Voltage 
Ceramic Capacitors 
NEW TYPES OF CAPACITORS for use 
in high frequency power circuits 
requiring a small capacitance of low 
loss and stable retrack characteris- 
tics are available with plates which 
are pure silver fixed to the ceramic. 
NPO units have zero temperature 

. 

. ./ 
L<i./: 

coefficient and maintain a constant 
capacitance with temperature 
change. The dielectric constant of 
this ceramic body is approximately 
40. N750 units have a uniform re- 
traceable change -with temperature 
coefficient of -0.00075 µµf/µµf/ 
deg C. 

Centralab, 900 East Keefe Ave., 
Milwaukee 1, Wis. 

Side -Molded Iron Cores 
MOLDED BY MEANS of pressure ap- 
plied from the sides rather than 
from the ends, improved iron cores 
are produced for permeability -tun- 
ing applications at broadcast band 
frequencies. Similar side -molded 
cores are now available for short- 
wave frequencies including televi- 
sion and frequency modulation. 
Density resulting from molding 
pressure extends evenly over the en- 
tire length of the core, thus assur- 
ing uniform permeability with re- 
spect to length. 

Iron -core types available from' 
this manufacturer include both 
standard and high -frequency types;. 
insulated types; iron cores for 
choke coils; and others. 

Stackpole Carbqn Co., St. Marys,. 
Pa. 

Dielectric Test Set 
FOR FLASH AND BREAKDOWN test- 
ing of capacitors, TAC Model No.. 
1031-R dielectric test set is pro- 
vided with a built-in high voltage 
cutoff relay which operates in con- 
junction with a remote control; . 

switch to apply test potential only' 
while the remote switch is closed.. 
An additional feature of this in- 
strument is the provision for auto- 
matically discharging capacitive. 

J 
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CROWE NAME "PLATE: & MANUFACTURING. CO. 
3701 RAVENSWOOD AVENUE ' CHICAGO 13, ILLINOIS 

OVER 40'YEARS EXPERIENCE IN FINE METALCRAFT. 
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ERCO TRANSMITTERS 

AND RECEIVERS 
ENGINEERED FOR EXACTING PERFORMANCE 
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Base táy plane, ship to ship, and wherever radio 

communication is vital in the war effort . 

"ERCO - Built" Transmitters and Receivers are 

proving efficient and dependable. Because in 

research; design, and manufacture, the painstak- 

ing skill and expert talent behind ERCO engineering assure the technical 

perfection that only long years' knowledge and experience can provide. 

Although largely occupied in wartime production, we are in a position to 

meet your present requirements for specialized radio equipment, priorities 

of course, or to help plan your postwar needs. Your inquiry invited. 

ERCO RADIO: LABORATORIES 1.- 

.HEMPSTEAD; NEW YORK 

Manufacturers of CUSTOM . BUIL.T RADIO APPARATUS 

test specimens through a bleeder 
resistor when the remote switch is 
released. 

The test set delivers up to 4000-v 
de, continuously adjustable by 
means of a primary Variac. An out- 
put meter is used to indicate the 
voltage being applied to the speci- 
men. 

Bulletin 1044-F contains detailed 
information. Technical Apparatus 
Company, 1171 Tremont Street, 
Boston, Massachusetts. 

Fence -Controller Tubes 
TYPE 208 is a glow discharge tube 
which is rated 875 to 950 y de at 8 

milliamp. Type 207 (illustrated at 
the left) is a rectifier tube. It is 
rated 2.5 filament v, ac; filament 
current 2.5 amp; maximum rms a -c 

I ,' i .t 

volts 1250; maximum de current 
125 milliamp. Both tube types have 

.glass envelopes and standard 4 -pin 
bases. All connections are brought 
out to the pins in the base. 

Taylor Tubes Inc., 2312 Waban- 
sia Ave., Chicago, Ill. 

Cut -Off Wheel 
DESIGNATED AS Bevil Diamond -Im- 
pregnated Cut -Off Wheel, this wheel 
cuts all non-metallic materials of 

dense, brittle structure such as 
quartz, vitreous and ceramic wares, 
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NSW AUDIO OUTPUT TRANSFORMER 

.o 
to 

S' TRANSFORMERi 

1`i CP. FOSTER C 

° ° Ncr NNATt, ONTO 

Also available 
in some cose size 

and style are new 
microphone input transform 

er, and modulation transformer. 

Only 1 -inch in diameter by 15/8 inches long, 

this small, compact transformer* is Foster - 

designed for a longer life of steady, depend- 

able service. Terminals are loop -shaped for 

easy hook-up and hermetically sealed against 

widely varying temperature and moisture con- 

ditions by VITROSEAL, the sensational new 

Foster development in hermetic sealing. 

And this is only one of more than a thousand types of transformers 

designed and custom-built by Foster during the past year. 

Wherever transformers of a specialized function or design are involved, 

it may well be worth your while to consult Foster Engineers or a Foster 

Representative, who are ready now to consult with you on either present 

work or post-war planning. 

REPRESENTATIVES 

BOB REID 810 EAST 57TH STREET, 

BAUMAN á BLUZAT 2753 WEST NORTH AVE. 

INDIANAPOLIS 5, IND. TELEPHONE: BROADWAY 2725 

CHICAGO 47, ILL. TELEPHONE: HUMBOLT 6809-10-I 1-12 

SPECIALISTS IN -BUILDING TRANSFORMERS SINCE 1938 

A. P. FOSTER COMPANY 
TRA-NSFOR.MER E.NGINFE,R.S..BMArIUFACTURERS 

719 WYOMING AV E -N U E, '. LO C K L A ND 15, 1:";11.I0 (SUBURB OF CINCINNATI) 
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WHEN THE "LONGEST WAY `ROUND 

IS THE SHORTEST WAY HOME"... 

Specify Walker -Turner flexible Shafting 
In transmitting light power loads between two points, it is often 
possible to design a simpler, lighter, more compact product 
with Flexible Shafting than with gears. 

You'll find, tad, that it pays to specify Walker -Turner Flexible 
Shafting on jobs like these - for smoother power flow, more 
sensitive control, trouble -free operation. Into this product, 

we've packed all the "know-how" picked up in years of manu- 

facturing our own flexible. shaft machines . . . in years of 

working with -other manufacturers on problems of power 

transmission and remote control. Let us know if we can put 

that experience to work for you! 

WALKER - TURNER COMPANY, INC. Plainfield, New Jersey 

Q t 

;, 

. r1 

wal er- FLEXIBLE SHAFTING. urne 
comaanr.Inc 

F,EO.n.i FOR REMOTE CONTROL AID POWER TRANSMISSION om 

" 

porcelain, glass, and tile-easily, 
quickly and without chipping or 
cracking. The Bevil process in- 
volves the use of a fusion bond 
which prevents the rim on the wheel 
from pulling loose, or the diamonds 
from wearing faster or dropping 
out entirely. Wheels are made in 
sizes of 3, 4, 6, 8, 10, 12 and 14 
inches. Diamond impregation is 
A -in. 

Bulletin No. 15, describing these 
wheels in detail, is available from 
(;Tyco, Inc., 1516 Mission St., S. 
Pasadena, Cal. 

Electrostatic Voltmeter 
IN TYPE 518 electrostatic voltme- 
ters, the insulation resistance is 
guaranteed to be higher than one 
million megohms, making it possible 
(without disturbing the circuit) 
to measure high -voltage sources 
which are designed for a load cur- 
rent of only a few microamps. It 
is possible to use these meters 
for the measurement of electro- 
static voltages such as are gener- 
ated in the process of manufactur- 
ing paper, cloth, celluloid, and other 
dielectric materials. For a -c meas- 
urements, the input impedance is 

that of a small capacitance in 
parallel with a very high leakage 
resistance. As an example, the 
5000-v meter has a capacitance 
around 8 micromicrofarads, and a 
resistance of several million meg- 
ohms. 

At present these meters are 
available in ranges of 1, 2, 3, 5, 10 

and 20 kilovolts, full scale. Other 
ranges are available on special or- 
der. The accuracy ís guaranteed to 
be 1 percent or better, with a scale 
length of approximately 5& in. The 
meters are completely portable. 

Rawson Electrical Instrument 
Co., 111 Potter St., Cambridge 42, 
Mass. 
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Literature 

Now, Even 
Greater Facilities 

The new and larger Templetone 
plant at New London, Conn. 

Within a few weeks our entire Electronics 
Division will move into new quarters-af- 
fording not only greater facilities to meet 
ever-expanding wartime production, but 
also greater scope to anticipate the great 
electronics developments of peacetime. 
From this vast, new plant - containing 
100,000 square feet of space-will come 
rich contribution to the vast commercial 
requirements at war's end. 

qempe 
Electronics Division 

TEMPLETONE RADIO MFG. CORP. 
New London, Conn. 

Industrial Brush Catalog. Slip 
ring, commutator, motor and gen- 
erator brushes, as well as metal 
graphite and carbon products are 
listed in a 24 -page catalog desig- 
nated as Price List No. K-15. Key- 
stone Carbon Co., Inc., Saint 
Marys, Pa. 

Data Book. This 124 -page "Esna 
Data Book and Catalog" includes 
complete information on three 
types (Hex, Anchor, Clinch -Nut) 
of elastic stop nuts; out of some 
2500 different kinds manufactured 
by Elastic Stop Nut Corp., 1060 
Broad St., Newark 2, N. J. 

Precision Crystal Units. "Quartz 
Crystal Blanks and Units" is the 
title of a 32 -page well -bound cata- 
log which illustrates and describes 
crystal units available for use in 
broadcasting, amateur, aircraft, 
police, and marine activities. Types 
include: filter, test, multiple, and 
blanks. Specifications for these un- 
its are also given. Crystal Products 
Co., 1519 McGee St., Kansas City 8, 
Mo. 

Polethylene Resins. Forms, prop- 
erties, fabrication procedures, and 
uses of polethylene resins are con- 
tained in a 12 -page catalog. Plas- 
tics Div., Carbide & Carbon Chemi- 
cals Corp., 30 East 42nd St., New 
York 17, N. Y. 

Sylvania News -Letters. A 2 -page 
index to past issues of "Engineer- 
ing News Letters" is available from 
Sylvania Electric Products Inc., 
Emporium, Pa. 

Masts, Towers. Easy -to -erect masts 
and towers for radio communica- 
tion are graphically described in an 
18 -page catalog. Harco Steel Con- 
struction Co., Inc., 1180 East 
Broad St., Elizabeth, N. J. 

Quartz Etching. "Frequency Etch" 
is the name of a pamphlet which de- 
scribes a specially compounded 
product for etching quartz oscil- 
lator plates to frequency. Hudson 
American Corp., 25 West 43rd St., 
New York 18, N. Y. 

Y ti 
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LOOK WHAT'S, HAPPENED TO CRYSTAL OUTPUT 

125j 
PREWAR 

r$25: . 

Crystal units average cost about $25 each 

PREWAR 'SOW ,Hreirnen 

were required for cútting and mounting 

PREWAR Annual production of 

crystals by á11-U.$. manufacturers of 

TODAY 

!Mg!! 
OM!!! 

Due to improvements in design and manufacturing by Western Electric 

, and Bell Laboratories +25 buys -10 times as many crystal units-. 

11 12 

to 

TODAY Semi -skilled workers on' assembly 

lines have increased output 7500 % 

2 

3 

TODAY Single day's production 

from one of Western Electric's Crysiai Shops - -RR, 

Astonishing? Perhaps, but it is just one of the 

many things Western Electric has done to make 

better products in larger quantities and at lower 

costs. Increased manufacturing facilities, new pro- 

duction methods and intensive research by Bell 

Buy all the War Bonds yori 
can-and keep all you Int.)! 

Labs - all have played their parts in this war 

prodúction miracle. 
When Western Electric radio equipment is again 

available for peacetime use, you can count on 
getting the benefits of this wartime experience. 

.. 
ANNIVERs4 

(P1; Western Electric 1/4\(1)-10 : * F 
ARSENAL OF COMMUNICATIONS EQUIPMENT 
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No. 33446 - Cavity Socket 
Contact Discs 

Now that the Secret classification has boon 
lifted from the General_ Electric type G1496 
or "Lighthouse" ultra high frequency tubo, 
we can list the cavity contact discs we have 
been furnishing to authorized customers 
during the past few years. This set consists 
of three different size unburdened beryllium - 

copper multifingor contact discs. Heat treat- 
ing instructions forwdrdºd with each kit for 
hardening` after spinning or forming to 
frequency requirements. . 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

General Catalog. Catalog C is a 
32 -page catalog which gives the 
background data of this company, 
and contains descriptive matter, as 
well as illustrations of such equip- 
ment as Q meter; QX checker; beat - 
frequency generator, frequency - 
modulated signal generator; v -h -f 
circuit checker; supersonic oscil- 
lator; inductors; constant -voltage 
transformer; power supply; coup- 
ling, output, dynamotor, and oscil- 
lator units. Two pages are devoted 
to an index and prices of the equip- 
ment. Boonton Radio Corp., Boon- 
ton, N.' J. 

High Vacuum Pumps. Seven stand- 
ard sizes of rotary -piston (Type 
RP) high vacuum pumps (available 
in capacity ranges from 15 to 750 
cfm) are thoroughly described and 
illustrated in a 12 -page catalog 
designated as Catalog No. 80. 
Beach -Russ Co., 50 Church St., 
New York 7, N. Y. 

D -C Solenoids. A 32 -page bulletin 
which contains photographs of this 
manufacturer's full line of d -c sole- 
noids, together with tabular- data, 

-dimensional drawings, wiring dia- 
grams, and response characteristic 
charts is available from Cannon 
Electric Development Co., 3209 
Humboldt St., Los Angeles 31, Cal. 

Industrial Timers. This is the name 
of a loose -bound catalog which con- 
tains data sheets on electric time 
control devices such as the manu- 
facturer's P and M Series of auto- 
matic reset timers; time delay 
units; Series S signalling timers; 
running time meter; and a new tan- 
dem timer. Industrial Timer Corp., 
117 Edison Place, Newark 5, N. J. 

Selenium Rectifiers. Pertinent in- 
formation covering the character- 
istics and applications of Type B -L 
metallic rectifiers in electronic and 
battery -charging equipment is con- 
tained in Bulletin R-41. The Ben - 
wood Linze Co., 1811 Locust St., St. 
Louis 3, Mo. 

Micrometer Frequency Meters. 
Types 103 and 105 meters are de- 
scribed in a 36 -page bound book- 
let entitled "Micrometer Frequency 
Meter Engineering ' Data Sheets" 
which contains specifications, cir- 

:LJZ:c4 II 

VICTORY* 

Ours isrthe plant Mill 
many plants -1j.... moldi 

plastic parts for numert 

contractors who are supplying the Biel 

the Army Air forces, and the Signal Col 

141ding millions of precisil 
plastic parts for the Armed Forces 
still our big job, but we have ti 

time, the equipment and a high 
skilled staff to handle a limited nut 

ber of new contracts-and do 

better molding 
job, on time. 

Whether for 
production now, 
or after the War, 
our engineers 
are ready to 
work with you 
immediately. 
Write us today 
and let us know 
your molding 
problems. 

Member: Society o/ 
the PLasties Industry 

Automatic 
Infection Meldin 

Small and large pad 

11111-01. JIIUL. 

Lumarlth, Unite, 
Fibestos, Piastacellt, 

Crystallite, Lucite, 

Ethyl Cellulose, 
Polystrene, Lustro', 

Styron, V1000, 101111 

Cellulose Acetate and 

others ... all molded 0 

your exacting 
specifications. 

*VICTORY 
MArSVFACTVRIKG 

COMl'RmY 
1724 W. Arced. Piara, Chicogo 12, I11. 

. (STAslUSMEO 1.x0 
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NATIONAL COMPANY 
MALDEN MASS, U. S. A. 

NATIONAL RECEIVERS ARE IN SERVICE THROUGHOUT THE WORLD 
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STAR 

PORCELAIN 
now and 

Ape, the War 

"Star is now extruding por- 
celain rods and tubes for radio 
and radar uset in dimensioni of 
1" to 4" 0.D. Shapes include 
round, square, oval and fluted 
sections, both solid and tubular." 

Prom the 
CERAMIC REPORTER 

During the war much equipment has been added for the manu- 
facture of solid bars and tubes. This equipment enables us to 
make much larger sizes than formerly. In spite of war -time diffit'r 
culties, STAR research has developed even higher quality. 

Electronics Department 
TRENTON, N. J. 

, yAs. 
I/i A 

f 

Versatile is the word for Atlas 
Sound's latest creation, the DR -12 Little 

Giant (Bell diameter 7 in. Overall length 71 
in.) Its construction gives equally gratifying service 
when used for marine application, factory, police and 
other communications . . . a design that has proven 
itself more than equal to War's rigorous demands. 

Write for detailed description. 

1449 39th Street Brooklyn, New York 

cult diagrams, parts lists, and oper- 
ating instructions. Seventeen pages 
are devoted to tables which make it 
easy to determine the meter funda- 
mental -frequency for measuring 
any transmitter frequency from 
100 Ice to 56 Mc. Lampkin Labor- 
atories, Bradenton, Fla. 

Television Planning. Telecasting 
equipment made by this manufac- 
turer is described in a booklet called 
"Planning Your Television Sta- 
tion." This booklet also attempts to 
give an idea of the approximate 
costs involved in planning a tele- 
vision station, the station's set-up, 
and other information. Allen B. 
DuMont Laboratories, Inc., 2 Main 
Ave., Passaic, N. J. 

Optical Tools. This company man- 
ufactures precision optical equip- 
ment and instruments for visual in- 
spection of internal surfaces, and 
among some of the products de- 
scribed in a 6 -page folder are such 
items as Borescopes, lenses and 
prisms, electronic glass components, 
industrial microscopes and'magni- 
fiers. The folder also describes the 
facilities this company has avail- 
able. for the manufacture of its 
products. Polan Industries, Hunt- 
ington 19, West Va. 

Miniature Ball Bearings. A com- 
plete and integrated line of mini- 
ature ball bearings for instrument, 
industrial, and special uses is con- 
tained in Bulletin No. 44. Miniature 
Precision Bearings, Keene, N. H. 

Fastening Application Bulletin. 
Type 1 thread -cutting screws for 
metals and Type 25 thread -cutting 
screws for plastics are discussed in 
this bulletin. Shakeproof Inc., 
2501 N. Keeler Ave., Chicago, Ill. 

Bakelite Booklets. Two new book- 
lets available from Bakelite Cor- 
poration (300. Madison Ave., New 
York 17, N. Y.) include "Catalog of 
Bakelite and Vinylite Plastics" 
which contains a complete listing of 
all the products marketed by this 
company. The second booklet is en- 
titled "Bakelite Resin Baking Cata- 
log" and it contains specific infor- 
mation on the properties and char- 
acteristics of phenolic resin baking 
coatings. 

b 

x 

b 

1 
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A PORTABLE TESTING INSTRUMENT WITH NO PROJECTING PARTS 

ROLLER -SMITH TYPE NP .. . 

Roller -Smith Type NP Portable Testing Instru- 
ments are designed for general service where a 

highly accurate and extremely rugged instru- 
ment is required. The case is made in two parts: 
an outer walnut case and an inner two-piece 
metal case. This construction furnishes full 
magnetic shielding, protects the mechanism 
from external strains, and the movement from 
dust and moisture. The lid of the instrument is 

designed to completely cover the dial and all 
binding posts, so that when closed there are no 
projecting terminals or other parts. The window 
is of maximum area for high dial visibility; 
scale length is 5%". Instruments are 8" square 
by 5M" in depth and weigh approximately 
7 pounds. Ratings cover a broad range of test- 
ing requirements. 

Roller -Smith Type NP Instruments are supplied 
in single or multiple ranges for the measure- 
ment of direct current in milliamperes, amperes 
and volts, and alternating current in amperes, 
volts, watts, power factor and frequency. D -c 

instrument mechanisms are permanent magnet 
moving coil (d'Arsonval) type; a -c ammeters 
utilize a repulsion iron -vane mechanism and 
all other a -c instruments, an electro-dynamom- 

I eter mechanism. 

Catalog 4340 contains complete description and 
full information with prices. Write for a copy. 

OTHER U.S INSTRUMENTS 

Panel, switchboard and portable instruments of 
practically every. standard size, shape, capacity, 

type and style are included In the R -S line of 
electrical instruments. Let us quote prices and 
deliveries on your instrument requirements. 

Sales Representatives 

In all Principal Cities 
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"Steel -Sir" Portable Ammeter. Scale 
length 53/ts". Size 6" x 6" x 4". 
Accuracy 14 of 1%. 

á 

9. 

Type T-3.5" Miniature Panel Am- 
meter. American War Standard type 
conforming with AWS 039.2-1944. 

h 

ROLLER -SMITH BETHLEHEM, PENN A. 
Canadian Plant: ROLLER -SMITH MARSLAND LTD., Kitchener, Ontario 

STANDARD AND PRECISION ELECTRICAL INSTRUMENTS AIRCRAFT INSTRUMENTS SWITCHGEAR 
AIR AND OIL CIRCUIT BREAKERS ROTARY SWITCHES RELAYS PRECISION BALANCES 
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HEXACONJtak4ukq 
to.do/ZG'VVat ..__:. SER 

e 

TYPE 500 - for sustained 

heavy production! 
L- 

The ability of HEXACON Irons to maintain ideal soldering temperature 
under continuous use, is attested to by widespread use in heavy industry. 
HEXACON features include large thermal -capacity cores for storing 
heat for continuous operation, and extra surface. barrels to radiate 

sive standby temperature. 
Literature describing the all -Inclusive HEXACON line of screw tip, plúg 
tip and Hatchet type irons-from 40 to 700 watts, and with tip di- 
ameters ranging from 1/4" to 13/4"-will be sent on request. 

HEXACON ELECTRIC CO. 
130 WEST CLAY' AVE., ROSELLE PARK, NEW JERSEY 

H16HOUALITY.LONGLASTING SOLDERING IRONS 
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THE ACME ELECTRIC & MANUFACTURING CO..* CUBA, N.Y. CLYDE, N.Y. 
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NEW BOOKS 
Aircraft Instruments 
By GEORGE ELLIS IRVIN, late president, 
Irvin -Aircraft Instrument Schoos. 
McGraw-Hill Book Co., New York, 2nd 
ed., 1944, 607 pages, price $5.00. 

IN THIS SECOND EDITION much new 
material has been added. The sub- 
ject matter has been considerably 
amplified in the chapters dealing 
with electrical type thermometers 
and temperature gages and other 
electrical aircraft instruments and 
meters, the vapor -pressure mani- 
fold, the Weston a -c/d -c tachom- 
eter, synchronizer, circuits and in- 
struments, Kollsman hp indicator, 
Kollsman accelerometer, Pioneer 
Magnesyn compass, and fuel flow- 
meter. 

The operating principles, con- 
truction, procedure for testing, cal- 

ibrating and repairing of numer- 
ous types of aircraft instruments 
are explained in detail. More than 
fifty tables of reference and work- 
ing data are presented. 

The scope of the volume covers 
engine instruments, navigation in- 
struments, and flight instruments. 
There are also chapters on meteor- 
ology and meteorological instru- 
ments, instrument -panel design, an- 
tivibration mounting of airplane 
instruments, vacuum pumps, and 
fabrication and installation of air- 
craft tubing. 

While primarily a textbook, the 
information presented should at- 
tract both technical and nontech- 
nical readers, who have a -desire to 
understand the purpose, funda- 
mental principles of design and op- 
eration of the many instruments 
now in use in modern aircraft.- 
J.K. 

Alternating Current 
Bridge Methods 
By B. HAGUE, Issaac Pitman & Sons, 
New York, 5th ed., 1943, 616 pages, 
price $8.50. 

DR. HAGUE'S STANDARD work on a -c 

bridges is now in its fifth-and 
war-edition, which follows the 
scope and arrangement of the 
fourth edition (1938) with minor 
changes. Some new material has 
been added, as that on copper -oxide 
and cathode-ray detectors, and an 

appendix dealing with the sensi- 
tivity of bridge networks, bridgeá- 

, 

t 

162 December 1944 - ELECTRONICS 



aulL 770 WITHSTAND 

WHIP AND 

VIBRA llON'- 

-`, ;° k 

r 

.r. 

7 /,°- ; 
-; .; = .`.-' i/~k. 

Electronic Tubes used in the communications 
equipment of planes and ships, industrial 
controls, car radios and even in home sets 
arc all subjected to vibration in varying degrees. 
Long life and maintained efficiency is therefore 
very dependent on a firmly supported mount. 

The demands of war have emphasized the 
importance of rugged construction. To impart a 

new sturdiness to the mounts of miniature tubes 
TUNG-SOL Engineers have designed a plate con- 

struction for the 6AK5 that greatly strengthens 

NEW TUNG-SOL PLATE CONSTRUCTION 

OLD PLATE NEW PLATE 

The former two-piece plate in the 6AKS tube was supported 
only at four points in the center. In the ness TUNG-SOL 
one-piece plate. there are four corner supports, top and 
bottom. This construction provides a firm support between 
micas, assuring straight, sturdy mounts. 

ARM+P= 

¢ 

.n ` - 

,1, . 

the mount ... in fact, it makes it virtually impos- 
sible to tilt it after the plate has been placed in 
position. This feature assures straight, sturdy 
mounts and the maintenance of close tolerances. 

The many dependability features that have been 
designed into TUNG-SOL tubes before and 
during the war will be invaluable to manufac- 
turers and users of electronic devices afterward. 
When you are ready to plan your post-war elec- 
tronic products, have a TUNG-SOL Engineer 
sit in with you. His knowledge of tubes and their 
application will greatly simplify your job. 

TUNGSOL 
= ELECTRONIC TUBES 

TUNG-SOL LAMP WORKS INC.',..NEWARK 4, NEW JERSEY 
ALSO MANUFACTURERS OF MINIATURE INCANDESCENT LAMPS, ALL -GLASS SEALED 
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EQUIPMENT. 

Fast Emergency 

Service on all 
Industrial 
Installations 

Vital war produc- 
tion workers, 
rushing to meet 
delivery dead- 
lines, derive amaz- 
ing benefit from 
the friendly voice 
and music of 
plant broadcast- 
ing equipment. 
Fast, efficient in- 
tercom systems 
are saving untold 
executive man 
hours; speeding 
work in plants 
thruout the U.S.A. 
Many of these in- 
dustrial installa- 
tions are by W -J. 

If a public ad- 
dress or intercom 
system interests 
you, a lot of time 
and trouble can 
be saved by call- 
ing or writing 
W- J. Depend 
upon us also for 
any Radio or Elec- 
tronic Supplies 
that you may 
need. A special, 
streamlined In- 
dustrial Emer- 
gency department, 
with huge stocks 
and crack techni- 
cians, is ready to 
give you an en- 
tirely new concep- 
tion of speed and 
efficiency in pro- 
curement and de- 
livery. Ask today 
for big FREE 
Reference Book 
and Buyers Guide. 

BET A W -J AVAILABILITY LIST 

'7"rl 
WALKER-JIMIESON, INC. 
311 S. WESTERN AVE., CHICAGO 12 

PHONE: CANAL 2525 

T networks, a brief survey of de- 
velopments since about 1937, and 
improved bridge methods and 
bridge apparatus. No attempt has 
been made to present these supple- 
mentary notes as a complete survey 
of recent advances. 

Although there are only five chap- 
ters the chapter headings will give 
an adequate indication. of the scope 
and content of the volume. These 
are: (1) Fundamental Principles, 
(2) Symbolic Theory of Alternat- 
ing Currents and Application to 
Bridge Networks, (3) Apparatus, 
(4) Classification of Bridge Net- 
works, and (5) Choice of a Bridge 
Method and the Precautions to be 
Observed When Using It. 

The research worker or labora- 
tory technician can find many use- 
ful hints and worthwhile ideas in 
the third chapter, which treats in 
considerable detail the desirable 
features of circuit elements and 
other bridge apparatus, giving ex- 
amples of good design and, when 
possible, indicating limitations and 
ranges of the equipment. 

Chapter IV presents a concise de- 
scription and classification of 
bridge networks, together with a 
summary of the literature concern- 
ing them. In some respects, this 
chapter may be regarded as the 
heart of the entire volume. 

The final chapter contains much 
practical and theoretical informa- 
tion which will assist the labora- 
tory worker to select that bridge 
arrangement which will provide the 
desired results and the required 
precision with the minimum amount 
of expenditure of time, energy, and 
equipment. A valuable portion of 
this chapter is the summary of 
bridge methods suitable for the 
measurement of electrical quanti- 
ties in various ranges. Errors due 
to stray field and grounding and 
shielding practice are treated ade- 
quately.-B.D. 

Fields and Waves in 
Modern Radio 
By SIMON RAMO, Electronics Labor- 
atory of General Electric Co. and Un- 
ion College, and JOHN R. WHINNERY, 
Electronics Laboratory of General 
Electric Co., John Wiley and Sons, 
Inc., 1944, 502 pages, $5.00. 

THE AUTHORS have coordinated 
much of the material previously 
published disjointedly in books and 
papers for those who have had the 

QUICKER 
with less 
effort . 

. /.. 
- 

-r` 

1.7 

s- 

SPINTITE 
WRENCHES 

are going over in a big 
way on long assembly 
lines, where small, 
square, hexagon or 
knurled nuts are used. 

Special SPINTITES with 
Flexible Shank for inac- 
cessible places. 

Send for Catalog No. 141 illustrating 
a full line of wrenches for Radio, 
Aircraft and Automotive Tools. 

1,y 
11Ít 

/ 
WOR JAI WALDEN 

ER _ WRENCHES 

STEVENS-WALDEN, INC. 
464 SHREWSBURY STREET 

WORCESTER, MASSACHUSETTS 
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Pioneering 
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THE COLLINS RADIO organization 
has always been driven by the urge to pioneer . 

To introduce professional standards of design 
and performance in transmitters and receivers for 
radio hams in the early thirties. 

To engineer a radio outfit that stood up to the 
rough-and-tumble of Admiral Richard E. Byrd's 
second expedition to Little America. 

To take high quality broadcast equipment out of 
the laboratory and make it economically practi- 
cable for any broadcasting station. 

To meet the individual requirements of some of 
our great airlines with specially engineered commu- 
nication equipment, including the Collins Autotune. * 

To be prepared on December 7, 1941, to go into 

, 

production of airborne and ground based radio 
gear of highly advanced design for the Armed 
Forces-the result of research and development 
looking years ahead. 

Very soon, we hope, this restless Collins urge to 
pioneer beyond present horizons will be exerting 
itself again for the airlines and other commercial 
and private users of radio communication equip- 
ment. Collins Radio Company, Cedar Rapids, 
Iowa, 

*The Collins Autotune is a repositioning mech- 
anism which quick -shifts all transmitter or 
receiver controls simultaneously and with ex- 
treme precision to any one of a number of 
pre -determined frequencies. U. S. Patents 
issued and pending. 

// \\ 

COLLIN_S 
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Keep Electronic Tube 

i PRODUCTION -ON -SCHEDULE 
1 I 

with GOAT 6 

DRAWN.. 
SHAPED . . STAMPED 

METAL PARTS 
Deliveries -on -schedule by Goal fake 
one of the big headaches out of pur- 
chasing and production. Accurately 
made Goal precise -formed parts cut 
assembly time and Improve tube 
performance. 

r 

For Over 15 years.. 
Goat's dependable delivery of uniform 
high quality ports has been helping to 
keep production on schedule. 

b 
METAL -STAMPINGS, 

AFFILIATE OF THE FRED GOAT CO., INC. -EST. 1893 

°-314 DEAN ST., . BROOKLYN 17, N. Y. 

tltt:151CMCM. e INE WIMItI NZMI 

1 
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, 
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eAkT6N VICTOaY 

"What! Two Whole Operas On That Little Wire?" 
EtGHT nouns of music... several whole 

dramae,can be magnetically record- 
ed on one small spool of wire as thin as 
human hair-and played back with 
faultless fidelity more than 100,000 times. 

But precision is as essential an in- 
gredient of this fine instrument as the 
wire or the recording -reproducing head 
through which it passes. 

Precision of that character has been 
our business for the last thirty years, 

the war only adding to the exacting 
techniques we've learned that make 
possible close -tolerance parts mass-pro- 
duced at lore cost. 

If you have a post n ar precision prob- 
lem you might find it interesting to 
discuss it with us. 
(Below) Some of the many 
thousands of our precision 
parts that help "Keep 'em 
flying and fighting." 1111101121; 

ERICSSON 

Buy More Than Before - Buy EXTRA War Bonds 

ERICSSON 
'q ` SCREW MACHINE 'PRODUCTS CO., INC. 

25 tlr.rtttt ttattr, eleeglJ I.s.r. 

usual engineering courses through 
calculus. The chapter on skin effect 
will be recognized as an extension 
of Mr. Whinnery's article which ap- 
peared in this magazine in Feb. 
1942. Mr. Ramo is already familiar 
to readers through his paper, Elec- 
trical Concepts at Extremely High 
Frequencies, which appeared in 
Sept. 1942. 

The -book introduces concepts by 
means of static fields, examines the 
implications and limitations of such 
an approach, develops exact and ap- 
proximate solutions at high fre- 
quencies for reflection, absorption 
and propagation, and concludes 
with wave guides, resonant cavities, 
and radiation. The mathematics 
used in dealing with these problems 
includes vector analysis, line and 
surface integrals, transformations 
in a complex plane, Bessel Func- 
tions, Maxwell's differential equa- 
tions, and Poynting's vector. Each 
section is well integrated to the 
whole. 

To those unfamiliar with field 
concepts, this book will provide an 
excellent introduction. It is not ele- 
mentary, but it does clearly present 
the fundamentals, and provides the 
understanding and perspective 
necessary to study more specialized ' 

works.-F.R. 

Aircraft Production 
Illustration 
By GEORGE THARRATT, McGraw-Hill 
Book Co., New York, 1944, 201 pages, 
price $2.75. 

THE IMPORTANT FUNCTIONS of this 
book are the simplification of the 
principles of production illustration 
and a review of its value to indus- 
try. Various methods and types of 
production illustration are dis- 
cussed with the ultimate purpose of 
clarifying the subject, in easily un- 
derstandable and progressive steps 
to draughtsmen and artists with or 
without any engineering back- 
ground or knowledge. 

Production illustrations, as out- 
lined by the author, are simple but 
accurately drawn to scale, three-di- 
mensional picturizations of parts, 
subassemblies or any mechanical 
operation of assembling parts. They 
provide production line workers 
with picture instructions of proper 
mechanical procedure and also af- 
ford engineers a quick method of 
explaining operations to produc- 
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Redesigning your .Instrument Transformers for 

Don't overlook the low space factor of 

FIBERGLAS* TAPES 
Design often begins with space needed for windings 

-including insulation on wire and tapes around 

coils. And always, a reduction in the bulk of insula- 

tion effects reductions in copper and iron. 

Fiberglas Insulating Tapes have very high tensile 

strength. They permit an exceptionally tight wrap 

around coils-for a more compact winding. And, 

because they can be cut without seriously affecting 

their function as a tape, Fiberglas Tapes minimize 

"bunching" of insulation on inside corners of coils. 

If space is at a premium-remember that a thinner 

Fiberglas Tape will do the job of a thicker organic 

tape. And Fiberglas Tape will occupy considerably 

less space than equivalent inorganic materials. 

Fiberglas insulation is available in ail the common 

sizes of equivalent materials. For complete informa- 

tion, write Owens-Corning Fiberglas Corporation, 

1860 Nicholas Building, Toledo I, Ohio. In. Canada, 

Fiberglas Canada Ltd., Oshawa, Ontario. 

POSTWAR? 
"Ole you empli,u, 

smaller current and potential 
transformers for savings in 

switchboard space? 

lighter potential transformers 
For portable use? 

savings in iron and copper- 
for lower costs? 

WHAT IS FIBERGLAS? 

Fiberglas is the trade name for glass manufactured in 
fiber or filament form by Owens-Corning Fiberglas 
Corporation. When made of a glass specially formu- 
lated for electrical uses, these fine filaments are 
twisted into yarns to be served on wires, woven into 
tapes and cloths, braided into sleevings or tubings or 
plied to form cords-to provide all standard types 
of plain or treated insulation required in electrical 
equipment. 

FIBERGLAS 
CT. M. Reg. U. S. Pat. 

ELECTRICAL INSULATIONS 

YARNS TAPES CORD SLEEVING CLOTH AND OTHER FORMS 
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, IT 

CABINETS 

- CHASSIS 

PANELS 

RACKS 

x' 

I 1 

When 
skill of a high degree be- 

. ¿ornes habitual, and shows up 
in the smallest detail - that's 

Craftsmanship! 

Having specialized for many years, Par - 
Metal has this habit of Craftsmanship - 
expressed throughout the entire line, 
which ranges from small chassis to 
housings for huge transmitters. 

To get a picture of what Par -Metal 
can do now (and the post-war 

possibilities) write, for a 
copy of Catalogue 

No. 4I -A. 

PAR-AVE TAIL AIL PRODUCTS CORPORATION 
32.62-,.49th STREET ... LONG ISLAND CITY N. Y. 

' 

Export Dept. 
100 VorlcY st.. N. Y. C 

.a - 
.QeRMNLNt MUGNtTS 

9.,iwrw 

Peumanént Magnet 

MANUAL 
NEW!A valuable, upto-theminute 
manual on the design, production 

and application of the modern permanent 
magnet. Prepared by The Arnold Engineer- 
ing Company, this is an authoritative trea- 
tise based on many years' experience in the 

production of Alnico permanent magnets for a wide range of 
applications. 
Contents include such subjects as Magnet Materials, Resistance 
Comparisons, Physical and Magnetic Properties, Demagnetiza- 
tion and Energy Curves, Fabrication, Design and Testing. 
Charts and tables illustrate and explain various aspects of the 
discussion. 

Recent improvements have opened many new fields for perma- 
nent magnets to reduce the cost and improve the efficiency of 
many devices. 

Write TODAY for your copy on your company letterhead. 

THE ARNOLD ENGINEERING COMPANY, 
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

N, Specialistsin the Manufacture of ALNICO PERMANENT MAGNETS --------mI 

tion line supervisors. In this re- 
spect they do not displace blueprint 
or engineering -design drawing, but 
serve rather to effectively augment 
them. 

The author reviews the basic val- 
ues of production illustration to in- 
dustry. From this standpoint sev- 
eral important angles are consid- 
ered: eliminating needless delays 
during design stages; increasing 
production line technique; mini- 
mizing of possible changes in de- 
sign and production after produc- 
tion routines have been decided. 
Methods are suggested by which 
this type of illustration can be put 
into practice in existing plants. 

The student angle of the subject 
is intelligently approached in easily 
assimilated steps. Numerous prob- 
lems are presented, and descriptive 
methods by which they may be suc- 
cessfully worked out are indicated. 

Simple but effective explanations 
are given of the various types and 
methods of drawing. They include 
such problems as perspective draw- 
ing, angular perspective, determin- 
ation of vanishing point, shades and 
shadows, technical sketching, ex- 
ploded drawing, etc. Detailed in- 
formation is presented on available 
drafting material and processes. 

Repeated references to the appli- 
cations of the principles of produc- 
tion illustrations in the aviation 
field fulfill the obligations of the 
title. However, it should not be 
overlooked that industry in general 
not only can take a page out of this 
book, but 'can literally take it from 
cover to cover, finding' much that 
will aid in the production battle 
still ahead.-R.Q. 

The Liquidation of 
War Production 
By A. D. H. KAPLAN, published by Mc- 
Graw-Hill Book Co., 330 W. 42nd St., 
New York 18, N. Y. 133 pages, price 
$1.50. 

WHEN THE SHOOTING is over and 
the economic life of the country can 
begin its return to normalcy some 
of the biggest problems will re- 
volve around cancellation of war 
contracts and disposal of govern- 
ment -owned surpluses and plants. 
This book is a discussion of the 
ramifications of those problems and 
how they might be solved. 

The author proves, with the help 
of statistics and past experience, 
that the problems are not insur- 
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JAMES KNIGHTS 
"Crystal Controlled" 

requency Standard 
.. 
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This, ís the..ideal,secondory frequency standard to check frequency of. 

oscillators and transmitters, tó calibrate and align receivers, etc. Can 

be Srsed "by the crystal manufcicturer"to'check frequency standards 
for -production. Useful many ways in/the electronic laboratory or 

factory.' Provides output up to 40 megacycles at 1,000, 100 and 10 

kilocycle inter' als.- Complete cost only $59.50. Descriptive catalog 
sheet on 'request. 

BÍJY WAR BONDS FOR VICTORY! 

The JAMES KNIGHTS Co. 
SA-NDWICH; ILLINOIS 
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ONE-HALF 
ACTUAL 

SIZE 

sus -BAR 
i= 

1 
. Formed in 

§ 
2 PLANES'. to ./ 

; 

WIIH 

.0.001.''.ACCURACY -a0 
, `. 

1 i 

D 1-A,C RO .. 

BENDER :"°- - 

= ` .1 No. Z _,. ¡ 
A heavy Copper Bus -Bar for panel board 
and terminal assemblies is illustrated. ac- 
curately duplicated in two planes with 
angles formed both flat and edgewise, across 
the material horizontally and vertically. 

DI-ACRO Bender No. 2 has a forming 
radius up to 6' and capacity of cold 
rolled solid steel bar or equivalent. 

Send for Catalog, r 
"DIE -LESS - 

DUPLICATING" 
showing all models of DI - 
ARCO Benders, Shears and 
Brakes, and many examples 
of parts formed by 

"DIE -LESS DUPLICATING" . 

Et Pronounced "DIE-ACK-RO" 
PRECISION MACHINES 

HESS 
D UP13051. Q'/l EIL-IRWIll -mFG. co. 

i 

'DIE -LESS' 
DUPLICATING 

nLLÑ 
DWC.OS,n..I 

DOIn N rues 

Many electrical and other 
parts can be duplicated 
without dies, saving Man 
Hours and Critical Materi- 
als and helping to meet rush 
delivery schedules. DI- 
ACRO Precision Machines - Shears, Brakes, Benders - form angle, channel, rod, 
tube, wire; moulding, strip 
stock; bi; metals, dielectrics, 
sensitized. materials, fiber 
slot insulation, frequency 

,..reeds, etc. 

321 Eighth.Ave. So., 
Minneapolis 15, Minn. 

HIGHL MINETS 
x DX 

1 

2 

During peacetime, as the World's largest loop 
aerial manufacturers, our job was to build the 
highest "Q" loop for every size and kind of 
radio receiver. If you make midgets you get 
the same DX Isoso-loop quality that goes into 
the large consoles. All of our present day 
efforts are devoted to making DX Xtals but we 
would like to discuss your post war receiver 
plans with you. 

ox CIVSTAL co. 
GENERAL OFFICES: 1200 y. CLAREMONT AVE., CHICAGO 22, ILL., U.S.A. 

XTALS 
'Ihe heal .1 R 5ood MIHnaner. 

I..01. 'Tr ... _ 

II 

mountable. He finds that if plans 
are laid now and business, govern- 
ment. and labor will cooperate for 
the 'common good when the time 
comes, there should be a minimum 
of unemployment. 

The book is Dr. Kaplan's report 
of a year -long study of the over-all 
reconversion problem to the Re- , 

search Committee of the Committee it 

for Economic Development. Dr. 
Kaplan is dean of the School of 
Business Administration of the k 
University of Denver, on leave. 

The significance of this book for 
the electronics field lies in the fact 
that the major problem for many 
companies will be one of conversion 
rather than reconversion. There- 
fore, changing to peacetime pro- 
duction that will help to hold un- 
employment at a minimum is an 
even greater problem than it would 
be if the change was merely one of 
going back to established products. 
The recommendations and sugges- 
tions in this book should be even 
more significant for the electronics 
industry than they would for a 
well -established field.-K.S.P. 

Modern Operational 
Mathematics In Engineering 
BY RUEL C. CIPURCHILL, Prof essor of II 

Mathematics, University of Michigan. 
McGraw-Hill Book Co., New York, 306 
pages, price $3.50. 

A COMPANION VOLUME to the au- 
thor's earlier book entitled "Fourier 
Series and Boundary Value Prob- 
lems." 

This new textbook deals chiefly 
with the solutions of problems in 
engipeering and physics that in- 
volve differential equations, by the 
applications of the Laplace trans- 
formation. Special emphasis is 
placed on the boundary value prob- 
lems met with in partial differential 
equations. 

Problems containing ordinary 
differential equations and partial 
equations are solved after a discus- 
sion of the Laplace transformation 
and derivations of its properties, 
with statements of operational 
theorems. These problems demon- 
strate the value of the operational 
method in the solution of differen- 
tial equations in which some of the 
given functions or their derivatives 
are discontinuous. 

Various problems relating to the 
, conduction of heat in solids, also 
vibrations and resonance in con - 

Ir 
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Typical of the many varieties of Per- 

manent Magnets designed and made 

by Cinaudagraph 

dui 

Unmagnetized . . . None 

1 
ea 

Magnetized Tfr Jo H dB ergs/c.c. 

After Years . . nó foss of service 

Don't blame us for the queer looking formula.' ". 

Our engineers told us one day that it is the 

amount of energy we put into our magnets. 

Three hours of pencil chewing and six aspirin 

tablets later, we gave up the whole thing as a 

bad job, and are passing it on to you. They 

said they'll be glad to explain it, so drop us a 

line. We'll get out of range and act as referee. 

CINAUDAGRAPH. 
CORPORATION 

11 -CC -2 ,( 

2 Selleck St. Stamford, Connecticut 
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LUXTRON.' 
PHOTOCELLS 

Give Simple 
Means of. 

Precision Control 

Thin pigtail contact 
model is only one of 
a series of mountings 
and indicates only 
one of the complete 
range of Lustron 
cell shapes and sizes 
available. 

Circuit simplicity contributes to a 
constant flow of power. The abil- 
ity of Luxtron Photocells to oper- 
ate instruments and instrument re- 
lays, without amplification, re- 
moves the hazards of complex cir- 
cuits. 

This fact alone recommends their 
application to precision control 
problems. Another quality is 
their exceptional resistance to vi- 
bration, shock and general mech- 
anical violence. These factors as- 
sure long service and unusual ad- 
herence to calibrated accuracy. 

Engineering inquiries ore al- 
ways welcome. 
Illustrated data sent on request. 
*Reg. U. 5. Pat. Off. 

BRADLEY: 
LABORATORIES, INC. 
82 Meadow Street. New Haven 10, Conn 

tinuous mechanical systems, are 
solved to illustrate the use of 
theorems dealing with the functions 
of a complex variable and the in- 
version integral. 

The last two chapters cover the 
theory and application of the 
Sturm-Liouville systems of equa- 
tions and Fourier transformations. 

Readers who are primarily in- 
terested in engineering or physics, 
even though they give scant atten- 
tion to the details of the various 
mathematical derivations, should 
find the book of value.-J.K. 

Mathematical and Physical 
Principles of Engineering 
Analysis 
By WALTER C. JOHNSON, Assoc. Prof. 
of Elec. Eng., Princeton University. 
McGraw-Hill Book Co., New York 18, 
345 pages, price $3.00, 1944. 

ALTHOUGH THIS VOLUME is by no 
means the first to deal with the 
principles of engineering analysis, 
it appears to set a new standard of 
utilitarianism. The reason for this 
may be that the author writes as an 
engineer rather than a mathemati- 
cian, and knows and can illustrate 
the practicality of the mathemati- 
cal treatments he deals with. For 
this reason the engineer will find 
the volume a useful reference' vol- 
ume. 

The author states, "The purpose 
of the book is to present the essen- 
tial physical and mathematical 
principles and methods of approach 
that underlay the analysis of many 
practical engineering problems. 
The point of .view is primarily util- 
itarian in an engineering sense but 
is aimed at a sound understanding 
of the basic principles and is de- 
signed to form a firm foundation 
for more advanced work. The book 
emphasizes basic physical princi- 
ples and physical reasoning, and de- 
votes considerable attention to the 
methods of attack, the use of as- 
sumptions, procedures in setting up 
equations, the use of mathematics 
as a tool in accurate and quantita- 
tive reasoning, and the physical in- 
terpretation of mathematical re- 
sults. Graphical methods are used 
freely, and reasonable approxima- 
tions are encouraged provided they 
lead to results within .the required 
accuracy." This extract, from the 
preface, states very well the scope 
and aim of the volume. It only 
needs to be added that the volume 

c 

COPROX 
RECTIFIERS 

Include Many 

Extras for 
Longer Life 

"Coprox" Model CX4D4F23, a 
full wave rectifier with high con- 
version efficiency, for electronic 
control work. Rated at 5 volts 
A.C., 40 milliamperes D.C. con- 
tinuous. Fully enclosed. Mounts 
on a single screw. 

Special terminals, or pre -soldered 
lead wires, prevent overheating 
during assembly. Standard units 
sealed with waterproof lacquers, 
critical -application units potted 
in -wax. Standard "pellets" gold 
coated on front surface, forming 
positive contact; for critical ap- 
plications, gold used 'on both 
sides. High leakage, but very 
low forward resistance. Highly 
adaptable mountings. 
To these extras, add Bradley's 
ability to produce "Coprox" rec- 
tifiers for special applications, 
then: 

Ask for samples and 

,lull technical data. 

BRADLEY 
LABORATORIES,. INC. 
82 Meadow Street. Nee Hacen 10. Conn 
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WADSWORTH SKILLS 

WADSWORTH 
FACILITIES 

Die Making 
Jigs & Fixtures 
Gage Making 
Model Building 

Milling 
Drilling 
Turning 

Stamping 
Screw Machining 
Hard Soldering 
Heat Treating 
Line Assembly 

Polishing 
Lacquering 

Photo Etching 
Silk Screening 

Product Decorating 
Metals Laboratory 
Engineering Design 

Product Design 

CURRENTLY 
SERVING THESE 

INDUSTRIES 
Aircraft 

Automotive 
Bearing 

Electronics 
Instruments 

Machine Tool 
Small Arms 

Refrigeration 

built up through half a 

century of leadership in the ex- 

acting Watch Case Industry will 
be available soon to many man- 
ufacturers who will require large 
quantities of small predision 
parts for their postwar assemblies. 

Work of this character is now 
being supplied to many leading 
companies which normally pro- 
duce radio equipment, refrigera- 
tors, automotive parts, precision 
instruments. 

Illustrated are nine small com- 
ponents of an Ordnance assembly 
which Wadsworth furnishes in 
great numbers. The production 
of these pieces, which are held to 
very close tolerances, brings a 

score of special Wadsworth 
facilities into play. 

Wadsworth workers' feeling 
for precision and their ability 
to get work out on time will 
ease postwar headaches for many 
producers. 

SMALL PARTS DIVISION 

4 THE (151 7 WATCH CASE CO., Inc. 

DAYTON, KENTUCKY, SUBURB OF CINCINNATI, OHIO 

PHONE COLONIAL 8194 (CINCINNATI EXCHANGE) 
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LUXTR.ON'` 
PHOTOCELLS 

Give Simple 
Means of 

Precision Control 

This pigtail -contact 
model is only one of 
a series of mountings 
and indicates only 
one of the complete 
range of Luatron' 
cell shapes and sites 
available. 

Circuit simplicity contributes to a 
constant flow of power. The abil- 
ity of Luxtron Photocells to oper- 
ate instruments and instrument re- 
lays, without amplification, re- 
moves the hazards of complex cir- 
cuits. 

This fact alone recommends their 
application to precision control 
problems. Another quality is 
their exceptional resistance to vi- 
bration, shock and general mech- 
anical violence. These factors as- 
sure long service and unusual ad- 
herence to calibrated accuracy. 

Engineering inquiries are al- 
ways welcome. 
Illustrated dote sent on request. 
Reg. U. S. Pat. Off. 

BRADLEY 
LABORATORIES, INC. 
82 Meadow Slreel. New Haven 10. Con's 

tinuous mechanical systems, are 
solved to illustrate the use of 
theorems dealing with the functions 
of a complex variable and the in- 
version integral. 

The last two chapters cover the 
theory and application of the 
Sturm-Liouville systems of equa- 
tions and Fourier transformations. 

Readers who are primarily in- 
terested in engineering or physics, 
even though they give scant atten- 
tion to the details of the various 
mathematical derivations, should 
find the book of value.-J.K. 

Mathematical and Physical 
Principles of Engineering 
Analysis 
By WALTER C. JOHNSON, Assoc. Prof. 
of Elec. Eng., Princeton University. 
McGraw-Hill Book Co., New York 18, 
345 pages, price $3.00, 1944. 

ALTHOUGH THIS VOLUME is by no 
means the first to deal with the 
principles of engineering analysis, 
it appears to set a new standard of 
utilitarianism. The reason for this 
may be that the author writes as an 
engineer rather than a mathemati- 
cian, and knows and can illustrate 
the practicality of the mathemati- 
cal treatments he deals with. For 
this reason the engineer will find 
the volume a useful reference' vol - 
u me. 

The author states, "The purpose 
of the book is to present the essen- 
tial physical and mathematical 
principles and methods of approach 
that underlay the analysis of many 
practical engineering problems. 
The point of view is primarily util- 
itarian in an engineering sense but 
is aimed at a sound understanding 
of the basic principles and is de- 
signed to form a firm foundation 
for more advanced work. The book 
emphasizes basic physical princi- 
ples and physical reasoning, and de- 
votes considerable attention to the 
methods of attack, the use of as- 
sumptions, procedures in setting up 
equations, the use of mathematics 
as a tool in accurate and quantita- 
tive reasoning, and the physical in- 
terpretation of mathematical' re- 
sults. Graphical methods are used 
freely, and reasonable approxima- 
tions are encouraged provided they 
lead to results within 'the required 
accuracy." This extract, from the 
preface, states very well the scope 
and aim of the volume. It only 
needs to be added that the volume 

f 

COPROX 
RECTIFIERS 

Include Many 

Extras for 
Longer Life 

-Coprox" Model CX-4D4F23, a 
full wave rectifier with high con- 
version efficiency. for electronic 
control work. Rated at 5 volts 
A.C., 40 milliamperes D.C. con- 
tinuous. Fully enclosed. Mounts 
on a single screw. 

Special terminals, or pre -soldered 
lead wíres, prevent overheating 
during assembly. Standard units 
sealed with waterproof lacquers, 
critical -application units potted 
in -wax. Standard "pellets" gold 
coated on front surface, forming 
positive contact; for critical ap- 
plicatións, gold used on both 
sides. High leakage, but very 
low forward resistance. Highly 
adaptable mountings. 
To these extras, add Bradley's 
ability to produce "Coprox" rec- 
tifiers For special applications, 
then: 

Ask for samples and 

Jell technical data. 

BRADLEY 
LABORATORIES, INC. 
82 Meadow Sired. New Haven 10. Conn- 
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WADSWORTH SKILLS 

WADSWORTH 
FACILITIES 

Die Making 
Jigs & Fixtures 
Gage Making 
Model Building 

Milling 
Drilling 
Turning 

Stamping 
Screw Machining 
Hard Soldering 
Heat Treating 
Line Assembly 

Polishing 
Lacquering 

Photo Etching 
Silk Screening 

Product Decorating 
Metals Laboratory 
Engineering Design 

Product Design 

CURRENTLY 
SERVING THESE 

INDUSTRIES 
Aircraft 

Automotive 
Bearing 

Electronics 
Instruments 

Machine Tool 
Small Arms 

Refrigeration 

built up through half a 

century of leadership in the ex- 

acting Watch Case Industry will 
be available soon to many man- 
ufacturers who will require large 

quantities of small predision 
parts for their postwar assemblies. 

Work of this character is now 
being supplied to many leading 
companies which normally pro- 
duce radio equipment, refrigera- 
tors, automotive parts, precision 
instruments. 

Illustrated are nine small com- 
ponents of an Ordnance assembly 
which Wadsworth furnishes in 
great numbers. The production 
of these pieces, which are held to 
very close tolerances, brings a 

score of special Wadsworth 
facilities into play. 

Wadsworth workers' feeling 
for precision and their ability 
to get work out on time will 
ease postwar headaches for many 
producers. 

SMALL PARTS DIVISION 

THgraZWOrig WATCH CASE CO., Inc. 

DAYTON, KENTUCKY, SUBURB OF CINCINNATI, OHIO 

PHONE COLONIAL 8194 (CINCINNATI EXCHANGE) 
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Take a TURRET TERMINAL 
LUG 

LIKE THIS. 

Swage it to the Board 
LIKE TH 

And in a jiffy you have 

a good, firm Turret Terminal 

It's as simple as that with these heavily silver 
plated C. T. C. Turret Terminal Lugs. Quick 
soldering, too. Sufficient metal is used to give 
them strength but there's no surplus metal to 
draw heat and increase soldering time. 

C. T. C. Turret Terminal Lugs are stocked to 
meet a wide range of board thicknesses. Order 
them from 

CAMBRIDGE 7 CORPORATION 
439 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 

NOW READY! 

9iUüy ItiTp101¢,1B1Cm 
, 001.6 

C4EVi B 

It's a Radio Buyer's Guide to the 
Precision - Built, Best - by - Test, 
Radio Parts that insure right 
results in every stage of your 
work, from experiment to fin- 
ished working equipment. 

A POSTCARD WILL BRING 

Send 
For 

Yours 
r- - 

:i ,i' - j 

Bud has been supplying this pre- 
cision equipment since 1928, 
constantly stepping up the ele- 
ment of Quality in both design 
and manu acture. 

YOUR NEW BUD CATALOG, 

BUD RADIO, INC. 
CLEVELAND, OHIO 

fulfills its intended purposes in a 
highly satisfactory manner. 

Chapter headings are: (1) Analy- 
sis of Engineering Problems, (2) 
Some Basic Physical Principles, 
(3) Transient and Steady -State 
Conditions, (4) Setting Up Equa- 
tions, (5) Graphical and Numeri- 
cal Solutions of Differential Equa- 
tions, (6) Ordinary Differential 
Equations, (7) Vector Representa- 
tion of Sinusoids, (8) Checking 
Equations, (9) Dimensional Analy- 
sis, (10) Fourier Series, and (11) 
Systems With Distributed Con- 
stants. 

The emphasis which is placed on 
transient conditions in an early 
part of the volume is in keeping 
with recent developments in the 
electrical field and helps the stu- 
dent better to grasp the entire 
problem of analysis. Some thirty 
pages are devoted to setting up of 
equations, which is frequently a 
difficult matter for the student in 
spite of its importance. 

Operational procedures are em- 
ployed in treating ordinary differ- 
ential equations. In most cases 
electric circuit theory is employed 
to illustrate the solution of the dif- 
ferential equations. An introduc- 
tion to Bessel's equation and Bes- 
sel functions is included. The treat- 
ment of vector representations of 
sinusoids employs the rotating vec- 
tor e'° instead of the more familiar 
trigonometric components, thereby 
achieving greater rigor with simp- 
ler mathematics. Mechanical and 
electrical problems are employed to 
illustrate mathematical principles. 
Checking physical dimensions on 
both sides of an equation, means 
of tracing errors, and evaluating 
limiting cases are treated in chap- 
ter VIII.-B.D. 

Speak Well-and Win 
By WILLIAM P. SANFORD, published by 
11'hittlesey House, 330 W. 42nd St., 
New York 18, N. Y. 176 pages, 1944, 
price $2. 

ELECTRONICS AS AN INDUSTRY is On 

the spot because the general public 
has been led to believe' that when 
the war is over this "new science 
is going to revolutionize our living. 
People in the industry, especially 
the leaders, will have a hard time in 
some instances explaining why this 
revolution does not happen over- 
night but, instead, will take years. 

How effectively this job of "un - 

i 

Ili 
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R BULLETINS TELL THE WHOLERELAY STORY 
\\Then sou can select the relay that exactly 

meets your requirements from a regular line, 
You have saved than power, time and money. 
R ARD LEONARD RELAYS include tvues 

Bulletin 105 

"Little Giant Relay" single pole, 
single and double throw. Controls % 
1-1P on 115-23UV. 

Bulletin 106 

Midget Relays for light duty avail- 
able in single and double pole, single 
and double throw. 

Bulletin 81 

Intermediate Duty Relays In single 
and multipole arrangements, single 
and double throw. 

anti sizes for every application. They all llave 
crisp action, are.dependahle and durable' yet 
consume hut little current. Send for the data 
bulletins of interest to you. 

RELAY BULLETINS 
Bulletin 362 

Motor Driven Time Delay Relays for 
operation on alternating current. 

Bulletin 104 

Midget Relay for tight places-Vi- 
bration resistant-Double Pole, Dou- 
ble Throb-Available for 6 to 115 
volts A.C. or D.C. 

Bulletin 131 and 132 

Heavy Duty Relays single and multi - 
pole, single and double, contracts 
'rated up to 25 amp. on 125-250V. 

Bulletin 251 

Sensitive Type Relays for direct and 
alternating current operating on .014 
watts. 

Bulletin 351 

Thermal Time Delay Relays with 
thermostat built Into relay assembly. 

Bulletin 103 

Aircraft Power Relay. Single Pole. 
Single Throw for 24 volts at 25 
llltlps. D.C. Withstands high values 
of acceleration of gravity, shock. and 
vibrntTu,.. 

WARP LEONARD 
RELAYS RESISTORS RHEOSTATS 

Electric control Eye device's since 1892. 

WARD LEONARD ELECTRIC COMPANY, 32 SOUTH STREET, MOUNT 

ELECTRONICS - D_eember 1944 
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Ui 
Midget Metal Buse Iteluy 
measures 1l Inches high for 
tight places in aircraft radio 
and control circuits where 
space is limited. 

VERNON, NEW YORK 
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NO SHORTS 
when you use 

PILOT LIGHTS and DIAL LIGHT 
BRACKET ASSEMBLIES 

Gothard has developed and standardized an 
important terminal improvement in all Gothard 
Lights. Specially embossed octagon washers, 
blanked from linen base laminated bakelite 
3/32" in thickness, permanently lock the termin- 
als in position-no turning-no shorting-above 
average insulation. This and other Gothard 
pioneered features will greatly aid you in estab- 
lishing a higher standard of performance in your 
precision products. Ask for complete information. 

Have you sent 
for the New 
Gothard C o t o - 
log? 

MANUFACTURING COMPANY 

1310 NORTH NINTH STREET, SPRINGFIELD, ILLINOIS 

Export Division: 25 Warren Street, -New York 7, N. Y. 

Cables: Simonfrice, New York 

. :,.... -. 
4 

MODEL 62 

VACUUM TUBE VOLTMETER 
SPECIFICATIONS: 

RANGE: Push button selection of five ranges -1, 3,10, 30 and 100 volts a. c. or d. c. 
ACCURACY; 2% of full scale. Useable from 50 cycles to 150 megacycles. 
INDICATION: Linear for d. c. and calibrated to indicate r.m.s. values of a sine - 

wave or 71% of the peak value of a complex wave on a. c. 
POWER SUPPLY: 115 volts, 40 60 cycles-no batteries. 
DIMENSIONS: 434" wide, 6" high, and 81/:" deep. 
WEIGHT: Approximately six pounds. PRICE: $135.00 f.o.b. Boonton, N. J. 

MEASUREMENTS CORPORATION 
BOONTON, NEW JERSEY - 

r 

selling" is done will depend in a 
large measure on how convincingly 
and clearly the technical problems 
of electronics are presented to the 
public. That is where "Speak 
Well-and Win" can be especially 
useful to those whó must do the 
explaining. 

The meat of this book lies in the 
first section. which explains and it-. 
lustrates what the author calls "the 
four constant aims of speaking"-. 
communicate, illustrate, motivate' 
and activate. This is followed by a. 
second section that contains ten 
speeches by various prominent peo- 
ple to demonstrate these aims. The 
final section is a series of hints on 
preparing speeches, effective de- 
livery and everyday speaking prob- 
lems. The principles presented can 
be very useful to anyone who dis- 
cusses problems and ideas with as- 
sociates, employers or employees.- 
K.S.P. 

Ultra -High -Frequency 
Radio Engineering 
By W. L. EMERY, Former Instructor 
of Electrical Engineering, Iowa State 
College,' The Macmillan Co., New 
York, 1944, 295 pages, $3.25. 

WRITTEN AS AN OUTGROWTH of the 
1941 MIT conference, this book is 
directed to college students and 
ESMWT radio classes. The subjects 
included are regulated power sup- 
plies, electronic switching, cathode- 

OPERATION IN RUINS 

,,.. r4.4 

w 

The regimental signaller of a British 
Infantry unit reports to headquarters 
from the ruins of Aquino with the Eng- 

lish version of the walkie-talkie 

f 
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THE JOB DONE BETTER 

WITH e~ttíry ON PLASTICS 

As new as tomorrow, are the Metaplast developments... 
typified by the above one-piece commutator with Meta - 

plated connectors and commutating surfaces. 

When Metaplating is used there is no need for slow, 

expensive, alternate stacking of conductive and non-con- 

ductive pieces ... always with the bug -a -boo of clamping 

pressure causing cold flow of certain segments over the 

commutating surface ... not to mention the elimination of 

the multitude of soldered joints. 
Developed jointly by electronic engineers of the 

Metaplast Company and Johnson Service Company, Mil- 

waukee, the commutator shown has sixteen conducting 

segments .010" thick and sixty-eight conducting segments 

.005" thick with separators .012" thick. The polystyrene 

part is so designed that each segment is simultaneously 

Metaplated to the proper one of three connectors ...con - 

METAL 

Patents Issued and pending. 

nectors and segments all in one piece.. , manufactured in 
quantity at a fraction of the time and cost of yesterday's 
old-fashioned methods. 

The molded parts vary only plus or minus .008" in 
length, thus eliminating separate calibration charts for each 
instrument in which the commutator is used. This new 
revolutionary manufacturing process also eliminates the 
troublesome gaps between conductor and insulator as well 
as the voltage breakdown problem 
between segments and mounting. 

We invite you to confer with 
Metaplast Engineers to develop any 
ideas you have for bringing up to 
date the manufacture of commu- 
tators or similar electrical devices. 

COMPANY 

NAYr J 

205 West 19th Street 
New York 11, N. Y. 

Metaplost Process Patented U. S. and Foreign Patents 

PLATING ON PLASTICS 
ELECTRONICS - December 1944 
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PRECISION PARTS 

ACCURATE TUBING 
STARTS HERE 

).,' 
17..rCP- '. 

Dangerous errors in instrument readings 
can be caused by irregularities on the 
inside surface of tubing. Ace precision 
ground steel mandrels help keep this 
surface accurate in all kinds of glass, 
fibre, rubber, and plastic tubes. 

The Ace battery of centerless grinders 
offers economies in the production of 
mandrels from .030" to 6.00" in diameter, 
and in lengths up to 20 feet. Diameters are 
held within .0005". They are round to 
within .0002". And Ace can hold them 
even closer where necessary. 

Ace offers manufacturers today a com- 
plete service for producing small parts and 
assemblies. Here under one roof is the 
modern equipment, the ability to do fast, 
accurate work involving stamping, ma- 
chining, heat -treating, or grinding. Send 
blueprint, sketch, or sample for quotation. 

CURRENT CAPACITY 

AVAILABLE 

CYLINDRICAL GRINDING-Multiple 
banks of widely varying internal 
and external cylindrical grinders are 
available for outside diameters up 
to 12" by 24" between centers .. . 

and inside diameters as small as 
ifs" or as large as 4" by 23" long. 

THREAD GRINDING-Our battery of 
Ex -Cell -O Thread Grinders equips 
us to give you tolerances of .0001" 
on all Standard V Threads, Acme 
and Square Threads, and on single 
or multiple leads. All sizes up to 5" 
diameter with threads 8" long, on 
parts up to 20" between centers. 

ACE MANUFACTURING CORPORATION 

for Precision Parts 

1235 E. ERIE AVE., PHILADELPHIA 24,- PA. 

ray tube sweep circuits, square - 
wave testing, transmission lines, 
uhf oscillators, wave guides and 
radiators, as well as the usual com- 
munication circuit elements and 
techniques. 

The topics are presented briefly 
and directly. The mathematics in- 
cludes calculus and vectors. To 
study this text intelligently tht- 
student should have had an intro- 
ductory course in circuits. 

An outstanding feature of this 
textbook is the experiments associ- 
ated with each chapter. The experi- 
ments and problems are coordinated 
so that the student has an oppor- 
tunity to verify problem -solutions 
in the laboratory. 

Although this book serves only 
as an introduction to a wide va- 
riety of topics, references at the 
end of each chapter enable the stu- 
dent to extend basic knowledge.- 
F.R. 

Books Received for Review 
THEORY AND APPLICATIONS OF ELEC- 
TRON TUBES. By Herbert 1. Reich. Mc- 
Graw -I1111 Book Co., Inc., New York 18, 
1944, 716 pages, $5.00. Second edition, in- corporating principal new developments of the past live years, rearranging and rewrit- 
ing of much of the original material and inclusion of problem answer. 
.5 TREATISE ON TILE TiIEORY OF BES- SEL FUNCTIONS. By G. N. Watson. The Macmillan Co.. New York (also University Press, Cambridge), 804 pages, $15.00. Sec- ond edition of a book originally completed 
in 1922, embodying chiefly the correction of minor errors and misprints in the first edi- tion. Over 120 pages are devoted to tables and extensive bibliographies. The book de- velops applications of the fundamental processes of the theory of functions of com- plex variables, and presents collected results 
in a manner most useful to mathematicians and physicists who encounter Bessel func- tions in the course of their researches. 
P110111G1T, "F"ti'S: 'rl-IE Tab- in OF NIKOLA TESLA. By John J. O'Neill. Ives h a.,hUaru, lac.. _J tu' . ..7th St., New Yor :. 326 pages. $3.75. Biography of an idea -pro- ducer who spurned both money and women during a lifetime devoted to science. Chapter headings outline the life of the man. as fol- lows: I-Light and Power; II-Fortune and Fame; III- nternttl Vibration; IV-SelC- Made Superman ; V-'ttterglow. 
ELECTRONICS FOR BOYS AND GIRLS. By Jeanne Bendick. Whittlesey (louse, Me- Graw-Hill Book Co., Inc., New York 18, 148 pages, 81.50. Elementary and interesting ex- planations and definitions, woven skillfully into it story of what electronics is doinr now and what it may reasonably be ex- pected to do in the future . 

BEHIND THE MICROPHONE. By John J. Flolterty. J. B. Lippincott Co., Philadelphia, 
Pa., 207 pages, $2.00. :1 nontechnical story of people-those who appear before the microphones in broadcasting studios and those who work behind the microphone to strengthen its feeble signals and send them to the farthest corners of the world. Many excellent photographic illustrations, each 
occupying a full page. 

RADIOS 100 MEN OF SCIENCE. By Or- rin E. Dunlap, Jr. Il,m-per & Brothers, New 
York, 294 pages, $3.50. A collection of bio- 
graphical narratives. stressing contributions 
to radio, electronics. television and radar 
starting with Tholes of Miletus in 640 B.C. 
and covering 45 men still living. 

044 ad naw 
THE 

-_ 

TO 
DESIGN = 

COILS 

CHOKES 
AND 

TRANSFORMERS 

You are planning / 
for POST-WAR 

The advances in radio during the war 
have been tremendous ... changes in 

technique have been rapid and ur- 
gent . .. ESSEX'S skill has kept pace 
with your every demand. Today, this 

experience is being translated into 
new designs and better components 
for tomorrow's needs. 

Tomorrow, your models will be differ- 
eht and more efficient. ESSEX, a reli- 
able source for quality chokes, coils 
and transformers, is anticipating your 
changing picture. Our engineers are 
ready NOW to work with you on sam- 
ples for, your post-war requirements! 

_ , 
_ ESSE ÑICS ` E 

1060 rpOLECtR,t/Ork, 

N J. 

- d 
St.. 
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élcoáRgdio:-ProductsvMean'Fine Performance 
Fram -coinpact -áuto ,tádio- sets tó highly intricate radio: and electronic 

equipment for the armed forces; Delco Radio products are distinguished 

by fine performance. Each unit reflects. -care and -competence in engineér- 

ingj each part represents ̀ advanced techniques in production accuracy. 

Tomorrow's, civilian needs, like today's military- demands, will benefit 

from' Delco Radio's engineering vision, manufacturing precision. 

Delco Radio Division, General' Motors Corporation, Kokomo; -Indiana, 

Put Your 'Dollars 'in' Action-BUY-MORE WAR 'BONDS 

DIVISION OF 

; b_InARAd lU (2 
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Stokes VACUUM GAUGES Backtalk 
(Patented McLeod Type) 

Are Always Accurate 
%. .i. 

.!fF 

"THREE MODELS 
A. 0 to 5000 microns 
B. 0 to 700 microns (with 

readings to yio micron) 
C. 0 to 70 microns (with 

readings to Moo micron) 

Require No 
Calibration 

RAPID READINGS in 2 to 5 
seconds. 

- ACCURACY is permanent-un- 
affected by the presence of all 
gases, including hydrogen, and 
condensable vapors including 
water. 

PORTABLE OR PERMANENT 
MOUNTING. Rugged, compact, 
light in weight. Simple to oper- 
ate-just tip and read. 

THOUSANDS IN USE. 

F. I. STOKES MACHINE CO. 
6046 Tabor Road Philadelphia 20, Pa. 

High Vacuum 
PUMPS GAUGES EQUIPMENT 

ENGINEERS: Here's 
the BIG POINT about 

AMPERITE 
_ REGULATORS 

VOLTAGE OF 24V 
BATTERY 6 CHARGER, 

RELAYS: For delays from _1 to loo seconds. 1,DELAY 

WITH AMPERITE 
VOLTAGE VARIES 
ONLY 

AMPERITE 

9eatuud: 

'VARIES APPROX. 

50% 2%O 

1. Amperites cut battery 
"voltage fluctuation from 
approximately 50% to 2%. 

2. Hermetically sealed - 
not affected by altitude, 
ambient temperature, 
humidity. , 

3. Compact . . . light . . 

and inexpensive. 
Used by U.S. Army, Navy, 

and Air Corps. 

'Hermetically sealed. Unaffected by altitude.... Send for catalogue sheet. 

NEW! 4 -page folder will help you solve Current and Voltage Problems;!' 

ice contains_, much valuable data in practical form - Write for your copy now, 
- - - 

tiMPERITE CO., 561 Broadway; New York(12), N. Y. . 

In Canada: Atlas Radio Corp., Ltd., 560 King St., W. Toronto 

This department is oper 
ated as an open forum 
where our readers may 
discuss problems of the 
electronic in d u s t ry or 
comment on articles 
which ELECTRONICS 
has published. 

Electron Microscope 
REFERRING to the notice on Pag 
362, of the March 1944 Edition of. 
ELECTRONICS, please note that th 
inventor of the electron miscroscopr. 
is Heinrich Siedentopf, Professor 
of Physics at the University 01 
Goettingen, Germany, who, togethehl 
with Professor Zsigmondi, the col 
loidal chemist, of the same Univerl 
sity, received the Nobel Price fo 
this invention. C o m pare E 

Brueche: "Zur Entstehung de; 
Elektron-Mikroskops", reprinted in 

the U. S. by the Enemy Alien Cus-1 

todian, originally in the Physika,I 
lische Zeitschrift, April, 19431 
which article contains much about' 
the early and more recent history! 
and development of the electron 
microscope in Germany. I shall be 

glad to see this contribution to the 
truth published' in your paper. 

L. A. AUSTRIAN 
Chicago, III. 

On Electronic Music 
Gentlemen : 

l HAVE READ with interest the article 
by Sidney T. Fisher in your May 
1944 issue on an Argument for 
Electronic Music. However, the 
problem of adapting a key board 
instrument to the true, un -tempered 
scale is not quite so simple. The 
musical scale does not consist of a 

fixed series of frequencies but is 

flexible even within a given key, as 
recently pointed out by Lloyd. 
(Lloyd, L. S., Music & Letters, 24, 
133, 1943; Phil. Mag., 34, 472, 1943.) 

For example, when Mr. Fischer's 
organ is tuned to the key of C the 
D -minor chord (which occurs fre- 
quently in C -major music) will 
produce a harsh dissonance because 
its frequencies (9/8:4/3:5/3) are 
not in the correct ratios for a justly 
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SOON, we hope, the time 
will come tó beat the sword into a ploughshare again. 
.When that time comes, AUTOMATIC will be ready to 

resume the position of leader in the Mica Trimmer 
field. All of oúr pre-war tooling can be put into service 
without. delay-and we still have the same skills and 
experience, waiting to give you once again the same 
excellent service. 
A folder describing the standard trimmers is available 
at your request. 

,NOY UTOM 
GI//ND/NG CO,, INC. y 

CHOKE COILS LJ 

TRANSFORMERS 

R..F. COILS 

I. F. COILS 

COMPLETE ELECTRONIC ASSEMBLIES & COMPONENT PARTS 
900 P A S S A I C .A V E. EAST N E W A R K, N. J. 
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AGASTAT 
ELECTRO -PNEUMATIC RELAY 

COMPACT: 
a IN NIGH 
2", IN DEEP 

27, IN WIDE 

- WEIGHT: , `- 15, POUNDS 

G . --- 
I. 

TYPE 

TIMING 
COIL 

AG A STAT 
NO. 

E4 MIN 

V. 

2ABETN 67l KtwJEKET 
yCMfY bM AKYMYIA7 m L 

ELIZABETH AG'A NEWJERSEY 
AMERICAN GAS ACCUMULATOR COMPANY 

1 

TRANSFORMERS 
and COILS 

Standard and'CUSTOM CONSTRUCTION 

to meet all specifications' 

, 

. 
: 

!. 
®_. 1 

ERCULES. ELÉtTRIC & MFG. CO. 

Prompt 
engineering service 

always available 

INCOR P'O RATED 

2416 -ATLANTIC .AVENUE * BROOKLYN 33, N. Y. 

DC and AC WELDERS r TRANSFORMERS MAGNETIC CLAMPS SOLENOIDS RIVET HEATERS 

SPOT WELDERS FLUORESCENT BALLASTS SPECIAL CONTROLS 

tuned minor triad (10:12:15). For 
use in this chord, the frequency of 
D must be 10/9 instead of 9/8, 
which could only be obtained by 
momentarily shifting the organ to 
the key of F whenever this chord 
occurs. The same difficulty of fre- 
quent shifts is found, to an en- 
hanced degree, in modern polytonal 
music in which a given key may be 
used for less than a full measure 
before changing to another key. 
Certain passages from the works of 
Cesar Franck would require chang- 
ing the tuning of the organ so fre- 
quently that the left foot would be 
kept too busy to play the pedal 
notes. 

Those who have played much or- 
gan music will not be enthusiastic 
about making the organ a trans- 
posing instrument to be always 
played as though in the key of C. 
Aside from the greater ease in 
sight-reading, the key of C is about 
the most difficult in which to exe- 
cute intricate music. Keys involv- 
ing several sharps or flats are much 
easier because the raised and sepa- 
rated nature of the black keys is 
a distinct help in fast work on the 
manuals, as well as in feeling for 
pedal notes. From the standpoint 
of execution, a better key into 
which to transpose all music would 
be the key of E -flat. 

The problem could perhaps be 
solved by re -designing the keyboard 
so that each note, instead of having 
three modifications (sharp, flat, and 
natural), would have five modifica- 
tions (natural, sharp, flat, one in 
which the frequency is raised by 
81/80, and one in which the fre- 
quency is lowered by (80/81). This 
would obviate the necessity of re- 
tuning the organ for each change 
of key, since all the required fre- 
quencies would be instantly avail- 
able at the fingertips. Such a key- 
board would, however, be much 
more complicated than the tradi- 
tional one. 

An electronic orchestra could 
easily play the true frequencies, 
since each player would have com- 
mand of only one note at a time and 
would find no difficulty in using an 
instrument with continuously vari- 
able frequency. But in order to put 
'all the harmonic and melodic com- 
ponents of a piece of music into the 
hands of a single performer, as 
with the piano and organ, it may 
well be necessary to sacrifice some 
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United Cinephone Corporation spent its pre-war years successfully 
solving manufacturers' problems by the application of Electronic De- 

vices ... We are now meeting the demands of the armed services and 
have extended our facilities many times. 

This experience coupled with 
increased facilities will continue 
to function in pointing the way 
to the solution of major manufac- 
turing problems. 

United Cinephone Corporation 
invites inquiries from manufac- 
turers wishing to know "How" and 
"Why" Electronic Applications 
can increase efficiency. 

ADDRESS ALL QUESTIONS TO 

APPLICATION ENGINEERING DEPT. 

Model No. 150 
Photo -Electric Control with Light Source 

Small ... Rugged ... Adaptable ... Inexpensive 
Every plant has many uses for this all- 

purpose unit. Priced at only $25.00 complete. 

v 
AMP 11T11. lull 

IIIOTO NMI 

MwON.TIC 1---IO CCNT.o\ 

a.cuº 

HOW IT WORKS 
A beam of light strikes the photo -tube. A small 

current then flows through the photo -tube and is 
amplified in the amplifier tube. When the light 
beam is interrupted the magnetic relay closes 
the control circuit. 

UNITED c1NEPIIONE::CORPQRATI0-.N 
TORRINGTON, C.ONNECTICIJT 
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HAVE YOU" 

_INVESTIGATED 
MYCALEX? 

Mycolex has many physical and 
electrical characteristics which 
make it outstandingly superior to 
any other electrical insulation for 
many purposes. It is particularly 
effective at ultra -high frequencies. 

Mycolex con be sawed, drilled, 
tapped, ground, polished, turned or 
milled and dimensions can be held 
to very close tolerances. It is an 
ideal material where only a few 
pieces ore required and die cost 
necessary for other materials would 
not be justified. ti 

Mycolex is available in sheets, 
rods, bars, tubes and strips which 
con be fabricated into almost any 
shape or size required. 

Myculex is just one trade name 
for glass -bonded mica insulation 
also available under several other 
trade names. Johnson has used and 
is prepared to furnish any such ma- 
terial. 

Johnson as o fabricator is ap- 
proved and recommended by the 
manufacturers of this material. 
Johnson is one of the pioneer fabri- 
cators of Mycalex, probably hos 
mere complete equipment, and cer- 
tainly hos had more experience than 
other manufacturers. 

Johnson's recommendations will 
be unbiased. Johnson regularly 
uses steatite, porcelain, bakelite, 
hard rubber and all makes of glass, 
bonded mica. If you have an insu- 
lation problem, Johnson Engineers 
will be glad to make recommenda- 
tions, submit samples or quote 
prices. Write Johnson today or 
contact the Johnson Representative 
in your territory. 

11031' 

JOHNSON 
a gamoui name.in %2aciio 

E. F. Johnson Co. Waseca, Minn. 

of the fine structure and introduce 
simplifications such as the tempered 
scale. 

C. ROLAND EDDY 
Philadelphia, Pa. 

Dear Mr. Eddy : 

IT IS TRUE that the implications of 
my suggestion, that the develop- 
ment of the electronic organ and 
piano should be extended to free 
keyboard musical instruments from 
the necessity of playing in the com- 
promise tempered scale, are con- 
siderably more extensive than 
merely the electrical and mechani- 
cal design of the necessary instru- 
ments. It has been said, without ex- 
aggeration, ,I think, that the 
mechanism of the piano keyboard 
has been made. the basis of the mod- 
ern system of music. 

This is an unworthy limitation 
on music and one from which the 
electronic engineer can now com- 
pletely free it; but to do so he must 
have the fullest latitude to do away 
with whatever has not a sound 
basis in music or science. The real 
triumph of the engineer will come 
from freeing the musical art from 
the restrictions the imperfect me- 
chanics of its instruments now im- 
pose_ on it, and not in extending 
hose restrictions, or retaining them 

because of habit or some other in- 
adequate reason. These remarks 
apply not only to the details of the 
instrument and of the manipulation 
of it by the performer, but also to 
the way in which we regard the 
music to be played. 

I have not primarily based my 
proposals on a transposing instru- 
ment. Whether the instrument is 
transposing or non -transposing is 
in no way essential to the argu- 
ment, and it seems that even- if the 
transposing instrument has greater 
convenience, its introduction should 
be delayed, first, to permit the tran- 
scription of the great body of ex- 
isting musical literature, and 
second, to remove the assumption 
which might easily be made, that 
there is necessarily any correspond- 
ence between the two ideas of a 
just -scale instrument and a trans- 
posing instrument. 

If a transposing instrument is 
designed, then care should be given 
to designing the keyboard so that 
without changing any of the es- 
sential dimensions the white notes 
could be more surely played in rapid 
passages. A careful study of this 

ttlk 
RESISTORS 
are 'engineered 
for precision 

0114015 
TYPE LL 

Stream -lined, area -saving com- 
pactness - without sacrifice of 
operating efficiency and depend- 
ability-will undoubtedly be a 
prime factor in the future de- 
signing trend. 
IN -RES -CO type LL resistors will 
meet the need for a compact 
unit that can be stacked as illus- 
trated to create a small tapped 
multiplier in test sets, meters, 
decades, bridges and similar 
exacting specifications. ' 

Inductive, with standard toler- 
ances of 1/2 %, type LL has 1/4 

watt rating, and measures only 
1/4" high and ye" in diameter. 
A typical example of IN -RES -CO 
engineering, in which immunity 
to moisture, heat, vibration and 
other operating hindrances has 
been designed -in at the blue- 
print phase. 
Write on company letterhead 
for the new 18 -page catalog; 
there.is no obligation. 

INSTRUMENT 
RESISTORS CO. 

25 - AMITY STREET 
LITTLE FALLS, N, J. 
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HERE'S WHAT BRIDGEPORT MEANS TO YOUR POSTWAR PLANS 
- 

I E- - - - 

HIGH PRECISION! Here you have hun- 
dreds of workers skilled in making deli- 
cate radionic equipment surpassing the 
moat rigid military specifications.Tbis 
experience will be invaluable to you and 
your company in days to come. 

CARLOAD SHIPMENTS of highly impor- 
tant search coils and variometers for the 
world's war fronts are now moving regu- 
larly from Bridgeport to tidewater. When 
you want a big job done well ... think of 
Bridgeport Manufacturing Company! 

CENTRAL LOCATION: Bridgeport, Iili- 
nois, is almost exactly on the geographer's 
star indicating the population center of 
America. Fast, trunk line service tó every 
part of America. For earliest possible 
delivery, get in touch with us NOW. 

BRIDGEPORT 
MANUFACTURING COMPANY 

Bridgeport, 'Illinois 
R. F. Coils R. F. Chokes I. F. Transformers' 

Transmitting Coils Transmitting Chokes 

s. 
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WIDE -BAND' E 

OSCILLOSCOPE\ }- j o - 

For precision measurements and viewing wave shapes in electronic 
research and production testing. A nine -inch cathode-ray tube with a 
full 4 x 4 -inch picture makes this instrument especially useful where 
both high and low frequencies of small magnitude are present. 

Other units in the new General Electric line of ELECTRONIC MEASURING 
EQUIPMENT include: G -E wave meters, capacitometers, power supplies, 
square wave generators, signal generators and various other instruments 
in the ultra -high frequency and micro -wave fields for measuring elec- 
tronic circuits and checking component parts. 

GENERAL 

F 

ELECTRIC 
Electronic Measuring Instruments 

POTTER & BRUMFIELD 
POWER relays 

An absolutely dependable and dur- 
able relay for power circuits. Motor 
starting up to 1 HP; heater loads 
up to 20 amperes and, like type of 

applications. 

(4 WL7" Or 

MFG. CO., INC. ' 

105 NORTH 10TH STREET, PRINCETON, IND. 

:' 

Outstanding features of P.& B Power 
Relays guarantee maximum efficiency. 
1. Metal parts are heavily plated for re- sistance to corrosion. 
2. All insulation is moulded or laminated. 
3. Coils 'are wound on insulating bobbins. 

and are carefully impregnated. Coils on 110V AC. 220V AC and 110V DC are 
paper section wound. 

4. Screw terminals for all connections. 
5. Full floating contact carrier is positively 

locked in place and permits heavy con 
tact pressure without chatter. 

Full range of Coil voltages-write for 
catalog giving full specifications on 
Power and other types of Relays. 

problem would certainly lead to the 
desired result. The same comments 
apply equally to the pedal clavier 
of the organ. 

I have perhaps not given proper 
consideration to the question of the 
key -changing switch. Rather than 
operate it with the left foot, it 
might be better to add an octave of 
switches in front of the manual 
keyboard, to be operated by one 
finger of the right hand. Other and 
possibly better schemes will occur 
to the ingenious. 

Lloyd's approach to the question 
of the scale frequencies seems to me 
to be typical of the reasoning that 
is generally encountered in writing 
on musical theory, and so far as it 
goes, is of course correct. But it 
does not go nearly far enough at a 
time when we are searching out 
how science can best assist in re- 
establishing in music the basic- 
and ancient-tenets of harmony 
and tonality, after more than a cen- 
tury of neglect. Nor, I think, is a 
further complication of the key- 
board a practical solution. There 
have been many proposals of this 
sort, since the time of Newton, but 
that advanced by you is less im- 
practical than most. Nevertheless, 
such schemes are doomed because 
they increase the performer's task. 

The answer lies rather in an an- 
alysis of the problem which you !I 

present. The problem itself, in a 
somewhat simplified form, may be 
stated thus: The theory of har- 
mony, as taught in the schools, says 
that in any key, a triad or chord 
of three notes, can be set up on 
each of the notes of the scale. These 
triads are either major (ratio 
4:5:6) or minor (ratio 10:12:15). 
This theorem, as we might call it, 
applies to both the major scale and 
the minor scale. The following 
tabulation shows the triads of one 
major key and one minor key: 

Name 
of 

Chord 
Desired Actual 

Notes Ratios Ratios 

Triads ofC Major 
C CEO 4: 5:8 

Min. DFA 10:12:16 
D'Min: EOB 10:12:16 

E F FAC 4: 5:6 
O GOD 4: 5:1 

A Mini ACE 10:12:16 
0 7 (0)BDF (4): 6: 6:7 

Hey 
oecemary 

for 
desired 
ratios 

4: 6:6 
101/8:12:15 D Maj. 

10:12:15 
4: 6:8 
4: 6:8 

10:12:15 
(4): 5: 8:7 1/6 

Triad, of 4 Minor 
A Mini ACE 10:12:15 10:12:16 

0 7 (G)BDF (4): 5: 6:7 (4): 6: 8:7 1/9 E Min. 
C Aug. CEG4 16:20:26 16:20:25 
D Min: DFA 10:12:15 111/8:12:15 B Min. 

E E055 4: 5:8 4: 5:8 
F FAC 4: 6:8 4: 5:8 

E 7 (E)G BD (4): 5: 8:7 (4): 5: 6:7 1/5 CII Min. 

The difficulty is now seen. In the 
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The Season's Most Popular Wallflower 

FUEL CONSERVATION and protection of health are two big 

wartime obligations of America. Thermostat housings of Plaskon 

Molded Color are aiding in this essential job in thousands of 
installations all over the nation. 

These Plaskon casings are smart looking ... attractive ... and admi- 
rably serve the special requirements of their job. Molded Plaskon is 

a non-conductor of electricity, even under conditions of high humidity, 

assuring protection against arcing, flash -over, and high -voltage currents. 

The solid "through and through" colors of molded Plaskon are 

permanently bright and beautiful. The surface is hard, smooth, easy 

to keep clean ... the material can not discolor, tarnish, corrode or 

rust. Plaskon Molded Color is odorless, inert, and resists the effects 

of water, oils and common organic solvents. It can withstand sharp 

blows, and will not dangerously shatter or splinter. 

Plaskon can be economically molded into a wide variety of product 

shapes and sizes, serving many practical applications at attractively 
low costs. Our experienced technical men will give you valuable 

assistance in the adaptation of Plaskon materials to your present 
needs and peacetime planning. 

PLASKON DIVISION, LIBBEY OWENS FORD GLASS CO., 2136 Sylvan Ave., Toledo 6, Ohio 

Canadian Agent: Canadian 1pdustries, Ltd., Montreal, P. Q. 

MOLDED COLOR. 
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ELECTRICITY 
ONAN ELECTRIC GENERATING PLANTS 
supply reliable, economical electric service 

for electronics applications as well as for scores 
of general uses. 
Driven by Onan-built. 4 -cycle gasoline engines, these power units are of. single -unit, compact de- sign and sturdy construction. Suitable for mobile. stationary or. emergency service. 
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Model shown Is from 
Iv2C series, 2 and 
3 -KW, 60 -cycle, 115 
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er -cooled, 2 -cylinder 

engine. 
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FOR ANY JOB 
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"Models range from 350 to 

35,000 watts. A.C. types from 

115 to 660 volts: 50, 60. 180 

cycles, single or three-phase; 
400, 500, and 800 cycle, single 
phase; also special frequencies. 

D.C. types range from 6 to 

4003 volts. 

Dual voltage types available. 

Write for engineering 
assistance or detailed 
literature". 
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MERIT" 

OUTPUT 
TRANSFORMER 
Hermetic -Sealed 

Qlass Terminals 

L 

?hotsFOiYIyth-, s i' 

_- "- D _2_11 r c ; ': 

. . . 

MERIT C.O.IL -& TR-ANSFORMER CORP.- 
4427' North Claris St. - ..CHICAGO 40, ILL. 

major scale, two of the chords as- 
cribed to each key do not, in fact, 
belong to it, and are not properly 
used when writing in that key. 
They are, of course, replaced by two 
chords at present ascribed to two 
other keys. In the minor scale it is 
seen that three chords are erron- 
eous, and must be replaced with 
three other chords. In the key 
shown, A Minor, for example, three 
of the chords ascribed to it in the 
classical theory of, harmony, G 
seventh, D minor and E seventh, 
properly belong, not in the key of 
A minor, but in the key of E minor, 
B minor, and C# minor respectively. 

These errors are not as appalling 
as they seem; the compromise fre- 
quencies of the tempered scale ob- 
scure the differences between the 
correct and the incorrect chords. 
We have now a proper position ; in 
any key the frequencies of the notes 
of the scale are fixed. That this is 
not at first evident is due to con- 
fusion in existing musical theory. 

The just scale must not be con- 
sidered an ideal scale; it is simply 
the best scale to fit our existing 
tradition of music played in the 
seven -note diatonic scale, with the 
conventions we have evolved re- 
garding modulation and harmony. 
The just scale does not, and no 
scale ever did, fit the classical 
theory of music. Everything I have 
proposed is in some degree a corn - 
promise and the only way in which 
conclusive decisions can be obtained 
as to whether these compromises 
are the correct ones is by a statisti- 
cal analysis of a representative 
amount of existing musical com- 
positions. 

From such an analysis we want 
to know what modulation sequences 
are used, and how commonly; what 
are the chords used, and in what 
keys should they sound, so that the 
texture, the continuity and the feel- 
ing for tonality, are best preserved. 
From these data, collected from the 
great mass of important and com- 
monly -played compositions, prop- 
erly evaluated, the best possible ar- 
rangement of the just scale, thor- 
oughly in accord with our tradition 
of music, could be evolved. 

It is not arithmeticians who make 
musical scales; scales are made by 
those who write and play music. 
Our new scale must make musical 
literature, as it now exists, possible 
and pleasing; and if our changes 

} 

II 
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Decimal Equivalents. Accurate to four places. Sig- 
naled in three colors for maximum speed in locating 
decimal equivalent of fraction. Saves time and avoids 
errors. Yours at no cost or obligation. Just send us 
your name, title and address. 

See our Catalog in Sweet's File for Product Designers 

JOHN HASSALL, INC. 
Specialists In Cold -Forging Since 1850 

150 Clay Street Brooklyn 22, N.Y. 
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. . Reliable 
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and A 5- 

ELECTRONIC 

PARTS and EQUPMENT 

TUBES RESISTORS 
RELAYS CAPACITORS 
METERS TRANSFORMERS 

TEST EQUIPMENT 

. 

The 600(1s: 
We stock and sell items bear- 
ing the names of famous man- 
ufacturers . . . people who 
value their reputation as much 
as we value ours. 

Service: 
TheWe 

track down hard -to -find 
items, or suggest equivalent 
substitutions. We supply sound 
technical advice ... help solve 
priority problems. 

The Delirer).4 

Fast ... within. 24 hours, at 
times. And whether you order 
by mail, wire or phone, you'll 
receive immediate attention. 
Try HARVEY and see for your- 
self. 

%~.ce Oz444 to 

LOngacre 3-1800 

' T * TIT T_T7T 
RADIO COMPANY 

103 WEST 43rd ST., NEW YORK 18, N. Y: 

are to be justified, must add new 
meaning now obscured by the tem- 
pered scale. This latter motive 
might be better phrased by saying 
that it must allow instrumental 
music to reproduce physically the 
plain intention of the written work, 
written by composers whose concep- 
tion of musical intervals was sub- 
jective, and who were not influenced 
by the inexactnesses of the instru- 
ments on which, in fact, the music 
was performed. 

That the great masters were not 
much influenced by the theory of 
music as taught in the schools, 
there seems no doubt. It appears to 
the writer, from a limited knowl- 
edge of present-day teaching of the 
theory of music, that such teaching 
is largely classifications of preju- 
dice and habit, having no scientific 
basis, and what in fact is much the. 
same thing, no basis in music as it 
is played and written. 

I have examined at length the 
points raised because you and other 
correspondents have raised them as 
a serious bar to the argument I 
had advanced; that all keyboard in- 
struments should now be generally 
discarded in favor of just scale 
electronic instruments. Such objec- 
tions, arising out of the musician's 
regard for his art, must be ade- 
quately satisfied if electronic music 
is to seize its opportunities. 

S. T. FISHER 
7'oronto, Ontario 

Canada e 
Meteors and F -M Bursts 
Dear Sirs: 
THE STRANGE BEHAVIOR of f -m sig- 
nals recorded in the July 1944 issue 
of ELECTRONICS on page 256 sug- 
gests immediately to an astronomer 
the possibility that these bursts are 
caused by the action of meteors. 
The following phenomena would 
suggest this : 

(1) 

(2) 

(3) 

Duration of perhaps to 1 

second. 
Frequency of occurrence up to 
several hundred bursts per 
hour during maxima. (Maxima 
should be associated with 
meteor showers.) 
Daily variation of frequency 
with maximum near sunrise, 
and minimum near sunset. 
(Meteor frequencies show the 
same daily variation of fre- 
quency because near the time 

RESISTANCE 
ti 

W IRE . 

I ALLOY "A": Nickel -chromium alloy, 
f 

re- 
sists oxidation at extreme temperatures. 
Essential for operating temperatures up 
to 2100° F. Also used for cold resistance. 
Resists chemical corrosion by many media. 
Non-magnetic; specific resistance, 650 
ohms/C.M .F. 

I C. O. JELLIFF MFG. CORP. 
1 123 PEQUOT AVE. SOUTHPORT, CONN. 

RESISTANCE 
W IRE 

ALLOY "C": Nominally contains 60% 
nickel,l5% chromium, and balance iron. 
High resistance to oxidation and corro- 
sion. Widely used in resistances for radio 
and electronics, industrial, and domes- 
tic equipment. Operating temperature 
up to 1700° F. Specific resistance 675 
ohms/C.M.F. 

C. O. JELLIFF MFG. CORP, 
123 PEQUOT AVE. SOUTHPORT, CONN. 

RESISTANCE 
W IRE 

ALLOY "D": Nominally contains 30% 
nickel, 15% chromium, and balance iron, 
and has a specific resistance of 600 
ohms/C.M.F. Monel and pure nickel re- 
sistance wire also obtainable. . 

C. O. JELLIFF MFG. CORP. 
123 PEQUOT AVE. SOUTHPORT, CONN. 

RESISTANCE 
W IRE 

ALLOY "45": Alloy of 55%, copper, 45% . 

nickel with a constant electrical resistance 
over wide range of temperatures. Specific 
resistance 294 ohms/C.M.F.; temperature 
coefficient 0.00002 ohms per degree F; 
32 to 212 degrees range. Used in wind- 
ing of precision resistors. 

C. O. JELLIFF MFG. CORP. 
123 PEQUOT AVE. SOUTHPORT, CONN. 

RESISTANCE 
W IRE 

KANTHAL: Exclusive manufacturers of 
KANTHAL wire; although unavailable 
for duration, we will be pleased to supply 
information for your post-war require- 
ments. 

C. O. JELLIFF MFG. CORP. 
123 PEQUOT AVE. SOUTHPORT, CONN. 
Note: All olloys are produced in high -fre- 
quency type furnaces, and are furnished 
bright, dull, or oxidized finish, also with 
enamel, silk, or cotton insulation. 
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NEW GUIDE 
TO PRECISION -MADE 

PLASTICS 
By Sillcocks-Miller 

FREE BOOKLET 
PRESENTS 4 - POINT 

SERVICE TO HELP 

DESIGN ENGINEERS 

How the facilities and experi- 
ence of Sillcocks-Miller spe- 

cialists can help you solve 
your problems in precision - 
fabricated plastics is told in a 
new illustrated booklet now 
available. 

Designers and manufacturers 
in need of plastic parts and 
products made to extremely 
close tolerances will find the 
Sillcocks-Miller Company a 
most dependable source for 

design and development serv- 
ice and for highest quality 
production. 

Whether you are now using 
plastics or want to learn why 
it will pay you to convert to 

plastics, you should have a 
copy of this helpful booklet. 
Write for it today - without 
obligation. 

SILICOCKS-MILLER CO. 

011itu Ic Factory 

10 W. PARKER AVE., MALEWOOD, N j. 

Mailing Address: SOUTH ORANGE, N. I. 

ItCosts You Less to Pay a Little 

More for Sillcocks-MillerQuality 

NO FUNCTIONAL FAILURE 
WITH 

UNRAKo 

KNURLED CUP POINT 

HOLLOW SET SCREW 
If won't work loose, in spite of the severest 

vibration. Tightened in the usual way, it stays 

put, because the knurls of the point dig in and 

make it a Self -Locker. Yet it can easily be re- 

moved with a wrench and used again and again. 

In the field of electronics, there are many pos- 

sible applications for this unique screw. For fur- 

ther information about its valuable features, send 

for the "Unbrako" Catalog. 

Where the "Unbrako" Knurled Cup Point is un- 

suitable use the "Unbrako" Knurled Thread Screw, 

which is also a self -locker regardless of the style 

of point. 

OVER 40 YEARS IN BUSINESS 

Pat'd. and Pats. Pend. 

Knurling of 
Socket Screws 

orlalnated 
years ago with 
"U NBRAKO." 

STANDARD PRESSED STEEL CO. 
JENKINTOWN, PA., BO% 596 Branches: BOSTON-DETROIT-INDIANAPOLIS-CHICACOST. LOUIS -SAN FRANCISCO 

THE CATHODE-RAY TUBE 

AT WORK by John F. Rider 

This hook presents a complete explanation of the various types of 

eathorte-ray tubes and what role each element within the device. 

More than half the book Is devoted to the practical applications of 

the cathode-ray tube oseillograph. Not one word of this was written 
until the actual tests were performed and the patterns appearing on 
the screen were photographed. Those oseillograms, made in the 
Laboratory maintained by the author. have been used to illustrate this 
section of the book. so that the reader may know just what image he 

should see under any given circumstances. 

This book has proved its value to students as well as practical 
workers. 

`ro 338 Pages . 450 Illustrations . $3.00 

A -C CALCULATION CHARTS 

This new Rider Book greatly reduces the time required for alternating 

current engineering calculations-speeds up the design of apparatus 

and the progress of engineering students. Two to fire times as fast 

as using a slide rule! Thousands of enthusiastic users. 

1-C C%ICULAT10S Cit °lerS are designed for use by civilian éngi- 

neers and engineers of the armed forces who operate in the electrical 

-conrnrunication-purser-radio-racuum tube telephone and In gen- 

eral. the electronic field. Invaluable for instructors as well as students. 

and also executives who check engineering calculations. 

120 pages . . 9t/e s 11 inches . $7.50 

JOHN F. RIDER Publisher, Inc. 

404 Fourth Avenue, Nev York 16, N.Y. 

Export Division: 
Rock. Int. Corp. 
I3 E. 40th Street 
New York City 
Coble: ARIAII 

ELECTRONICS - December 1944 
391 



:NO. 51N 

'j., 
, . 

NEWEST DRAKE " 

DEPENDABLE 

SERVICE 

LONGER LIFE 

N O: 50,N: 

11,7-2-- . 

L1. LIGHT ASSEMBLIES 

Drake No. 50N NEON Jewel Min. Bayonet Assembly is 
ideal where a distinct signal is required and observer 
is directly in front of instrument panel. Its Í" smooth 
clear jewel magnifies and intensifies the illumination from 
the Neon lamp. 'Red glass jewel can also be supplied. 
The No. 51N (without jewel) is applicable where 180° 
visibility is desirable. Both units have built-in resistors 
for NE51 Neon Lamps operating on standard 105 to 125 
volt circuits. These rugged units offer BIG savings in 
power (1/25 watt), long life (3000 hours), wide voltage 
range, and great reliability. 

SOCKET AND JEWEL LIGHT ASSEMBLIES 

1.713,;WESTlHUBB-ÁRDST.; ,.CHICAGO_.22, _.11. S..A. 

NOW «YOU CAN DO YOUR OWN 

BRANDING on PLASTICS! ; >;'';. s ̀ ,9 s 
WE SHOW YOU HOW 

WE ENGINEER THE JOB 

WE BUILD THE TOOLS 
-J I 

* Rogan's exclusive plastic branding process t; 
has been employed extensively to speed pro- 

i:¡¡,7át duction of many important war plastics. The 
bakelite Azimuth Dial illustrated, is one example 

of Rogan's accuracy in branding. In fact, this important assignment was 
entrusted only to Rogan. 

However, wartime demands for this service in some ordnance plants, 
have required the application on their own premises. So, Rogan engi 
veers have arranged a method whereby anyone can do his own 
branding on plastics right in his own plant. Rogan will engineer each 
job completely and build all the necessary tools. Will provide clear, 
simple instructions that will permit anyone to do the job expertly. All 
you need do is to send us blue prints and other specific data, and 
we'll give you a quick cost and time estimate. 

Take advantage of this new Rogan service . . . send us your 
specifications today. 

ROGAN BROTHERS 
2003 S. MICHIGAN AVE. CHICAGO 16, ILLINOIS 

of sunrise the linear speed of 
the earth in its orbit around 
the sun and the rotation of the 
earth on its axis combine to 
cause the sunrise portion of 
the earth to cut more meteor 
paths per unit of time.) 

(4) The existence of bursts of all 
magnitudes. 

All the above observed phenomena 
of the f -m bursts are consistent 
with the observed phenomena of 
meteors. The behavior of meteors 
in producing such a radio effect is 
not, I suppose, too difficult to visual- 
ize. It is conceivable that these 
meteors, in their sudden flare-up in 
the upper atmosphere, could pro- 
duce sufficient ionization to form 
some sort of temporary reflection 
layer. 

It seems that comparison of times 
of greatest frequency of bursts 
with the times of the known 
meteoric showers ,would provide a 
fairly conclusive test of whether 
these cosmic missiles are to blame. 
If they are found so to be, then 
considerable is known concerning 
their frequency, energy, velocity, 
height, and size, and these known 
facts could undoubtedly contribute 
to a study of the f -m effect. 

The times of .meteoric showers 
are well known. The most promi- 
nent showers occur on April 20, 
May 6, June 28, August 11, Novem- 
ber 14 and November 24. 

The frequency of meteors is likely 
to be abnormally high for several 
days either side of the listed dates, 
which are usual!!y the maxima. The 
shower intensities vary from year 
to year, but almost always there is 
significantly increased meteor f re- 
quency.on the shower dates. 

WALTER ORR ROBERTS 
Harvard Cottege Observatory 

Fremont Pass Station 
Climax, Coto. 

Surplus Solution 
Dear Sirs: 
I HAVE FOLLOWED with interest the 
editorials covering disposition of 
surplus electronic equipment and 
the postwar problems in connec- 
tion with that subject ... , 

I believe it would be a big lift 
to those of us who will leave the 
service, to enjoy the advantage of 
rurchasing at a reasonable cost such 
items as the War Dept. will have as 
surplus. That will enable the serv- 
ice men to become established in 

i 
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ELECTROLYTIC CAPACITORS 
Completion of the new Glenn -Roberts manufacturing plant, 

including a greatly augmented production capacity for the 

Electronics Division, has resulted in unusually satisfactory de- 

livery schedules on electrolytic capacitors in all usual ranges 

of voltage and sizes of capacity, for radio and communica- 

tions use. Write, wire or phone for complete information. 

ELECTRONICS DIVISION 

GLENN-ROBERTS COMPANY 
3100 EAST TENTH STREET OAKLAND 1, CALIFORNIA 

1.3_js 
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PRECISION 
W RE MOOD 

.7:5 windirg 
Machines 
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Winding 
Ezp 

20 y?ars of W' 
& ]ACKS gpckedby LSO Ys 

TEIEPHáE 
sYI1tCunication 

Telephone 
Com 

d Cable 
Assernblies 

,. 
. 

an 

PROMPT 

DELIVERY 

PRESTO_ ELECTRIC COMPANY. 
Manufacturers of Signalling Devices UNION CITY, N. J. 

_American 
eaut 
ELECTRIC 

° SOLDERING 
IRONS 

are sturdily built for 

the hard usage of in- 

dustrial service. Have 

plug type tips and are 

constructed on the unit 

system with each vital 

part, such as heating .7... 

- element, easily remov- 

able and replaceable. 

In 5 sizes, from 50 

watts to 550 watts. 

13 

IONS 

r 

TEMPERATURE 

REGULATING 

STAND 
This is a thermostatically con- 

trolled device for the reg- 

ulation of the temperature 

of an electric soldering iron. 

When placed on and con- 

nected to this stand, iron 

may be maintained at work- 

ing temperature or through 

adjustment 'on bottom of 
stand at low or warm 

temperatures. 

'o- 9 

.í 

For further information or 
descriptive literature, write 

l..AMERICAN ELECTRICAL 

- HEATER COMPANY 
.DETROIT 2, MICH., U. S. A. 

106 
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KI 35-I$ 37th STREET LONG 'ISIAND CITY I, N. 

.SMART IDEA: 

i 

48_ ¡ 
iOPage. 

Cat 
9ue 

descr 'bes 
l 

ibe Ihsulines 
. 

lene of 
vast 

13adio- E/ecron, 
Products. 

L . 

Though we're all absorbed in 
vital war work, let's give some 
thought to the future. Do a smart 
thing now - get thbroughly 

. . acquainted with 
Insúliné s vast line 
of Radio -Electronic 
Píoducts and the 
Insuline Manufad- 
turing Facilities 
These' 2 books ,tell 

-e.., ¡' \ the story. Write tor - 
them now. 

8,A 

r r,h Qge r S A o, 
9Q r sc, t', ` 

r 
Q 

/Jo 
s o¡ts 

ouAR1ERs -- oOf¡f oct Si.EP L1RON/( p D.Q What are your requirements? Send 4 

;1 .. -. 
aNL ..: lark 

_, ` ; .. . 

, 
El pO 

es 
J ,9 OG data for immediate assistance. 

IASULINE 
COR.PORAFION Of AMERICA 

. INSULIN.E BUILDING LONG ISLAND CITY, N.Y. 

their profession at a low initial in- 
vestment. In addition, such items 
as receivers, etc., could be made 
available for those of us who would 
be interested, with a limit estab- 
lished on the number of units which 
any individual can secure. 

For example, I am instructing 
and we use some test equipment 
which is adaptable to the type of 
work I do in my normal civilian oc- 
cupation. The gear is expensive, 
and in normal conditions would be 
out of my reach, but should the Gov- 
ernment make it available I would 
be glad to take advantage. Other- 
wise, I would never be a customer 
for its purchase, so the manufac- 
turer is not affected... . 

B. P. SCHROEDER, ART 1/C 
Corpus Christi, Tea. 

Colorful Electronics 
Dear Sirs: 
IT SEEMS LIKELY that electronics 
workers will be working with color 
to some extent since television in 
full color is a possibility and the 
various photometer gear available 
requires some knowledge of the 
subject. 

ELECTRONICS has published sev- 
eral articles with physiological 
backgrounds giving rise to the sug- 
gestion that human nerves act 
somewhat like tuned circuits. 

The color theories now used date 
from Maxwell and Helmholtz, since 
which time lots of new wave me- 
chanics have been discovered. A re- 
view of current color theory is very 
disappointing. 

Do you think that you could ap- 
point somebody with an electronic 
background to work out a sensible 
color theory, bearing in mind that 
the eye sees with yellow and purple 
receptors (band-pass) and that pur- 
ple is a color composed of the ex- 
tremes of the visual color band, 
straddling yellow and that, there- 
fore, the customary additive three - 
color theories are not physiologi- 
cally acceptable? The wonders of 
color photography to the contrary, 
three -color systems do not repro- 
duce faithfully. How about a tuned 
circuit color theory? What about 
side -bands? How about Fourier? 
How about color as a "beat" phe- 
nomenon? 

This is a subject that will be of 

394 December 1944 - ELECTRONICS 



LET THIS 
CATALOG 

Answer 
YOUR 

RESISTOR PROBLEMS 
Here are 12 pages of valuable Resistor information. 
A wide selection of Lectrohm Vitreous Enameled 
Resistors, including: fixed, adjustable, "Rib -on -edge" 
and ferrule terminal types-power line and R. F. 
chokes brackets, bushing, solder pots, etc., are 
illustrated and fully described. It also tells you why 
Lectrohm Resistors offer above average dependable 
service life. Ask for your copy of catalog No. 98. 

. L'E CTR O.IH M 
INC O R P O R A T E O 

5127 West 25th Street, Cicero, Illinois 

DIVISION OF THE NATIONAL LOCK WASHER COMPANY. NEWARK, N. J. 

NORTON. Qi INSTRUMENTS 

PORTABLE AMMETERS & VOLTMETERS 
tra 

01, 

G - 

Reliable, sturdy, portable Ammeters and Voltmeters for testing purposes. 

These instruments are built to maintain accuracy under hard usage in avia- 

tion, electronic, marine, industrial service, and electrical repair work. 

Hand calibrated, hand drawn dials assure accuracy at every part of the 

scale. Supplied with knife-edge pointer and mirror reflector for quick, ac- 

curate reading. 
Send For Latest Catalog. 

NORTON Electrical Instruments Co. 
59 HILLIARD ST., MANCHESTER, CONNECTICUT 

I. D. SIZES Ya TO 

'%32 CLEARANCE 

CHAMFERED 

EDGES 

ALL HOLES 

CONCENTRIC 

-EARED COLLARS 

FINE THREAD 

ASSURES SNUG FIT 

THREADS CLEAN 

AND LUBRICATED 

PROTECT your WIRES 

with CREATIVE 
insulating GROMMETS 

All the finest engineering on ra- 
dio, electronic and electrical in- 
struments can go to waste if you 
fail to protect your wires properly. 

If you are not already using 
CREATIVE INSULATING 
GROMMET BUSHINGS in 
your chassis, by all means let us 
furnish you with samples. When 
you see the superb protection these 
100% phenolic bushings give to 
your wires, and when you dis- 
cover that they don't "pop out" 
when you pack your wires through 
them snugly, the chances are you 
will want to specify Creative. 

Send for samples and literature. 

CREATIVE'S CUSTOM SERVICE 
You don't have to build molds to get Plastic 
Parts with Inserts such as knobs, terminals, 
etc. Get the facts about this unusual custom 
service ... Callon CREATIVE. 

PLASTICS CORP. 
978 KENT AVE. BROOKLYN S, NEW YORK 
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PROMPT DELIVERY 

alitc'l 
Running Time Meters 

. aPuñpM T,vt vET71 

.ITOTALIHOURS 
llllll''"''^^ l 

. b). o 

Type RT2 

FUNCTION 
Designed for use on alternating current circuits to 
automatically and cumulatively register the total 
operating time or idle time on any circuit, machine 
or system to which they are connected. 

USES 

To record operating time of vacuum tubes so replace- 
ments can be made prior to failure occurring. To 

indicate total number of hours of pump or machining 
operation. For testing work in laboratories. 

SEND FOR BULLETIN 3500 

NG++T++I++MCMCTER 
+'Y UQj'.'HOURS 

7.¿R,W. CRAMER COMPANY 
CENTCRBROOK CONNECTICUT 

Type RT3 

ELECTRONIC ENGINEERS NEED 
THIS HANDY CHEMICAL LABORATORY 

GENERAL ek9 CEMENT 

RADIO CHEMICAL LABORATORY 

4 

r .; r.r 

The G -C Radio Chemical Laboratory con- 
tains a complete professional assortment 
of often needed cements, solvents, coil 
dopes, insulating varnishes, lubricants, 
contact cleaners, etc. The bottle you want 

is always instantry available from its 
place in the permanent Indexed rack. 
Rack can be placed on bench or wall. 
List price $8.17 with free rack. 

t: 

A Complete Assortment 
of Cements and Chemicals 

Twenty 2 oz. Bottles 
Indexed Metal .Rack 

Brushes in Bottle Caps 

USE IT FOR EXPERIMENTAL 
WORK-ORDER IN BULK 
FOR PRODUCTION LINES! 
G -C Cements and Chemicals are used on 
all types of radio and electronic equip- 
ment by leading manufacturers, labora- 
tories and branches of the Army and 
Navy. They are available for immediate 
shipment in gallon, 5 gallon and drum 
lots. Let us quote on your requirements. 
WRITE FOR FREE CATALOG. 

GENERAL' CEMENT MFG. CO. 
921 TAYLOR AVE., 'ROCKFORD', ILL. 

interest, I believe, because, to get 
an economy going after the war, 
new designs to tempt customers 
will be good business. And a large 
part of design is color. In very 
few cases that I know about has the 
manufacturer been able actually to 
duplicate the colors his designer 
suggested-with the result that the 
finished product had less sales ap- 
peal than the design could have 
given it. The electronic engineer 
has here an opportunity. 

EVERETT THEODORE SPRAGUIc 
R.T. 1/c U.S.N.R. 

Fleet Service School 
Virginia Beach, Va. 

Any volunteers? (Ed.) 

THE FIRST RADIO LINK of a 
gap in telephone lines to provide 
public telephone servicé was in- 
stalled shortly after World War I. 
The circuit was established be- 
tween Los Angeles and the town of 
Avalon on Catalina Island and con- 
sisted of 25 miles of wire line on 
the mainland, 32 miles of radio 
link and one mile of wire on the 
island. Frequencies of 638 kc and 
750 kc were used. 

." .. 
1ür y n-: 

' 

-_- 

DUPLICATING and PROFILING 

AUTO ENGRAVER 
Accurate Engraving 

with Unskilled Operators 

Unskilled operators will profile or accurately 
reprodúce in smooth lines any design, num- 
ber, letter, emblem, signature; on iron, brass, 
copper,' aluminum;: soft steels and all plastics. 
Here are some of its other uses ... 

Drills a series of holes, or profiles small 
parts. 
Cuts an even channel for wiring on panels. 
Increases accuracy and production. 
Works from original drawing or templates. 
Etches glass and similar items. 
Will not cause distortion. 

For complete information on this and other 
models and prices write Dept. K. 

AUTO ENGRAVER CO. 
1116 BROADWAY, NEW YORK 19 

I 
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Have you sent 

i 
MAKE 

your Christmas packages? 

42. 

ceYOUR SENDING 

-7 DATE! 
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THE PUBLIC and industry, with 

fine spirit, have cooperated 

with us in expediting Christ- 

mas gift shipments. This is a 

final reminder to make De- 

cember 1st the day by which 

you have forwarded your 

gifts, particularly to out-of- 

town addresses. Your gov- 

ernment requests it so that 

there will be no interruption 

in the flowof material needed 

by our armed forces. 

The nation-wide .Railway 

and Air Express Service wel- 

comes its annual responsibil- 

ity of making Christmas a 

happy occasion for millions 

by delivering shipments safe- 

ly and on time. Remember, 

please, to wrap carefully - 
address clearly-call us early. 

MAKE AN 
INVESTMENT 
IN AMERICA 

BUY THAT 
EXTRA 

BOND NOW 

NATION-WIDE RAIL -AIR SERVICE 

DANIEL.K.DNDAKIIAN 

TUNGSTEN 
LEADS 

L ' 

DXI SPOT WELDER ... The DANIEL EON. 

DAKIIAN high efficiency spot welder offers 

high speed production adromages.worthy of 

immediate considerotion. Write today. 

DANIEL KONDAKJIAN experience in the 

manufacture' and fabrication of high qual- 

ity Tungsten leads is both extensive and 

all-inclusive. Products include rigid and flexible 

leads for critical installations in every type of elec- 

tronic apparatus and equipment. 

DANIEL KONDAKJIAN engineers and technicians are. 

availablefor tungsten lead collaboration. Inquiries 

pertaining to post-war specialties are invited. 

THE. ENGINEERING CO. 
27 WRIGHT STREET, .NEWARK 5, NEW JERSEY 

For sound approach 
to new problems 
in electron tube 
applications -- 
This book gives engineers and research workers a thorough, 

coordinated groundwork in tube and circuit theory with em- 

phasis on fundamental principles and their use in many appli. 

cations in industrial electronics, communications, power, and 

measurements. Meeting the need for a single volume to as- 

semble and coordinate present knowledge of theory and 

application of electron tubes, the book 

covers its subject authoritatively and in 

detail, from the fundamental principles of 

atomic structure, excitation, ionization, 
radiation, and emission, to practical ma- 

terial on the design of voltage and power 
amplifiers, phototube circuits, power -con- 

trol Circuits, power supplies, and nteasur 
ing instruments. 

In this edition the chapter on 

Detection and Modulation and that 

on Oscillation have been brought 

abreast of developments in the 

field to improve the book's useful- 

ness to engineers and researchers. 

In its 15 chapters you will find such 
valuable new material as: treatment of 
cathode -follower amplifiers, discussion of 
inverse -feedback filters, 'graphical expla 
nations of modulation, comprehensive 
treatment of oscillator theory, improved 
analysis of condenser -input filters for 
rectifiers, analyses of cathode-ray deflec- 
tion, and more material on amplifier 
analysis by square waves. 

Just Out! 
New, Second 

Edition 

':TrIEÓRY .á 

APPLICATIONS 
: 

OF 

THEORY AND 
APPLICATIONS OF 
ELECTRON TUBES 

By HERBERT. J. REICH 
Professor _ofElectrical Engineering, University of Illinois 

Second edition, 716 pages, 640 illustrations, $5. 

10 DAYS FREE EXAMINATION 

Send this McGRAW-HILL coupon) 
McGraw-HIII Book Co., 330 W. 42 St N. Y. C. 18 

Send me Reich's Theory and Applications of Electron Tubes, 
Second edition, for 10 (lays' examination on approeaL In 
10 days I will send $5.00 plus few cents postage or return 
book postpaid. (Postage paid on cash orders.) 

Name 

Address 

City and State 

Position 

Company L 11-44 

(Books sent on approval in the United States only.) 
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PILOT LIGHT 
') ASSEMBLIES 

GIVE YOU THESE - 

5 ADVANTAGES: 

(1) Extensive line covers 
every known applica- 
tion, .. (2) Assemblies 
complete with Lamps. 
... (3) Top-flight'en- 

gineering...(4) Per- 
sonalized service 

...(5) Rapid-fire 
deliveries. 

Write for 
Catalog. 

.IÑDI IGNAL 
894 BROADWAY.... NEW YORK 3,.N. Y, 

:, Teléphone: Algonquin 4-4770 . - 

AT 

Easy -to -install ... com- 
pact ... quiet -running ... economical ... these 
are the features which make Pilot Blowers ideal 
for the important job of air circulation and ventilation in Radio Equipment. Available 
in standard models to move from 15 to 100 C.F.M. Write for Bulletin 507. 

.,. 
r ; 

\ 

áfts, - "SHADED POLE" F. H. P. MOTORS 
Tell us what your requirements are and we will 
send you "fact sheets" giving complete specifica- 
tions on these dependable, efficient, low-cost 
Motors. For continuous or intermittent duty with 
H.P. ratings ranging from 1/15 to 1/50011.P. and 
from 1550 to 3400 R.P.M. Plain round or with base 
or resilient mounting ... open or enclosed cases. 

F. A. SMITH 
801 DAVIS S 

. SHADED POLE 

: M.OTORS 

MANUFACTURING CO., INC. 
T. f4SC) ROCHESTER 2, N. Y. 

CENTRIFUGAL 

_ BLOWERS 

MINIATURE TUBE SET ASSEMBLY 
CUT TUBE FAILURES WITH THE 

,* S TAR 
DOUBLE-CHECK SYSTEM 

Assure high set production by equipping your Assembly Departments with STAR MINIA- TURE SOCKET WIRING PLUGS* to align socket contacts during wiring, and STAR MINIATURE TUBE PIN STRAIGHTENERS' to provide an easy, perfect fit when tube la Inserted. A simple 'doublecheck" that Insure* smoother assembly flow and fewer tube failures. 
FIIIn a requirement for your Assembly Depart- ment and meets the specifications of WPB SubCommlttee on Miniature Tubes. 
"THE ORIGINAL MANUFACTURER OF MINIATURE SOCKET WIRING PLUGS" 

For complete Information 
and prices - write 

RADIO ACCESSORY DIVISION 

STAR EXPANSION BOLT CO. 
147 Cedar Street, New York, 6, N. Y. 

PREMAX 

Premax 
Antennas 

-Tested 
in war 

-Ready 
for peace 

Send Today For Your Copy 
Of This 

Prp/17[Íx / r0CAW 5 
Division Chisholm -Ryder, Co., Inc. 
4502 Highland Ave., Niagara Falls, N. Y. 

fj 

II 
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coRWI o 
WIRE 

MADE BY 

I FOR 

f 

concentrating upon VICTORY 
for the duration 

Cornish 
WIRE COMPANY, Inc 

15 Pork Now, New York City, New York 

-41 c 

ARGON HELIUM KRYPTON 
NEON XENON MIXTURES 

.RARE GASES 
AND MIXTURES 

.. Spectroscopically Pure 
. Easily removed from bulb 

without costa ninatiou 

Scientific uses for LINDE rare gases include - 
1. The study of electrical discharges. 

2. Work with 'rectifying and stroboscopic 
devices. 

3. Metallurgical research. 

4. Work with inert atmospheres, where heat 
conduction must be increased or decreased. 

Many standard mixtures are available. 
Special mixtures for experimental purposes 
can be supplied upon request. 

The word "Linde'' is a trade -mark of 

THE LINDE AIR PRODUCTS COMPANY 
Unil of Union Carbide and Carbon Corporation 

30 E. 42nd St., New York 17 ® Offices in Principal Citron 

In Canado, Dominion oeyaen Compone, Ltd., Toronto 

- .1 r /: ̀ . J.v 

ELIMINATES NAME PLATES 

ON FRONT PANELS 

A proven method for placing durable characters 
on metal panels, chassis, etc. 

' *Inlaid baked enamel characters, 
protected by background finish; re- 
sistant to abrasion and salt spray; 
guaranteed to pass 50 hour salt 
spray test. 

* Front panel will match finish- of 
cabinets. 

* Recommended and endorsed by 
scores of manufacturers of elec- 
tronic, sound and communication 
equipment. 

PROMPT DELIVERIES-Send us your bare fabricated 
steeLond within two weeks we will 
return it finished and marked to 

ce; : your complete satisfaction. 

RE EN MAKERS 

o 
o 

`Se 
;11.º"R; /. 

Oto.rlr Mon i 
-90 90- 
:'tia r¡Q 
-,o oturu eá6 \ i i .`pi ñ; ó ty 

'%,l,1,1," 

ALSO... 
SILK SCREENING 
on front panels and 
chcssis, either metal or 
plastic. Sharp cleorchar- 

64 FULTON STREET NEW YORK 7, N.Y.acters durably printed 
on finished or unfinished 

Tel.: REctor 2-9867 surfaces. 

, 0: a 
rId~s04(40(,./..,,áe 

p,34.44r,t 

o a 51,_ 

.. , you can' rely on as a buying 
guide to the components and in- 
struments used in, research, exper- 
iment, and production. 

'Its contents are organized for 
easy reference, with materials 

fJ ;e"'' YI 
grouped by application so you 

I' - can quickly find what you need. 

1 .Ií Write today for your free copy 
INE 01155 44.55 5 I of this valuable manual; use cou- 
10 w.5140900. 51 nOstO l 
,I/-0,.'f°",, ..rFX iT pan below. 

; RADIO..SHACK CORP..':161. WASHINGTON -:ST: !..'BOSTON 8`MASS. 
Please send my ropy of yaws new catalog to 

Name 

No. Srrcct 

Title Company 

Gry City Stale 
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Broadcast Station 

Directional Equipment 

Hove you investigated the pos- 
sibilities of increasing power by in- 
stalling directional antenna equip- 
ment to "protect" other near -by 
stations on your frequency? If not, 
this should definitely be o port of 
your Post -War plans. 

Johnson Engineers ore pioneers 
in the directional antenna equip- 
ment field. They have completed 
and delivered 39 such units (prob- 
ably more than any other manu- 
facturer? and it is not tóo soon to 
place your order for Post -War de- 
livery. 

Johnson service includes working 
in cooperation with your consulting 
engineer in design of the equipment, 
building the phasing unit with cabi- 
net to match your other equipment, 
furnishing tower coupling units, and 
furnishing concentric line, gas 

equipment and other accessories. 

Write to Johnson today for fur- 
ther information and estimates. 

,; 

IMO.- 

n 

1115. . 

S UHNUN') 
a arreórc! .narnain naclio 

E. F. Johnson Co. Waseca, Minn. 

ll 

There is no other method of producing metal 

stampings in small lots that can equal the process 

originated by Dayton Rogers Mfg. Co. No mat- 

ter how intricate the design or how small the 

quantity requirements, we can show you a sub- 

stantial saving. 

,Write for illustrated booklet .#176-17. 

DAYTONROGERS 83712th Ave. S. M nnneapoolis 7. MiRING nn. 

,'¡ 

. o 

r :: : ; ,) ENAMELED 

r MAGNET WIRE 
-_ Much of the success of 

, this Hudson Wire product is due 
to a new coating method that gives a 

smooth, permanently -adherent enameling. Mercury -process tests 
guarantee perfect uniformity; great tensile strength assures per- 
fect laying even at high winding speeds. Especially adaptable -for 
reduction in coil dimensions without sacrificing electrical values. 

Our engineering and design facilities ore at your 
disposal-details and quotations on request. 

H l DSON WIRE COMPANY i 
«"Fl/frÇ/8I2 .1li 

` ,'CON!VECTICUT. . 
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Electrex 
Rekorder 
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CHICAGO HEIGHTS 

ILLINOIS 

STEATITE 

CERAMIC 

I 
J 

IAR ACT( RISMS 
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r 

.. .a e ¡. 

4. 

11% I 

I IS 

D. Al. STEWARD MFG. COMPANY 

. V 

THERE'S A DRAKE 
SOLDERING IRON 
FOR EVERY TYPE OF 
ELECTRONIC WORK 

Prom that mighty nlile 

f -. 

the Drake No. 100 to the hiyllr 
.Irell production "hone" 

the Drake No. ((Xl-l(1 there i a 

high quality Drake bolIerinF 
Iron 'jn.t right- for the jab. 

Drake Ileal t'olstrol and the 
Drake 'Yl¿Rir (:up" 'txnll are 
important .oIrIIrirli: ¿doh,. 

e SEE 

YOUR RADIO 

PARTS JOBBER 

DR KE WORKS, INC; 

1 

ttSURCO AMERICAN" 

Plastic Insulation 
¡i&eZe44fG#ieGj 

411. d-per.5 .Í4.:C414:0414, 

You need only to list your specifica- 

tions to obtain exactly the qualities 
you require in "Surco -American" Flex- 

ible Plastic Tubing. Our own formula- 
tions, are rigidly tested to withstand 
the widest range of conditions, tem- 

perature extremes, non inflammability, 
ageless durability, maximum flexibility; 
proof against moisture and all kinds 

of weather. Available in continuous 
lengths, inside diameters from .005 to 

2', packed exclusively to maintain 
original round form. Other features 
of ' Surco -American" formulations ore 
non fogging, high insulating resistonce, 

dielectric strength which averages 1500 
-olts per mil, thickness, resistant to 
abrasion, clear and in all colors. 
"Surco -American" tested products also 
include: flexible plastic insulated wire 
in oll colors and sizes, insulating tape, 
special tubing and wire. Complete 
technical doto. 

ittiái ¡ 
ELECTRICAL INSULATION CO, 

84 PURCHASE ST. 

16$ UNCotH AVE. CHICAGO, Kt,. BOSTON MASS. 
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list'en, Jim! 
ASSOCIATED RESEARCH 

NOT ONLY MAKES 

viORarFsrs 
for insulation resistance testing but also 
VIBROGROUND for ground Iesting,HYPOT for 
high voltage breakdown testing, DONUT 
transformers, SHUNTS, RESISTORS, and 
many other products. 

Canhin1 
o ,Leveling 
Self-contained power source. Easily 
read scale shows ohms and megohms. 
Vibrotest Model 201 illustrated. Range 
0-200 megohms at 500 V. potential, 
0-2,000 ohms, 150-300-600 volts AC or 
DC. Send for Bulletin on all models. 

WHERE COI 
/CET... 

\ . Í tZ.r+ 

VIBROTEST, is an outstanding name for 
easy simplified and accurate insulation re- 
sistance testing. Compact, portable, oper- 
ated in any position, it is in wide use in 
electrical power fields, industry and all elec- 
trical departments. But it is only one of 
the many products of Associated Research. 

BRING YOUR SPECIAL PROBLEMS TO US 

The experience of our technicians is at your 
disposal, with complete facilities for design- 
ing, developing and manufacturing to your 
requirements. We serve organizations and 
individuals. We produce in large and small 
quantities. We are equipped for prompt 
delivery. 

WIRE OR WRITE FOR IMMEDIATE ATTENTION. 

ASSOCIATED R S. £>R C H; 
223 So. Green Street 

cZ zcot,aotafed Chicago 7, Illinois 

tRANsfolt 
WAS 

FOR 

,PosTW f.R 

Pa 

Order Now! 
Avoid delay in get- 
ting out your new 
post-war products by 
arranging now for 
transformers. It will 
give you a distinct 

advantage over those who wait until peace is actually 
here. 

We are now booking postwar business. 
Send us your specifications for a quotation. 

Í &iÁ .... 

DONGAN ELECTRIC MANUFACTURING CO. "DONGAN' 
2977 Franklin Detroit 7, Mich. 

"The Dongan Line Since 1909" 

s 

- SUPERIOR CARBON 

PRODUCTS, INC. 
9117 George Avenue 

CLEVELAND 5, OHIO 

--I 
0-0111111 

After 25 years we're still at it. and 
expect always to be. For reputation - 
building is a job that's never finished 
. . . Constant change and improve- 
ment rule the electrical industry. 
These advances are steadily making 
old practices, old viewpoints, old 
products, obsolete. Good old Superior 
brush grades, regardless of how good 
or how old, have to go when they no 
longer "deliver". New brushes take 
their place, stemming from consistent 
laboratory research and a close study 
of our customers' needs. 

Will you outline your problem fo us? 

SUPERIOR 
CARBON 
BRUSHES 

...taos óP1. 

Available from 
local dealers or 
by writing fac- 
tory direct. 

YOURS 
-FOR THE 
ASK/NG 

UNIVERSAL 
STROBOSCOPE 
This handy phonograph turntable speed indicator, 
complete with instructive folder, is now available 
gratis to all phonograph and recorder owners 
through their local dealers and jobbers. As a 
recorder aid the Universal Stroboscope will assist 
in maintaining pre-war quality of recording and 
reproducing equipment in true pitch and tempo. 
Universal Microphone Co., pioneer manufacturers 
of microphones and home recording components 
as well as Professional Recording Studio Equip- 
ment, takes this means of rendering a service to 
the owners of phonograph and recording equip- 
ment. After victory is ours-dealer shelves will 
again stock the many new Universal recording 
components you have been waiting for. 

UNIVERSAL 
MICROPHONE CO. 

INGLEWOOD, CALIFORNIA 

'We IMPROVED 

KELNOR 
REG. U. S. PAT. Orr. 

dwell SOLDERING IRON 

45= 

about 'h 
actual site; 

weighs t/7 Ib. 

special 
desigñé 
for most 
efficient 
soldering 

in the 
ELECTRONIC, 
RADIO AND 
INSTRUMENT 
manufacturing and 
repairing fields 

Easily solders hard -to -reach connections. 
Cuts down fatigue, increases accuracy. 

ORDER FROM YOUR' JOBBER, OR DIRECT. 
GENERAL OFFICES, CENTRAL TOWER, SAN FRANCISCO 3 

KELNOR MANUFACTURING COMPANY__ 

JI 
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JONES 
BARRIER STRIPS 

SOLVE MOST TERMINAL 
PROBLEMS 

No. ISI 

A compact, sturdy terminal strip with 
Bakelite Barriers that provide maxi- 
mum motel to metal spacing end pre- 
vent direct shorts from frayed wires 

at terminals. 
6 SIZES 

cover every requirement. From 1/4" 

wide and 13/32" high with 5-40 screws 

to 21/2" wide and I11/p" high with 

1/4"-28 screws. 

Jones Barrier Strips will improve es 

well as simplify your electrical infra - 
connecting problems. Write today for 
catalog end prices. 

HOWARD B. JONES COMPANY 

2460 West George Street 
CHICAGO 18 ILLINOIS 

KIRKLAND Pioneer 
INDICATING LAMPS 

New 
D/E DOME TYPE LENS -CAP WITH 
HEAVILY WALLED DEEPLY CUPPED 
GLASS LENS. SO OUTSTANDING THAT 
A COMPLETE LINE OF PILOT -LIGHTS 
HAS BEEN EQUIPPED WITH IT. 

For Use With the Most Read- 
ily Obtainable Lamp Bulbs 

Ton No. 590 D/E Unit for use with 
the 56 candelabra screw base lamp on 

reltaoes up to 120 volts. 

19''9,,Niu 9 
w- 

The No. 590 D/E Unit, List Price, 
(less lamp) $1.25. 
tip etlkatlonsr: ,ounllnc hole, 11" di- 
ameter; overall depth behind the hoot 
of the panel 2'; length of threaded 
area lea-. Underwriters' Approsed. 

Distributed Nationally by 

GRAYBAR ELECTRIC CO. 
Write for 
Catalogue 

THE He' R. KIRKLAND CO. 
MORRISTOWN, N. J. 

BES 

DI 

YOU NEED 
D C RELAYS ... Small, light weight multi -pole relays . designed for Aircraft 
and Mobile Equipment. Also used extensively in electronic circuits. Designed for 
permanence of adjustment Meets aircraft vibration, temperature, humidity, 
and altitude specifications as well as AN-QQ-91 salt spray test. 

CIRCUIT BREAKERS ... For protecting A -C or D -C circuits. Compact in design 

and sturdy in construction ... built to withstand severe field service Available 
with multiple coils making a single unit adaptable for protecting equipment de- 

signed for operation on different voltages. 
GALVANOMETERS . D'Arsonval Portable in either pointer or mirror types for 
laboratory or production testing service. Movements of either type available for 
use as built in component of other instruments. 
GALVANOMETER RELAYS . Super -sensitive type. Operate on very small direct 
current. Extremely rugged and'reliable. 

Full details and information full described in catalog 

WRITE FOR YOUR COPY TODAY 

G-14 LABORATORIES,: INC. °r gag WAR BONDS 11 STAMPS 

4313 NORTH KNOX AVENUE. CHICAGO 41, ILLINOIS 

G -E Safety Door 
Interlock Switch 

OPEN the door and the power's 
off! Prevents accidents, pro- 

tects equipment. Will not fail 
mechanically. For complete 
details, write: 

GENERAL ELECTRIC 
ELECTRONICS DEPARTMENT 

177d 51 

SCNENECTADT, N.T, 

tt 

I \ 

!WASHERS do c6unt If:.fj t,4 

MAKE SURE WITH 9 
Quadriga Quality WASHERS 

Whatever your requirements, standard or special, Quadriga is 
equipped to produce to exact specifications. Any quantity, small or 
large. Prompt delivery: Flat, Tension and Spring, Formed and 

Drawn Cupped and Finishing, etc. Wire ter- 
minals. Also SMALL STAMPINGS. any de- 
sign. 

Send for Quadriga Catalog 
Illustrations and engineering data. Submit speci- 
fications without obligation. Wire or write 

\ THE QUADRIGA MAÑUFACT 
1V.. 

URING CO. 
Inc. 1894 Hall a Century 221A W. Grand Ave., Chicago 10. III. 
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Cleve -Tung makes tungsten 
products exclusively 

Transfórmers 
r- Combat 

A 

In -Active Service 
Over the:Entire Globe 

DINION COIL COMPANY 
CALEDONIA, N. Y. 

S 

P W 
R I F 

1 R O 
N E R 

G M 
S S 

Bring your Spring problems to us 
We will give you the benefit of our forty years of 
experience in making Springs, Wire Forms, and 
Punch Press Stampings for every mechanical need 
from ... VANADIUM, PHOSPHOR BRONZE, 
PREMIER WIRE, OIL TEMPERED, STAINLESS 
STEEL, MONEL, MUSIC WIRE, CROME WIRE. 

S 

P T 

P R' A 
U E M 
N S P 

C S I 

H N 

M. .4e#t ea. 
6828-34 So. CHICAGO AVE. CHICAGO 37,.ILL.INOIS 

MI9514VillrY T"1" 

r 

tot çMIOBBE 25 Years' 
Experience in 

the Utilization of 
Tungsten Products 

CLEVELAND TUNGSTEN; INC.. 
.10200-MEECH'AVENUE CLEVELAND, OHIO 

Type "C" D.C. Generator 
Permanent Magnet Field, ball -bearing 
equipped: 1%" outside diameter, 3%" in 
length ... weighs 16 ounces. 

THE 

ALL-IMPORTANT 

IS 

PROMPT DELIVERY 
Elinco fractional-h.p. motors and gen- 
erators combine compactness and small 
size with utmost precision and accuracy, 
the result of long experience and ex- 
treme manufacturing care and testing 

. plus adequate production to assure 
the most prompt delivery possible. 

Type "B" A.C. Generator 

Permanent Magnet Field wound for one, two 
or three phase A.C. Ball -bearing equipped; 
flange or base mounted. 2V/A" outside diam- 
eter . . . weighs 16 ounces. 

Can supply quantity production on 

standard items, or produce experimen- 
tal or production machines built to your 
own specifications. 

ELECTRIC INDICATOR CO. 
STAMFORD U.S.%1, e . CONN. 
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 CONTACTS 
FOR THE FIELD OP ELECTRONICS 

iiiil We Manufacture a complete line of equipment s SPOT WELDERS, electric, from s4 to 50 EVA Ac ARC 
TRANSFORMERS, special and standard types WELDERS 
INC aNDESCENT LAMP manufacturing equipment From 100 to 
FLUORESCENT TUBE MAKING EQUIPMENT 400 Amps. 
ELECTRONIC EQUIPMENT, vacuum Dumps. etc. 
WET GLASS slicing and cutting machines for laboratory use 

'l, 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 

Continuously 
Since 1930 

tetcolo> ooI 

I 
AIRCRAFT 

MARINE RROAOCA0F 
POLICE COMMERCIAL AMATIVR 

HIPOWER CRYSTAL COMPANY 
Sales Division -205 W. Wacker Drive, Chicago 6 
Factory - 2033 Charleston St., Chicago 47, III. 

Strip Insulated Wires 
OUICKER... BETTER 

with 
AUTOMATIC WIRE STRIPPER 

.Speeds Production 
Strips insulation from all types of 
wire - instantly, easily, perfectly. 
Just press the handles and the lob 
is done. Cuts wire too. Strips 800 

to 1000 wires per hour. Available 
for all size solid or stranded wires 
-No. 9 io No. 30. List Price $6.00. 

Write Dept. E For Full Particulars 

GENERAL CEMENT M. CO.: 

Rockfórd, Illinóis; U.S.A.. 

MORE RF KILOWATT HOURS 
PER DOLLAR WITH 

F&0 
TRANSMITTING TUBES 
Inquiries Invited-Let us explain hose 
Savings are effected and the F A, O 
greater guarantee. 

FREELAND & OISCHNER PRODUCTS Inc. 

611 Baronne St New Orleans 13, Lo, 

Raymond 4756 

High Power Tube Specialists Exclusively 

(1/4 To 100 KW) 

MICROMETER for 

FREQUENCY / c 

METER 
ni Transmitters 

from I. to 
within 0.01 cent per cent 

LAMPKIN LABORATORIES 
Bradenton, Fla., U. S. A. 

FINE RIBBONS 
OF 

TUNGSTEN and MOLYBDENUM 
Making a modest. but effective contribu- 
tion in Electronics' War accomplishments. 

H. CROSS 
15 Beekman St. New York 

Electron Tube Machinery 
of every type, standard, and special 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 bases. 

EncInEERInc campnnY 
1307.1309 Seventh St., North Bergen, N. J. 

CUP WASHERS 
` . 

for Binding Screws 

WHITEHEAD 
STAMPING CO. 

1691 W. Lafayette St., Detroit 16. Michigan 

KEEP MATERIALS 
MOVING 

with Steel -Grip Gloves 
With not a moment to be lost, 
keep men at work and materials 
moving with Steel -Grip chrome 
tanned cowhide gloves. Steel rib- 
bons over tough leather strips; 
palm acid fingers reinforced, for 
utmost wear. handle rough, 
heavy, sharp materials with si't'ed 
and safety and sureness. Or what's 
your problem? Over 4300 proven 
Steel -Grip safeguards may give 
you an immediate answer. Used by 
big industrialssinee 1910. Write for 
catalog or state your need today. 

INDUSTRIAL GLOVES CO.' 
325 Garfield Blvd., Danville, III. 

CaMA^ Safªty Supply Co . Toronto 

1.1 
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...BURSTEIN-ÁPPLEBEÉ CO..: 
1012-1014 MeGes St..., 'Kansas °City;6; Missouri 

TECHNICAL 
NOTES 

Ester pi, front Nem Home Study 

Lessons Being Prepared 
under 

the Direction of the CREI 

Director of Engineering Texts 

Circuit 
Equivalents 

The CREI NEWS, monthly 
house organ published by the 

Capitol Radio Engineering Insti- 
tute, is now presenting an inter- 
esting series of technical articles 
on the subject of Circuit Equiva- 
lents. 

The current article takes up 
actual circuit equivalents. These 
include such elements as speaker 
dividing networks, high -frequency 
resistors of large power dissipa- 
tion for use in high-level video 
amplifiers, rhombic antenna ter- 
mination, and finally, an example 
from the acoustic field, that of 

the rubber transmission line used 
in a disc recorder. 

\Ve believe you will be inter- 
ested in this material and in the 
further examples that are to fol- 
low in succeeding issues. If so. 
we will be glad to place your 
name on our mailing list to re- 
ceive copies of the CREI NEWS. 
free of charge. Merely write to 
Capitol Radio Engineering In- 

stitute and ask for your copy of 
the December CREI NEWS, plus 
other issues discussing Circuit 
Equivalents. 

The subject of "Circuit 
Equivalents" is but one of 
many that nre being con- 
stantly revised and added 
to CREI lessons by A. 
Preisman, Director of En- 
gineering Texts, under the 
personal supervision of 
CREI President, E. H. 
Rietztce. CREI home study 
courses are of college 
calibre for the professional 
engineer and technician 
who recognizes CREI train- 
ing as a proved program 
for personal advancement 
in the field of Radio -Elec- 
tronics. Complete details 
of the home study courses 
sent on request . Ask 
for 36 -page booklet. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE, President 

Home Study Courses in Practical 
Radio -Electronics Engineering for 

Professional Self -Improvement 

Dept. E-12, 3224.16th St., N.W. 

WASHINGTON 10, D. C. 

Contractors to the U. S. Navy-U. S. 
Coast Guard-Canadian Broadcasting 
Corp. - Producers of Well -Trained 

Technical Radiomen for Industry 

a; 
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POSITIONS VACANT i 

Professional Services 

WALLACE CLARK & COMPANY 
Consulting Management Engineers 

25 years Planning In the Fields of Research, 
Development, Sales, Engineering, Production 
Finance and Overall Management. 
521 Filth Avenue New York 17, N. Y. 

STANLEY D. EILENBERGER 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Design -Development -Models 

Complete Laboratory and Shop Facilities 
6309 -13 --27th Ave. 

Kenosha, Wis. Telephone 2-4213 

J. L. A.. McLAUGHLIN 
Designer o/ 

Communications Receivers 

P. O. Box 529, LaJolla, Calif. 

E. MITTLEMAN 
Consultant Engineer 

ELECTRONIC EQUIPMENT 
BUILT TO ORDER 

Rm. 603 161 Washington St., N.Y.C., N.Y. 
Beekman 3-0462 

M. F. M. OSBORNEAssocIATEs 
Consulting Physicists 

Methematical Analysis of Physical Prob- 
lems. Higher Mathematics, Approxima- tions. Electronic Design. Fluid Dynamics Mechanics. Electromagnetic and Acoustic 
Wave Propagation. Literature Surveys. 
Reports. 
703 Albee Bldg. Washington 5, D. C. 

Telephone Dlstrict 2416 

JOSEPH RAZEK, Ph.D. 
Consulting Physicist 

Electrical and Mechanical Engineering Problems 
Instruments and control Devices Electronics 
Specialists in Coiortmetry, Spectophotometry and 

Industrial Color Control 
Laboratory and Shop Facilities 

202 Darby Road Llanerch, Pa. 
Phone Hilltop 6910 

TO INVENTORS 
TO MANUFACTURERS 

Inventors: Have you patents for disposal 
here or abroad? 

Manufacturers: Are you seeking Important 
new products or processes for present or 
future exploitation? 

W. B. KAHN CO., 551 Fifth Ave., N. Y. 
International Patent Brokers Est. 1904 

'SURPLUS 
WANTED 

Meters -Transformers -Rheostats 
Control Devices 

Electronic Components 

ELECTRO.TECH 
EQUIPMENT CO. 

331 Canal St. New York. 13, N. Y. 

WORKING FOREMAN, for electrical repair 
shop doing large and small work of all types. 

good opportunity, good pay for right man. Box 
1029. Mitchell Advertising Agency, 1 Beekman 
St., New York City. 
DESIGN ENGINEER -2 years university train- 

ing minimum experience in development and 
design of amplifiers and vacuum tube control 
devices. Good postwar future with progressive 
Chicago manufacturer. P-756, Electronics, 520 
N. Michigan Ave., Chicago 11, Ill. 

EMPLOYMENT AGENCY 
ELECTRONICS -More positions are coming in 

daily for well qualified men In Electronics. 
Our service is Nation wide and covers all 
branches of Engineering. More than 51 years 
at the same address. The Engineering Agency, 
Inc., 53 W. Jackson Blvd., Chicago 4, Illinois. 

EMPLOYMENT SERVICE 
SALARIED POSITIONS - This advertising 

service of 34 years recognized standing 
negotiates for high salaried supervisory tech- 
nical and executive positions. Procedure will 
be individualized to your personal réquire- 
ments and will not conflict with Manpower 
Commission's. Retaining fee protected by re- 
fund provision. Identity covered and present 
position protected. Send for details. R. W. 
Bixby. Inc., 278 Delward Bldg., Buffalo 2, 
N. Y. 

POSITIONS WANTED 
ENGINEER: Age 32, American, 8 years experi- 

ence In Industrial and aircraft electronics, 
electrical Instruments, radio and refrigeration, 
desires position In design, development on 
manufacturing. PW-747, Electronics. 330 W. 
42nd St., New York 18, N. Y. 
PHYSICIST -EXECUTIVE - Ph.D. experience: 

commercial laboratory research and super- 
vision, and management of small group design- 
ing and manufacturing electronic test equip- 
ment. Position wanted as manager of devel- 
opment for a large corporation or general man- 
ager of a small highly technical business. A 
good connection is a fundamental requirement. 
An increase in earning power is not expected. 
Reply to PW-757, Electronics, 330 W. 42nd St.. 
New York 18. N. Y. 
ENGINEER -PHYSICIST MS '37 with seven years outstanding experience In design, 
specifications, research, costs and supervision, desires Pacific coast supervisory position. Ed 
Baldwin, 110 Skancke, McPherson, Kansas. 
TECHNICAL WRITING employment wanted by 

analytical chemist who is also radio amateur and has taught radio and electronics. PW-758, 
Electronics, 620 N. Michigan Ave., Chicago 11, 

SALESMAN WANTED 
WANTED: SALES engineer -Experienced In the field of precision scientific and optical instruments for Industrial, institutional and laboratory users. Must have technical back- ground and sales organization ability for setting up and developing the post-war markets for a substantial and well equipped New York corporation manufacturing the highest types of instruments and optics. This 1s a real op- portunity for the right man to head up our sales engineering department for post-war work. Write fully education background' and 

experience. Replies strictly confidential. SW - 759. Electronics, 330 W. 42nd St., New York 18, N. Y. 

SALESMAN AVAILABLE 
SALES ENGINEER, radio. at present in Armed Forces, is looking for post-war position in South America or Mexico. Eighteen years ex- perience covering sales, maintenance, and in- stallation of radio, radar, and industrial elec- tronic equipment. B.S. In Communication Engineering. SA -760, Electronics, 330 W. 42nd St., New York 18, N. Y. 

REPRESENTATIVE AVAILABLE 
WANT TO Represent electronic, radio, or elec- trical equipment manufacturers in Texas. Electrical engineer (professional license) with 
wide acquaintance. Has had valuable sales experience. RA -761, Electronics. 520 N. Mich- igan Ave., Chicago 11, Ili. 

BUSINESS OPPORTUNITY 
HAVE ACQUIRED Delaware charter for Key Broadcasting System Inc. Propositions in- vited. BO -762, Electronics, 330 W. 42nd St., 
New York 18, N. Y. 

BEST QUALITY, USED 

ELECTRON TUBE MACHINERY 
Equipment for the manufacture of all kinds of 
electron tubes, radio tubes, incandescent lamps. 
neon tubes, photo electric cells, X-ray tubes, eta. 

AMERICAN ELECTRICAL SALES CO., INC. 
65.67 East 8th St. New York. N. Y. 

AVAILABLE 
RADIO SPECIALIST. 44. Married. Good 
health. California resident eighteen years. 
Twenty-five years wide experience from 
laboratory to reta..l sales. Semi -executive. 
Public relat:onn expert. Technical knowl- 
edge transmitters, receivers, antennas and 
high frequency. Fourteen years associa- 
tion with government broadcast and utility 
officials, distributors, dealers and public. 
Top references. Interested in permanent, 
responsible high-class proposition. West 
Coast territory. 

Write Box PAP -756, Electronics 
68 Post St., San Francisco 4, Calif. 

$ 

RADIO ENGINEER WANTED 
PLANT MANAGER 57,500 - 515,000 UP 
Top radio design engineer wanted. May also be made plant manager if qualified. War work -receiv- 

ers etc. Post war -home radios, radio phones, tele- vision, electronic specialties etc. Prosperous growing medium sized N. Y. radio mfr. Splendid opportun- ity. Our engineers know about this advertisement. Send complete background, salaries earned etc. We pay very highest salaries to producers. 
P-7501 Electronics 330 W. 42 St.. N. Y. 18, N. Y. 

ELECTRONIC TECHNICIAN 
CONSTRUCTION WORK ON 

RADIO TEST EQUIPMENT 
Post War Future! 

PREMIER CRYSTAL LABORATORIES 
63 Park Row (Nr. City Hall) N. Y. 

SALES ENGINEER 
for SOUND EQUIPMENT 

Eastern division of national elec- 
tronic company has permanent posi- 
tion for outstanding sales engineer, 
contacting large industrial markets 
on sound equipment. Man must have 
sales and engineering background, 
experience selling to industry, and. 
technical knowledge of sound equip- 
ment. Engineering degree or extensive 
engineering experience desired but not 
essential.Good salary and bon.'s.Write 
details to: Dept. 11, Box 429, Grand 
Central Annex, New York 17, N. Y. 

SALES ENGINEER 
FOR TUBES 

Eastern division of national electronic 
manufacturing company has position 
for sales engineer familiar with use 
of tubes in various types of electronic 
apparatus. Man should have merchan- 
dising and engineering background, 
knowledge of industry, and executive 
ability. He must be able to talk to 
technicians in factories, work with 
people and supervise a small staff of 
salesmen. Good salary and bonus. 
Write for full details to: Dept. 2E, 
Box 429. Grand Central Annex, New 
York 17, N. Y. 

FOR SALE 

KINNEY PUMP UNIT 
V.S.D. 778 with G.E. motor. 
prewar made, very little used. 
no. priority needed. Make offer. 

1"S-763. Electronics 
330 W. 42nd St., New York 18. N. Y. 

Meters - Panel instruments 31/2" size. ml- 
croammeters, voltmeters, ammeters, R.F. 
meters. milliammelers. Large variety. 
Multi -range small portables. Prompt de- 
liveries. Advise what you want for gsio- 
tation. Hallicralters SX-28, 25. 

HATRY AND YOUNG 
203 Ann Street, Hartford 3, Connecticat 
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gip SEARCHLIGHT SECTION 

VACUUM TUBE ENGINEERS 
One of our large Pennsylvania plants has open. 

Ingo for graduate physicists or electrical engineers 
with previous experience In the manufacture of 
vacuum tubes. The work will involve the develop- 
ment and control of processes and responsibility for 
maintaining low shrinkage ratios. 

These positions place a high premium on men 
who can work cooperatively and understandingly 
with others. 

We will arrange early interviews for qualified 
applicants who furnish full details concerning age, 
education, previous experience and salary expected. 

Sylvania Electric Products Inc. 
Industrial Relations Department 

500 Fifth Ave. New York, New York 

ELECTRICAL ENGINEER 
WANTED 

One of Connecticut's oldest and largest 
manufacturers wants engineer experi- 
enced in design and manufacture of elec- 
trical instruments and control devices 
for Industrial and household applica- 
tions. Very desirable permanent position 
wills extremely interesting present and 
postwar prospects. Salary from $7200. to 
$10,000. according to capability. Write 
giving age, educational background, ex- 
perience, references, salary required, 
when available. Replies will be held in 
strict confidence. 

P-761. Electronics 
330 West 42nd St., New York 18, N. Y. 

WANTED 

DEVELOPMENT ENGINEERS 
Mechanical and electrical. Graduate or 
equivalent training. Required for develop- 
ment work in the following branches: 
I. Electro -mechanical devices. communi 

cation systems. Must be interested 
In development and familiar with 
magnetic circuits. 

2. Measuring and control Instruments. 
Background should be in electrical 
engineering, Including electronics. 

Statement of Availability Required. 

P-752, Electronics 
330 \Vest 42nd St., New York 18 N Y 

WANTED 

DESIGNER 
A Central New England manufacturer 
employing over 1000 people needs 
Draftsman -Designer on telephone and 
signaling (mechanical) apparatus. 

Knowledge of die-casting and plastic 
applications desirable. 

WMC Regulations Prevail 

P-703, Electronics 
330 West 42nd Street, New York 18. N. Y. 

V 

ELECTRONIC EXPERT 
Needed in management of large New York 
plant. Capable of supervising manufacture of 
transmitting and receiving radio assemblies. 
transformers and other electronic equipment. 
Excellent opportunity. Write personal and 
professional qualifications, salary expected. 

Box 209, Suite 1024, 
122 E. 42nd St., N. Y. 17 

ELECTRONIC ENGINEER 

OR PHYSICIST 
Development Work Post War Future! 

Premier Crystal Laboratories 
63 Park Row (Nr. City Hall) N. Y. 

LARGE EASTERN RADIO MANUFACTURER 

has an opening for a CHIEF ENGINEER 

in its BROADCAST RECEIVER SECTION. 

E XCELLENT opportunity for the right per- 
son. Must have adequate experience and 
background. Salary $8,000 to $12,000 per 
year depending upon ability and experience 
of applicant. War Manpower Commission 
regulations apply. 
Address all replies to 

P-749, Electronics 

330 West 42nd Street, New York 18, N. Y. 

Opportunity for 

Experienced Glass Blower 
One familiar with electronic 
tube glass work and ap- 
paratus for general all-round 
work in vacuum tube research 
laboratory. 
This is a chance to become 
associated with a prominently 
established television and 
radio firm, where there is a 
peace -time future, commensu- 

FARNSWORTH TELEVISION 

3702 East Pontiac 

rate with initiative and ability. 
Congenial surroundings with 
excellent working conditions. 
Write fully to Mr. Buttino, stat- 
ing experience, age, draft 
status, and salary require- 
ments. All replies will be held 
in strictest confidence, but a 
statement of availability is 
required. 

AND RADIO CORPORATION 

Fort Wayne 1, Indiana 

ELECTRICAL ENGINEERS 
WANTED 

For research and development in the field 
of radio communication and electrical 
test equipment. Good postwar oppor- 
tunity. 

Also Openings 
Available For 

DRAFTSMEN 
AND 

JUNIOR DESIGNERS 

ALLEN D. CARDWELL Mfg. Corp. 
81 Prospect St. Brooklyn, N. Y. 

EXECUTIVE ELECTRONICS ENGINEER 
Capable of managing manufacture of Ultra High 
Frequency equipment. Familiar with plant lay -out. 
assemhly operations, design engineering, methods 
engineering. etc. Should have knowledge military 
tactical equipment. Previous experience as Works 
Manager, General Manager, or Chief Engineer pre- 
ferred. In charge of division 400 to 600 employees: 
progressive concern, established since 1880. Send 
complete resume and photo to P-763. Electronics, 

330 West 42nd St.. New York 18, N. Y. 

POSITION WANTED 

Development Engineer 
M. 1. T. Graduate in Electrical Engi- 
neering, 36 years old, with broad re- 
search and development background, 
wishes to locate with progressive man- 
ufacturer or laboratory. Ten years ex- 
perience in successfully developing 
processes and products in the electrical 
field. Experience covers all phases of 
development from appraisal of ideas 
thru research, design and testing to 
final adaptation for production. Pres- 
ently situated in the East, married with 
family but willing to relocate for ad- 
vantageous opportunity netting around 
$12.000. 

PAC -748, Electronics 
330 West 42nd St., New York 18, N. Y. 
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ENGINEERS 
JUNIORS & SENIORS 

For research and 

Development work 
in Electronics. 

E. E. DEGREE 

3 to 5 years experience 
desirable. 

Excellent opportunity 
with one of America's 
Foremost Electronic 

Laboratories 

HAZELTINE CORPORATION 
58-25 LITTLE NECK PARKWAY 

Little Neck, Long Island, N. Y. 

WANTED 

Radio or Electronic 

ENGINEER 
For design - and development of 
Army -Navy Electronic Equipment. 
The position offers an excellent 
opportunity with a well -estab- 
lished and expanding. company 
in Connecticut, employing over 
100 personnel: The company's 
big postwar program in the indus- 
trial electronics, audio and aircraft 
communication fields assures a 
continued opportunity to engineer- 
ing personnel for advancement. 

P-743. Electronics . 

330 West 42nd St., New York 15. N. Y. 

Permanent Employment 

ELECTRONIC DEVELOP- 
MENT ENGINEERS 

Well - established Eastern Massachusetts 
concern desires graduate electronic 
engineers with flair for research and eye 
to future. Permanent position concerned 
at present with important development 
work for government with increased op- 
portunities after the war. Unusual open- 
ings for men with capacity and initiative. 
Must be U. S. Citizens. 

P-670. Electronics 
330 W. 42nd St., New York 18, N .Y. 

Wanted 
ENGINEERS 

Radio 
Chemical 

* Electrical 
Electronic 

* Mechanical 
Metallurgical 

* Factory Planning 
Materials Handling 
Manufacturing Planning 

Work in connection with the manufac- 
ture of a wide variety of new and ad- 
vanced types of communications equip- 
ment and special electronic products. 

Apply (or writel, giving 
full qualifications, to: 

R. L. D., EMPLOYMENT DEPT. 

Western Electric Co.. 

Y 

100 CENTRAL AV., KEARNY,N.J. 
Also: C. A. L. 

Locust St., Haverhill, Mass. 
Applicants must comply with WMC regulations 

WANTED 

EXPERIENCED 

ELECTRICAL ENGINEERS 

Graduate or non -graduate Electrical 
Engineers with at least three years 
of recent radio circuit _or laboratory 
experience Are needed for the develop- 
ment and design of pocket size radio 
and audio frequency equipment. The 
company is well established in the 
electronics field and offers the right 
man a salary dependent on his experi- 
ence and also the opportunity to grow 
in a relatively new field. The company 
is located in the suburbs of a large 
New England City. 

P-742. Electronics 
380 West 42nd St., New York 18, N. Y. 

DESIGN & DEVELOPMENT 

ELECTRONIC ENGINEER 
Radio or electronic engineer for design 
and development of Army and Navy 
electronic equipment. Position offers ex- 
cellent opportunity with well established 
and expanding company in Connecticut 
employing over one hundred personnel. 
The Company's big postwar program in 
the industrial electronics, radio, and air- 
craft communications fields assures engi- 
neering personnel a continued oppor- 
tunity for advancement. Reply to; 

P-745, Electronics 
330 West 42nd St.. New York 18r N. Y. 

ELECTRONIC 
ENGINEERS 

MECHANICAL 

DESIGNER5 
Manufacturer of Electronic 
equipment seeks the services of 
qualified Electronic Engineers 
and Mechanical Designers for 
development and research work 
on high quality AM -FM Radio - 
phonographs. Extensive experi- 
ence required in Design Engineer- 
ing of Electronic equipment, in- 
cluding receiver, radio chassis 
and dial mechanisms. Engineer- 
ing degree desirable but not 
essential. Excellent opportuni- 
ties. Please submit resume. 

PHILHARMONIC RADIO 
CORPORATION 

528 Easf 72nd Street 
NEW YORK 21, N. Y. 

SENIOR 
RADIO 

ENGINEERS 
Project development engi- 
neering positions open with 
excellent postwar future as- 
sured. Salaries open. Con- 
fidential inquiries respected. 
International Detrola Cor- 
poration. 

P-734, Electronic» 
530 N. Michigan Ave., Chicago 11, 111. 

CHIEF ENGINEER or 

ELECTRICAL ENGINEER or 

CHEMIST OR ELECTRO -CHEMIST 
Experienced in the manufacture of ca- 
pacitors and well versed in the theory f dielectrics. This is an unusual oppor- 
tunity for an engineer capable of direct- 
ing the research and development activi- 
ties of a middle size midwestern concern. 
Reply stating full particulars regarding 
age, education, experience. 

P-737. Electronics 
520 North Michigan Ave., Chicago 11, III. 
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(in SEARCHLIGHT SECTION 

IS YOUR OPPORTUNITY HERE? HELP WANTED 

TRANSFORMER & 

SMALL ELECTRIC 

MOTOR MEN 

ENGINEERS 
DESIGNERS 
DRAFTSMEN 

TECHNICIANS 
For war time and post-war design 

and development of intricate, special- 
ized, hermetically sealed transformers, 
and special purpose fractional h.p. 
motors. 

Write giving details about age, ex- 
perience, past salaries to 

SPERRY 
GYROSCOPE COMPANY, INC. 

Research Laboratories 
Stewart Ave. & Clinton Rd, 

Garden City, New York 

WANTED 
-LICENSED- 

RADIO AMATEURS 
We have several excellent well -paying po- 
sitions available in our organization for 
competent technical men who are thor- 
oughly familiar with all types of parts, 
tubes, meters, test equipment, receivers, 
transmitters, etc. Splendid opportunity for 
some one residing in Metropolitan New 
York area. 

Permanent Positions Good Pay 
Apply in person or writing. 

SUN RADIO & ELECTRONICS CO. 
212 Fulton Street New York City 7 

RADIO TELEVISION 
ENGINEERS 

Developmental Engineers thor- 
oughly experienced in design of 
radio or television equipment 
required immediately. Post war 
permanence assured right men. 

Write full details including education. 
experience and status of availability. 

P-135, Electronics 
330 West 42nd St., New York 15, N. Y. 

WANTED 

ELECTRONIC TUBE 
ENGINEERS 

For television and ultra 
high frequency tube de- 
velopment and technical 
tube work, also radio 
technician. 

P -15t, Electronics 
330 W. 42nd St., New York 18, N. Y. 

Think this over carefully. Where do you go from the spot you're in now? Aro your 

surroundings friendly and full of promise for the future? Consider now the place 

you might fill in the electronic industry leadership assured to the lino staff of 

engineers, scientists, technicians at NATIONAL UNION RADIO CORPORATION. We're 

all young in years and ideas though most of us are old in electronic experience. We 

enjoy working together. We know we're going places! We're Inviting you to loin us 

if you have the qualifications. If you're looking for a success pattern tor your future, 

it may be here with us at National Union. Find out! Come in and talk it over or 

write us! 

NATIONAL UNION WANTS: 
QUALITY CONTROL ENGINEER and SENIOR TUBE ENGINEERS-These men MUST have 

executive ability and extensive experience with radio tube manufacture. The nay and opportunities 

are commensurate with your ability. 
COMMERCIAL ENGINEERS-Men with pleasing personalities. initiative and a knowledge of 

vacuum tubo applications. 
QUALITY CONTROL MEN-Statistical Training is chief requirement though a knowledge of 

vacuum tubes will help. 
JUNIOR ENGINEERS-MEN or WOMEN-If you have a college degree in Physics, Electrical 

Engineering, Mathematics or Chemistry and are the type of young person who Is able to no places'. 

you'll be starting with your best loot forward If you are accepted at National Union Radio Corporation. 

FOREMEN and ASSISTANT FOREMEN-Men with foremanship experience in Exhaust. Stem 

and Grid operations in radio tube manufacture. 
TECHNICIANS-Men who know circuits. Maybe you've been repairing radios, maybe you're 

gained a knowledge of circuits by working on test equipment. It makes no difference either way 

if you have the 'know how' of circuits write us about the opportunities we have to otter) 

WOMEN! 
We have a number of line young women engineers with us now. We need more. 

If you have a degree in Electrical Engineering, Physics, Chemistry or Mathematics 
and are seeking career opportunities, investigate. 

Phone or Write 
DR. L. GRANT HECTOR, Director of Engineering 

NATIONAL UNION RADIO CORPORATION 
RESEARCH- LABORATORIES 

Plane St. at Raymond Blvd. Newark, 2, New Jersey 
WMC RULES OBSERVED 

CHIEF LOUD SPEAKER ENGINEER 
The Rola Company, Inc. requires the services of an engineer who has had 

several years experience and is capable of heading this division. 

Present work is on 100% urgent war products. 

Excellent post-war opportunity with an outstanding, financially sound, 
long-established manufacturer of radio loudspeakers and transformers. 

This Company now has definite plans for an extensive expansion in its 

Engineering and Manufacturing Divisions. 
Salary open. - Irrite to 

TIIE ROLA COMPANY. INC. 
2530 Superior Avenue 'Cleveland, 14, Ohio 

EXCEPTIONAL OPPORTUNITY FOR 

Experienced Radio Engineers 

and Technical Writers 
One of America's largest transmitter manufacturers located in the 

Middle -west has openings on its engineering staff for experienced' 
radio engineers and technical writers. The engineers will beoff ered 

an opportunity to work on the most advanced type of military 

equipment and will participate in extensive post-war development 

plans. We will be particularly receptive to applications from men 

experienced in airline radio and railroad communications work. 

The technical writers should be experienced in preparing '-instruc- 

tion manuscripts to Army and Navy specifications. They will also 

be required in the post-war period to write similar material for 

commercial applications and technical copy for trade publications. 

Ideal working conditions. Salary rate commensurable with ability. 

State age, experience, education, and references. Address replies to 

Chief Radio Engineer 

AIRCRAFT ACCESSORIES CORPORATION, ELECTRONICS DIVISION 

Fairfax and Funston Roads, Kansas City, Kansas 
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Electronics- 
made interesting 

amusing, understandable 
for young 
engineers 
of 
tomorrow - 

Is your small son,. 
cousin, or nephew 
a very junior engi- 
neer .. - or a bud- 
ding communications 

m\ 

expert or a 
- 

would-be industrial 
wizard? If he is, here's 
the perfect introduction 
to electrons and electron- 
ics, to put him on speak- 
ing terms with the what 
and why of this fascinating 

new field. 

Just Published! 

Electronics for 
Boys and Girls 

By JEANNE BENDICK 

148 pages, about 200 drawings, $1.50 

Here is a book that explains the complex 
business of electrons and electronics so 
clearly and graphically that it is not only 
understandable but fascinating to young 
imaginations. This book tells the whole 
story, from the very beginning of what 
an 'electron is, a .brief history of how it 
was gradually discovered and harnessed, 
and how it has been put to work all around 
us-in radio and television, in factories 
and homes, in fighting wars and in com- 
batting diseases. 

It fells how electrons 
are put to work to let us: 

-see across space, through night and fog 
-see through oranges, and through the thick- 

est steel 
-find ships and planes miles away, and sight 

our guns and bombs 
-protect stores and banks with invisible 

burglar alarms 
-measure and count things faster than human 

eyes can see 

KEITH HENNEY, editor of ELECTRONICS. says In the 
Foreword: ". . tells you clearly and understandably 
what eletrons are doing now and what we may reasonably 
expect them to do In the future." 

10 DAYS' FREE EXAMINATION 

Send this McGRAWHILL coupon! 
McGraw-Hill Book Co., 330 W. 42 St., N.Y.C. 18 

Send me Bendick's Electronics for Boys and Girls for 10 
days' examination on approval. In 10 days I will send 
01.50. plus few cents postage, or return book postpaid. 
(Postage paid on cash orders.) 

Name 

Address 

City and State 

Position 

Company L 11-44 

(Books sent on approval in the United States only.) 

WILL YOU USE COMPOUNDS 
In Your Post -War Products? 

There are many "angles" to handling heated 
compounds satisfactorily. For instance ... melting temperatures, 
maintenance of correct heat, pre -heating to reduce melting time, 
methods of dispensing, and many others. 

These and 

d 
WY melting tank 

countless other "angles" to handling 
melted compounds have been en- 
countered by Sta -Warm engineers. 
Designing and building electrically 
heated pots, kettles and tanks has 
been their business for more than 
20 years. 

If postwar production lines you are 
planning now require use of melted 
compounds, let Sta -Warm Engi- 
neering Service help you to the 
economical, efficient answer to 
your problem. 

CN dispenser 

dipping or 
brushing tank 

:STA=WA'RM :ELECTRIC CO. 
1000 N.CH-ESTNUr. ST. RAVENNA; OHIO 

PERMANENT MAGNETS 
All Shapes-All Sizes-for All Purposes 

COBALT-CHROME-TUNGSTEN 
Stomped, formed and cast 

Alnico I u 
Cnodoter Sin 

E. Ltereicendse ) 

Also: Laminations for Radio Transformers 
TOOLS-DIES-STAMPINGS 

Heat Treating of Metals and Alloys 

THOMAS & SKINNER STEECL PRODUCTS 
COMPANY 

1116 EAST 23RD STREET INDIANAPOLIS 5, INDIANA 

O -E INDICATOR LAMPS 

~ 1 

Choice of five color? - Well -insulated úMly 

plastic body ,' Rugged cobsiruétion . 
Easy to rlount, Light weight. 

Forcomplete details, write to 

Vibration -proof lock -on Cap With 
or without adjustable "Dimmer" feature 

.: 
t+ 

u ',{ 
6 

. y 

GENERAL. ; ' .ÉLÉCTRIC SCHENECTADYD NEW TYORK ,».c: 
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DAX 
RELAYED -F1.1"\ 

Long before this war be- 
gan A U D A X Pickups 
and Cutters were in 

SELECTIVE 

SERVICE 
Since pickups first became 

important commercially, the dis- 
tinguished products of AUDAX 
have been SELECTED where - 
ever and whenever the require- 
ments were exacting. 

Today AUDAX magnetically 
powered pickups are SELECTED 
for War contracts that demand 
the highest standards of per- 
formance . irrespective of 
climatic variations or severe 
handling. 

Our stern peacetime stand- 
ards, maintained for so many 
years, have proven comfortably 
adequate to meet government 
specifications. 

The sharp, clean-cut facsimile 
reproduction of MICRODYNE is 
a marvel to all who have put 
it to the only test that really 
matters . . . the EAR TEST. 

AUDAK COMPANY 
i 

500-E Fifth Ave. New York 1$, N.Y. 

Creators of High Grade Electrical 

and Acoustical Apparatus Since 1915 

Send for your copy of our Informative 
"PICK-UP FACTS" 

ELECTRONICS -December 1944 411 



 

1 

Dialco creative Engineering has origi- 
nated numerous types of Pilot lights 
which set the standard for the industry. 
COMPLETE WITH LAMPS: To speed 
production we offer a vast line of Pilot 
Lights completely assembled with proper 
G.E. or Westinghouse Lamps 
SPECIALISTS IN NEON APPLICATIONS 

Send specifications for immediate 
solution of your problem. Write for 
complete Catalogue. 

YOU CAN DEPEND ON DELIVERIES 
WHEN YOU DEAL WITH THE 

gIG1oF;HE 
FINEST-MADE 

AND MOST -WIDELY IMITATED 

PILOT LIGHT ASSEMBLIES " 
_ 

':! itr. 4t- 11, 
- 

DIAL[O if 
FI 1.11511 C0.4. ,.. 

900 BROADWAY NEW YORK' 3, N: Y. 
Telephone: ALgonquiñ 4-5180-1-2-3 

1.: 
n 

NEED AN ENC 
ULTRA -HIGH 

FREQu 

UTRATRANSFORMERT 
La, -°. .......,. 

Here it is. It's C.T.C's LS -1, a tiny, slug tuned 

I -F Transformer that will meet your every requirement for 

efficient, dependable performance, just as it is doing for many 

manufacturers of high priority radio and electronic equipment. 

Recently released for more general use, the LS -1 will bear, 

looking into whether or not you have an immediate applica- 

tion for it. We'll be glad to send you the complete story. 

CAMBRIDGE 7 c CORPORATION 
43 9 CONCORD AVENUE CAMBRIDGE 38, MASSACHUSETTS 
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EMPLOYMENT 406-409 
WANTED TO PURCHASE 406 
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American Electric Sales Co., Inc 
Electro -Tech Equip. Co 
Hatry and Young 
Woitkowiak, John 
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406 
406 

J<c, MAN 
51' HOURS. 

SMALL METAL PARTS 

br.Z I E:R IC. K 

t1 

`',J 
^ -- 

/ L- -- 
Clips 
Lugs 
Terminals 
Hardware 
Grid Caps 
Fuse Clips 
Light Sockets 
Dies 
Wire Forms 
Hot Tinning 
Automatic 

Stampings 

Our standard parts 
are usually shipped on 
day order comes In! 

Many of these parts 
° are approved by the 
. Army and Navy. 

:,.PLEASE TEAR -AND MIÁILP5TO 

. ° Zierick Mfg. Corp. 
York Gerard Ave., -New City, 

ZIERICK MFG. CORP. DEPT.E 
385 Gerard Avenue 

New York City 51, N. Y. 
Telephone MOtt Haven 9.2727 

Please send your descriptive catalog. 

NAME 

COMPANY 

ADDRESS 
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Ceon 
Self -extinguishing electrical 
insulation material-will help 
prevent factory fires like this 

. - 
L 

AN overloaded or short-circuited 
electrical line-wires get hot 

-insulation bursts into flame-acts 
like a fuse, carrying fire to all parts 
of the plant. Another disaster that 
might have been prevented. 

Fires like that will be prevented 
in the future through the use óf 
flame -resisting, self -extinguishing 
GEON, the raw material for elec- 
trical insulation that combines out- 
standing electrical properties with 
positive resistance to burning. But 
those are just two of the properties 
of this polyvinyl material that will 
offer many new advantages in in- 
dustrial, domestic and utility wiring. 

For example, insulation of GEON 

ti 
.,- 

will last almost indefinitely because 
it resists ozone, air and sunlight. 
It's electrical properties will per- 
mit a thinner layer of insulation- 
make possible more conductors, 
more capacity per conduit. The 
outer surface of GEON insulation 
is smooth and slick to permit faster 
installation. It can be made in a 
wide variety of colors for quick 
identification. Its resistance to heat 
and cold means perfect perform- 
ance under severe conditions. Its 
imperviousness to acids and water 
will permit safe and economical 
underground use. These many 
desirable properties can be 
had in a wide variety of 

CHEMICAL DIVISION 

e 

-L 1. 

combinations to meet specific 
service conditions. 

Right now all the GEONS are 
subject to allocation by the War 
Production Board. Limited quan- 
tities can be had for experiment- 
and our development staff and lab- 
oratory facilities are available to 
help you work out any special prob- 
lems or applications. For more 
complete information write depart- 
ment F-7, Chemical Division, The 
B. F. Goodrich Company, 324 Rose 
Building, E. Ninth and Prospect, 
Cleveland 15, Ohio. 

THE B. F. GOODRICH COMPANY e~ 
ROSE BUILDING,' E. NINTH & PROSPECT, CLEVELAND 15, OHIO 
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DESIGNED TO MEASURE POWER OUTPUT ; 

at fixed 

at fixed 

e at fixed 

impedance and fixed frequency 

frequency and variable load 

load and variable frequency 

ALSO rte= 

T METERS TP 
17-1 

Jv 

to determine internal impedance or 
eife 'V optimum load 

to measure insertion loss of a network 

ra 

\N.,r' 
vou,.y. rrT[. . 

"1711:1411:1:41. 
rin[ 
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OP -182 
brie Raitge: 0.1mw to 5 watts. 
i.pedance: 40 values, 

2.5 to 20,000 
]lkcuroCY: ±5%. 

to measure noise pick-up level 

to test band width, selectivity, fidelity, 
sensitivity 

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, dscillators 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-B 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 DB = Imw. 

METER MULTIPLIER 
OP -182, OP -193-A, OP.193-B-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, -10 to +30 DB, in 2 DB steps. 

MOUNTING 
OP -182 - Black metal panel, hand rubbed walnut cabinet, 
12"r6"r6" 
OP-961=4lack metal panel, ventilated metal case, 12"s7"s6'/2". 
OP -193-A, OP -193-B - Black bakelite panel, portable cabinet 
with ,removable cover, 131/4"73¡4"r51/4". 

Buy, H O L p,.,G I Y E- W!i R BONDS! 

'THE 

. 1! 1 CENTRAL WERE' 

' 
o . 

uw, 

®o 

¡ 

r 

OP-193-A-OP-193-8 
Power range: 0.1mw to 5 watts. 
Impedance: 

OP -193-A=18 values, 400,ío 20,00052 
OP -193-B-40 values, 2.5 t°o 20,000 S2 ' 

Accuracy: ±5%. 
Special Feature: ,Provision for _ use of p - 

headphone and/or meter. . 

OP -961. . 

, Power Range: 0.1 fo SO -watts. 

COMPANY Impedance: 40 values, 
2:5 to 20,000 

Accuracy: ±2%. 

- r. 

i 

NEWARR- 4, NEW JEREZ! 
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JANUARY, 1940 -To provide higher quality tubes, 
and reduce costs at the same time, RCA introduced the 
Preferred Type Tube Program. The idea was to concen- 
trate a larger demand and production on fewer tube types. 
The longer manufacturing runs which would result, 
meant greater production efficiency ... more uniform, 
lower -cost tubes for you. 

NOVEMBER, 1940-The average cost to you of tubes 
on the RCA preferred list was already 13% lower than that 
of the same tubes in November, 1939...before the pro- 
gram started. Yet the tubes had improved in quality and 
performance. And fewer types meant simpler tube stocking 
for both the manufacturer and the dealer -serviceman. 

DECEMBER, 1944-Another record has since substan- 
tiated the value of the preferred type idea ... that of 
military equipment designed almost entirely around an 
Army/Nay y Preferred List of Vacuum Tubes. From Saipan 
to Soissons, our fighting men have been sure of speedy 
replacements of high-performance tubes. 

LISTEN TO "THE MUSIC AMERICA LOVES BEST," 
SUNDAYS, 4:30 P.M., E.W.T., NBC NETWORK 

X" i 
7 110,+!k 

1 

V -DAY, 194X- Look to RCA for continuing the Pre 
ferred Type Program after Victory. If you already have 
specific tube complements in mind for post-war and would 
like to know if the tubes 'ou plan to use will be on RCA's 
preferred list, write (stating tube types) to RADIO CORPO- 
RATION OF AMERIC 1, Commercial Engineering Section, 
Dept 62-13E, Ilarrison, New Jersey. 

The Magic Brain of all electronic equipment is a Tube... 
and the fountain -head of modern Tube development is RC I. 

1919 

1944 

25 Years 

of Progress 

in Radio 

and Electronics 

424131.11 

RADIO CORPORATION OF AMERICA 
RCA VICTOR DIVISION CAMDEN, N. J. 


