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FREED

Cat. 
No. C.P.S.

Power 
Out

Watts

Volt. 
Out, 

V. AC

AC or DC signal 
voltage req'd for 

full output.

MAF-1 40 13 110 1.0 —

MAF-4 400 5 57.5 1.2 0.4

400 10 57.5 1.4 0.4

MAF-7 400 15 57.5 2.5 1.0

Cat. 
NO.

Supply 
Freq. 
C.P.5.

Power 
Out. 

Watts

Sig. req'd 
for full 

outp. MA DC

Total res. 
Contr. wdg

KU

Load 
res. 

ohms

MAO-1 60 4.5 3.0 1.2 3800

MAO-2 60 20 1.« 1.3 700

MAO-4 M 400 9.0 10.0 25

MAO-5 60 575 6.0 10.0 25

Cat. 
No.

Supply 
Freq, 
C.P.S.

Power 
Out.

Watts

Volt. 
Out.

V AC

Sig. req'd 
for full 

outp MA-DC

Total res. 
contr. wdg.

KU

MAP-1 60 5 — 1.2 1.2

MAP-2 60 15 115 1.4 2.4

MAP-3 60 50 115 2.0 0.5

MAP-3-A 60 50 115 7.0 2.9

MAP-4 40 175 115 8.0 4.0

MAP-7 400 15 115 0.4 2.8

MAP-* 400 50 110 1.75 0.4

Cat. 
N».

Supply 
Freq. 
C.P.S.

Power 
Out. 

Watts

Volt. 
Out.

V. AC

Sig req'd 
for full 

outp. MA-0C

Total res. 
contr. wdg 

KU

MAS-1 60 IS IIS 6.0 27

MAS-2 400 ’♦ IIS 4.0 10

MAS-5 400 2.7 26 4.0 3.2

MAS-6 400 30 IIS 4.0 8.0

MAS-7 400 40 IIS 5.5 «0

POWER TRANSFORMERS-STANDARD
Al primaries 105/115/125 v, 60 c.p.s.
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MGP1 400/200 V 185 .070 6.3/5 2 63 E HA
MGP2 650 V 260 .070 6.3/5 2 6.3 4 JB
MGP3 650 V 245 .150 6.3 1 5 5.0 3 KB
MGP4 800 V 318 .175 5.0 3 6.3 8 LB
MGP5 900 V 345 .250 5.0 3 6-3 8 MB
MGP6 700 V 255 .250 KB
MGP7 1100 V 419 .250 LB
MGP8 1600 V 640 .250 NB

Cat. 
No.

Secondary Test 
VRMS

MIL 
CaseVolt Am*

MGFI 2.S 3.0 2,500 EB
MGF2 2.5 10.0 2,500 GB
MGF3 5.0 3.0 2,500 FB
MGF4 5.0 10.0 2,500 HB
MGF5 6.3 2.0 2,500 FB
MGF6 6.3 5.0 2,500 GB
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MGF9 2.5 10.0 10,000 JB
MGF10 5.0 10.0 10,000 KB
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MODEL 564
PRESET INTERVAL GENERATOR

EXACT DIGITAL SELECTION 
NO CALIBRATION REQUIRED 

SINGLE RANGE 100,000 STEPS

^GENERATE PULSE BURSTS
........ .... \ l'jVJWjlaaaujuiaaju
GENERATE VOLTAGE GATES

L______J I_______ I I_______ I I____

^MEASURE TIME INTERVALS

• Internal 1 megacycle crystal oscillator time base
• Accepts any external time base up to 1 megacycle
• Fast reset—recycles in 50 microseconds
• Independent and simultaneous outputs
• Preset counter up to 1 megacycle

I
INSTRUMENT COMPANY, INC

115 Cutter Mill Road, Great Neck, N. Y.
CIRCLE 2 ON READER-SERVICE CARD FOR MORE INFORMATION



HERMETICALLY SEALED

SILVER WIRE

WELDED SEALSDIFFUSED JUNCTION

Actual Size

QUANTITY PRODUCTION
270
DIA

375

DIA

AVERAGE CHARACTERISTICS

0.2 at 420

CIRCLE 3 ON READER-SERVICE CARD FOR MORE INFORMATION

The Solid State Diffusion Process involves the formation of a junction by diffusing 
suitable gaseous materials into silicon at high temperatures. This process offers 
many advantages including:

1. Exact control of junction penetration.
2. Precise junction gradient for specific rectifier applications.
3. Flat junctions for uniformity and control of characteristics.

DIA. 
.03/

PIV ratings apply from —65°C to + 150°C

Uniform Characteristics — Uniformly High Quality

SOLID STATE DIFFUSED JUNCTION

Hermetically Sealed — Welded
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DEcatur 2-7177
PLaza 9-3900

Engineers, Take to the Road
You could easily get frustrated if you tried to decide 
which of the many forthcoming conferences, meetings, 
or shows to take in. We just finished counting over 
100 pages of literature announcing different meetings 
of interest to electronic designers. You couldn’t possi
bly attend all because some are going on at the same 
time. On the other hand, maybe there’s no conflict 
created because the department head says forget the 
whole thing, it’s a waste of time and money going to 
such meetings. Get on with your project! The fact 
that more people do not go to meetings may be the 
bad thing.

Why go to meetings, conferences, symposiums? In 
many cases, a conference proceedings of all the papers 
can be purchased for $5 or less. Timely good papers 
will be sought by technical journal editors and readers 
can get the data fast. Far faster than listening to 
drawn-out monotone, broken-English or stammering 
speakers who stimulate nothing more than soporific 
ideas.

The simple answer to why go is that there is no 
better time or place to exchange ideas or swap notes 
than at a technical conference. Even if you refuse to 
enter into the spirit of exchanging information, you 
may very likely make the whole trip worthwhile 
simply by eavesdropping on others’ conversation. 
More than once something will be said that is the 
missing link in your own study and investigation. 
Ask the alert engineer who goes to a meeting. Very 
likely it’s information coming entirely aside from the 
papers being read that is valuable to him. Of course 
the papers presented focus attention on the problem, 
and it may be that the real nugget of information 
will come up in the question and answer period fol
lowing the delivery of the paper. The main point is 
that free interchange of ideas accelerate progress and 
technical meetings provide the time, place and direc
tion.

Professional engineering and educational groups 
and trade groups that sponsor such affairs deserve 
respect and support. Support should be given by the 
industry by sending engineers to meetings and en
couraging participation in committees that organize 
such meeting. For those whose interest is only self
interest, participate simply by sending your engineers. 
Even if you take part in only a unilateral way every
one will benefit.Why not assign at least one engineer, 
if not more to cover every meeting coming up? Stipu
late only one thing, that they write a trip report. 
Possibly better yet, schedule your own interdepart
mental meeting where everyone reports on what he 
learned from being on the road.—JAL.

Operating Temperatures — minus 65°C to plus 150°C 
Storage Temperature — up to 170°C

‘into inductive or resistive load

•Averaged over one complete cycle

NEWTON, MASS.: 150 California St.
NEW YORK: 589 Fifth Ave.
CHICAGO: 9501 Grand Ave., Franklin Park • TUxedo 9-5400
LOS ANGELES: 5236 Santa Monica Blvd. • NOrmandy 5-4221

Silicon and Germanium Diodes and Trqp^istors • Silicon Power Rectifiers

600

Type
Peak 

Inverse 
Volts*

Forward 
Current** 

milliamperes
Forward 
Volts»** 

at 350 mA 
100°C

Reverse 
Current*** (max.) 

mA at rms volts 
100°C100°C 150°C

CK840 100 350 100 0.75 0.2 at 70
CK841 200 350 100 0.75 0.2 at 140
CKS42 300 350 100 0.75 0.2 at 210
CK843 400 350 100 0.75 0.2 at 280
CK844 500 350 100 0.75 0.2 at 350



Engineering Review I
For more information on developments de
scribed in "Engineering Review” write directly 
to the address given in the individual item.
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Biggest, Most Flexible Memory Yet
With access time of less than a second to any one 
bit of information out of a total of 500 million bits, 
the Potter RAM is ready to automatize large-size 
clerical filing systems. Inventory control recording 
for mass production manufacturers, lifetime sub
scription fulfillments, cataloging, or insurance rec
ord keeping are areas the RAM will serve. Four 
hundred thousand different addresses can store 64 
million 8-bit characters. The Potter Instrument Co., 
Inc., Great Neck, N.Y., RAM is equal in capacity 
to 20 standard tape handlers or 13 of the heretofore 
largest random access memory mechanisms. The 
information can run high speed printers.

Memory tapes are supported in a bin which has 
a 3-dimensional physical configuration much like 

One “page” of memorized data of RAM is shown raised at the left for reading. At the extreme right are solenoid valves oper
ated by digital code which send air signals through hoses to serially connected pistons, middle right. As pistons move a page 
is lifted from the bin, the recording head is positioned to pick up the right tape and the proper section selected and scanned.
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a filing cabinet drawer. Data are stored on con
ventional 8-track magnetic tape strung in vertical 
columns on “pages” which can be lifted vertically 
to bring a selected data location into contact with 
the record-playback head. The removable storage 
bin holds 200 pages.

In normal usage, one of the eight tracks is used 
to identify the beginning and end of blocks and 
one is used as a clock track, leaving six tracks 
for binary-coded alphanumeric information. Posi
tive and negative saturation recording is used with 
return-to-zero or non-return-to-zero techniques.

Positioning of the mechanical access mechanism 
is achieved by serially-connected pneumatically- 
programmed cylinders which contribute modified 
binary-coded motion increments simultaneously.

IBM Electric Typewriter employing electronic 
tabulation. Note small size of electronic con
trol unit which mounts beneath keyboard.

Electronic Control for Typewriters

In an effort to further simplify the typists job, 
the Electric Typewriter Division of International 
Business Machines Corporation has introduced 
electronic sensing and control equipment in their 
standard electric typewriter. Incorporating an elec
tronic-tube switching circuit which operates a relay 
hooked up to the tabulator, the electronic unit 
makes tabulation entirely automatic.

Conductive ink is used on the billing or account
ing forms which, according to IBM spokesmen, 
costs only a little more than ordinary ink. Contact 
for “tab sensing” is made by a conducting brush 
as it passes over the ink line, thus operating the re
lay and stopping the carriage in a prescribed num
ber of spaces beyond the line.

Admitted by IBM officials to be only the first 
of a number of coming electronic applications to 
typewriters, an expanding market for electronic 
components and equipment seems assured.

The electronic unit currently being used by IBM, 
although employing a tube, measures only approxi
mately 3 by 6 inches in size. It is mounted beneath 
the keyboard. One of the problems in “electron- 
fying” the typewriter is the small space available 
for the electronic unit. Transistors can be expected 
to play an important part in this development.
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DOW Electric Contour Controls Miller

Boeing Airplane Company is using two new 85- 
ton contour profile milling machines, equipped with 
GE tracer control systems. The machines are being 
used in the production of B-52 global bombers for 
the USAF. Boeing’s application of the GE control 
system has made possible stepped-up production 
and greater precision. Actual production figures are 
classified but Boeing officials report that the new 
machines quickly cleared away a six-week backlog 
of work immediately after their installation and 
have not been behind schedule since the third week 
of operation.

Onsrud Machine Works manufactures the milling 
machines which are used in processing spar and 
wing chords and wing skins requiring a wide va
riety of machine cuts. Many of the necessary cuts 
require rise and fall, transverse, and twist motions 
simultaneously. The GE tracer control system, 
which operates from cams or templates, includes 
six selsyn-type tracers capable of controlling three 
motions on each of two heads simultaneously.

Dow high temperature magnesium alloys 
have excellent fabrication characteristics

Lightweight structural metals with high 
strength, stiffness and elasticitv at elevated 
temperatures! A new group of Dow mag
nesium alloys offers a great combination 
of these properties without the fabricating 
difficulties normally experienced with other 
high temperature materials.

Specially developed for use in airframes, 
missile and engine structures, the new 
alloys are already making weight reductions 
possible for several manufacturers. These 
alloys show advantages at temperatures up 
to 700°F. Limited test data on properties 
up to 800°F. are available for some of them.

FABRICATION: Fabrication characteristics 
are equal to those of standard magne
sium alloys.

WELDABILITY: 95 to 100% weld effi
ciency at elevated temperatures.

FORMABILITY: Single deep draws can 
be easily accomplished.

MACHINABILITY: Best machining char
acteristics of any structural metal.

One of the new alloys is magnesium
thorium composition HK31A. It is now 
a\ailable in rolled form from stock. Cast
ings and sheet in mill quantities are also 
readily available. A companion alloy for 
extruded shapes and forgings 5m11 soon be 
in production.

For more information about the new high 
temperature magnesium alloys, contact 
your nearest Dow Sales Office or write

to THE now CHEMIC.V M^^neeium
Sales Department MA 362B-1, Midland, 
Michigan.

you can depend on DOIU MAGNESIUM

EASILY FORMED. These HK31A parts 
were drawn using production dies and 
Processes for standard magnesium alloys.

he parts retained a higher percentage of 
original properties than standard alloys.

Room Color Control by Electronics

The first full-scale presentation of mans newest 
light source, electronic light, was made recently in 
Pittsburgh w hen Westinghouse unveiled a complete 
room lighted by electroluminescence.

Panels no thicker than window glass lined the 
ceiling and three walls, giving off light (approxi
mately 50-foot-candles at an efficiency of 3 lumens 
per watt) equivalent to that in a modern, well- 
lighted office or class room.

The unveiling was the climax of a demonstration 
on electroluminescence by Edward G. F. Arnott, 
lamp division director of research, and was a pre
liminary event in the dedication of Westinghouse’s 
new multimillion dollar research laboratories.

Electroluminescence is light emission by suitable 
phosphor powders embedded in an insulator and 
subjected only to the action of an alternating cur
rent electric field. The phenomenon was first dis
covered in 1936 by French scientist Georges Des
triau, who published a paper on his findings in 1947. 
Small-scale applications, such as flashlights, were 
perfected as early as 1954.

In the demonstration, one hundred and twelve 
glass panels, each one foot square and about 1/8 
inch thick, were used to illuminate the room with 
soft green light.

Since the emitted color of electroluminescence 
varies with the frequency of the exciting energy, the 
350 v ac, 3 kc green power source may be varied 
by means of an oscillator control knob. In this way, 
the housewife of the future may have complete 
mastery over the lighting in her house with two 
control knobs in every room, one for brightness and 
one for color.CIRCLE 4 ON READER-SERVICE CARD FOR MORE INFORMATION
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Standard

Regulation:

AC Input

OTHER 28 VOLT MODELS Ripple:

Model MR532-15A

Regulation

Model M60V

Ripple

Ripple

Cool Weather on Demand

Representative» in Principal Citte»

CIRCLE 5 ON READER-SERVICE CARD FOR MORE INFORMATION
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Regulation: 
AC Input 

Ripple

Regulation: 
AC Input

Regulation
AC Input:

AC Input: 
Ripple:

±1% @28 Volts (Regulation increases 
to 2% over range of 24-32 volts; does 
no! exceed 2 volts over 4 24 volt range. 
Not stabilized for AC Une changes.)
115 Volts, 1 phase, 60 cps (12 amps).
1% rms (@ 32 volts and full load -2% 
rms max. @ any voltage above 4 volts).

5-32 Volt Range: ± V2%
2-5 V 'It and 32-36 Volt Range : ±2%
105-125 Volts, (for 2-32 V.DC), 110-125
V, (for 32-36 V.DC), 1 phase, 60 cps 
(8 amps)
1% rms max. (@ 36 volts and full load.
Increases to 2% @ 2 volts and full load).

In addition to the 28 volt models 
featured at the right, the following 
units are also available:

±1% (over entire 5-40 volt range) 
100-130 Volts, 1 phase, 60 cps 
1% rms

±Vz%
208, 230 or 460 Volts, ±10%, 3 phase, 
60 cps (14,12 and 6 amps respectively).
230 volt input will be supplied unless 
otherwise specified.
1% rms

1^* Modtl 
28-30 WXM

Model 
MR1040-30A

November 1, 1956

Model 
MR2432-100XA

your every 
need!

± 14%
100-125 Volts, 1 phase, 60 cps (20 amps) 
(Unit rated for DC output of 28 volts 
±10% for 95 130 volt Input 1
1% rms

Wire factory collect for prices... Write for catalog,

2-36 VOLTS @ 15 AMPS specifications

5-40 VOLTS @ 30 AMPS specifications

Remote Sensing • Vernier Control

Home television tape player developed by RCA reproduces 
pre-recorded black-and-white television selections on a stand
ard TV set.

24-32 VOLTS IOO AMPS specifications

Dollar Savings Through Standards

Seventy-nine cases of savings resulting from stand 
ardization are covered in a newly-published survey by 
ASA entitled, '‘Dollar Savings Through Standards. 
The studies were prepared for ASA by 70 American 
companies and 6 associations. They cover about 27 
industrial fields. Copies of the survey will be furnished 
by ASA free on request. Also recently published by 
x\SA is a four-page booklet entitled “What Is an Ameri 
can Standard?”. Copies of this booklet may also be 
obtained without charge from ASA.

Airplanes based in warm-weather areas can have 
their high-altitude equipment properly serviced with 
the MA-3 weather simulator.

X. cool 100 lbs of air per minute at 45 F can be 
supplied regardless of ambient temperatures. In 
operation the unit is towed to the aircraft site and 
then moved into final position under its own power. 
It is completely self-contained with compressor, 
evaporator, condenser, and all gauges and controls.

The weather simulator is now in production at 
American Electronics, Inc., El Monte, Calif.

Television Tape Player for the Home

Recent developments in an air conditioner, the 
electronic light amplifier, and a home “hear-see” 
tape player were disclosed last week by RCA while 
celebrating Brig. General David Sarnoff’s 50th year 
m the fields of radio television and electronics. 
All of the items have been announced previously 
but significant new developments have come about.

The principles employed in the television tape 
recording system have been applied in the develop
ment of a home television sight and sound tape 
player. An electronic room air conditioning system 
and a new larger electronic refrigerator have been 
developed from the earlier small refrigerator. From 
the original light amplifier, the scientists have de
veloped a new amplifier capable of increasing by 
l(M)0 times the brightness of projected light. Such 
a system for industrial X-ray7 use has been perfected.

THE LEADER
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teflectoscope Protects Against 
tailway Accidents
Sound waves are being successfully

rW

■

I

SigM‘:ee>ny at 700 noh -NAW STYLE

IBRASCOPE

92 GOLD STREET. NEW YORK 38, NEW YORK
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ilicon Coating Aids Printed Circuits 
Idering

Silicon solution can be coated on 
rinted circuit boards to produce 
etter soldering connections. The sili

con coating is applied by a silk screen 
process similar to the one used in 
ransferring the printed circuit pat
era itself to the board. The silicon 
olution, employed by Admiral Corp., 
191 Merchandise Mart, Chicago 54, 
11., forms a hard heat-repellent film 
nd covers the circuit side of the 

|>oard, except for the points where 
component connections are to be 
oldered. By repelling the 550 F heat 
)f the solder pot into which the board 

|s dipped, the heat resistant silicon 
Is said to force the solder toward the 
component connections.

High Speed Data Reduction

tdectronic equipment at the Lockheed 

fissile Systems division in Van Nuys, 
Jalif., changes a tape recording of 
|crambled tones into graphs from 
vhich scientists and engineers can 

Interpret a missile’s flight performance. 
The equipment cuts the analysis pe- 
iod of flight test data from months to 
lays. Upper left is tape recording, line > 
)f equipment in rear transforms in- 
ormation on taped record to decks of 
mnched cards, and foreground is a 
flotter which produces graphs from 
nformation on the cards.

Railway Co., sends a beam of sound 
energy into the journal area. If there 
s a crack in the axle or journal box 
i portion of the energy is reflected 
>ack to the reflectoscope’s search unit.

The Chesapeake and Ohio Railway 
las in operation a mobile carrier on 
vhich the reflectoscope is mounted, 
t combines all the necessary equip- 
nent to test car journals while they 
ire on a car. This method supersedes 
he time consuming and costly method 
>f removing the journal before they 
:an be checked.

AERONAUTICAL SYSTEMS 
have made vital contributions to the progress of jet avia
tion and its expansion into the civil transport field. Many 
have won recognition as the finest in the industry, bench 
marks of American technology.

Whole generations of airmen, for instance, have 
been trained in flight simulators developed and produced 
by Link, pioneer of on-the-ground flight training. This 
GPE Company has delivered over 800 jet flight simu
lators—more than all other manufacturers put together. 
It has just been selected, on the basis of superior tech
nology and equipment, to produce America’s first simu
lators for jet air liners. Link-developed DC Computer 
Systems in Link supersonic simulators are the only ones 
meeting the needs of these advanced aircraft.

Equally dominant are the gyro-magnetic compass 
systems of kearfott, another GPE Company. This com
pany’s new lightweight J-4 Compass System weighs only



EARFOTT AVIATION

warfbtt

electronic
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Full Range Electrostatic Loudspeaker 
Balanced response over the entire 
audible spectrum of 25 to 25,000 cps 
is possible with the electrostatic 
speaker system designed by Pickering 
& Co., Oceanside, L.L, N.Y. Low fre
quency woofers, which also operate 
electrostatically, can be used to com
plement the isophase high frequency 
electrostatic speakers being manufac
tured presently. Present state of the 
art indicates that electrostatic speak
ers have a place in the hi-fi market.

quency interference
equipment which cannot be trans
ported to stationary screen rooms or 
test facilities.

DOUGLAS SELECTS LINK
TO BUILD FIRST DC-S JiT SIMULATOR

tion for which GPE Companies, working in conjunction 
with the Armed Services, are responsible. Librascope, an 
important member of the Group, produces outstanding 
instruments and equipment for the field. Librascope’s 
computers, its highly advanced equipment for photo
reconnaissance work and photogrammetric equipment 
for the interpretation of photo data, its periscopes, pilot 
and navigator finders, are all leaders. Several GPE Com
panies are deeply involved in inertial guidance, guided 
missile projects and certain nuclear power applications.

In all GPE achievements in the numerous industries 
in which the companies work, GPE Coordinated Preci
sion Technology* plays an important part by inter-relating 
the wide range of skills and resources of the Group. This 
operating policy, and each company's unremitting in
sistence on highest quality, are major reasons for the fre
quency with which GPE systems and equipment continue 
to set standards in their fields.

GPE GROUP Ampro Corporation • Askania Regulator Company • Bizzelle Cinema Supply Corporation • Bludworth Marin'
ral Precision Laboratory Incorporated • The Griscom-Russcll Company • The Hertner Electric Company • lnt*rnation<! Projector Corporation 

Kearfott Company, Inc. • Librascope, Incorporated • Link Aviation, Inc. • J. E. McAuley Mfg. Co. • National Theatre Supply
Pleasantville Instrument Corporation • Precision Technology, Inc. • SEC-o-matic Corporation • Shand and furs Co.

Society for Visual Education, Inc. • The Strong Electric Corporation • Theatre Equipment Contracts Corporation

Mobile Interference Labs
A fleet of mobile radio-interference 
shielded laboratories will soon be dis
patched for on-site testing of elec
tronic equipment. The mobile labora
tory was designed because modern 
installations of major subassemblies 
are frequently so elaborate that they 
must be tested at the point of installa
tion. This is especially true of today’s 
missile systems.

A unit has been built by Filtron Co.. 
Flushing, N.Y., Completely equipped 
with 60 and 400 cycle rotary power 
supplies, air conditioning, and meas
uring and calibrating equipment to 
measure from 14 kc to 1000 me, in 
accordance with military require
ments. Screen room construction filters 
out interference from the. portable 
power installation. The laboratories 
will be used to measure radio-fre-

18 pounds. Yet it provides accurate heading information 
at all latitudes, is rugged enough to maintain its high ac
curacy despite the jolts and speeds of jet flight. The Air 
Force has just selected it as standard for all new fighter 
craft. Kearfott’s N-l Compass System has been the navi
gational standard for Air Force bombers for 5 years.

Still another member of the GPE Group, General 
Precision Laboratory, has developed and is currently 
making quantity deliveries of the most advanced airborne 
navigation systems in use. These GPL systems, which 
are self-contained and fully automatic, have flown mil
lions of operational miles with unprecedented accuracy. 
Their adaptations to civilian jet needs—GPL’s RAI JAN 
Systems—are expected to make equally far reaching con- 
t’ibutions to the commercial jet transport field—in the 
v ay of increased safety, fuel economy, passenger conven
. nee and efficient use of limited air space.

I hese are but some of the accomplishments in avia-

Magnetizer Produces 500,000 Gauss 
A magnetizer, with a maximum line 
demand of only 6.6 kva, uses the 
stored energy principle to produce 
peak impulses of 1500 kva, of up to 
50 milliseconds duration. An 1800 mfd. 
condenser storage bank is discharged 
through an ignitron tube to the pri
mary of a step-down transformer. The 
single turn secondary acts as the mag
netizing loop. Because of the single 
magnetizing loop and the high intens
ity, almost completely closed circuit 
magnets can be made easily.

Electronic control circuits assure 
precise field output, uniform from 
pulse to pulse.



COMPLETE ENGINEERING INFORMATION ON SILICON DIODES IS AVAILABLE ON REQUEST,

International Rectifier
TRAFALGAR 9-3330« CHICAGO: 205 W. WACKER r R
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Electronic Printer Does Forty 
Different Documents a Minute

SIMPLIFIES ENGINEERING... cuts time normally spent 
"designing around’ bulky units... provides a quick 
answer to high temperature problems.

This Silicon Diode is just one of the many thousands 
of different types of Selenium and Germanium and 
Silicon Rectifiers produced by International Rectifier 
Corporation for all DC power needs, from microwatts 
to megawatts. Produced to the most exacting stand
ards of reliability, the performance of these products 
in your equipment will prove the soundness of your 
engineering judgement. Call upon International 
Rectifier to assist you in your application. An Appli
cation Advisory Department comprised of over 
50 top-flight rectifier engineering specialists will be 
happy to provide a prompt evaluation and practical 
recommendations.

CUTS ASSEMBLY COSTS... Standard fuse clip mounting 
can save up to 90% of the assembly time spent with 
conventional multiple stacks ... high temperature 
characteristics result in less dielectric material and 
installation labor.

reduces EQUIPMENT SIZE... 20 to 1 size ratio can reduce 
chassis and enclosure size and costs ... the dramatic 
weight difference will be reflected in lower shipping 
and handling costs.

Test Equipment Study

US Dept, of Defense has estab
lished a national center at NYU for 
monitoring research and development 
on electronic equipment. A team of 
NYU research engineers are to serve 
as staff for the Electronic Test Equip
ment Coordination Group. Test 
equipment research and development 
throughout the electronics industry 
and the armed services is to be stud
ied. Other tasks include: providing 
technical assistance for analysis and 
evaluation of proposed and present 
electronic test equipment projects; 
calling attention to new lab advances 
and trends here and abroad; antici
pating future needs for certain equip
ment and initiating research to meet 
those needs; ending unnecessary du
plication of effort by reporting on 
industrial and service-wide develop
ments.

Using a “Compositron” tube which 
simulates typesetting, a new RCA 
printer decodes 4000 signals a second 
direct from Bizmac’ magnetic tape, 
composes translated information in 
specified form, and reproduces data on 
business stationery. All of these steps 
are done simultaneously.

The printer is thus capable of proc
essing speeds of up to 50,000 words 
a minute. It will produce in one min
ute 40 complete and different docu
ments as large as 8-1/2 by 11 in. 
According to Arthur L. Malcarney, 
V-P and General Manager, of RCA 
Commercial Electronic Products, the 
unit is in a developmental stage and 
no commercial plans as yet have been 
established.

The electron-image tube translates 
code by selecting the proper alphabet 
letters and numerals, one by one, from 
a “font’ and projects them in any de
sired pattern on the tube’s ten-in. face. 
The pattern is photographed direct 
from the tube face by a 35 mm camera.

A film-processing system develops 
the exposed film at the rate of 10 feet 
a minute. The RCA Electrofax dry
process enlarging printer accepts the 
35 mm film, enlarges it about 11 times 
and reproduces the information.

SILICON DIODE

\lidM

than conventional i 
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For ¡those who need the most demanding ceramic characteristics

HIGH-ALUMINA
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We make only one kind of ceramic — high-alumina. As 
a manufacturer of tuhes, Raytheon demands ceramic 
quality of utmost purity and controlled consistency. 
Our own R-95 ceramic meets these exacting demands.

You will find R-95 high-alumina ceramic completely 
dependable where high strength, high temperature, 
reliable vacuum seal, improved electrical performance, 
and high corrosion or abrasive resistance applications 
are involved. Raytheon will supply ceramic parts 
manufactured from R-95 high-alumina either alone or 
as hermetic ceramic-to-metal assemblies in accordance 
with your specifications, The assemblies can subse
quently be soft or hard soldered into your production 
in your own plant.

Excellence 
i Electronics

Maximum Hardness in 
Beryllium-copper Strip

By changing from the customary 6(X) 
F treatments for processing and fabri
cation of beryllium-copper strip Penn 
Precision Products, Inc., Reading, Pa., 
have developed a stronger and harder 
product. The new process involves a 
slightly higher temperature and vary
ing treatment times depending on the 
hardness desired.

Write for complete specification sheet. Supply us 
with a sketch or drawing outlining dimensions and tol
erances, together with operational conditions. We will 
be happy to provide information and assistance on 
any of your ceramic requirements—without cost or 
obligation.

100,000 Me Generator Tube

Designed to operate at extremely 
high frequencies with large power 
outputs, a new electron tube, called 
a retarding field oscillator,"’ permits 
more accurate radio beam control and 
adds more channels to the available 
frequency spectrum. Ohio State Uni
versity, under contract to USAF Air 
Research and Development Com
mand, Baltimore, Md., developed the 
ube whose characteristics are such 
hat it operates at 70,000 me, and with 

reduced power output at 100,000 me.

1.2 Million Letters and 
Numbers Per Minute

Letters and numbers can be repro
duced at the rate of 1.2 million per 
minute for recording photographically 
with the use of a new model of the 
Charactron Shaped-Beam Tube. The 
tube, designated Type C7C11, is pro
duced at the San Diego plant of 
Stromberg-Carlson. It has a seven
inch diameter and is capable of nine 
times the information density possible 
with other models of the Charactron 
Shaped-Beam Tube. Each character 
has been reduced to a height of .035 
inches. Ten thousand can be repro
duced for photographing in one frame. 
They can be arranged in the form of 
100 lines of 100 characters each.

The Charactron Shaped-Beam Tube 
has been called an “electronic type
writer” because it utilizes a stream of 
electrons to create numbers and let
ters on a phosphor-coated screen, 
similar to the screen of a television set.

The tube actually reproduces num
bers and letters by squirting or extrud
ing electrons through a tiny metal 
stencil within the tube itself.

Bright Futures for Ceramic Engineers

Join an outstanding group of engineers in expanded cera
mic development, working in the most modern ceramic 
plant in operation. Fascinating projects, excellent salaries, 
fine living conditions. Write address below.



from OAK’s great store of switch tooling

can be readily built

lems to OAK

We invite your inquiry regarding rotary
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pushbuttonslider, rotary slider

also manufacturers 
of OAK tuners, 
vibrators, choppers 
and other electro
mechanical devices.

Federal Support for Science Students 

Through various programs for the 
support of higher education, during 
1954 the Federal Government aided 
better than 1 out of every 5 graduate 
students and 1 out of every 6 under
graduates, in all fields of study. At an 
average cost of more than $1000 per 
student, over 101,000 science students

snap switches . . . simple or complex, commercial

Proton Beam Viewed by TV

The versatile closed-circuit television 
camera is now being put to work ob
serving the Cosmotron’s high-energy 
proton beam. Use of a small 5-pound 
television camera developed by Gen
eral Precision Laboratory of Pleasant
ville, New York, enables the physicists 
at Brookhaven to watch the pattern 
made by the 3 Bev external proton 
beam on a sodium iodide mosaic with 
greater clarity and without exposure 
to radiation.

In producing over 250,000,000 

switches in over 70,000 varieties for 

manufacturers of electronics, OAK 

has developed the world's most ex

tensive inventory of tooling for switch 

making.

An OAK switch can be designed 

for every low capacity application,

Thin Cathode-Ray Picture Tube

Radical departure from conven
tional cathode-ray display tubes is 
the thin cathode picture tube devel
oped by Kaiser Aircraft and Elec
tronics Corp., 1924 Broadway, Oak
land 12, Calif. The tube consists 
essentially of a phosphor screen and 
transparent deflection plates sand
wiched between glass face plates. 
The tube functions by electronically 
exciting selected areas or spots on the 
phosphor screen.

An electronic beam is injected along 
an edge of the tube. This beam flows 
in a field-free region along this edge 
of the phosphor screen and adjacent 
to a row of transverse deflection 
plates. Through control of the volt
ages on these deflection plates, the 
beam is bent vertically at any desired 
place along the edge of the tube. The 
beam then flows vertically in a second 
field-free region between a series of 
transparent deflection plates and the 
electrically charged phosphor screen. 
Deflection of the beam into the screen 
at any desired vertical level is made 
possible by controlling the voltages 
on the transparent deflection plates. 
The position of the spot created by the 
deflection beam may be exactly con
trolled.

and produced in most cases from 

existing tooling . . . your assurance 

of best possible delivery service.

Whatever your switch application, 

greater engineering experience and 

production facilities will work for you 

when you bring your switching prob-

OAK MFG. C C
1260 clybourn ave. • Chicago 10, ill

rotary slider

snap
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Silicon RectifiersSilicon DiodesTransistorsGermanium Diodes

SV-5 
SV-6 
SV-7 
SV-9 
SV-11 
SV-13
SV-15 
SV-18

SV-804 
SV-805 
SV-806 
SV-808
SV-810 
SV-812 
SV-815 
SV-818

100
120
200

SV-904 
SV-905 
SV-906 
SV 908 
SV-910
SV-912 
SV-915 
SV-918

11.0
13.5
17.0

11.0
13.5
17.0

120 
200

11.0
13.5
17.0

10.0
12.0
145
18.0
21.0

10.0
12.0
14.5
18.0
21.0

100 
12.0 
145 
18.0
21.0

SEND FOR 
BULLETIN TE1352

The nose of the sniffer

Transitron's silicon voltage 
regulators (sometimes called Zener 
diodes) are constant voltage elements 
tor control and similiar circuitry. 
They provide excellent regulation and 
stability over a wide operating range. 

Through improved thermal design, each, 
of the three regulator series will 
give high load currents in the 
smallest possible size. The 
subminiature glass types, for example, 
provide twice the current in less 
than half the size of conventional 
regulators. High power types can be 
used to simplify circuits and 
eliminate amplification stages. 

Inquiries are invited on higher 
voltage regulators, and precision, 
temperature compensated voltage 
reference elements.

Maximum 
Dynamic 

ReiiMance 
(ohms)

Voltage 
Range 
(volts)

Optical Driverless Tractor

Sniffing its way along a white line, the 
optical guidance system of this tractor 
can steer it without wires or operator.

were helped. While only one-fourth 
82,000) of the undergraduate group 

were studying in the sciences, ap- 
iroximately one half (18,000) of the 

graduate students, and virtually all 
1300) of those receiving such assist

ance for postdoctoral training and re
search were pursuing scientific studies. 
The National Science Foundation 
report “Federal Support For Science 
Students in Higher Education*’ in
dicated that eligibility for Federal 
support at the undergraduate level 
was determined almost exclusively by 
military service, either through the 
completion of past service or commit
ment to future service.

Mobile Calibration Test Van

To assist field installations in main
taining equipment accuracy, the US 
Signal Corps has developed a mobile 
Equipment Calibration Test van 
which operates from signal depots 
to service field installations. Period
ically visiting field maintenance shops, 
Signal Corps and Ordnance detach
ments supporting anti-aircraft de
fended areas, Strategic Air Command 
bases, National Guard shops and di
vision signal companies, it is intended 
that by next year there will be one 
van for each Army area in the US.

In addition to adjustment and re
calibration of field equipment, the 
van stocks some repair parts and 
basic meters to repair defective equip
ment on the spot.

Maximum 
Average Current 

ma 
at25C at 125

powered bulb which reflects from the 
white tape or paint on the floor and 
actuates photo-electric cells.

rhe Guide-O-Matic electronic in
dustrial tractor, manufactured by the 
B u rett Cravens Co., 628 Dundee Rd.,

»rthbrook, Ill., can be converted 
b ‘rn optical type to wire type, should 
I need arise.

(me) 
400 
320 
240 
200 
160 
140
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REFERENCE DATA

RADIO ENGINEERS

has also been activ

transistor pick-up,

.dollars, for which send me.I enclose copies

Zone State

E ECTRONIC DESIGN

*For 12 or more copies, sent in bulk to a single address, the price per copy 
is $4.80.

• 1% by 53A by 85s inches
• Used by electronics students in more than 

200 leading colleges and universities
e Over 150,000 copies of previous editions 

distributed to date

International Telephone and Telegraph Corporation 
Publication Dept.D-11, 67 Broad Street •
New York 4. N. Y.

Reference Data for Radio Engineers,” at $6.00 per copy,

November 1. 1956

follows: ‘ transistor-powei

■■■GET YOUR COPY NOW —USE THIS COUPON««

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y.

o 9 Completely New Chapters
• 29 Chapters Brought Up-to-date
• Over 1100 Pages
• Cross Index of Over 3500 Terms
o Approximately 1000 Graphs, Tables, and Illustrations
• About 234 Pounds

Federal Trade Commission Industry-inspired rules of 
practice help guide the FTC in its job of protecting 
the consumer. The latest action has been taken by the 
environmental equipment industry. A conference (has 
been) was called on October 19 for the purpose of 
outlining trade practice rules for the industry. RETMA

Some of the New or Completely 
Revised Subjects

Modem Network Filter Design 
Semiconductors and Transistors 
Transistor circuits 
Probability and Statistics 
Magnetic Amplifiers 
Feedback Control Systems 
Metallic Rectifiers
Scattering Matrixes in Waveguides 
Helical Antennas 
Forward-Scatter Propagation 
Television Pickup Tubes 
Digital Computers 
Patent Practices
Information Theory 
Nuclear Physics

Project Vanguard Events are moving faster each day 
as the start of the International Geophysical Year 
approaches. A new radio tracking station for the earth 
satellite has been established at Blossom Point, Mary
land. Minitrack, the NRL-developed tracking system 
is to be first tested here. It is supposed to have a 4000- 
mile range. J. Paul Walsh has been named deputy to 
Dr. John Hagen for the project.

agreed to supply the FTC with a definition of a “tran
sistor radio.’ The RETMA resolution prescribes that 
sets using both transistors and vacuum tubes may 
properly attach the name “transistor’’ to its name only

Vsoming off the presses is the long-awaited 4th edition of this 
well-established technical reference book on radio, electronics, 
and communications.

The new Reference Data for Radio Engineers is based on the 
previous edition published by Federal Telephone and Radio Com
pany, division of International Telephone and Telegraph Corpora
tion. Revision and expansion of the existing material and the 
addition of 9 completely new chapters have resulted in a book 
about twice the size of the third edition.

In publishing this book, the International Telephone and Tele
graph Corporation is making available to other engineers in prac
tice as well as to those in training in universities much practical 
knowledge of radio engineering acquired over the years in its 
research, development, manufacturing, and operating activities 
throughout the world.

Nuclear Reactors Washington may soon become the 
reactor center of the world. The Naval Research Labo
ratory recently put a research reactor under test— 
the first operative one in the area. Fort Belvoir is on 
schedule for the construction of the first “transport
al >ie” power reactor. The University of Maryland has 
received a grant to build a “no-power” reactor to be 
u ?d in teaching nuclear physicists and engineers.

F Industries Nuclear Energy Division, with head- 
qi rters in Washington, talks about building its own 
icictor in Maryland. And the National Bureau of 

ndards, too, is thinking of erecting one on its new 
g unds in Gathersburg, Maryland.

Civil Aeronautics Administration Ever since the start 
of the Government's mutual assistance programs, the 
CAA has been responsible for helping foreign coun
tries get their civil aviation programs going. They have 
sent teams of expert engineers and aviation planners 
all over the world. Right now they have 26 such teams 
overseas. They operate through the International Go- 
operation Administration, which through itself and its 
predecessors has allotted $10 or $11 million to CAA for 
the procurement of navigation and airport control 
equipment. The latest contract for $197,108 has been 
awarded to Gates Radio for high frequency trans
mitters to be used in Pakistan.

Name

Add t ess

City

An order of 12 or more 
copies sent in bulk to 

a single address



KEEP UP-TO-DATE ON MAGNETICS

what are the new Performance-Guaranteed laminations?
Whenever our tungsten-carbide dies have produced 
enough nickel-iron laminations of a new’ shape to permit 
stocking them for immediate delivery, we let you know, 
because we get so many requests for "what’s new in 
Performance-Guaranteed laminations?”

It’s rather sensible, the emphasis our customers put on 
this "Performance-Guarantee.” They know it’s a guar
antee based upon our higher quality hydrogen annealing, 
vital for high permeability laminations.

You see, small percentages of impurities, particularly 
carbon, oxygen and sulphur, have a deleterious effect on 
magnetic properties—and they are present in every alloy 
at the beginning despite the most rigid control of the 
metallurgy of the heats. In this as-rolled state, the steel 
will develop as little as 5% of its ultimate permeability.

Now' everyone "hydrogen” anneals—but not everyone 
dry-hydrogen anneals. You can’t use bottled hydrogen, 
without leaving a surface oxide injurious to magnetic- 
properties and making soldering virtually impossible. So 
wTe dry our hydrogen to a dewpoint of —60° C, removing 

CIRCLE 14 ON READER-SERVICE

the water vapor which is produced by the reduction of 
hydrogen. Carbon reduces to methane, sulphur to sul
phur dioxide, and both are removed by the continuous 
flow of dry hydrogen during the 24-hour cycle.

As a result of our superior annealing, we develop better 
magnetic properties and clean lamination surfaces, and 
you get that valued "‘Performance-Guarantee.”

New Performance-Guaranteed shapes, in stock, immedi
ately available: EE 28-29, UI-312, F-21, DU-1, DU-37, 
rotor, stator and head laminations. Why not write today 
for Catalog ML-201 and full information on these and 
all other clean, flat, burr-free laminations we manufacture. 
Magnetics, Inc., Dept. 33-ED, Butler, Pennsylvania.

MR EE ETICS ¡ne.
CABLE; MAGNETICS

Meetings

Nov. 7-9: Conference on Electronic Technology in 
Medicine and Biology.
McAlpine Hotel, New York, N. Y. Sponsored by the 
AIEE, IRE, Instrument Society of America. Two 
days of technical sessions and evening symposium 
to discuss latest electrical and electronic techniques 
in biology and medicine. For information, write to 
AIEE, 33 W. 39th St.. New York, N. Y.

Nov. 13-16: Fourth Annual Meeting of the Invest
ment Casting Institute.
Sheraton Cadillac Hotel, Detroit, Mich. “Vacuum 
Metals Symposium’ is the theme of the meetings. 
An extensive program of talks has been scheduled. 
Registration fee is $25.00. Details available from 
the Investment Casting Institute, 27 East Momoe, 
Chicago 3, Ill.

Nov. 14-16: Symposium on Optics and Microwaves. 
George Washington University, Washington, D. C. 
Sponsored by the IRE Professional Group on An
tennas and Propagation, the George Washington 
University and the Optical Society of America. For 
further information, contact the IRE, 1 E. 79th St., 
New York 21, N. Y.

Nov. 75-76: ORSA Tenth National Meeting.
Hotel Mark Hopkins, San Francisco, Calif. Opera
tions Research is the theme of the meeting. Further 
information may be obtained from the Program 
Chairman at the U. S. Naval Postgraduate School, 
Monterey, Calif.
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Nov. 17: Professional Group on Engineering Man
agement of IRE.
Engineering Auditorium, New York City. General 
Doriot, pres. American Research Development. 
Subject of meeting, “Science and Management.” 
For further information contact Harold Hechtman, 
Airborne Instruments Labs.. 160 Old Country Ro uh 
Mineola, N. Y.CARD FOR MORE INFORMATION
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Germanium Diodes with

low forward resistance

STANDARD TYPES OR TO YOUR SPECIFICATIONS

DR 309

100 @ 50VDR 327

10 @ 10V; 50 @ 50VDR 330

DR 308 10 @ 10V; 50 @ 50V

CIRCLE 15 ON READER-SERVICE CARD FOR MORE INFORMATION

Dec. 10-12: Eastern Joint Computer Conference. 
Hotel New Yorker, New York, N. Y. Sponsored by 
the IRE, AIEE, Association for Computing Ma
chinery. “New Developments in Computers'* is the 
theme of the meeting. In addition to an extensive 
program of technical papers, the meeting will fea
ture exhibits by many manufacturers in the com
puting field. For information, contact Al Forman, 
Room 639, 480 Lexington Ave., New York 17, N. Y.

The extremely desirable diode characteristic of high conductance 
with low forward resistance offers no problem to Radio Receptor 
due to our special gold bonding process. Without sacrificing im
portant low leakage in reverse current we are able to produce these 
dependable, low cost glass units on a production basis.

The four types shown below only suggest the comprehensive 
range of standard high conductance types we are equipped to make 
—Bulletin G-60 lists them all. Besides, we will be glad to evaluate 
your particular needs and quote on any specials called for by your 
specifications. For full information, without obligation, write 
today to Dept. D-ll.

Available in 
volume quantity 

for immediate 
delivery

Really
Reliable

Dec. 5-7: Second IRE Instrumentation Conference. 
Biltmore Hotel, Atlanta, Ga. Sponsored by the Pro
fessional Group on Instrumentation and the Atlanta 
Section of the IRE. Sessions will be devoted to 
industrial applications, missile range instrumenta
tion, and the application of solid state devices. 
For further information, contact the IRE, I E. 79th 
St., New York, N. Y.

^ov. 26-30: Third International Automation Expo
sition.
Yade Show Building, New’ York, N. Y. Clinic ses- 
ons will be offered in electronic computers, proc

ess automation, machine tool automation, office 
utomation, automatic materials handling, servo- 

¡nechanisms, electromechanical components, and 
electronic components. More than a hundred ex
hibitors will participate in the clinics. A two-day 
Senior Officer Conference on Office Automation ' 

directed by Gordon L. Mattson and sponsored by 
Fordham University School of Business will be held. 
For information, write to Richard Rimbach Asso
ciates, 845 Ridge Ave., Pittsburgh 22, Pa.

Other Radio Receptor Products: Selenium Rectifiers, Thermatron Dielectric Heating Equipment, 
Radar, Navigation and Communications Equipment

Dec. 19-20: RETMA Symposium on Applied Reli
ability.
Bovard Hall, University of Southern California, 
Los Angeles, Calif. Sessions on Mechanical Re
I bility, Information Feedback, Component Eval- 
। tion Usage will be presented. “Failure Feedback 

Is It Effective’ is highlight of the meeting. Regis- 
I dion in advance is $3.00. Further information re- 
( ived from RETMA Engineering Office, Room 
< 0, 11 West 42nd St., New York 36, N. Y.

Dec. 3-4: Second Midwest Symposium on Circuit 
Theory.
Michigan State University. Symposium will consist 
of four sessions: Topology and Circuit Theory, 
System Analysis and Synthesis, Circuit Theory and 
applications, and the Place of Circuit Theory in 
Education. A talk on “Engineering Education for 
the Future” will be given by Dr. |. D. Ryder on 
Monday evening. Papers will also be presented by 
engineers in the education field. Contact for further 
information, IRE, 1 West 79th St.. N. Y., N. Y.
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Semiconductor Division
RECEPTOR COMPANY, INC

Radio and Electronic Products Since 1922

240 WYTHE AVENUE, BROOKLYN 11, N. Y. EVergreen 8-6000

10 @ 10V; 50 @ 50V

CODE NO.
MINIMUM FORWARD 

CURRENT AT + 1V 
(MA)

PEAK 
INVERSE 
VOLTAGE

MAXIMUM REVERSE 
CURRENT (UA)
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make
MICRO SWITCH
engineering service
your short cut to

NEW DESIGN IDEAS

ounces count

micro switch TypeTwo of these

CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION
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We may have already solved a problem simi
lar to yours—for somebody else. Should 
your problem turn out to be entirely new, 
micro switch can—and will—develop the 
switch you need.

Protection:
switches are well housed 
and protected against ef
fects of oil splash, dirt and 
dust.

(Send for Catalog 83—
"Industrial Enclosed Switches”)

three different types of 
actuating heads are used. 
Switches are adjustable to 
meet varied types of actu
ation and for mounting in 
cramped quarters.

Jan. 9-11, 1957: Symposium on Communication 
Theory and Antenna Design,
Boston University, Boston, Mass. Sponsored by the 
Air Force Cambridge Research Center and Boston 
University. For information, contact Miss Alice 
Cahill, Air Force Cambridge Research Center, Air 
Research and Development Command, Laurence 
G. Hanscom Field, Bedford, Mass.

Jan. 14-15, 1957: Third National Symposium on 
Reliability and Quality Control in Electronics, 
Hotel Statler, Washington, D. C. Sponsored jointly 
by the IRE Professional Group on Reliability and 
Quality Control, the American Society for Quality 
Control, and RETMA. For information, write to 
IRE, 1 E. 79th St., New York 21, N. Y.

Jan, 16-18: Society of Plastics Engineers, Inc., 
Thirteenth Annual Technical Conference.
Sheraton-Jefferson Hotel, St. Louis, Mo. Sixty-eight 
advanced technical papers will be presented. For 
further information contact Jas. R. Davidson, Ex- 

w ecutive Secretary, Society of Plastics Engineers, 
Inc., Suite 116-18, 34 East Putnam Ave., Green
wich Conn.

Jan. 23-25, 1957: Very Low Frequency Symposium. 
NBS Boulder Laboratories, Boulder, Colo. Co
sponsored by the Denver-Boulder chapter of the 
IRE PGAP and the Boulder Laboratories, National 
Bureau of Standards. The program is titled Theo
retical and Experimental Results in the Propagation 
and Radiation of Very-Low-Frequency Electro
magnetic Waves (less than about 100 kc).” Authors 
are being requested to submit summaries for ap
praisal as soon as possible to Dr. J. R. Wait, Chair
man, Denver-Boulder PGAP Chapter, National Bu
reau of Standards, Boulder, Colo. For further in
formation, contact U. S. Dept, of Commerce, NBS, 
Boulder Laboratories, Boulder, Colo.

Feb. 7: Annual Symposium of the New York Section 
of the ISA,
Garden City Hotel, Garden City, N. Y. Short pa
pers on ‘ Practical Accuracy of Measurement” will 
be presented followed by a discussion. Afternoon 
session will be on “Data Handling.” For further 
information contact G. Newberg, Publicity Chair
man, Fairchild Engine Division, Fairchild Engine 
& Airplane Corp., Deer Park, L. I., N. Y.

5 micro switch Engineering Service is de
voted to assisting industrial designers in the 
solution of complex switching problems.
This service—as close as your telephone— 
places at your disposal a knowledge of 
switch applications obtained through years 
of research and field experience. We are ex
perts on just one thing—precision switch
ing problems.

RELIABLE 
TOGGLE SWITCH 
where inches 
and

"AT” subminiature toggle switches 
serve as components for a small, light
weight portable geiger counter.
The extreme reliability and long life 
of the extremely small micro switch 
units were important factors in their 
choice by the design engineers. This 
switch weighs but .02 lb. It has single
pole, double-throw contact arrange
ment. Rating of basic switch is 5 
amperes 125 or 250 volts a.c.
{Send for Catalog 73B—"Toggle Switches” 

and 75A—"Subminiature Switches”)

...THEIR USE IS A PRINCIPLE OF GOOD DESIGN

LIMIT SWITCHES 
operate 57,000 
times a day

day-in, day-out

*1 Long Life:
some switches operate 
every 1J4 seconds, three 
shifts a day—over 57,000 
operations a day.

Precision:
switches repeat, exact op
erating point through mil
lions of precise operations.

MICRO SWITCH ML 
Type limit switches— 
17 of them —are used 
in an automatic grind
ing machine to control 
the steps in grinding 
small parts. Features 
which governed their 
selection by the de
sign engineers were:



Mounting Holes

CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION
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MAXIMUM 
ACCURACY

Embedment 
Material 
Supports And 
Seals Glass " 
Tube Switch

FIVE tiny 
switches H
permit 32 ”
on-off situations

(Send for Catalog 90-A — 
Honeywell Mercury Switches”)

April 8-11, 1957: Fourth National Electrical Indus
tries Show.
71st Regiment Armory, New York, N.Y. Sponsored 
by the Eastern Electrical Wholesalers Association. 
For more information, contact William S. Orkin, 
Co-Producer, The American Electrical Industries 
Expositions, Inc., 19 W. 44th St., New York, N.Y.
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Five micro switch subminiature switches 
were selected by design engineers in this 
rotary selector switch to provide the switch
ing function for each of the pulse positions 
in a five-pulse binary code switch. Each 
switch is of single-pole, double-throw de
sign, thus providing 32 on-off current com
binations for data processing equipment.

MERCURY SWITCH accurate 
to Ys inch in 12 feet on arader

April 11-13, 1957: Southwestern IRE Conference 
and Electronics Show.
Houston, Texas. Sponsored by the Houston Section 
of the IRE. This conference will be augmented by 
the National Simulation Conference which will be 
sponsored by the IRE Professional Group on Elec
tronic Computers. For information, write to Ninth 
Southwestern IRE Conference and Electronics 
Show, P. O. Box 1234, Houston 1, Texas.

May 16-18: Eighth Annual Conference and Conven
tion, American Institute of Industrial Engineers. 
New York City, Hotel Statler. For information 
write to AIIE, P.O. Box 8, Substation 135, The 
Bronx 53, New York.

Feb. 26-28: Western Joint Computer Conference.
Statler Hotel, Los Angeles, Calif. The Conference 
is under the joint sponsorship of the IRE, AIEE, 
and ACM. Theme of the meetings will be “Tech
niques For Reliability.” For further information 
contact S. Dean Wanlass, Aeronutronic Systems, 
Ine., 13729 Victory Blvd., Van Nuys, Calif.

Switches used in woodworking production equip
ment—cut-off saws, rip saws, gang saws and 
jointers—must take a lot of punishment and 
retain maximum accuracy for a long life.
These enclosed switches, with roller arm actu
ator and sealed plunger, were chosen by design
ers as controls on an automatic air-operated 
cut-off saw. One switch controls the reversing 
of the solenoid for length of stroke. The other is 
a return control.
Both switches must operate with maximum 
accuracy and give long-life performance. At an 
average of 1,250 strokes per hour, the switches 
are activated 10,000 times in the average 8- 
hour work day.

(Send for Catalog 83 A—
*'Industrial Enclosed Switches”)

March 18-21: The 1957 SPI Annual National Con
ference and Pacific Coast Plastics Exposition.
Hotel Biltmore, Los Angeles, Calif., sponsored by 
the Society of the Plastics Industry, Inc. Sessions 
will cover plastics in the fields of electronics, air
craft and defense, building, and processing. Expo
sition will be held at the Shrine Exposition Hall. 
Further information may be obtained from the So
ciety of the Plastics Industry, Inc., 250 Park Ave., 
New York, N. Y.

March 11-15: The 1957 Nuclear Congress
Convention Hall, Philadelphia, Pa. Exhibits and 
conference sessions covering latest developments 
relating to the utilization of atomic energy in its 
various non-military forms for civilian use. For 
further information contact Atomic Exposition Of
fice, 304 Architects Bldg., Phila. 3, Pa.

Mercury switches are not usually associated 
with such applications as heavy road grading 
machinery. However, four of these protected 
Honeywell Mercury Switches have proved 
successful as grader blade controls.
Tilt action of the switches actuates a series of 
power relays and valves to control the grader 
blade. The switches are so sensitive that they 
are able to control the level of the blade with
in H of an inch in an overall movement of 12 
feet. The switches—embedded in epoxy with
in a metal case—are extremely resistant to 
shock and exposure to the elements.

Metal 
Case

The binary switch is a single control, posi
tive locking, electro-mechanical device for 
converting rotary operation into a binary 
sequence.
According to the designers, the micro 
switch subminiature switches were chosen 
because of:
-1 Small size and light weight (% x 14 x 14 

inch)—(265 per pound).

2 Ease of operation. ***

3 Reliability. /

✓| Extremely low contact f 
resistance (through ।
use of fine silver). ।

pz Positive make -
and break action. \ -

zx Resistance to shock ***>■—-*^
and vibration.

Low capacitance between open contacts 
and from terminals to ground.

There is no limitation in the design as to 
the number of switches that can be used.
(Send for Catalog 75A-”Subminiature Switches”)

MICRO SWITCH
A U1VISI0N OF MINNEAPOLIS*HONEYWELL REGULATOR COMPANY

In Canada, Leos ide, Toron/o Ì7, Ontario • FREEPORT, ILLINOIS
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What is the future trend in electronic applications?
Due to their high strength, high voltage, wide tem

perature range, and metalizing characteristics, ce-

t
e

reaction, it permits the ceramic to be brazed to metals 
by a wide variety of hard solders. The resulting bond 
permits a true vacuum seal and is as strong as the 
ceramic itself.
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In specifying a ceramic design, what are the general 
considerations?

A check list, next page, covers key points to be 
considered for good ceramic design. Careful use of 
this check list will result in a practical design that is

How high a temperature can ceramics stand?
This depends on the material selected; with alumina 

ceramics operating temperatures up to 1700 C are per
missible.

’ hat is meant by metallized ceramics?
hrough special processes of the ceramic inanufac

t i er, metal coatings are fired into the ceramic at high 
I mperatures, thus producing a conductive layer. Since 
* is layer is firmly bonded to the ceramic by chemical
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allowable over the required length for the final ce
ramic piece. Discs and cylinders of alumina ceramics 
produced by the dry-press method are usually limited 
o about four inches in diameter. Special shapes and 
¡arger pieces can be made by processes such as slip 
casting or isostatic pressing combined with individual 
batch firing.

Do ceramic parts cost much more than parts made of 
other materials?

Ceramic parts cost little if any more in the final 
analysis, since the use of ceramics, particularly in 
ceramic-to-metal assemblies, often results in an overall 
saving in manufacturing cost. Ceramics permit better 
accuracy and dimensional control to be maintained in 
design and allow more precise assembly to be per
formed with actually less skill than that required in 
glass work. Ceramic-to-metal assemblies also allow7 
one-shot brazing operations, for further savings.

Can ceramics be joined to metals?
Using metallized alumina ceramics, the author's 

company has manufactured on a production basis 
many different types of vacuum seals that pass helium 
leak detector tests and meet military specifications. 
These joints are formed by brazing the ceramic to the 
metal with either soft or hard solder. Most of the 
metals are suitable, particularly Kovar.

What are the temperature limitations of ceramic-to- 
metal seals?

The metals and solders selected determine the tem
perature limitation of the entire assembly. For ex
ample, a copper brazed joint will form a vacuum seal 
at approximately 1100 C, thus allowing a variety of 
other seals to be made in subsequent brazing opera
tions at successively lower temperatures. Copper
silver, eutectic, pure silver, and gold alloys are some 
of the other high-temperature solders that may be 
used, not to mention the soft solders.

In what state are ceramics supplied and used?
Contrary to some belief, ceramics are supplied not 

as powders but in a finished, fired state ready for use. 
The ceramic manufacturer forms the finished, fired 
ceramic compositions by methods akin to those used 
in powder metallurgy. For example, a ceramic might 
bo obtained in the form of a bare ceramic insulator, 
; metalized shape, or a complete ceramic-to-metal

'cuum-tested assembly.

Fig 1. Some standard sizes ond shapes of ceramic 
parts. Shown are parts of alumina ceramic

Are ceramics available already metallized for subse
quent use in a ceramic-to-metal assembly?

Yes, ceramics can be supplied already metalized for 
production brazing in the customer's plant. Or, if pre
ferred, ceramic-to-metal assemblies can be supplied 
complete, 100% helium-leak-tested, thus eliminating 
the need for ceramic-to-metal brazing by the customer. 
Final assembly operations may then be carried on by 
conventional methods that are essentially the same as 
those used for forming metal-to-metal brazes or welds.

What tolerances are possible on ceramic parts?
Generally speaking, a tolerance of ±5% or 0.005", 

whichever is greater, is desirable from a manufactur
ing point of view. Tolerances of tenths of thousands 
can be achieved by special control and processes such 
as diamond grinding if necessary. Fig. 4 shows typical 
as diamond grinding if necessary. Geramic parts for 
electron tubes are being made. Silhouette on preced
ing page shows a tube part.

Can ceramics be machined and worked by the design 
engineer?

After firing, ceramics are extremely hard and do not 
lend themselves to machining. Alumina ceramic, for 
instance, has a Mob factor of 9 and is difficult to grind 
except by ultrasonic machining or diamond tools. This 
means that the entire fabrication is done by the ce
ramic manufacturer in his processing and by machin
ing the piece in the “green” state. Thus, after firing, 
the ceramic is ready for use or metalizing.

Fig. 2. Alumina ceramic parts of special
ized form to meet exacting applications.

economical to produce, with the added benefits of 
minimum lead time and ensured quality and repeat
ability. It is important that the preliminary drawings 
supplied to the ceramics manufacturer be consistent 
with good ceramic practice, which is not necessarily 
the same as good metal practice. Expensive and time
consuming redesign work is thereby avoided, and the 
final details can be speedily handled by consultation 
with the ceramic sales engineer.

Why are ceramic terminals finding increasing applica
tions?

Ceramic terminals, particularly those of the alumina 
type, are readily assembled into electronic units over 
a wide range of processing temperatures. They pro
duce reliable seals that can meet the higher tempera
ture, shock, and vibration requirements of advanced 
military equipment.

Why are ceramic spacers replacing mica spacers in 
electron tubes?

Vibration of tube elements eventually enlarges the 
support holes of mica spacers, thus altering the orig
inal tube parameters. Ceramic spacers are not affected 
by vibration, and in addition are non-flaking and per
mit more thorough outgassing during tube manufac
ture. Since these advantages all contribute to tube re
liability, ceramic spacers are of increasing interest to 
the military.

What are some of the most common electronic appli
cations?

Among the basic electronic circuit components that 
utilize ceramics in one way or another are resistor 
bodies, coil forms, condensers, condenser shafts, ter
minals, transducers, and printed circuit bases. Ce
ramics are employed in electron tubes for spacers, 
envelopes, and output windows.





The region of metalized areas should be clearly de
fined. Is metalizing required for brazing or electrical 
conduction? State temperatures and solders involved, 
as well as any special plating requirements.

Application

State the application as clearly as possible. Include 
environmental as well as operating conditions.

Check:
vacuum or non-vacuum 
mechanical shock and vibration 
temperature range, max and min 
continuous operating temperature 
temperature cycling 
mechanical stresses
thermal shock 
humidity 
pressure 
altitude 
atmosphere, oil, or gas 
electrical ratings

If an assembly, what type of seal is involved? Her
metic, pressure, oil, gas, or vacuum? Remember that a 
hermetic seal does not mean a vacuum seal. Is 
pressure or helium leak detection required? On a 
sampling basis or 100 per cent? Indicate desired tem
perature range over which seal must be satisfactory.

Quantity

Specify quantity involved on sample or production 
order as well as future potential. The quantity may 
determine the manufacturing process selected as well 
as the design of temporary or permanent tooling. 
Thus, it may determine the ultimate unit cost.

Delivery

Allow’ as much time as possible so as not to need
lessly rush the design and prevent proper considera
tion being given to it. Generally, at least several weeks 
are required for ceramic parts; where extensive tool
ing is needed, three to four additional weeks may be 
needed.

7

Use

Ceramics are technically dependable and reliable for 
<loing the job they are intended for but are in general 
relatively brittle. Avoid mishandling or dropping of 
heavy parts and pouring or dumping of small pieces.

In brazing ceramic assemblies, check the brazing 
I' mperatures, temperature cycling, solders used, and 
the thermal shock to be encountered in all brazing 
>perations. Consult freely with the ceramic manufac- 
irer on all subsequent brazing operations or when-
er questions arise.

5
The author is grateful to all those who gave him assist- 

nee and constructive criticism in the preparation of this 
tide, with special thanks to L. J. Cronin, head of the 
-chniques Laboratory of The Raytheon Manufacturing 
^mpany.
A subsequent article will discuss ceramic-to-metal seals.

)
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have
an idea

in your 
hip

pocket?
Then we have an idea you’ll be 
happiest at Firestone... 
where ideas are most likely to see 
the light of day and breathe the air 
of success. Here, too, you’ll 
discover benefits and attitudes 
inspire more ideas, more success.
Ideas—and men with ideas — 
have kept Firestone at the top of 
the pioneers-in-progress list for 56 
years. Right now, we’re carrying 
forward the Army’s vital 
program for the “Corporal,” 
first surface-to-surface ballistic 
guided missile. This includes 
development engineering, field 
test and service, and missile 
and component production.
But the need for good men with 
good ideas grows... because 
Firestone plans to keep growing 
in this field. For instance, 
here are just a few specific 
needs — a few from a list too 
long to show in full:

Component Design 
Electronics Systems 
Mechanical Systems 
Flight Simulation 
Field Engineering
There’s a man at Firestone 
with ideas —good ideas —on your 
future. Why not write today?

GUIDED MISSILE DIVISION
RESEARCH • DEVELOPMENT* MANUFACTURE

“Find your Future at Firestone11— Los Angeles • Monterey
WRITE: SCIENTIFIC STAFF DIRECTOR. LOS ANGELES SA. CALIF.



Power

Transistors
Britain’s

for 25W high

IN67AIN67A

50 VOLTS

Mullard ELECTRONIC TUBES

CARD FOR MORE INFORMATIONCIRCLE 18 ON READER-SERVICE

ELECTRONIC DESIGN

CBS 
2N255'

The British Electronics Industry is making 
giant strides with new developments in a 
variety of fields. Mullard tubes are an 
important contribution to this progress.

Max. cathode current 
150mA

- 115 V 

TRANSFORMER

Available in the U.S.A, from:— 
International Electronics Corporation, 
Dept. EDI 1, 81 Spring Street, N.Y.12 
New York, U.S.A.

Mullard is the Trade Mark of Mullard Ltd., and is registered (Mullard| 

in most of the princifia1 countr cs of the world.

Available in Canada from:— 
Rogers Majestic Electronics Limited 
Dept JN, 11-19 Brentciiffe Road 
Toronto 17, Ontario. Canadá.

Max. screen dissipation 
oW

Base
Octal 8-pin

Max screen voltage 
425V

Principal 
Ratings
Heater

6 3V, I.5A

Max plate voltage 
dUOV

Max plate dissipation 
25W

6 3V 
filament

CBS 2N255

HU LIARD OVERSEAS LTD., CENTJRY HOUSE, SHAFTESBURY AVE., LONDON, ENGLAND
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DC Voltage Multiplier—This de voltage multiplier will pro
vide high voltage from a low-voltage source, eliminating a 
vibrator or B-f- battery. When the transistors oscillate, an 
ac voltage is provided across the transformer. The output 
voltage and current are determined by the battery voltage 
and transformer turns ratio; therefore, they may be varied 
to suit the application as long as the transistor and diode 
ratings are not exceeded.

COMPETITIV ELY priced with vacuum tubes, 
two new power transistors have been an

nounced which are designed expressly for experi
mental purposes. The pnp germanium alloy 
junction semiconductors are hermetically sealed 
and each incorporates a metal mounting flange 
electrically connected to the collector for good 
heat dissipation.

With a heat-sink, both the 2N255 and the 
2N256, manufactured by CBS-Hytron, Danvers, 
Mass., are rated at 6.25 watts. The two transistors 
are electrically similar. The primary difference is 
that the 2N255 is intended for use with 6 volt 
power supplies and is rated at 15 v maximum, 
while the 2N256 is designed for 30 v maximum, 
utilizing a 12 v supply. Each unit has a collector

I AMP f
SPSt5~|*t

I 5 V

50 pF \ / 50 pf
50 V o-cX/ 50 Vo-c

The Mullard EL34 can be rightly acclaimed as the 
most efficient high fidelity output pentode tube yet 
produced in Britain. It is being fitted in many of 
the British sound reproducing equipments which 
are becoming increasingly popular in the United 
States and Canada.
Used in push-pull ultra-linear operation (dis
tributed load), two EL34 tubes will give 32 watts 
output at a total distortion of less than 1 %. The 
application of negative feedback reduces distortion 
even further. s
The EL34 is equally capable of supplying higher 
power outputs where an increased distortion level 
is acceptable. Under class B conditions, 100 watts 
are obtainable from a pair of EL34 tubes in push
pull for a total distortion of 5 %.
Another significant feature of this tube is its high 
transconductance value of 11,000 [xmhos, resulting 
in high power sensitivity and low drive require
ments.
Supplies of the EL34 are now available for 
replacement purposes from the companies 
mentioned below.

EL34
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to base current de amplification of 30 to 50.
Maximum ratings include 3 amps steady state 

de collector current and operation from —40 to 
4- 85 C. Alpha cutoff frequency is 200 kc at 25 C.

Several methods of mounting are practical for 
amplifier circuitry. For grounded collector cir
cuits, the transistor flange may be fastened di
rectly to the chassis. A heat-radiator plate that is 
insulated from the chassis can be used for other 
circuits; or if high heat dissipation is not re
quired, the base pins can support the transistor 
with the collector circuit lead fastened directly 
to the flange. T he two heavy plug-in leads fit 
standard 9-pin miniature sockets.

For more information on these transistors, 
turn to the Reader’s Service Card and circle 19.

New Westinghouse

EPOXY INSULATION 
eliminates voids, gives high 

dielectric strength and low power factor
8211 
^2 W

(07MZ
I IN

4.3Ï1
SOLENOID

Relay Circuit—A sensitive re
lay circuit with good tempera
ture stability in which an in
put current of less than 1 ma 
will control a 1 amp solenoid.

Westinghouse semicured, epoxy-resin-treated glass tape is dry and flexible, 
extremely easy to apply in insulation systems, whether used as tape or 
layer insulation. It combines the advantages of epoxy resin and woven 
glass fabric. Properly applied, it eliminates voids, giving high dielectric 
strength, low power factor, and good solvent and moisture resistance.

This insulation is recommended for applications in the class “B” tem
perature range where bonding between adjacent layers is achieved by the 
use of heat or heat and pressure, such as an inner layer or outer wrap 
of coils for transformers, rotating equipment, or cable conductors.

Westinghouse semicured epoxy insulation is supplied in tape form 
or in widths up to 38". For application information and technical data,
mail the coupon at right. J-06632-X

MAIL THIS COUPON ... TODAY

Westinghouse Electric Corporation, 
Micarta Division, Trafford, Pa.

Please send me more information 
on epoxy insulation.

Nam«. .UH«.

Company.

Addr«sa_

State.

WATCH WESTINGHOUSE WHERE BIG THINGS ARE HAPPENING TODAYI 
CERCLE 20 ON READER-SERVICE CARD FOR MORE INFORMATION

ECTRONIC DESIGN • November 1, 1956





4.

— 1/8 (Ebn — Ebp) (Jbp — Ibn) (4a)

àib = 8 Po (Seb) (4b)

(4c')Sib = 4 Po/Seb

(4d)Zl = Seb Sib

= E (3c2p

(5a)

(5b)

= 0.08. What are the

Ac2m I bp Ec2
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5.

6.

For push-pull output tubes, the current change per 
tube required is

eration, been selected throughout?
Has design been kept out of the low voltage erratic 
behavior area?
Is operation of the circuit independent of line supply 
frequency?
Is the design such that tubes and other components 
will not be damaged by failures in associated circuits? 
In other words, is the circuit safe with respect to fail
ures in related circuits? Avalanche failures must be 
prevented.

7. Have environmental conditions been considered ade
quately?

8. Are ratings of chosen components adequate?
9. Has the tube check list been used to aid selection of 

tube?
10. Are shock or vibration serious considerations? If so, 

are tubes and components adequately designed and 
mounted to withstand the vibration, and mounted to 
provide adequate support and shock isolation?

where Po is always the total required output power. 

The required load impedance per tube is

»An attempt, has been made to extend the IRE definition in a 
consistent manner to fulfill the needs of the problem.

Xc2p

XD

P c2m
Po 

Ppm 

Xc2m

Rl
Ppm

Check List For Design Adequacy

1. Is the tube able to provide required power output 
within a conservative dissipation margin for all com
binations of tolerances?

2. Does the circuit perform properly over an allowed 
range of line voltage variation?

3. Have minimum voltages, consistent with efficient op-

= 1/8 Seb Sib

From the above equation, the required current 
change to produce a specified average output power 
is for a single tube:

Sib = (Ibp — Ibn) — 2\^2Po Zl 
or for push-pull amplifiers,

Sib = 2y/Pa/ZL

Glossary Of Symbols Used

eb Instantaneous plate voltage* 
ûeb = Ebn — Ei>p (peak-to-peak)

Seo = 2 vA Zl (5d)

Example D—A peak voltage change of 200 v peak- 
to-peak is required from a push-pull amplifier at an 
impedance of 2000 ohms plate to plate. What is Aû?

From (5d), and from (5b): Po = 10 w, = 100 ma.

Zl is half the total plate-to-plate impedance.
The peak voltage change developed, for the single 
tube, is:

Seo = Sib ZL = 2 x/2P„ ZL (5c) 

and for push-pull, amplifiers

In no case should a gamma be selected which is 
large enough to permit placing either plate or screen 
coltages (or both) in the low area of erratic character- 
sties. Normally this area lies below 25 to 30 v. 
Tests on some tubes have shown that such things as 
,)ias line crossovers and other abnormalities may de
velop in the low voltage area.

Calculation of Peak Plate Dissipation

The verification that a tube is being used within its 
dissipation ratings requires the calculation of the peak 
plate dissipation. The plate voltage at which maximum 
dissipation occurs may be found by dividing by two 
the plate voltage value at which the dynamic load line 
intersects the zero plate current line, Eb?. Or, the max
imum power input is

I pm 12 Eb? (2)
where h is the current at which eb = 1/2 Eb?

Triode Peak Dissipation—For triodes, the initial 
steps in the evaluation are the plotting the static load 
line, the location of the static operating point, and the 
plotting of the dynamic load line. Then Eq. (2) is used 
to determine the maximum plate dissipation.

Example A—A triode R-C amplifier having a supply 
of 300 and identical static and dynamic load imped
ances of 10,000 ohms, uses a 12BH7 tube. What is the 
maximum plate dissipation? From Eq. 1, Ppm = 2.25 w.

Pentode Plate and Screen Dissipations—Calculation 
of the plate dissipation of pentodes is accomplished in 
similar manner. First, the screen voltage (trial) to be 
used is selected. The static operating point is chosen, 
and the load impedance to be used is selected. The 
plate voltage at which the dynamic load line inter
sects the zero plate current line is determined. The 
balance of the calculation is the same as for the triode.

The maximum power dissipation on the screen of 
the tetrode or the pentode with constant screen vol
tage* normally occurs at maximum plate current and 
minimum plate voltage. The screen dissipation is cal
culated as: 

where the value of Xc2p used is that of maximum 
plate current (or minimum plate voltage where the 
load reactance may be neglected).

Example B—A transformer coupled pentode ampli
fia uses a screen voltage of 100 v and a plate supply 
voltage of 250 v. The static plate current in the tube 
at the static operating point is 20 ma, and the load im
pedance is 10,000 ohms, 
maximum dissipations?

liquations
1 = Ebo d- Ibo Rl

: (E„./2) = (Eb,/2RL)
I' = (Eb,/2) M (E,,^
h (Ebt — c^/Rl

Solution
Ebt = 450 v
[?b] (Ebz/2) = 22.5 ma
Ppm = 5.06 w
At eb = 70 v, 

ib = 38 ma
PC2m = 0.3 w

Selection of Current Change in the Tube

The selection of the tube to accomplish a given 
function is based on the required power of voltage 
output, the available supply voltage, and the limita
tions applying to circuit impedance level. Several 
typical conditions are discussed in the following para
graphs to show how different combinations may af
fect the design procedure.

Power Output and Voltage Change Known—Fre
quently one needs to develop a certain average out
put power when a specified supply voltage is avail
able. Since output power is a function of the product 
of the voltage change by the current change, the out
put power for sinusoidal wave-forms is:

For push-pull applications, the ZL is half the plate-to- 
plate impedance.

Example C—A single tube amplifier, capable of de
veloping 2-w output power, is required. For a peak 
plate voltage of 300 v and a minimum of 50 v, the 
current change is, from (4b):

Sib = 04 ma
The load impedance is, from (4d)

Zl = 3900 ohms.
Power Output and Output Impedance Known—If 

the tube load impedance is the limiting factor in de
sign, as is true in video amplifiers or transformer 
coupled audio output amplifiers, then a different de
sign procedure is required. The current change re
quired to develop a specified output power, for a 
single tube, is:

Ebb 
Ebn 
Ebo 
Ebp
Ehi 
Ec2

Eb 
9p
G1Î2 

ih

[ÎJ 
Ibn
I bo 

Ibp

Plate supply voltage’
Instantaneous plate voltage at negative bias limit
Instantaneous plate voltage at static bias*
Instantaneous plate voltage at positive bias limit
Instantaneous plate voltage at plate current c t off 
Screen-to-cathode voltage*
Heater voltage*
Plate conductance for triode
Screen-to-plate transconductance
Instantaneous plate current*
Instantaneous plate current for eb = ’A Ebs
Instantaneous plate current at negative bias limit
Instantaneous plate current at static bias*
Instantaneous plate current at positive bias limit
Heater current
Maximum screen power dissipation
Power output
Maximum plate dissipation
Screen correction factor at maximum screen dissipa
tion is usually equal to XC2P
Correction factor at positive bias limit
Correction factor for plpte current
Conductance ratio used in tube selection; corrects 

. for tube non-linearify
Lead resistance

= Yi Ebl [ib], where [ib] is the current at eb = % E
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1

I(6)dp y Dip E bp

mum plate current.

28

e 
t 
t 
c

Where needed, select the screen voltage used. 
Determine plate supply voltage if unspecified. 
Select the load impedance if not specified.
Determine the maximum plate voltage at mini-

c 
i 
c
t

or G.
2.
3.
4.

Solution :
△ib = 20 ma 
Ec2 = 67 v 

Gm2 = 450 pmho

i 
E

the power developed as 1/2 w.
Equations:

Eq. 4b
Ecg — 1.33 Ebp

Eq. 7

t 
r 
c 
t 
1 
c 
a 
t 
f

Selection of Triodes Based on gp
The selection of the proper tube is based primarily 

on selection of a tube capable of providing the maxi
mum required current with a sufficiently small differ
ence of potential across the tube to provide efficient 
operation. For the triode, for example, the required 
gpis

Example E—For the tube considered in Example A, 
calculate the plate conductance required using 
Y = 1.5 and y = 2.

Using (6), the values of gp are 1940 and 2560 
micromhos respectively.

The calculations of required plate conductance in 
example E and the calculations of screen-to-plate 
transconductance in later examples are based on tak
ing the maximum plate current as the plate current 
change; i.e., neglecting the minimum plate current. 
This assumption of a negligible minimum plate cur
rent may require selection of a tube having a value 
of gp or somewhat higher than indicated by the 
described design procedure, or a gamma closer to 2 
than to 1.5.

Table 1 may now be examined to find triode com
binations offering a plate conductance of approxi
mately 2600 micromhosi The only tube which appears 
to be satisfactory is the 6AS7 tube.

Selection of Pentodes Based on Gu:

Selection of the proper pentode differs in one minor 
respect from that of the triode. The plate voltage 
change in the pentode circuit design is established 
exactly as in triodes. After the minimum plate voltage 
has been chosen, the screen voltage must be selected. 
The screen voltage required should be between 1.3 
and 2 times the minimum plate voltage. (Or the plate 
voltage is 1/2 to 3/4 the screen coltage.) TheGM2 re
quired then would be

Gms = y Ibp/Eci (7)

Example F—Determine the required Gu2 for the 
amplifier considered in example C, if the minimum 
plate voltage is 50 volts. Take y = 2. From Eq. 
Ec2 — EbP (1-3), we get 67 v and from Eq. 7 Gm2 = 
2600 umhos.
Tubes meeting the requirement are the 6BQ6, 6Y6, 
and 6216.

Design for Reliability

Circuit design, whose objective is to design a cir
cuit capable of reliable operation, should be based on 
the following steps:

1. Select the minimum plate voltage for the tube at 
maximum plate current and establish the required gp

6. Determine gp or GM2.
7. Select trial tube from Table 1 or 2 on the basis 

of above steps.
8. Check the dissipations at the peak dissipation 

voltages to make certain that the tube is operating 
conservatively—dissipations should not exceed half the 
rated value.

9. Check distortion where important.
10. Check other tubes in a similar manner for the 

possibility of a better selection.
The application of the above steps to typical de

signs follows.
Triode Design—For efficient operation, the triode 

should be capable of providing the maximum required 
plate current with an instantaneous plate-to-cathode 
voltage not greater than one-quarter the total supply 
voltage.

Example G—A resistance-coupled amplifier is to be 
built to provide a half watt of power with a supply 
voltage of 250 v and a plate voltage at maximum 
plat$ current of 50 v (1/5 the supply voltage). Take, 
Y = 1-5, from Equations 4b and 6, &ih = 20 ma. and 
gp — 600 pmho.

The following table condensed from Table 1 and 
manufacturer’s data gives the data on some possible 
triode choices.

Tube km ^p Pp Eh h. Tube size
6J5 4000 175 2.5 6.3 0.3 Octal
6SN7 4000/sect 175/sect .5 6.3 0.6 Octal

8000 tot 350 tot 5.0 6.3 0.6 Octal
12BH7 8000/sect 400/sect 2.5 6.3/12.6 0.6/0.3 Min. Nov.

16000 tot 800 tot 5.0 6.3/12.6 0.6/0.3 Min. Nov.
5687 8000/sect 600/sect 4.2 6.3/12.6 0.9/0.45 Min. Nov.

16000 tot 1200 tot 7.5 6.3/12.6 0.9/0.45 Min. Nov.

ELECTRONIC DESIGN • November 1, 19^6

Evidently, the 12BH7 tube, if both sections wen 
paralleled, would be a suitable choice. A single sec 
tion of a 5687 tube also might prove satisfactory. Th« 
plate current at zero bias for the paralleled sections o 
the 12BH7 would be 24 ma, and that for a section o 
a 5687 tube 19 ma at 50 v. Calculating the maximum 
dissipation as indicated in Example A gives

Ppm — 1.56 watts
Pentode Design—For efficient operation, the plate 

voltage at maximum plate current for the pentode, as 
in the triode, should not exceed a quarter of the total 
plate supply voltage. The screen voltage may then be 
selected as in paragraph 1.6.

Example h—A pentode resistance type amplifier is 
required which is similar to the triode amplifier in Ex
ample G. Take the supply voltage as 250 v, the plate 
voltage at maximum plate current as 50 v, y = 1.5, and

From Table 2 and manufacturer’s data some pos
sible pentode choices could be 5840, 6134, 5686, 
6CM6, 12BY7, 6CL6.

Clearly, tubes cited before the 5686 tube in the 
foregoing sentence have insufficient power handling 
capacity to meet the listed requirements. If a low 
transconductance tube (first grid) is satisfactory, either 
the 5686 or the 6CM6 tube might be chosen. If high 
transconductance were required, however, either the 
12BY7 or the 6CL6 tube would be chosen. The zero 
bias plate currents IbP, for the four tubes with 67 v on 
the screen are: 5686, 14 ma; 6CM6, 22 ma; 12BY7, 18 
ma; and 6CL6, 23 ma. As might be expected, the 5686

r 
r 
c 
r 
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Other Important Factors in Tube Selection

ON READER-SERVICE CARD FOR MORE INFORMATION
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Be sure to see SUPERIOR ELECTRIC'S 
Mobile Display when it is in your area.

November 1, 1956

stabilines type tm (Tubeless Magnetic) 
are the newest automatic voltage 
regulators offered by The Superior 
Electric Company. Without tubes, 
moving parts or transistors, the tm’s 
provide constant voltage regardless of 
line or load changes. Where failure at 
any time under the most adverse 
operating conditions cannot be tolerated 
or where maintenance is not a possibility 
for long periods of time, a stabiline 

type tm is a necessity.

Zone.......State

INPUT: 95-135 volts, single phase on nominal 
115 volt types 
195-255 volts, single phase on nominal 230 
volt types

OUTPUT: Adjustable 110-120 volts on nominal 
115 volt types
Adjustable 220-240 volts on nominal 230 
volt type*

ACCURACY: 1 volt band for line voltage vari
ations and/or load magnitude and power 
factor change*

Branch Offices. Los Angelas, California • San Francisco, 
California • Toronto, Ontario, Canada • Miami, 
Florida • Chicago, Illinois • Baltimore, Mxryland 
Detroit, Michigan • New York, New York • Cleveland, 
Ohio • Dallas, Tex as • Seattle, Washington

’Trademark Reg. U. S. Pat Off.

CIRCLE 25

The design of tube circuits is dependent on both 
controlled parameters of the tube and uncontrolled 
parameters of the tube. Manufacturers keep different 
characteristics under surveillance with different tube 
types. These characteristics which are kept under sur
veillance are called controlled parameters. (Plate cur
rent and transconductance are typical controlled para
meters.) In addition, design is dependent on the 
characteristics of the remaining elements of the circuit, 
resistors, capacitors, inductors, transformers, and sup
ply voltages, in addition to stray couplings and a vari
ety of potential stresses. The basic objective of good 
design is to keep as many of the important parameters 
and characteristics as possible as controlled parameters 
of the system, and to relegate the remainder to the 
category of uncontrolled parameters. The greater the 
number of significant parameters which are uncon
trolled, and consequently have to be adjusted by trial 
and error, the more time-consuming is the design, and 
the less reliable the final result.

Consideration of power handling ability in relation 
to the power requirements of a circuit is one of the 
more important design problems. In particular, the 
design should permit, with ordinary environments, 
the tubes to develop the power required without al
lowing static dissipations in excess of half the rated 
dissipation of the tubes. In addition to power handling 
ability, the selection of the transconductance level for 
the control grid, and the figure of merit in relation to 
frequency response and bandwidth requirements, a 
large number of other factors may have to be consid
ered. The following check list is included to aid the 
user in remembering some of the more important fac
tors requiring consideration. Characteristics in the 
check list below’ are often uncontrolled parameters.

1. Cathode Interface Impedance
2. Cathode Current Drift with Time
3. Microphonics and Noise—Hum
4. Physical Size and Socketing Problems
5. Interelectrode Capacitances and Figure of Merit
6. Heater to Cathode Leakage
7. Heater to Cathode Voltage Rating
8. Internal Surface Leakage
9. Effects of Humidity, Ambient Temperature, and 

Altitude at which Equipment Must Operate 
Reliability Characteristics Engineered into Com
ponents

1. Uncontrolled Tube Parameters such as Grid Cur
rent and Contact Potential
Sensitivity to Heater Voltage Variation and Simi
lar Effects

is marginal at Ec2 = 67 v, nut the rest would be satis
factory. Probably the screen voltage w’ould actually 
be chosen to be 75 v.

Additional operating data on the amplifier are: 
Rl = (Ebn — EbP)/(Ibp — hn) = 10,000. Maximum dis
sipation: from Eq. 2, Ppm = 1.56 w and from Eq. 3, 
Pc2 — 0.56 w.

Name... 
Company 
Address 
City........

Microwave relay stations

Remote installations

CHARACTERISTICS
FREQUENCY: 60 cycle* *5%
WAVEFORM DISTORTION: 4% maximum
RESPONSE TIME: Less than Vi second for or

dinary line and/or load change*. For extreme 
condition* of line and load changes, maximum 
response time is 2.0 seconds. (Response time is 
measu> ed from the time of initiation of transient 
tc the timr when output volti.qe is within and 
remains within rated limits)

LOAD: Available in 1.0, 3.0 and 5.0 KVA ratings
POWER FACTOR: 0.5 lagging to 1.0

THE SUPERIOR ELECTRIC COMPANY 
1711 MIDDLE STREET, BRISTOL, CONNECTICUT

Please send stabiline Bulletin S157 □
Have your representative call □

FOR CRITICAL APPLICATIONS

• Where sudden need for tube replacement 
can be costly (at a critical time in a proc
ess) or impossible (at an unattended 
location)

• Where conditions cannot tolerate moving 
parts.

( Tubeless Magnetic)



CAREERS FOR 
ENGINEERS

At Northrop Aircraft in Hawthorne, Southern Cali
fornia, many fine engineering positions are avail
able in electrical design, dynamics, electronics, 
computing, weapon systems, mechanical design, 5 
and structures.

Here are many challenging opportunities, with 
attractive salaries on fast-growing programs in jet 
aircraft and guided missile research and develop
ment. You’ll be on the engineering team of a com
pany that has pioneered for over seventeen years 
in these fields where continued expansion 
promises to be fantastic.

At Northrop Aircraft, the progress of personnel 
is as important as the progress of projects. Your 
initiative and ambition will be respected. Con
stantly fresh assignments will be yours. You’ll be 
among friendly people of your own caliber, and 
you’ll be living in sunny Southern California where 
you and your family can enjoy life at its best, the 
year ‘round.

At Northrop you will find the success you are 
seeking. For complete information about the many 
career positions now available, we invite you to 
contact the Manager of Engineering Industrial 
Relations, Northrop Aircraft, Inc., ORegon 8 9111. 
Extension 1893, or write to: 1015 East Broadway, 
Department 4600 S, Hawthorne, California.

NORTHROP
NORTHROP AIRCRAFT, INC., HAWTHORNE. CALIFORNIA

Producerso* Scorpion r89 Interceptors end Snark SM 62 Intercontinental Missiles
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cathode ray tube 
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oscope-

RADICALLY new, this cathode-ray tube for 
radar, TV’ and other display applications in

corporates most conventional receiver functions 
in a single package. Many of the tubes and com
ponents required by a conventional microwave 
receiver are completely eliminated. Known as the 
“Wamoscope”, the new tube represents a signifi
cant step in the trend for simplification and in
creased reliability’ of electronic equipment.

Microwave signals pass directly from the an
tenna into the tube, where, in a single envelope, 
the signals are amplified, detected, and displayed 
on the tube’s fluorescent screen. Compared with

Block diagram, photo center, indicates stages of entire TV circuit. Transmitter shown at photo 
bottom left, its radiating dipole and reflector above. Receiving antenna system at upper right 
Wamoscope display at lower center. Loudspeaker rests on Wamoscope receiver housing

’ .wgi ■ H ß
MICROWAVE t V 

transmitter

ÎlÜÜL
WAMOSCOPE TV RECEIVER 

rn
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A New 

Microwave 

Display Device

a conventional radar receiver, this eliminates the 
local oscillator, mixer, if amplifier, detector, video 
amplifier and all their associated circuitry.

Operation of the Wamoscope, developed by 
Sylvania Electric Products Inc., Bayside, New 
York, is based upon velocity-sorting the electrons 
which emerge from the end of the helix of the 
traveling wave tube section. A de beam of suit
able voltage is passed down the helix. With an rf 
input, the beam interacts with the rf fields on the 
helix so that the beam is velocity and current 
modulated in accordance with the amplitude of 
the rf signals. The velocity-modulated beam 
enters the region where the special electron-opti
cal system is located. By applying a suitable bias 
voltage to an aperture in the electron-optical sys
tem, the electrons whose velocity is greater than 
the de velocity, pass through the aperture and 
are allowed to impinge upon the screen of the 
cathode ray tube while slower electrons are de
flected.

A wide selection of channels is possible in the 
Wamoscope, which operates in the microwave 
frequency range of 2000 to 4000 me. The name 
is derived from “wave-modulated oscilloscope.”

Pilot quantities of the tube have been pro
duced, and are being used with Naval approval. 
Additional tube types, operating in different fre
quency bands and incorporating other features, 
are now under development.

For more information on this display device 
turn to the Reader’s Service Card and circle 23.

eppe SIZE 8 SYNCHROS FOR

ACCURACY * RELIABILITY • LESS BULK • LESS WEIGHT
In our new size 8 series of synchros shown below, we are Write or telephone us your requirements (MAdison 6-2101,
guaranteeing accuracie

In no other synchros 
small a package. Len 
32 grams.

STANDARD UNITS

SYNCHRO FUNCTION CPPC TYPE

5 of 7 minutes or less from

is such accuracy packed in s 
gth from face is 1.240* a

ROTOR

Input Input Input Ohms Output Sensitivity 
V400q Amps Watts (DC) Rotor (MV det)

EZ. Suburban 1

o light and Look to CPPl
nd weight

CLIFTON PR

STATOR

Output Sensitivity Input Input Input Ohms 
Volts (MV dot ) Volts Amps Watts (OC)

Philadelphia).

Z for Synchro Progress

ECISION PRODUCTS CO., IN

IMPEDANCE

In tn Im

eppe
C. p ^Clifton Heights, Pa.

Phase Shift Nulls Possitelo lantth 
RS SR (MV) Error Spd in inch«

Torque Transmitter CGC-8-A-7 26.0 100 .5 37 - 11 8 200 - - - 12 54+j260 12+j45 76.4+jl9.6 8° - 30 T 14' 1 240
Control Transformer CTC-8-A-1 26.0 050 25 143 24 410 11.8 200 11.8 090 .23 25 220+j740 28+j 110 246+¡60 8.5* 30 T 14' I 240
Control Transformer CTC-8-A 4 - - - 381 24 410 — — 11.8 .037 09 60 508+J1680 67+j270 640+jl90 - 9.2’ 30 7" 14' 1 240
Control differential CDC-8A1 - - - 36 11.8 200 — —. 11.8 .085 .21 25 38+J122 27+jl20 48.6+jl3.8 - 9’ 30 T 14' 1 240
Electrical Resolver CSC-8 A-l 26 0 .039 .43 230 23.2 400 10.6 180 11.8 084 .27 27 280+J600 38+jl36 70+jl36 20° 11’ 30 T 14' I 240
Torque Receiver CRC-8-A-1 26.0 .100 .50 37 - 11.8 200 - - - 12 54+j260 12+j45 85.1+j20.4 8’ - 30 30' 30' 1.240

CIRCLE 24 ON READER-SERVICE CARD FOR MORE INFORMATION 
4P

Sis*
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Miniature

required by Mil 5272A, procedure II

comi

model Ei85 This newest and largest Genisco
>r the U.S.

ELECTRONIC DESIGN November 1, 1956

capacity of this machine 
permits whole system 

»onents and complete

packages, each weighing up to 300 pounds, 
can be subjected to an acceleration envi
ronment of up to 65 G’s simultaneously. 
Nominal radius of gyration of the machine 
is six feet. An automatic dynamic balancing 
system automatically compensates for any 
excessive unbalance in the machine during 
test runs.

model 878 Used primarily for testing 
relays, switches, tubes, motors, valves, 
and other small components, and to 
calibrate and evaluate accelerometers. 
Accommodates objects weighing up to 
25 lbs.; has G-range of 0.017 G to 120 
G’s. Maximum centrifugal capacity is 
1200 G-pounds. Nominal radius of 
gyration 24". 4

packages to be tested. 
Two objects, each weigh
ing 100 pounds and 24" 
x 24" x 18" in size, can be 
accommodated simulta
neously. G-range of the 
machine is 0.024 G to 75 
G’s. Maximum centrifugal 
capacity is 2000 G- 
pounds. Nominal radius of 
gyration 48".

ACCESSORIES ADD TO OPERATING EASE A number of 
accessories including a strobe system, air sys
tem, optical system, tub cover, access doorway, 
and slip ring systems, designed to give greater 
operating convenience, are available for Genisco 
G-Accelerators, Models B78 and C159.
Modifications in any basic machine or acces
sories to meet your particular requirements will 
be carefully considered.

centrifuge was recently built 
Air Force. Two mechanical or electronic

Which one of these
Genisco centrifuges meets 

your requirements for testing 
components under simulated 

operational G-loadings?

model Di84 A high-speed ma
chine, designed to test acceler
ometers and other instruments 
under acceleration forces from 
1 to 850 G’s. Full centrifugal 
capacity is 1000 G-pounds. 
Nominal radius of gyration

MIDGET televisors, made possible because 
of the availability of the miniature camera 

tube illustrated here, can play the role of a Lil
liputian Gyclops. A watchful remote-controlled 
eye can survey areas too dangerous or inacces
sible for human beings or snoop into confines 
concealed from the human eye. The spectral re
sponse of the miniature photoconductive camera 
tube 0.595 inches in diameter and 3.5 inches long 
closely approximates that of the human eye. 
Overall performance is comparable to the Vidi
con TV pickup tube.

Magnetic focusing and deflection is used on 
the 6912 camera tube manufactured by Resitron 
Laboratories, Inc., 2908 Nebraska Ave., Santa 
Monica, Calif.; it is ideally suited for industrial 
or broadcast television. A complete TV setup is 
illustrated by the block diagram. The scanned 
target area is 6 mm by 8 mm. The signal electrode 
voltage for a dark curve of 0.02 pamp is 10 to 
90 v. Maximum grid voltage rating is 320 v. The 
voltage for picture cut-off is 28 to 90 v. Heater 
voltage is 6.3 v ac and heater current is 0.6 amp.

The 5 by 2 by 1-3/4 in. camera illustrated was 
developed by Lockheed to aid in gathering flight 
test data. Possible uses include remote fire de
tectors, examination of controls both inside and 
outside the aircraft (the small camera offers a 
minimum of air resistance), and inspection of 
aircraft structures through hand-sized entry 
holes. Camera installations in wind tunnels have 
been used to show ice accumulation. The small 
camera can be put inside pipe lines to observe, 
for example, obstructions, and corrosion. The 
availability of the miniature tube will permit 
many equipment and system designers to build 
in monitoring features.

For more information on the miniature cam
era tubes and the availability of complete cam
eras turn to Reader’s Service Card and circle 26.

Genisco G-Accelerators provide a quick, precise 
means of testing components in an acceleration 
environment similar to that encountered in actual 
operation.

They are extremely accurate machines, easy to 
operate and built to withstand years of hard use.

These features particularly suit them for large 
volume testing programs, as well as for precise 
laboratory prototype development.

More than 100 Genisco G-Accelerators of 
various capacities are now in use throughout the 
world.

Complete technical information on all models 
and accessories is available. Please direct your 
inquiry to: Contracts Manager, Genisco, Inc., 
2233 Federal Avenue, Los Angeles 64, California.

RELIABILITY FIRST
CIRCLE 21 ON READER-SERVICE CARD FOR MORE INFORMATION



Typical remote-control camera for use in TV circuit.

Tube photograph is actual size. 

> *

FOCUS AND DEFLECTION COILS

W/D7//A

I LENS 
MOUNTING

deflection 
_QROJITS

VIDEO 
amplifier

RESITRON 6912 OR 
OTHER SMALL TUBE

' SPECIAL Tie CABLE
j (UP TO 500 FEET)

CONTROL 
UNIT

CAMERA UNIT
SINGLE CO-AX CABLE 
'UP TO 1500 FEET. ANY “* 
LENGTH WITH LINE a
AMPLIFIER)

ANY NUMBER OF 
, ADDITIONAL 

MONITORS
t

Block diagram showing miniature camera tube in TV system.
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Multiple switching 
sequences

in a switch only 15/16" in diameter

For military and 
commercial 

applications...

Centralab Series 1OO 
Sub- Miniature 
Rotary Switch

Guided missiles

Band-switching in 
extra-small electronic 

equipment

Transistor circuits

A ir< raft instruments

SRC

A lightweight, ultra-small switch with the 
electrical rating of larger switches.
Available up to 12 positions. Make and break, 
resistance load, I ampere at 6 volts d.c.;
150 milliamperes at 110 volts a.c.; current
carrying capacity, 5 amperes.
Sections are ceramic — Centralab Grade
L-5 Steatite. Wafers can be stacked up three 
sections per shaft.
Meets the corrosion-resistance requirements — 
and exceeds the insulation resistance — 
specified by MIL-S-3786.

Write for Technical Bulletin EP-73 
for complete engineering data.

CentDIVISION OF GLOBE-UNION INC
® 96OK East Keefe Avenue • Milwaukee 1, Wisconsin

In Canada: 804 Mt. Pleasant Road, Toronto, Ontario

•-2TS«

ENGINEERED 
CERAMICS

* packaged ceramic
SWITCHES ELECTRONIC CIRCUITS CAPACITORS SEMICONDUCTORS

CIRCLE 27 ON READER-SERVICE CARD FOR MORE INFORMATION



regulated
LEACH D C power

MAGNIVOLT supplies

V

PERFORMANCE SPECIFICATIONS

c
Ratines Available

less than 1% r.m.s.Ripple

INET-PALMER DIVISION

34

A-C Input.
D-C Output

F 
c

w 

ai 

a: 

o 

S( 
h 

g

E

tl 
d 
si
r<

... 120 volts, 60-cycle, single phase 
3-32 volts (continuously adjustable) 

at 0 to full-rated amperage
.................. 5 to 30 amperes (max.)

Voltage Regulation... ±%% from 24 to 32 volts for load 
change of no-load to full-load and for suppy-voltage 

change from 105 to 125 volts

Recovery Time...less than 0.2 seconds to reach 1% of 
regulated voltage 

(no-load to full-load or full-load to no-load)
MAGNIVOLT models are available for immediate delivery
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LEACH CORPORATION

Here’s a closely regulated D-C Power 
Supply accurate enough for the most 
exacting laboratory use, yet sufficiently 
rugged to use out in the plant for 
production testing and quality-control 
work. Back of this unusual combination 
is the Leach MAGNIVOLT’s construc
tion ... it uses only static components, 
contains no vacuum tubes or other 
fragile parts. Heart of the unit is a 
design based on magnetic amplifiers 
and selenium rectifiers, assurance of 
stability today and long, maintenance- 
free dependability for years to come.

Moderr

Use theMAGNIVOLT, 
either portable or 

easily rack mounted, 
as a dependable 

D-C voltage source 
in such demanding 

applications as 
these...

strain-gage excitation 

d-c amplifier filament supply 

computer filament supply 

incoming parts inspection 

production-line testing 

calibration reference 

standard light-source power 

radio and radar research

I 4441 SOUTH SANTA FE AVENUE • LOS ANGELES 58. CALIFORNIA

DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U. S. AND CANADA
CIRCLE 28 ON READER-SERVICE CARD FOR MORE INFORMATION

TABLES presented in this series of articles make the 
design of three classes of practical networks simple.

The tables give the element values for the normalized 
low-pass network with a Butterworth, Tschebyschefl, 
or Bessel-polynomial characteristic. To convert the 
normalized element values to practical design values 
requires only simple multiplications. The low-pass 
networks that are realized can also be transformed in 
a straightforward manner to serve high-pass, band
pass, or band-elimination functions. Parts I, II and 
HI covered Butterworth characteristics several 
Tschebyschefl characteristics, and Bessel Functions 
(ED Sept. 15, Oct. 1, Oct. 15, 1956). In this Part IV, 
normalization, duality, reciprocity theorem, frequency 
transformations, and transformation of symmetrical 
networks are given. Additional Tschebyschefl: char
acteristics are also included.
Normalization—The element values in the tables are 
normalized with respect to the load resistance R, and 
the radian frequency. In other words, the value of 
R1 is considered as 1 ohm and that of the cutoff fre
quency (or w0=lt0 for the time-delay networks) is 1 
radian per second. These frequency and impedance 
normalizations may be removed simply.

Since the impedance of the three different kinds of 
elements appearing in a network is given respectively 
by R, Ls, and 1 /Cs, we note that if the frequency is 
multiplied by a constant the resistance is unaffected, 
but that to maintain the impedance of the inductance 
and capacitance invariant, it is necessary to divide 
L and C by the same constant. This provides the sim
ple rule for removal of the frequency normalization: 
to raise the radian frequency (o=l to co=(Dc> divide all 
Ls and C’s in the network by wr. On the other hand, 
to raise the impedance level by a factor H we must 
multiply the impedance of each type of element by 
this factor, that is, multiply every R and L in the net
work by //, and divide every C by H. Thus we see 
only simple multiplications are involved.

The tw’O rules may be combined into one operation: 
to raise the radian frequency to coc and the impedance 
level by H, we multiply every resistance by H, every 
inductance by H/^c, and every capacitance by 
l/(0cW).
Duality—The dual of a ladder network may always be 
realized simply. The impedance of every series arm is

rt 
v< 
ta 
w 
ol 
ei 
R 
di 
01 
is 
ir



High-Pass Filters

(16)

Band-Pass Filters
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Fig. IV-3 Low-pass characteristic and the corresponding high
pass one obtained by a frequency transformation

it

y

Louis Weinberg
Senior Staff Engineer
Hughes Research Laboratories

Culver City, Calif.

A low-pass filter of bandwidth jj0 may be converted 
to a band-pass filter of bandwidth coo=<*>b—w» by use 
of the frequency transformation

5

Fig IV-4 Low pass network and its corresponding high-pass 
network.

Synthesis Network Design From Tables—IV

replaced by the admittance of a shunt arm, and vice 
versa. In simpler terms, this means that every capaci
tance of C farads is replaced by the dual element 
which is an inductance of C henrys, every inductance 
of L henrys is replaced by a capacitance L farads, and 
every resistance of R ohms becomes a conductance of 
K ohms; if the original element is a series arm then the 
dual element becomes a shunt arm, whereas if the 
original element is a shunt arm then the dual element 
is a series arm. For example, the dual of the network 
in a of Fig. IV-1 is given by the one in h.

What are the characteristics of the dual network 
with respect to that of a given network? The imped
ances (admittances) of one network (both transfer 
and driving point) become admittances (impedances) 
of the other. Thus in Fig. IV-la the input is a voltage 
source and the output a current so that the transfer 
function is the admittance Y21=/2/Ev In the dual 
given by Fig. IV-lb the transfer impedance 
E'z/Ft, is the same rational function asY2i of a.

It is therefore clear that the primed and unprimed 
values lead to dual networks.

Reciprocity Theorem—Often a network designed by 
the use of the tables does not have the configuration 
demanded in a particular problem. For example, a 
shunt capacitance may be desired at the output and a 
resistance at the input, but the network obtained has

the form shown m Fig. IV-2a. By the use of the reci
procity theorem the network of Fig. IV-2b with the 
desired configuration may be obtained.

The reciprocity theorem states that the transfer im
pedance (or transfer admittance) remains unchanged 
if the excitation and measuring instrument change 
places. Thus m Fig. IV-2a we have the transfer 
impedance

7 _ E2 _ p(s)

A1 " 77 " ÔW
where the excitation is a current source R flowing into 
the input terminals and the output is a voltage ( meas
ured by a voltmeter across R). Now if the current 
source is placed across R and the voltmeter placed 
across C4, then the conditions of the reciprocity theo
rem have been satisfied. Thus the transfer impedance 
of Fig. IV-2b is also equal to p/q.

It is therefore clear that by use of reciprocity a 
whole set of new’ network configurations may be 
obtained.

Frequency Transformations^—The tables give the ele
ment values for low-pass filters. However, correspond
ing characteristics may be obtained for the high-pass, 
band-pass, and band-elimination cases by the use of 
transformations of the frequency variable.

A normalized low-pass filter characteristic is shown 
in Fig. IV-3a; the corresponding high-pass characteris
tic is given in Fig. IV-3b. The latter characteristic may 
be obtained from the former by the use of the trans
formation s^l/s. Since by use of this transformation 
the impedance of an inductance Ls becomes the im
pedance Lis', the impedance of a capacitance L/Cs 
becomes s'/C, and the value of a resistance remains 
unchanged, a simple rule for converting a low-pass 
ladder network to a high-pass one may be formulated. 
The rule is: replace every inductance of L henrys by 
a capacitance of 1/L farads; replace every capacitance 
of C farads by an inductance of 1/C henrys; and leave 
the resistances unchanged. Thus if the network in 
Fig. IV-4a has a low-pass characteristic, then the cor
responding high-pass network is given in Fig. IV-46.

(17)

-o-
(a) (b)

I/IO IE2

e

ic

Fig. IV-1 Ladder network and its dual (values in ohms, henrys, 
and farads).

y

ie 
is

(b)

I 'g. IV-2 Ladder network and one obtained from it by use of 
■ ciprocity theorem.
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Fig. IV-5 Band-pass filter tor example
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Transformation of Symmetrical Networks

Band-Elimination Filters

-1.3075603

13Table IV - in Expanded Form V b

c. Since the resistances are unaffected by the trans 
formation, their values are not changed.

R =1000 
L^l.67 
Cx=1.52xl0 8 
L2=1.41xl02 
C2=2.25x10 «

L3=3.04 
C3=8.33x109
L4=1.15x102
C4=2.20x10 «

The transformation from a low-pass to a band-elim
ination characteristic is given by

Table IV-2 Zeros of Polynomials

0.6946793
2.7406032 0.6936904

Fig. IV-5 has the element values (in ohms, henrys, 
and farads:

• 0.7647831, t2 = 0.5848932)

Polynomials

derived from the Tschebyscheff Approximation

c) 2-db ripple (< = 0. 7647831, « 2 = 0. 5848932

n 
n = s + + . . . + b. s + b 1 o

n -
• i s n - 1

Thus the right-hand side of Eq. 17 is substituted for 
every s in the transfer function. Here wb is the upper 
frequency limit and c*>a is the lower frequency limit of 
the band, while <do is the center frequency of the band. 
The band limits have geometric symmetry about the 
center frequency, that is, wa<*)b=co2o.

However, it is not necessary to actually carry out 
the transformation, since there is a simple rule for 
converting the low-pass network to a band-pass one: 
for each inductance in the network of L henrys add a 
capacitance in series with it of value l/(a)2,,L) farads; 
for each capacitance in the network of C farads add 
an inductance in parallel with it of 1/((d20C) henrys 
(that is, the added element always resonates with the 
original element at the center frequency coo); leave the 
resistances unchanged.

The complete process for converting a normalized 
low-pass filter to a desired band-pass one may be given 
as the following:

1. Determine the desired bandwith wc=wb—wa and 
the desired center frequency a)20=(0aa)b from the given 
data.

2. Change the bandwidth of the low-pass filter to coc.
3. Perform the low-pass to band-pass transforma

tion on the network.
4. Remove the level normalization from the result

ing band-pass filter.

Example

Design an equal-ripple band-pass filter with the fol
lowing characteristics:

a. The ripple in the pass band is 1 db.
b. The center frequency is fo=1000 cy.
c. The bandwidth fc measured at 1 db points is 

100 cy.
d. At the frequencies corresponding to three times 

f, the response is to be down approximately 50 db.
e. The network is driven by a current source and 

should have a load resistance of 1000 ohms.
In order to design this filter it is not necessary to 

find the actual frequencies at which the response is 
down 1 db and 50 db, but if we wished to find them 
we could use the formulas fafb=fa(/:a+100)=106 and 
f.->o(f5o-|-300)=106, where fa is the lower I db frequency 
and f50 is the lower 50 db frequency.

From Table II-2 we find that the 1 db ripple corre
sponds to 0.5088. We now calculate n and find that 
n=4 yields approximately 49 db attenuation at a>=3. 
Therefore using n= 4 and the primed values of Table 
II-2a, we find the element values:

14=1.0495 L'3=1.9093

C'2=1.4126 C'4=1.2817

The bandwidth is now changed to (oc=2jix1OO by 
dividing the above values by <dc. The network is then 
converted to the band-pass form and the impedance 
level raised to 1000 ohms. The final network given in 
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As for the band-pass filter the transformation can be 
achieved by direct operation on the low-pass network. 
The rule follows:

a. Add a capacitance in parallel with each induct
ance in the low-pass network; the value of the capaci
tance is l/<o20L), where L is the value of the original 
inductance.

b. Add an inductance in series with each capaci
tance of the network; the value of the inductance is 
l/w20C), where C is the value of the original capaci
tance.

n = 2 n - 3 n = 4 n = 5 n = 6 n = 7 n = 8 n = 9 n = 10

-0.4019082 
ijO.6893750

-0.3689108 -0.1048872 
tjO. 9579530

-0.2183083 -0.0469732 
±j0.9817052

-0.1552958 -0.0264924 
ijO.9897870

-0.1206298 -0.0169758 
ijO.9934868

-0.1844554 
djO.9230771

-0.2532202 
tjO.3967971

-0.0674610 
tjO.9734557

-0.1283332 
tjO.7186581

-0.0345566 
ijO.9866139

-0.0754439 
ijO.8391009

-0.0209471 
+j0.9919471

-0.0767332 
tjO.7112580

-0.1766151
♦jO.6016287

-0.1753064 
ijO.2630471

-0.0968253 
ijO.7912029

-0.1129098 
+j0.5606693

-0.060 3149 
djO.8723036

-0.0492657 
tjO.8962374

-0.1399167 
tj0.4390845

-0.1331862 
ijO.1968809

-0.0924078 
ijO.6474475

-0.0966894 
ijO.4566558

-0.1133549 
djO.3444996

-0.1071810
djO. 157 3528

c) 2-db ripple («

b o bl b2 b3 b4 b5 b6 b7

1.3075603 

0.6367681 

0.3268901 

0.2057651 

0.0817225 

0.0514413 

0.0204228

0.8038164 

1.0221903 

0.5167981 

0.4593491 

0.2102706 

0.1660920

0.7378216 

1.2564819 

0.6934770 

0.7714618 

0.3825056

0.7162150

1.4995433

0.8670149
1.1444390

0.7064606

1.7458587

1.0392203

0.7012257

1.9935272 0.6978929
0.0128603 0.0729373 0.3587043 0.5982214 1.5795807 1.2117121 2.2422529 0.6960646
0.0051076 0.0543756 0.1684473 0.6444677 0.8568648 2.0767479 1.3837464 2.4912897
0.0032151 0.0233347 0.1440057 0.3177560 1.0389104 1.1585287 2.6362507 1.5557424

It has been pointed out that the Butterworth and 
Tschebyscheff networks obtained for D=1 and n odd 
are symmetrical. This symmetry allows any specified 
resistance ratio r=RDRl to be obtained simply; the 
method used transforms the symmetrical network to 
an unsymmetrical one with the desired resistance 
ratio.

If the symmetrical network is divided as it was in 
Fig. 1-3, then the over-all transfer impedance is given 
in terms of the impedances of the component net
works by9

7 — ^21a Z2lb

21 “ za + zb
The subscripts a and b have been used to designate 
the networks on the left and right, respectively. But 
because of the symmetry, the component networks 
are the same and consequently Z21b=Z2ia and Zb~ 
Za. Now suppose it is desired to increase the resistance 
ratio by r. If the impedance level of Na is multiplied 
by r, the desired effect will have been accomplished. 
But this change also increases Z2ia and Za by r. Be-



cause Zb=Za, however, the Z21 of the whole network 
is not changed except by a constant multiplier. For 
example, if r=10 then the transfer impedance before 
the level change is

y _ (Z21a)2
/21 2 Za (20)

whereas after the change it is

yt _ 10 (Z21a)2
21 “ 11 za (21)

which differs from Eq. 20 only by a constant multiplier.
An analogous situation of course holds for transfer 

admittances.

Acknowledgement: The author expresses his thanks 
to the members of the Mathematics Section, Systems 
Analysis Department, Hughes Aircraft Company, who 
carried through the calculations for almost all of the 
tables in this paper.
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Additional Tables and Data

Included in this last section are additional Tscheby
scheff Filter Tables, IV-I and IV-2. The element values 
are given for a 2 db ripple factor. Refer to Part II 
ELECTRONIC DESIGN, Oct. 1, for background in
formation.

In the future an attempt will be made to compute 
additional tables giving element values of other prac
tical networks such as Bessel-polynomial networks with 
resistance terminations at both ends.

The substitution of a voltage for a current source 
(and the consequent change of system function from 
7-ti to may be achieved by the use of a completely 
dual network (Part I). However, in many practical prob
lems this dual may not be desired; we may wish to use 
a vo/tage source to drive a network with a shunt ca
pacitance at both ends (Fig. 1-2, Part I). This is simply 
realized by the application of Thevenin’s theorem to the 
current source with its associated shunt conductance, 
which^thus yields the desired network with a voltage 
source and its associated series Rn at the input. Ana
logously, the network forms of Fig. 11-2, Part I, can be 
used with a current source at the input terminal pair.

As the reader may have noted, table for D = y2 can 
be obtained from the D = 2 tables by the application 
of reciprocity and an impedance level change. Both 
forms of the tables have been given for the convenience 
of the reader.

Table IV - 1
Element Values (in ohms, henrys, farads) for a Normalized Tschebyscheff Filter with 2 db Ripple 

2
(< = 0. 7648, c = 0. 5849).

Value of n Cl or 4 L2 or C3°r Lj L . or C' 4 4 C, or L* L, 5 5 6 or c; c 6 7 °r L7 or C9 °r L9 b10 or C10 Rn or I

a) D = 0 (For thia case unpruned valuea correspond to a current-source input for n odd and to a voltag e-source input for n even.) 1
1 .7648 ro I
2 1.2441 .9766 1
3 1.3553 1.2740 1.7717 OD ■
4 1.3962 1. 3389 2. 2169 1.1727 0 M
5 1.4155 1.3640 2. 3049 1.44b8 1.9004 CD II
6 1.4261 1.3765 2. 3383 1.4974 2. 3304 1. 2137 0 II
7 1.4328 I. 38 36 2. 3551 1. 5159 2.4063 1. 4836 1.937° OD 1 I
8 1.4366 1. 3881 2. 3645 1. 5251 2.4332 1. 5298 2. 3646 1.2284 0 1
9 1.4395 1. 3911 2. 3707 1.5304 2.4463 1. 5495 2. 4386 1.4959 1.9553 co 1

10 1.4416 1.3932 2. 3748 1.5337 2. 4538 1 5536 2.4607 1.5419 2. 3794 1.2353 0 1
b) D = 1/2
1 1.1472 2.00000 I
2 1.8661 . 7887 .21131 1
3 2.0330 1.0393 2.2485 1.8083 1
4 2.0943 1.0911 2.8881 .8935 •Z133O J
5 2. 1233 1.1104 3.0129 1.1334 2. 3671 1.7940 J
6 2. 1391 1.1198 3.0590 1.1769 2.9929 .9141 . 21 367 J
7 2. 1492 I. 1250 3.0820 1.1922 3. 1046 1 1524 2. 4010 1.7902 I
8 2. 1550 1. 1284 3.0944 1. 1996 3.1432 1 1938 3.0243 .9214 .21379 I
9 2. 1593 1. 1306 3. 1026 1.20 37 3.1616 1 2078 3. 1314 1.1596 2.4146 1.7885 1

10 2. 162 3 1.1321 3. 1081 1.2062 3.1720 1 2143 3. 1676 1.2000 3.0380 .9248 .21385 I
C) D = 1
1 1.5296 1.0000 I
2 2.4881 . 6075 .24418
3 2.7107 . 8327 2.7104 1.0000
4 2.7925 .8806 3. 6063 . 6819 .2441d

1.00005 2.8310' .8985 3.7827 .8985 2. 8310

6 2.8521 .9071 3.8467 . 9393 3.7151 . 6964 .24418
7 2.8655 .9119 3. 8780 .9535 3.8780 .9119 2.8655 I.0000
8 2.8733 .9151 3.8948 .9605 3.9335 . 9510 3.7477 .7016 .24418 1

9 2.8790 .9171 3.9056 .9643 3.9598 .9643 3.9056 .9171 2.8790 1.0000

10 2.8831 .9186 3.9128 . 9667 3. 9743 . 9704 3. 9589 .9554 3.761° .7040 .24418

d) D =

2
3
4
5
6
7
8
9

10

2

e) D =

2
3

5
6
7
8
9

10

3

2.2943 .50000
3.7322 . 394 3 .21131
4.0660 . 5747 3. 6763 .55301
4. 1887 . 6160 5.1152 . 4467 .21330
4.2465 . 6318 5. 4052 . 6189 3.8092 .55741
4.2782 . 6395 5. 508 3 .6536 5. 2408 . 4571 .21367
4.2983 . 6437 5. 5579 . 6659 5. 5174 . 6284 3.8474 . 55860
4.3099 . 6466 5. 58 38 .6720 5.6110 .6616 5.2779 . 4607 .21379
4.3185 . 6484 5. 6005 . 6753 5. 6546 . 67 30 5. 5490 .6321 3.861° .55913
4. 3247 . 6497 5. 61 15 . 6774 5. 6783 . 678 3 5.6406 . 6647 5. 2941 . 4624 .2138$

J. 0591 .33333
4.9763 . 2863 .17260
5.4214 . 4330 4.6747 .38657
5. 5849 . 4682 6.6656 . 3279 .17614
5.6620 . 4819 7. 07 37 . 4674 4.8230 .39133
5.7043 . 4886 7.2175 . 4966 6.8113 . 3362 .17680
5.7311 . 4924 7.2860 . 5072 7. 2067 .4750 4.8657 .39262
5.7466 . 4948 7.3215 . 5124 7, 3404 . 5029 6.8538 . 3391 .17703
5.7581 . 4964 7.3441 . 5153 7.4022 . 5126 7.2433 . 4780 4.8815 .39319
5.7663 .4976 7. 3590 . 5171 7.4355 . 5172 7.3753 . 5054 6.8722 . 340 5 .17T14

Note: Impart C of Table IV-1,
for n = 3, L3 should be equal 
to 2,7107 instead of 2,7104
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AMONG IMPORTANT 

ACTIVITIES AT HUGHES 

IS A PROGRAM INVOLVING 

COMPREHENSIVE 

TESTING AND EVALUATION 

IN CONNECTION WITH 

HUGHES-DEVELOPED 

RADAR FIRE CONTROL 

AND NAVIGATION SYSTEMS 

FOR LATEST TYPE 

MILITARY ALL-WEATHER 

INTERCEPTORS.

Flexible Foam

Microwave Absorber

Instrumentation
Engineers

There is need on our Staff for qualified 
engineers who thoroughly understand 
this field of operation, and who have 
sufficient analytical and theoretical 
ability to define needed tests; outline 
test specifications; assess data derived 
from such tests, and present an evalu
ation of performance in report form.

Engineers tvho qualify in this area should 
have I a basic interest in the system concept 
and over-all operation of test procedures; 
2 experience in operation, maintenance, 
"debugging,” development, and evalua
tion testing of electronic systems, and 
knoivledge of laboratory and flight test 
procedures and equipment; 3 under
standing of basic circuit applications at all 
frequencies; 4 initiative to secure sup
porting information from obscure sources.

Convair F-102 
all-weather interceptor.

Anew microwave absorbing material for lin
ing antenna nacelles and enclosures has the 

unusual properties of flexibility and thinness, 
yet with a reflectivity of less than 2% of incident 
energy. Available for use in the region from 
8600 to 35,000 megacycles, the material is 
broadbanded and therefore not frequency sen
sitive. Because it is made of plastic foam, the 
absorber will withstand high temperatures.

This Type AN Eccosorb light-weight flexible 
foam sheet broadband microwave absorber ma
terial is available from Emerson and Cuming, 
Inc., 869 Washington St., Canton, Mass. It com
plements their previously announced Type CH 
absorbers in that it is especially suitable for the

System 
Test

Engineers 
and

Scientific Staff Relations

Research and Development Laboratories

Reflectivity test set-up for flexible foam 
microwave absorbing material. Note how 
material takes on contour of surface to 
which it is bonded.

HUGHES !
Culver City, Los Angeles County, California

Performance curves of reflected power 
versus frequency for four types of AN 
Eccosorb. AN72 is thinnest and designed 
for K band. AN75 is thickest and is brood- 
banded from K through S band.

ELECTRONIC DESIGN November 1z 1956
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Flexible Foam AN Eccosorb. Available in sheet, the 
front surface is white, the back surface bronze. Able to 
take a three-dimensional contour, it is installed with 
cement.

-er 
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ed 
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5000 10,000 25,000 50,000
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Model 5571 0-42 me Fre
quency Meter; price, 
$1,745.00

Model 5580 Reference Gen
erator, with 5581 series 
plug-ins, extends range to 
515 me. Price, Model 5580, 
$300.00: 5581/4 plug-in 
(42-155 me) S15i 00; 
5581/15 thru 48 (152 tc 
515 me in 33 me bands), 
$100.00 each.

higher frequency microwave regions where the 
greater thickness of the rigid foam CH material 
and its infllexibility make it hard to handle. Max
imum thickness of the AN Eccosorb is 7/8 in. 
and it is available in thinner sheets for the 
higher frequencies. It can be fitted into corners 
as small as 1/8 in. radius. It is not designed for 
use at frequencies below S band, however.

Eccosorb AN is white surfaced for good light 
reflection and is useful from minus 94 to plus 
300 F. Type AN 75 covers all bands from S 
through K, with AN 73 covering X through K. 
Nominally 3/8 in. thick, it weighs less than 2 oz 
per sq ft.

Minimizing weight and space aboard aircraft, 
particularly, Type AN Eccosorb can also be used 
in ground installations of antennas as well as in 
microwave darkrooms. Because of its flexibility, 
the absorber can be draped over and around 
posts, stands and equipment.

For further information about this product, 
fill out the Reader’s Service Card and circle 30.

That Grows With The Job
Berkeley Model 5571

Model 5585 Selective 
Amplifier provides 100 
microvolt sensitivity 
In the 0-42 me range. 
Price, $425.00

Model 5590 WWV re
ceiver permits calibra
tion of 5571 within ± 
2 parts In 10s, for use 
as secondary frequency 
and time standard. 
Price. $495.00

Model 1452 Digital Re
corder automatically 
prints readings on stand- 
dard adding machine 
tape. Price, (6-digit), 
$850.00

Note-. All prices f.o.b. factory, sub
ject to change without notice

10-

FLEXIBILITY.
here’s the one frequency meter that won't be out-dated as 
your requirements grow or change. By adding matched 
accessory units, you can extend its range to 515 me, add 
a WWV receiver for calibration within ± 2 parts in 10*, 
or a digital recorder to print measured frequency automati
cally on standard adding machine tape.

Typical automatic frequency measurement 
and logging system showing (top to bottom) 
Model 5571 Frequency Meter, Model 5580 
Reference Generator with Model 5581 Plug
in, Model 5585 Selective Amplifier, Model 
5590 WWV Receiver, and Model 1452 Digital 
Recorder.

VERSATILITY
functions as a frequency ratio meter, 0-1 me period meter, 
1 /xsec to 10,000,000 sec time interval meter, or 0-2 me 
EPUT* meter as well as a 0-42 me frequency meter.
•Trodemork

1000 2000

November 1, 1956

Why not get the facts? Write now 
for new Berkeley Frequency Meas
uring Equipment bulletin; please 
address Dept. Dll.

Berkeley division

BECKMAN INSTRUMENTS INC.
Phone: LAndscape 6-7730 * Richmond 3, California

CIRCLE 31 ON READER-SERVICE CARD FOR MORE INFORMATION
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Electronic

Automatic

Distal Micrometer

model 
A p M .aOO 
AMPS 1 0 

M 0 N I G 0 M

Time waits tor no man, but Metal-Cals withstand time, weather and 
wear as they stick to the job of identifying your product! These 
anodized, etched aluminum nameplates are permanent and inde
structible. Backed by a pressure-sensitive adhesive, they go on 
easily—to stay! Metal-Cals remain clear, sharp and easy-to-read. 
The letters, characters and colors are a permanent part of the ano
dized, .003-inch aluminum foil. They slash application costs, too, 
because they are faster to apply and require no rivets, screws, pins 
or other fastening devices. So, to identify... specify.. .METAL-CAL!

SERIAL NO
VOLTS as AC OC
E R Y WARO

Montgomery Ward has speci
fied Metal-Cals for marking 
their ’A-mch
drills.They have standardized 
on Metal-Cals for P61““1®“*' 
distinctive product labeling.

Metairal

Use this coupon for FREE SAMPLES 
AND AN EXPLANATORY BRO
CHURE that show how Metal-Cal, 
the anodized, etched aluminum 
nameplate, sticks to the job of trade- 
marking or providing clear, sharp 
diagramming or serial numbering 
for your products.

C & H Supply Co.
Inglewood, California 

Please send samples and free brochure to: I

NAME

COMPANY

ADDRESS

CITY ZONE STATE
•TM R»b. U.S. Pat. Off. Pat. Pend.

CIRCLE 32 ON READER-SERVICE CARD FOR MORE INFORMATION
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BY adding a digital counter to a precision 
electronic micrometer, a tool has been de

veloped that virtually eliminates the source 
of human error in measuring material 
thickness accurately. The direct heading, 
counter type automatic electronic digital 
micrometer described here permits meas
urements with laboratory accuracy, re
peatability and speed, with no pressure on 
the work.

Similar to most micrometers, material 
thickness up to 1 in. (7/8 in. with standard 
micrometer tip) can be accommodated. The 
throat depth is 2 in., and the upper head is 
adjustable in height for work up to 2 in. The 
standard anvil is removed readily for the 
use of special fixtures. Measurement re
peatability is 0.00002 in. Required power is

18 w, 115 v ac. This Electronic Micrometer, 
Model HDR, is manufactured by J. W. Dice 
Co., Englewood, N.J.

The micrometer spindle is rotated by a 
motor in the instrument column until con
tact is made between the spindle face and 
the work. This contact is sensed by an elec
tronic circuit which operates a relay, 
instantly stopping the motor drive, and hold
ing the reading until released by the oper
ator. The 4-digit counter, also driven by the 
motor, indicates the micrometer screw po
sition directly in units of ten-thousandths 
of an inch.

The patented circuit shown, for detecting 
metal-to-metal contact, has an important 
characteristic essential to precise operation 
of the micrometer. When contact is estab-

CO 
in 
re 
an 
mi 
sis 
fu 
ta< 
of 
in< 
cu 
in 
TI 
foi 
mi 
pn

PROBE 
CIRCUIT,

ZERO 
CURRENT 

ADJUSTMENT

6 AU 6

Schematic for Electronic Micrometer

ELECTRONIC DESIGN • November 1, 1956



FAST SWITCHING

HIGH VOLTAGE

HIGH TEMPERATURE OPERATION

HIGH REVERSE RESISTANCE

FAMOUS HUGHES SUBMINIATURE GLASS PACKAGE

QUICK RECOVERY Silicon function Diodes by Hughes

lished with the work, no current flows; thus 
no arcing occurs upon opening of the probe 
circuit.

Trigger action is caused in the plate cir
cuit of the 6AU6, as the resistance changes 
in the probe circuit. Current through the 
relay coil changes little until contact resist
ance with the work falls to about 0.1 
megohm. Further decrease in contact re
sistance to a few thousand ohms produces 
full swing in plate current. But actual con
tact resistance in operation is in the range 
of a fraction of an ohm. Thus, with the first 
instant of metal-to-metal contact, full cir
cuit response occurs; with the first break 
in contact, the output swings all the way. 
The effect is similar to a flip-flop in per
formance. A displacement of less than 5 
millionths of an inch at the micrometer tip 
produces a full swing in plate current.

The circuit is independent of wide varia
tions in line voltage, temperature and leak
age resistance, and is not affected by the 
aging of tubes. The zero-adjustment, once 
made, requires no additional change unless 
the 6AGS is replaced. The electronic unit is 
enclosed within the instrument base and 
may be removed without disturbing the 
nu asuring system. The column and upper 
h< id can also be separated from the base 

mounting on special stands; in this in- 
sf nee, the chassis may be relocated re- 
n >telv.

or more information about this device, 
1 । to Reader’s Service Card and circle 33.

© 1956, H.A.C.

design engineers—Hughes Semiconductors now offers a new family of silicon junction 
diodes—especially designed to provide you with a device having significantly faster recovery 
characteristics than even germanium computer diodes and, in addition, capable of operating at high 
voltages and high temperatures. For the first time, this particular combination of characteristics— 
(high speed + high temperature + high voltage)—is available in a semiconductor.

Excellent high-frequency characteristics oj the new diodes enable you to use them instead of 
vacuum or germanium diodes in such applications as: flip-flop circuits . . . modulators

AND DEMODULATORS . . . DISCRIMINATOR CIRCUITS . . . CLAMPING AND GATING

circuits ... detectors. So, whenever you need a diode for pulse or computer circuitry to 
perform under conditions that are marginal for vacuum or germanium diodes, use the 
new quick recovery Silicon Junction Diodes—by hughes !

With a wide variety of germanium and silicon diode types 
available for computer and other fast switching applications, 
we are in a position impartially to recommend the best type 
for your particular requirements. Our field sales engineers 
near you are ready to assist you in making the best possible 
selection. For further details, or for specifications covering 
the new Quick Recovery Silicon Junction Diodes, write:

---------------------------------------------------------------------- !

HUGHES PRODUCTS

A DIVISION OF THE HUGHES AIRCRAFT COMPANY

I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
HUGHES PRODUCTS 

SEMICONDUCTORS 
International Airport Station 

Los Angeles 45, California

RECOVERY

All types recover to 400K ohms in one 
Msec when switched from 30mA forward 
to 35V reverse. Special types with faster 
recovery are available if required.

WORKING INVERSE VOLTAGE 

From 30 to 200 volts.

OPERATING TEMPERATURE RANGE 

—55°C to +135°C.

ACTUAL SIZE, Diode Glass Body 
Length: 0.265-inch, max.
Diameter: 0.105-inch, max.

TYPES NOW AVAILABLE

IN625, IN626, IN527, IN628, IN629.

HUGHES

SEMICONDUCTORS

CIRCLE 34 ON READER-SERVICE CARD FOR MORE INFORMATION
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Artist's representation of typical waveforms.

r »

ultraviolet light source to oper
mirror

cording principle 
powders, or inks 
can be recorded

ment utilizes an 
ate low inertia galvanometers. The re

unique. No developers,

INSTANT permanent records are produced by 
a new light-beam oscillograph featuring flat 

frequency response to 2 kc from de. The instru-

ELECTRONIC DESIGN • November 1, 1956

are used. Up to six channels 
on a six-inch chart with full

The many advanced aircraft and missile programs 
at Convair San Diego today include: The F-102A 
Supersonic Interceptor, The Atlas Intercontinental 
Ballistic Missile, The Metropolitan 440 Airliner, 
the new Convair 880 Jet-Liner, and a far-reaching 

study of Nuclear Aircraft,

Within these vital, highly-diversified Convair 
projects in beautiful San Diego, California, engi
neers find the perfect 'climate” for a challenging 

and rewarding engineering career. You will find 

Convair salaries, computor and test facilities, 

engineering policies, educational opportunities

and personal working advantages the most desir
able in the industry.

What’s more, you and your family will almost 
certainly enjoy a new, exciting, happier way of 
life here . . . where the weather year ’round is 

unsurpassed.
For a significant engineering career in the 

engineering climate” you seek, we invite you to 
forward a full resume today. Write H. T. Brooks, 

Engineering Personnel, Dept. 1023.

Generous travel and moving allowances to 

engineers.

overlapping of channels permissible, at chart 
speeds of 0.2, 1, 5, and 25 inches per second, 
minute, or hour. Two additional channels for 
timing are also available.

The instrument, developed by the Heiland 
Division of Minneapolis-Honeywell, 2500 E. 
Evans Ave., Denver, Col., can be loaded in day
light. It holds 100 feet of sensitive paper. The 
exposed paper is not impervious to sunlight, 
however short studies can be made of the raw 
output of the machine. If permanent records are 
desired, the paper must be fixed with a chemical. 
Storage time of raw exposed charts before fixing 
depends upon the amount of ultraviolet radia
tion present in the viewing area.

An added feature is a monitoring arrangement 
whereby the galvanometer light spots are view ed 
directly at the recording point on a calibrated 
view’ screen. A paper supply indicator show« the 
amount of unused paper remaining.



Quick-Opening Fasteners
Selecting Small Fastenings for Metal Closures

Dark band is h-f signal

HF Oscillograph Adjustable Panel Latch
Quarter-Turn Fastener

igged springcompression

Spring Tension Latch

Cabinet Latchare

©1956

37 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE

Lion Fasteners open and close with a 
14 turn, hold sheets tightly under the

wing, knurled

Quotation from ' Designing Electronic Equip
ment for Maintainability"; Machine Di
sign, July 12, 1956.

ECTRONIC DESIGN • November 1, 1956

Just drill a hole, push the fastener stem 
through, and slide the special push-on

Quickly operated and fully retained 
in the outer panel, they are approved 
under U. S. Government military speci
fications. Stud and receptacle float for 
easy alignment and simplified hole 
preparation. Flush, oval, wing, knurled, 
ring, and key head styles available. 
Sizes—No. 2, No. 5, and High Strength 
for extra heavy duty.

Loading 
Holds 
Panels

Available with 
Phillips head.

Pawl stop is eliminated—arrowhead 
shows at a glance exact position of

No internal amplifiers, shaping circuits, com
pensation or peaking circuits are used in the 
instrument. Signal amplification will not be 
necessary for many applications. The equipment 
weighs 45 pounds, measures 1U in. high, 15 in. 
deep, by 10 in. wide, and operates on 115 v, 60 
cycle power.

For further information about this product, 
fill out the Reader’s Service Card and circle 36.

Small doors and panels can be fastened 
with greatest speed and lowest cost 
with the Southco Adjustable Latch.

The entire fastener is quickly installed 
through two holes punched in the 
door; no bolts or rivets are needed.

It operates with a quarter turn, requires 
no striker plate. An extra twist after 
the nylon pawl is engaged pulls up the 
door to form a seal and eliminate 
vibration.

Free 
Fastener 
Handbook

For fastening slide-out drawers and 
hinged panels the Southco Arrowhead 
Latch is recommended. It locks or 
opens with a quarter turn yet occupies 
less than 14" inside space.

Doors are held under spring tension— 
a push against the arrowhead knob 
relaxes this tension, allows operation 
with fingertip ease. Drill a single hole 
for installation—no fastening to the 
door is necessary. No striker plate 
is needed.

Send for your free copy of Fastener 
Handbook No. 7, just released. Gives 
complete engineering data on these 
and many other special fasteners. 
Fifty-two pages, in two colors.

Write on your letterhead to Southco 
Division, South Chester Corporation, 

235 Industrial Highway, Lester, Pa.

clip into place. No welds, screws, bolts 
or rivets: the fastener is permanently 
installed m seconds!

Adjustable to any grip length or pane) 
thickness, the pawl is fixed tn place by 
a single set screw. The fastener’s 
brightly finished knob is set off by a 
plated washer. Also furnished with 
screwdriver operated flush head.

"Use captive fasteners wherever feasible . . . Avoid the use of loose washers and loose 
nuts . . . Fasteners on equipment covers should be operable either with no tools or with 
standard hand tools' *

(John D. Folley, Jr. & James IF. Altman, Research Scientists, American Institute 
for Research)



Location of Maximum Loading Errors

USUALLY the voltage output of a potentiometer 
varies linearly with shaft rotation. However, when 

a potentiometer contains a fixed resistance between 
the slider and either end, a non-linear output results. 
The maximum non-linearity, or error, occurs at some 
output value which varies with the magnitude of the 
ratio of load resistance to potentiometer resistance. 
This article tells how the point of maximum error can 
be found, explains why this point is important to 
know, and offers a graphical solution for a common 
range of load ratios.

The most familiar configuration for a loaded poten
tiometer circuit is that shown in Fig. 1. R is the poten
tiometer resistance, A is the load resistance, E is the 
total voltage applied across the control, e is the volt
age from the slider to ground, and x is the shaft ro
tation expressed as a decimal part of the total. R 
and A are constants, o^e E, and () x 1.

It can be readily shown that

in Potentiometers
D. A. Landauer
Engineer, Spectral 

Electronics Div. of Carrier Corp.

Ex
* I ’

I + X (1 - X)

(1)

This is the equation for the theoretical output volt
age versus shaft rotation curve (neglecting any errors 
such as linearity, concentricity, etc.). See Fig. 2. When 
a potentiometer has an infinite load resistance, this 
equation reduces to

e = Ex (2)

Therefore, the deviation from a theoretically per
fect line (the loading error), which will be called e', 
is simply the difference between Eq. 1 and 2. There
fore,

, r Ex Ex2 (1 — x)
C = Ex-----------R--------------- = Ã------ ------- -----

1 + z (1 - z) + z (1 - z)
(3)

Plotting e’ versus x gives a cubic curve of error 
versus rotation as shown in Fig. 3. It has been shown1 
that this is the general shape of the curve for any load
ing ratio. In considering any one load ratio (and hence 
some one particular curve) it is apparent from Fig. 3 
that the errors reach a maximum absolute value at one 
point. From Fig. 10 it can be seen that the maximum 
error occurs at about 2/3 rotation as the load ratio 
(A/R) increases. As the load ratio increases beyond 
2/3 to infinity, the magnitude of the maximum error 
reduces, approaching zero. This maximum error point 
should actually be thought of as the 2/3 output voltage 
position rather than the 2/3 rotation point. In a sine 
function, for instance, 2/3 = the sine of 41° or 45% 
of the quadrant rather than 66%. Only in a linear po

. tentiometer does the 2/3 output position coincide with 
the 2/3 rotation point.

The significance of this maximum error location is 
two-fold. First, the value of the maximum error must

E

Fig. 1. Typical loaded 
potentiometer circuit.

e
0

E

IDEAL

e
ACTUAL

IC

Fig. 2. Output voltage vs Shaft rotation 
curve for ideal and actual conditions.

0 X

e' o

Fig. 3. Plot of loading er
ror. The shape is as shown 
for any loading ratio.

666 
0

x=x'700

X'
680

A
MAX POINTS
X^yfz-y-U-X)2]R R

«.O<A A

x % 10

Fig. 5. Plots of Eq. 5 from which maximum 
error points can be determined as shown.

Rules of Thumb
1. Maximum loading error occurs at approximately 

2/3 full voltage output (not necessarily 2/3 shaft rota
tion).

2. Maximum loading error occurs at exactly the shaft 
position which satisfies either Eqs. 5 or 9, and ap
proaches 2/3 as A/R approaches infinity.

3. The loading error curves for potentiometers 
loaded “up ’ or “down” are anti-symmetrical.

4. Loading error per cent and rotational location are 
independent of applied voltage.

-5°Z

e'
-io%-

X—*

-I5%-

,%=IOO 

3 J 1,0

’r s|°
lR

-=2

A i 
r”s

R ’5 
I R

MAX ERROR 
POINTS

Fig. 4. Family of error vs rotation curves, using
Eq. 3, for locating maximum error points.

.I5T

0 
0

10-

X* 
05

—w A

X = X(I-X) MAX POINTS

X'=|(3X-2)*

A= 3

£ 
R*

2,, 1.0
x 3

Fig. 6. An alternate to Fig.
5 using Eq. 5. See text.
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Finding Maximum Error Point

resources in

LOOKING FOR ENTERPRISING ENGINEERSSYLVANIA IS

CIRCLE 38 ON READER-SERVICE CARD FOR MORE INFORMATION

LECTRONIC DESIGN

irately, 
whererefer to Eq. 

de'/dx = 0.

Sylvania has many opportunities in a wide range of defense projects. If you are not now engaged 
in defense work, you are invited to contact Edward W. Doty, Manager of Personnel, Elec
tronic Systems Division, Sylvania Electric Products Inc., 100 First Avenue, Waltham 54, Mass.

New Sylvania Waltham Laboratories, 
devoted to advanced projects related 
to guided missiles and aviation elec
tronics. The air-conditioned building 
has 120,000 square feet of floor space

problem—are constantly being carried 
out by the scientists and engineers of 
Sylvania’s Electronic Systems Division, 
of which the Avionics Laboratory is a 
vital part.

In all of Sylvania’s Electronic Systems 
Division installations, the right people 
work with the right facilities, within a 
sound managerial environment. That is 
why they have produced right solutions 
to a variety of problems, and have made 
many important contributions in the 
fields of aviation electronics, guided mis
siles, countermeasures, communications, 
radar, computers, and control systems. 
Whether the problem is military or in-

Computer development engineers 
E. L Perry (left) and A. F.
Gianino perform final test runs 
on engineering model of special
purpose large-scale digital com
puting system at the Waltham 
Laboratories.

with Sylvania's extensive 
the electronics field.

With UDOFT circuitry drawings as 
background, computer systems engineers 
at Sylvania’s Avionics Laboratory 
discuss design of an extremely high
speed magnetic core memory. From 
left: J. J. Wargo, F. M. Bosch, and 
John Terzian.

November 1. 1956

dustrial, Sylvania's business is to come 
up with solutions that are producible.

Facilities of the Electronic Systems 
Division include its manufacturing plant 
and engineering laboratory at Buffalo. 
New York; the Avionics Laboratory. 
Missile Systems Laboratory, and Ap
plied Research Laboratory at Waltham, 
Massachusetts; the Electronic Defense 
Laboratory, Microwave Tube Labora
tory, and Microwave Physics Labora
tory at Mountain View, California. All 
of these facilities are staffed with top
ranking scientists and engineers, backed

3. The maximum error occurs

Udoft—the first Universal Digital Op
erational Flight Trainer—will use a new 
electronic “brain” to simulate flight and 
combat conditions of a wide variety of 
jet aircraft for training pilots.

A Navy-sponsored project of Sylvania's 
Avionics Laboratory, the UDOFT sys
tem is centered around a new digital 
computer of great flexibility, speed, and 
accuracy which is being developed to 
take the place of numerous special
purpose analog computers currently 
being used in Operational Flight Trainers.

Highly advanced electronics projects 
of many kinds—each aimed at a practi
cal, producible solution for a specific

By equating de'/dx to zero, the E drops out (indicat
ing that the maximum loading error location is inde
pendent of the applied voltage), and Eq. 4 reduces to

lines. Again the intersections are the points desired. 
This also comes from Eq. 5 but is plotted as in Fig. 6.

The first method is simplest, quickest, and least 
accurate. Methods 2 and 3 require more mathematical 
manipulation but offer discrete points.

Another frequently encountered loaded-potentiom- 
ter configuration is that shown in Fig 7, where the 

load is connected from the sliding arm to top of the 
ontrol. e vs x and e/ vs x for this configuration are 
hown in Figs. 8 and 9, respectively.

I he formula for output voltage versus rotation for 
। is “loaded up" circuit is

be known to establish whether or not correction is 
necessary to maintain the desired conformity. If no 
correction is needed at the point of maximum error, 
no correction is necessary anywhere on the potentiom
eter. Also, if correction is found necessary, then loca
tion of the maximum error should be investigated for 
various characteristics depending on the corrective 
technique used (e.g. card width, wire size, spacing,

There are thus several ways of determining and 
checking the location of the maximum error. All 
methods to be described are graphic, since no unique 
answer is available algebraically. The following meth
ods are suggested:

1. Plot a family of error versus rotation curves and 
mark the locus of maximum points. Use Eq. 3 for this 
and obtain plots as in Fig. 4.

2. Plot a family of

curves and the line x’ = x. x' is just a tool to separate 
the formula into two usable parts. The intersections 
of the line and the curves are the maximum error 
points. Eq. 5 is used and gives plots as in Fig. 5.

3. Plot an x' = x (1—x)2 curve and some

tap point, etc.).
To find the maximum error location accu:
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t-LOCUS OF 
MAXIMUM ERROR 

POINTS

MAX ERROR 
/ POINTS

Flint 2, Michigan

G. M.’s long-standing policy of de

centralization creates unlimited op

portunities for qualified Electrical, 

Mechanical Engineers and Design

ers. Masters Degree Program availa

ble at University of Wisconsin, Mil

waukee to all eligible AC Engineers. 

Arrange a personal confidential 

interview in your locality by writing

November 1. 19^6

MAX POINTS
/ x=x

AC turn-over figures are amazing. 

Less than 1%! Speaks highly for the 

advancement opportunities, work

ing conditions and wages we pay 

our Engineers and Designers. It’s 

been that way for years at AC. 

That’s why we are so proud of and 

why you should investigate your 

Better Future at AC by writing

Fig. 10. Method 1. Error vs shaft rotation for 
various ratios R/A ("loaded-up" potentiometer).

ENGINEERS
AND 

DESIGNERS

Pioneering Opportunities in the Following Fields!
• Missile Guidance
• Avionics
• Automotive-Aviation Electronic Products
• Computers
• Jet Engine Fuel Controls

For Employment Application
Mr. John F. Heffinger, Supervisor of Salaried Personnel

AC the ELECTRONICS DIVISION

7r(I-3x) 
x(i-xi

a/i\
R'3

GENERAL MOTORS

Fig. 7. "Loaded-up” potentiometer 
circuit, often found in practice.

Fig. 9. Loading error for 
"loaded-up" potentiometer

Fig. 11. Method 2. Alternative curves to those of 
Fig. 10 for finding maximum loading error points.

Fig. 8. Curves of e vs x fc 
ideal and actual conditions 
(Compare with Fig. 2).

Fig. 12. Method 3. Second alternative method for 
finding points of maximum loading error (See text).

Fig. 13. Design curve for locating exact point of maximum loading error for



e =
Ex I + (1 - x)

1 + j x ( 1 - x)

The ideal potentiometer output is still expressed by 
Eq. 2; so the error versus rotation is Eq. 6 minus Eq. 
2 or

e' = Ex

R
A
R

- 1
ERx (1—æ)2

1 x (1 -x)

Again, the maximum error occurs when deVdx = 0.

0 = = E
ax

1+" (l~x)

1+^ X (1— x)

l+^z(l-x) _R
Aj

R
A

This reduces to

ft
A

A (1 - 3x) = Rx2 (1 - x)

Again, there are three methods for solution.

1. Plot Eq. (3a) using various values for R/A. 
See Fig. 7.

4 (1 - 3x)

2. Plot x = x' and x' = —vr------ — . See Fig. 8.
x (1 — x)

3. Plot (1 — 3t) = x' and x' = x2 (1 — x). See 

Fig. 9.

In methods 2 and 3, the intersections are the points 
desired.

It will be observed by comparing Figs. 4 and 10 
that the error curves for potentiometers loaded up or 
down (with any specific A/R value) are anti-symmet
rical. Therefore, accurately drawn curves of Eqs. 3 and 
7 can be used as a tool for quickly checking magnitude 
of loading error and maximum error location. Such 
a curve is drawn in Fig 13, for use in design planning.

Using the Curve
As an example of how Fig. 13 can be used in design, 

assume A/R =1. From the curve, e' = 12.2% and 
' - 0.69.
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MAXIMUM

Assured full power output 
throughout range.

±1% frequency accuracy.

ROAD AND
MICROWAVE

POWER
650 to 10,750 mo

‘or standing 
wave 
determinations

for antenna
and transmission loss 
measurements

tor testing
microwave components 
on the
production line

POLARAD

microwave 
signal sources

When you need power — and frequency accuracy — Polarad Microwave 
Signal Sources provide a maximum power output 10 to 20 db greater than comparable 

signal generators. They are excellent for standing wave 
determinations, antenna and transmission loss measurements, 

and testing microwave components on the production line. 
These units are direct reading and continuously tuned with Poland's UNI-DIAL 

control that automatically tracks the reflector voltage as the klystron cavity 
is being tuned. There are no slide rule interpolations, no mode charts needed. The 

frequency range of these signal sources is approximately 2:1 except for the X band unit.
Maximum power output is assured throughout the entire range of each 

instrument by means of a power set control. For improved stability 
a temperature compensated klystron tube is utilized in an external 

precision cavity. All Polarad Signal Sources can be externally 
modulated with either square wave or FM signals. 

Polarad Model KX Klystron Power Supply is especially designed to 
work with all 5 Models of the Polarad Signal Sources. Has 

special 1,000 cps square wave output for modulating purposes. 
Available on the Equipment Lease Plan. Contact the 

Polarad representative in your locality for complete information.

MINIMUM POWER AVAILABLE FROM POLARAD SIGNAL SOURCES 
IN THE RANGE OF 6S0 TO 10,750 MC

MODEL SIR MODEL SSL MODEL SSS MODEL SSN MODEL SSX MODEL SSXA
FREQUENCY RANCE CJC-UOCMC 10S0-2250MC 2140-4600MC* 4450-800OM 7850-10,750*1 7850-11,500MC

MINIMUM j LOW RANGE 100 10 50 15 13
POWER | MIDDLE RANGE 400 ISO 100 45 35 Available m 

Spadai MarAVAILABLE (mw) ( HIGH RANGE 400 150 M 15 20

A complete line of Extremely High Frequency Microwave Signal Sources 
also available in a range of 12.4 to S0.0 KMC

43-20 34th Street, Long Island City 1, N. Y.

REPRESENTATIVES: Albuquerque, Atlanta, Baltimore, Boston, Buffalo, Chicago, Cleveland, Dayton, Denver, Fort Worth, Kansas City, Los Angeles, New York, Philadelphia, Portland. 
St. Louis, San Francisco, Schenectady, Syracuse, Washington, D. C., Winston-Salem, Canada; Arnprior, Ontario. Resident Representatives in Principal Foreign Cities

CIRCLE 40 ON READER-SERVICE CARD FOR MORE INFORMATION
*
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High-Frequency

PNP

Transistor

save time, trouble, and expense, when made by R/C
Whether you manufacture frequency meters, grid dip meters, 
or “Q” meters—sweep generators or communications 
kits—if it includes a variable capacitor, chances are Radio 
Condenser can help you.
As a major supplier of tuning devices for thirty-four years, 
R/C has long manufactured a complete line of standard, 
special, and custom variable capacitors especially for instrument 
use. Characterized by quality consistent with the particular 
end product, these variable capacitors are well suited 
to rapid, low-cost, quantity production.
Let us know what your requirements are and we’ll be happy 
to send you complete information on the variable capacitors you 
need. Or, a call to the Radio Condenser Engineering 
office nearest you will bring a variable capacitor specialist 
right to your desk.

RADIO CONDENSER CO.
East Coast: Davis & Copewood Streets, Camden 3, New Jersey, EMerson 5-5500 
Middle West: 4335 West Armitage Ave., Chicago 39, Ill., SPaulding 2-4411.
West Coast: 1102 Southwestern Avenue, Los Angeles 6, Calif., REpublic 2-8103
Export: International Div., 15 Moore St., N.Y. 4, N.Y., CABLE: MINTHORNE
Canada: Radio Condenser Co. Ltd., 6 Bermondsey Rd., Toronto, Ontario

CIRCLE 41 ON READER-SERVICE CARD FOR MORE INFORMATION

RADIO-FREQUENCY amplifiers can now be 
designed around this unusual high-gain, 

high-frequency pnp junction transistor. Out
standing stability well up into the short-wave 
bands is made possible by a design which re
duces interelectrode capacitances to a very low 
order. A built-in accelerating field within the 
germanium element is the feature which permits 
a collector-transition capacitance of only 1.7 ppf.

These “drift” transistors, developed by Radio 
Corporation of America, Somerville, N.J., have 
an accelerating field produced by a carefully con
trolled distribution of impurities in the base re
gion of the germanium crystal. The field propels 
the charge carriers from emitter to collector, 
which permits reduction of base resistance and 
collector-to-base capacitance. To reduce feed
back capacitance even further, a fourth lead is 
situated between the collector and base leads and 
internally connected to the metal envelope. Act
ing as a shield, this extra lead minimizes inter
lead capacitance and reduces coupling to adja
cent circuit components.

These various features enable the transistors 
to operate at radio frequencies with high input
circuit efficiency. Satisfactory gains in the AM 
broadcast band can be achieved without the use 
of a neutralizing network. In typical operation 
in a unilateralized commom-emitter type of cir
cuit, the transistor can provide a power gain of 
45 db at 1.5 me, and 24 db at 10.7 me. Operating 
in this circuit as a Class-A amplifier at 10.7 me 
and at an ambient temperature of 25 C, it has a 
de collector voltage of — 9 v, a collector current 
of —1 ma and a base-to-emitter voltage of —.2 v, 
an input resistance of 170 ohms and an output 
resistance of 4.5 K ohms. The spot noise factor 
measured in a specific circuit is 8 db. Good sig
nal-to-noise ratio and automatic gain control ca
pabilities are maintained over a wide range of 
input signal levels.

ELECTRONIC DESIGN • November 1, 1956



Maximum ratings are a de collector to base 
voltage of —35 v, an emitter-to-base voltage of

1 v, a collector current of —10 ma, and an 
emitter current of 10 ma. The collector dissipa
tion for an ambient temperature of 70 C is 35 mw 
maximum, and the storage temperature range is 
from —55 to -f-85 C.

The transistors come in two types, the 2N47 
and the 2N67, with the latter having a slightly 
larger feedback capacitance in a common-emitter 
type of circuit. Both come hermetically sealed in 
an insulated metal case with flexible leads. The 
leads may be soldered close to the glass stem if 
suitable precautions are taken, or they can be 
il p-soldered for use in printed circuitry.

Although designed specifically for use as radio- 
I ‘quency amplifiers in commercial and military 
< uipment, these transistors will undoubtedly 
L d wide application as intermediate-frequency 
a plifiers or as mixer-oscillators in superhetero- 
i ne receivers.

’’or further information about this product fill 
' the Reader’s Service Card and circle No. 42.

’enee in ^tectronia

Which direction 
are you going?

The Boston Area has everything . . .
Fine Suburban Living
Exceptional education and cultural 

facilities
Nearby famous winter sports and summer 

resort areas, and—
Opportunity to Travel the Road to Success 
with RAYTHEON in the fields of AIR
CRAFT NAVIGATIONAL AND CON
TROL SYSTEMS, and GUIDED MIS
SILES.

As one of the largest, fastest growing and most progressive Electronics Com
panies in New England, RAYTHEON can offer—numerous advancement 
possibilities, interesting professional challenges, tuition support plan for en
gineering courses, regular salary review, adequate supporting technical per
sonnel, large company advantages, including Life and Health Insurance, paid 
vacations, and other employee benefits.

We are interested in ENGINEERS for:

• CIRCUIT DESIGN

• ELECTRONIC RELIABILITY 
& TEST EQUIPMENT

• ELECTRONIC PRODUCT 
DESIGN

• RADAR SYSTEMS

• TUBE APPLICATIONS

• MECHANICAL DESIGN

• ANALOG COMPUTERS

• MICROWAVE 
COMPONENTS

• AERODYNAMICS

• MECHANICAL PROCESS 
ENGINEERING

• SPECIFICATIONS ENGINEERING

Call or send resume to

G. P. O’Neil

CRestview 4-7100, Ext. 224

RAYTHEON) sy'stfms 
< LZ DfV/SfDN

MASS
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New Products

X-Y Recorders 
Provide 0.2% Accuracy

Two X-Y recorders 
and plotters, both 
11 x 17 in. flat-bed 
models, are offered 
with a full line of ac
cessories. The Model 
225 has a built-in 
electronic reference 
with 16 ranges from 
0.5 mv to 50 v per 
inch on both axes.

The Model 200 has 16 ranges covering 9.1-20 v per 
inch and is designed for external or internal refer
ence. Maximum input resistance of the Model 225 is 
2 megohms, and 1 megohm for the Model 220. 
Accuracy is 0.2 per cent full scale. Pen speed is 20 
ips; carriage speed is 25 ips. Paper size is 11 x 
16-1/2 in. graph paper with a 10 x 15 in. ruled area. 

Electro Instruments, Inc., Dept. ED. 3794 Rose
crans St., San Diego 10, Calif.
CIRCLE 44 ON READER-SERVICE CARD FOR MORE INFORMATION

Fuse Resistor 
Plug-In Unit

The Type ER 
functions as a re
sistor under nor
mal conditions 
and as a fuse un
der abnormal con
ditions. Its con
struction provides 
the mechanical 
strength and sim
plicity of a complete unit.

It is particularly recommended as a surge-limit
ing resistor in voltage doubler circuits for TV re
ceivers.

International Resistance Co., Dept. ED, 401 N. 
Broad St., Philadelphia 8, Pa.
CIRCLE 45 ON READER-SERVICE CARD FOR MORE INFORMATION

Tubeless DC Source 
.01 Per Cent Regulation

..............This tubeless de 
source provides 6 v 

I de and 2 v de output 
.............................. ■ voltages regulated to 

within ±.01 per cent. 
■ ._____________ I A silicon diode is

* * used as reference ele-
ment, and a transistor 

amplifier provides the control current for the mag
netic amplifier. The transistor amplifier is tempera
ture-compensated for small ambient room changes. 

Input voltage range of the Model MA6501 is 105 
to 125 v ac, single phase, 60 cy. There are 3 output 
voltages; 6 v de, adjustable internally ±5 per cent, 
5 amp load; 6 v de, 100 ma load; 2 v de, 40-60 ma. 
Regulation is ± .01 per cent for line changes within 
ratings on all supplies. Ripple is 15 mv rms maxi
mum on the 6 volt outputs, 5 mv rms maximum of 
the 2 volt output. Typical stability after a 30 min 
warm-up is .01 per cent for an 8 hr period. Weight 
of the standard unit is 60 lbs.

Sorensen & Co., Dept. ED, Fairfield Ave., Stam
ford, Conn.
CIRCLE 46 ON READER-SERVICE CARD FOR MORE INFORMATION

Electronic Switch
Wide Frequency Range

The electronic 
switch model ES-17 
provides a wide range 
of frequency response 
for superimposing 
two separate signals 
on a single beam os

cilloscope. Phase and frequency are compensated 
by 5 step, input attenuators. Input signal ampli
tudes range from 10 mv rms to 200 v rms.

The frequency response is de to 4 me at 6 db and 
the free running multivibrator is continuously vari
able from 20 cps.

Vanguard Instruments Corp., Dept. ED, 184 
Casper St., Valley Stream, N.Y.
CIRCLE 47 ON READER-SERVICE CARD FOR MORE INFORMATION

Transistor Oscillator
Battery Powered

A self-contained, bat
tery powered unit, The 
Model J Transistor Os
cillator is designed 
for locating trouble in 
carrier systems, audio 
circuits, and audio test 
equipment.

It provides pure, stable 
sine wave output volt
ages of 0, —13, —16

DBM at 1000 cy into 600 ohm line.
The oscillator uses a push-pull tr ansistor and LC 

circuit inductively coupled to the output terminals 
by a separate transformer winding.

Distortion is less than 3 per cent, and frequency 
variation is less than 3 per cent at normal ambients 
under 125 F. Voltage output variation less than 4 
per cent.

The 2-cell mercury battery, self-contained in the 
unit, has a life of 700 hrs with continuous use.

Stewart Bros., Dept. ED, 315 W. Walton Pl., Chi
cago 10, Ill.
CIRCLE 48 ON READER-SERVICE CARD FOR MORE INFORMATION

Teflon Products 
Pipe, Tubing, Special Parts

Teflon pipe and 
tubing up to 4 in. 
diam and Teflon 
lined steel pipe in 
2 in. sizes are now 
available from 
this firm. Rods 
and special ma
chine parts of

Teflon are also offered. These products can all be 
cut to desired lengths in the field and readily 
flanged.

Haveg Industries, Inc., Dept. ED, 900 Green
bank Rd., Wilmington 8, Del.
CIRCLE 49 ON READER-SERVICE CARD FOR MORE INFORMATION
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Transistor Reader

VOLTAGE REGULATEDPortable Battery Operated

POWER SUPPLIES
powe/iing rkrtarntf equipment

with NEW-IMPROVED FEATURES

CIRCLE 50 ON READER-SERVICE CARD FOR MORE INFORMATION

brasshoused

KR-3M
FEATURES:

KR-18MC

CIRCLE 52 ON READER-SERVICE CARD FOR MORE INFORMATIONLE 51 ON READER-SERVICE CARD FOR MORE INFORMATION

I ECTRONIC DESIGN

e Fast Recovery Time, Suit 
able for Square Wave Pulsed 
Loading.

• Voltage Range continuously 
variable without Switching.

e Either Positive or Negative 
may be Grounded.

• Oil Filled Condensers.
• Wire Hamess and Resistor 

Board Construction.
All models available for 400

A LINE OF 50 MODELS
Available from Stock - Catalog on Request

KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50° C ambient
REGULATION: Less than 0.2 volts for line fluctuation from 105
125 volts and less than 0.2 volts for load variation from 0 to 
maximum current.
RIPPLE: Less than 3 mv. rms.
STABILITY: The output voltage variation is less than the regula
tion specification for a period of 8 hours.
RECOVERY TIME: Less than 50 microseconds. The excursion in 
the output voltage during the recovery period is less than the 
regulation specification.
OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance.

• Power Requirements 105 
12S volts, 5040 cycles

• Terminations on rear ot unit
• Locking type voltage control 

AC. DC Switches, Fuses, and 
Pilot Lights.

• Color Grey Hammertone

• Guarantee One Year, 
cyclo operation on special order.

November 1. 1956

To Include 3*' Current and volume Meters, Add M to Model 
number leg. KR IS M) and Add $30.11 to the Price.

To include Dust Cover and Handles tor Table Mounting, Add C to 
Model number <e.g KRIS C) and Add $10 00 to the Price. 

To Include Meters, Dust Cover and Handles, Add MC to Model 
number (e«. KR-1S MC) and Add $40 00 to the Price.

V PRICES F.O.l rtMbmt >

KR SERIES

Sensitive Relay
Sealed Miniature

This relay is appli
cable where compact-

u 1 t tinned finished case and
is supplied for miniature 

7 pin socket operation or with curved terminals for 
solder connection. For maximum shielding Mu
metal cases can be furnished. Sensitivities as high 
as 50-0-50 pamp at a coil resistance of 2300 ohms 
are available. Non-magnetic contacts carry 35 ma 
at 6 v de non-inductive at high-sensitivity. Loads 
up to 0.5 amp at 28 v de non-inductive can be han
dled depending upon the moving coil sensitivity 
and number of operations. High and low contacts 
< n he arranged for zero center, single pole, double 
t row operation or suppressed zero with one con
t t normally closed.

eston Electrical Instrument Corp., Dept. ED, 
f Frelinghuysen Ave., Newark 5, N. J.

600 ma. KR SERIES

This instrument 
tests both pnp 
and npn low 
power junction 
transistors, per
mitting small sig
nal Beta measure
ments to 250 
using 2 scales, 0
50 and 0-250. The

125 ma. KR SERIES

ness, light weight are 
essential, or where ex
ternal electromagnetic 
effects must be mini
mized. The Model 1081

direct comparison method is used, against a known 
attenuation factor using a self-contained oscillator 
and linear amplifier with 5 per cent accuracy. Cal
ibration requires no standard transistor.

The Model 101 measures collector cut-off current, 
Lo, in microamperes (rather than collector cur
rent), as leakage Lo measurements afford direct 
correlation with noise factor and are valid in deter
mining damage or defective transistors. Both Ico 
and Beta measurements are directly comparable 
with transistor manufacturer's specifications. Inter
nal transistors interchangeable with similar types 
without circuit alterations or factory calibration.

Durson Co., Dept. ED, 10416 National Blvd., Los 
Angeles 34, Calif.

FLUSHING 55131 38 SANFORD AVENUE INDEPENDENCE 1-7000
IUKEPCO LABORATORIES taioTieo

Model Volts
KR16 0-150
KR17 100-200
KR18 195-325
KR19 295-450

G.3V AC

Each supply 
has two 
15 Amp. 
outputs

R 
W

ack Mou 
H

nt 
D Price

19" 12ft" 17" $625
19" 12ft" 17" $625
19" 12ft" 17" $695
19" 12ft" 17" $695

Model Volts
KR8 0-150
KR5 100-200
KR6 195-325
KR7 295-450

4.3V AC

Each supply 
has two 
10 Amp. 
outputs

R 
W

ack Mm 
H

nt 
D Price

19" 10%" 13" $330
19" 10^" 13" $240
19" 10Ÿ2" 13" $240
19" 10%" 13" $250

300 ma. KR SERIES

Model Volts 6.3V AC
Rack MMOt

PriceW H D

KR12 0-150 Each supply 19" 7" 11" $270
KR3 100-200 has two 19" 7" 11" $180
KR4 195-325 5 Amp. 19" 7" 11" $180
KR10 295-450 outputs 19" 7" 11" $190

Model Volts
KR11 0-150
KR1 100-200
KR2 195-325
KR9 295-450

6.3V AC

Each supply 
has one 
3 Amp. 
output

Rack Mount
PriceW H D

19" 7" 11" $180
19" 7" 7^" $90
19" 7" 7ft" $90
19" 7" 7ft" $97



FIRST GENERAL ELECTRIC
HAS LINT-FREE

CIRCLE 56 ON READER-SERVICE CARD >

LINT IS A TROUBLE-MAKER! The unretouched micro
photo above shows a strand of lint which easily can 
cause an inter-electrode short-circuit. Dust par
ticles within a tube have the same harmful effect.

1200 WORKERS ASSEMBLE 6829’s AND OTHER HIGH-RELIABILITY TUBES in this 5-Star build
ing, located apart from the rest of G.E.’s Owensboro, Ky., tube factory. Because of the 
special white lintless uniforms, plus immaculately clean working conditions, ‘Operation 
Snow White” is aptly used to describe G-E 5-Star Tube manufacture. The entire assembly 
and inspection area is pressurized, with air that has been filtered, dehumidified and cooled.

Electronics Mfg. Corp., 
27 Thompson St., New

MANUFACTURED “UNDER GLASS”! For optimum cleanliness, 6829’s are assembled under 
glass-paneled protective hoods. All G-E employees who build 5-Star Tubes wear rubber 
finger cots, and their uniforms are lint-free Nylon and Dacron. These precautions are 
a 1  a  1 1* x J ««X «... «.MX

Transistor Transformers
Miniature Lightweights

Thirty-three new transformer types 
are now available from a complete 
line of transistor transformers. All are 
wound on nylon bobbins, with a My
lar outer wrap. Laminations are of 
nickel steel or silicon steel. Average 
weight is 1-1/4 oz with 2 sizes avail
able, 3/4 x 5/8 x 5/8 in. and 1 x 3/4 
x 3/4 in. They combine the needs of 
miniaturization, power handling ca-
pacity and 
sponse.

Argonne 
Dept. ED,

Dioxane Reagent
High-Purity Solvent

A new certified-reagent Grade Di
oxane No. D-lll extends this re
agent’s usefulness to applications 
where a low iron, low peroxide, high 
purity solvent is a must. Typical An
alysis of the new dioxane: water, 
0.025 per cent; peroxides, 0.003 per 
cent; carbonyls, 0.004 per cent; iron 
and heavy metals, 0.0001 per cent.

It will be available in quarts and 
gallons.

Fisher Scientific, 717 Forbes St., 
Pittsburgh 19, Pa.

CIRCLE 55 ON READER-SERVICE CARD

York 13, N. Y.
CIRCLE 53 ON READER-SERVICE CARP

Cooling Electronic Tubes
Applications Up To 100 KW

Radio, radar and TV Klystron vac
uum tube cooling is available for ap
plications requiring the dissipation 
from 1 to 100 kw of heat.'

The Fluid Cooler equipment com
plies with commercial and military 
requirements, and is designed for op
eration anywhere in the world.

Major components of this electronic 
tube cooling equipment, which use 
ambient air as a cooling medium, are: 
an extended surface cooling coil, a 
centrifugal or propeller fan, a high 
pressure circulating pump, and auto
matic safety controls to safeguard the 
tube.

The Trane Company, Dept. ED. La 
Crosse, Wise.

CIRCLE 54 ON READER-SERVICE CARD



GENERAL® ELECTRIC
162 -1C 1

Progress k Our Most Important Product

Teflon-Base Coating
Is Anti-Static

The formula for “Gencote 108” 
utilizes Teflon as the base material, 
retaining all its characteristics, but re- I 
verses the electrical insulation feature I 
to create electrical conduction. Thus, I 
it is now possible to achieve an anti
stick, dry-lubricated, chemically inert I 
surface that is anti-static as well. i I

The electrical resistance across this I I 
new coating, when applied in a 4 mil I 
film, is approximately 1 ohm. Surfaces 
can be coated in multiples of 1/2 mil ] 
up to 10 mils, on any type metal or 
other materials which can withstand 
a temperature of 700 F, required far 
the baking process. As a result, elec
trically conductive surfaces can also 
be applied over an insulating base, 
such as glass, ceramics, and porcelain. :

The anti-static feature: permits j 
powders to flow freely; reduces fric
tion between platens and film in cam
eras, eliminating static sparking; elimi
nates accidental detonation of ex
plosives by static discharge in me
chanical handling; has an unlimited 
range of other applications.

General Plastics Corp., Dept. ED, 
Paterson, N.J.

CIRCLE 57 ON READER-SERVICE CARD
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a. CHECKED FOR COMPUTER-SERVICE CHARACTERISTICS! G-E com
puter tubes are specifically tested for those electrical qualities 
that closely affect tube operation in computer circuits. Among the 
characteristics checked are zero-bias plate current... cut-off per
formance . . . difference in cut-off between both triode sections.

SPECIALLY TESTED... BIASED TO CUT-OFF FOR LONG INTERVALS! 
Life tests of G-E computer tubes under cut-off conditions, are 
made in order to be sure no “sleeping sickness”, or failure to 
respond to grid input pulses, develops during inactivity. This 
is determined by means of periodic interface checks.

Type 6829 has the many 5-Star design features 
that give added strength, such as a compact, 
sturdy tube cage . . . double mica spacers ... a 
double-staked getter. In addition, tube assembly 
is carried on in immaculate surroundings free

5-STAR COMPUTER TUBE 
MANUFACTURE FOR ADDED RELIABILITY

Shock-resistant design—comprehensive cut-off tests—further establish Type 6829 
as the most trustworthy tube you can apply in military computers!

General Electric, first to design and build a new 
line of tubes for computers, now pioneers the first 
5-Star high-reliability tube for computer circuits 
—analog and binary—where airborne, gunnery, 
or field-transport conditions call for resistance to 
mechanical shock and vibration.

from lint and dust, while special tests assure those 
electrical qualities that are essential in achieving 
computer dependability.

A 9-pin miniature, the 5-Star 6829 has similar 
characteristics to standard computer Type 5965. 
The new tube is designed for high-speed circuits— 
has high perveance, balanced, sharp cut-off quali
ties, and low heater power requirement (.45 amp).

Get the complete performance story! Write to 
General Electric Company, Electronic Components 
Division, Schenectady 5, New York.

Hydrogen Thyratron
For Mobile and Airborne Use

The BL-257 is a hydrogen thyratron 
that is electrically similar to an E37A 
but ruggedized for vibration and high I 
impact service, especially in mobile 
and aircraft applications requiring 
moderately high power. The tube is 
conservatively rated for 5 g vibration 
from 60 to 500 cps, and 3 g from 500 
to 1200 cps, and also for 60 g high im
pact shock in any direction.

Electrical ratings are 8.0 kv peak 
anode voltage, 90 amp peak current, | j 
and 100 ma maximum anode current 
It is rated for an ambient temperature ) I 
range of —50 to -|-90 C and for an al
titude of 10,000 ft in air. The tube may 
be immersed in oil for high altitude 
application.

Bomac Laboratories, Inc., Dept. I 
ED, Salem Rd., Beverly, Mass.
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THESE ARE ONLY
THE BEGINNING...

Can you 
help us 
create more?

The superior performance of these typical 
CBS semiconductors is acknowledged. De
mand is growing fast ... for them and for 
an ever increasing variety of new CBS tran
sistors and crystal diodes. We need more 
scientists and engineers to help create them:

Specialists — physicists, chemists, 
metallurgists, as well as electrical and me
chanical engineers for research on ma
terials, devices, fabrication techniques, 
applications, and instrumentation.

Project engineers — men with 
broad capabilities to administer all the 
phases of research and development of 
new products.

To join us, you do not have to be experi
enced in semiconductors. We prefer for 
these positions, competent, intelligent men 
who welcome challenging problems. To 
them, we offer:

• Attractive salaries

• Opportunities for rapid advancement

• Association with leaders in the field

• Local educational advantages

• Many employment benefits

• Positions with an established 
organization of unexcelled reputation

If you are interested in a creative engineer
ing opportunity in the growing field of semi
conductors, write us today. Send your 
resume to our manager of semiconductor 
operations, Dr. Ben H. Alexander, CBS- 
Hytron, Lowell, Massachusetts.

Reliable products
through Advanced-Engineering

semiconductors
CBS-HYTRON
Semiconductor Operations, Lowell, Mass.
A Division of 
Columbia Broadcasting System, Inc.
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Flyback Checker
Also Tests Condensers

* ' flYBACKER PLUS

out disconnecting

‘OBAOf fl «TÚ

The Model 124 “Flyback 
Plus” is an accurate condens r 
checker in addition to being a 
highly sensitive flyback trai ;- 
former and yoke tester. It a - 
curately shows up leakage m 
mica capacitors.

Five easy reading scales 
include a separate scale for 
yokes and one for capacitors. 
The unit tests all flybacks, 
yokes, and condensers with- 

them from the circuit, or tests
them individually (not connected to anything). 
Tests are made at operating conditions of above 
200 v of pulsed power. The unit weighs 8 lb and 
has a size of 10 x 6 x 5 in.

Radio City Products Co., Inc., Dept. ED, Centre 
& Glendale Sts., Easton, Pa.
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Ceramic Capacitor
Sub-Miniature

This series of sub
miniature extended tem
perature range ceramic 
capacitors maintain over 
90 per cent of capaci- 

Kas tance through tempera

tures ranging from 55 to 
±125 C. The capacitor 

is rated at 200 working volts de. It employs a high * 
density ceramic material which provides a very high 
dielectric constant per unit area.

The Val-Cap 2000K series capacitor is initially 
offered in 5 sizes ranging from 1/4 in x 1/4 in. x 
0.050 thick with capacitance of 0.0033 pf, to 1/2 in 
x 3/4 in. x .080 thick with capacitance of 0.05 uf.

Valeo Engineering Sales Co., Dept. ED, 2538 S. 
Highland Ave., Los Angeles 16, Calif.
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Polyurethane Plastic Material 
Insulating Foam

“Gemfoam,” a complete line of polyurethane 
plastic material for cushioning, padding and in
sulation, is now available in rolls, sheets or slabs 
in thicknesses from 1/8 in. to 12 in., and widths up 
to 48 in. The line includes 10 resiliencies, from very 
soft to very firm in any shade of the 7 basic colors.

Polyurethane foam products are light in weight, 
durable, odorless and resistant to corrosion and 
oxidation. They also have excellent acoustical and 
thermal insulating qualities.

Texas Foamed Plastics Corp., Dept. ED, Gon
zales, Texas.
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sheet form and custom moldings
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X-Band Ferrite Isolator

*DuPont Trademark

Representatives in all major cities

NEW BEDFORD, MASSACHUSETTS
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for MAXIMUM 
PERFORMANCE

725
A N

will be offered ii 
up to 8 in. thick. 

Physical data

KAY LAB DC Microvoltmeters measure and 
amplify, exceptionally small DC voltages 
and currents, with unequalled stability. 
Zero centered mirrored scale for reading 
speed and accuracy.

• 100 uv to 1000 v
• 100 uua to 100 ma
• 25 ranges
• 100 megohms input
• 80 db gain as amplifier
• 10 uv equivalent drift
• 1 v output

Price $550.00

Silicone Foam Rubber
Highly Resilient

... the unique properties of Aerovox metallized- 
paper capacitors—ruggedness, reliability, and 
high safety factor assure you of longer equip
ment life.

November 1, 1956

gravity of 0.20 to 0.35, a compression deflection of 
0.75 to 1.25 psi, a compression set of 14 per cent, 
and a flexibility from 100 F to 480 F.

Anticipated uses for the foam include sound and 
vibration packing, and electrical and thermal insu
lation.

Connecticut Hard Rubber Co., Dept. ED, 407 
East St., New Haven 9, Conn.

on the foam include a specific

V A new material, 
silicone foam

I A db W 9 rubber, is light in
weight and 
mains soft .md ic 
silient over 
perature range ol 

1 100 F to 480 F.
I Because of its in

terconnecting cell 
structure, the foam recovers shape instantly after 
being compressed for long periods at elevated tem
peratures, and can be readily molded into complex 
shapes.

Branded COHRfoam, the silicone rubber is inert 
to ozone and weathering, is non-sticking, non-corro
sive, odorless and has good electrical properties. It

Medium Power Miniature

Shown here is 
ea 100 kw resonant 

absorption minia
ture X-band fer
rite isolator. It in
sures high mag
netron spectrum 
and power out
put by furnishing 
isolation between 
magnetron and 

RF energy reflected from line mismatches.

The uni-directional isolator has the ferrite ma
terial mounted directly on the waveguide wall. This, 
in conjunction with the full waveguide opening, 
permits the rapid conduction of heat away from the 
waveguide thus allowing operation at medium 
power levels without forced air cooling.

To cover the frequency range from 8500 to 9600 
mes, 4 units may be required with an isolation of 
10 db min, insertion loss of 0.5 db max and input 
VSWR of less than 1.10.

Airtron Inc., Dept. ED, 1103 W. Elizabeth Ave., 
Linden, N. J.
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Complex electronic equipment such as guided missiles, computers, 
airborne receivers, transistorized radios and color TV have success
fully applied Aerovox metallized-paper capacitors. You are invited 
to consult with our capacitor specialists for experienced assistance 
in selecting the right metallized-paper capacitor for your particular 
needs. Complete detailed information, quotations, delivery schedules, 
available on written request.

foi MINIMUM SIZE
• 'W:7’ *

... the exceptionally reduced sizes and light
weight of Aerovox metallized-paper capacitors 

- makes them ideal for those applications where
space is at a premium.

for WIDEST OPERATING
TEMPERATURES

... Aerovox metallized-paper capacitors areB available in a wide variety of case styles for
operation at temperatures ranging from —65 °C 
to +125°C.



H EV/ EST

Ji No wonder the new
J» Silic-O-Netic Time Delay 
W Relay has aroused such interest. 
* It offers basic advantages as a 

delay device unequalled in its low 
price range.

The Silic-O-Netic Relay provides delay 
with no mechanical linkages . . . no mechanism 
to speak of. . . only one moving part, and that 
part is hermetically sealed, forever free of 
dirt and dust. It operates on a positive 
change in magnetic flux which is sharply 

defined as the movable core touches 
the pole piece. Moreover, the new

Type A model has high speed 
contacts, affords good 

contact pressure.

in TIME DELAY RELAYS

Heinemann Silic-O-Netic 
Relays are already being 
used in dozens of volume 
applications where absolute 
dependability is essential. 
They are well worth your 
investigation.
Write for Bulletin T-5002

ITS DIFFERENT...

No thermal elements ... no aging, no 
fatigue . . . long-life stability.

Small size . . . Overall dimensions: 2'u,/ 
x 1 x 2".

Delay periods . . . kJ to 1 20 seconds.

Low cost . . . achieved in 20 years of 
solenoid manufacturing experience.

HEIMEIVIAIVIV

ELECTRIC COMPANY
156 Plum St., Trenton 2, N. J.
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Frequency Calibrator
Precision Unit

The Type 
1213-C Calibra
tor comprises, 
with power sup
ply headphones, 
all the circuits 
necessary for the 
calibration of os
cillators, receiv

ers, and other wide-range devices up to frequencies 
above 1000 me. It also provides square-wave 
markers for oscilloscope sweep-time calibration at 
intervals from 0.1 psec to 100 psec.

Features incorporated into this instrument in
clude harmonic series with fundamentals of 10, 1, 
0.1, and 0.01 me, a crystal mixer good from low fre
quencies to frequencies above 1000 me, an amplifier 
for audible beats, and a video-frequency amplifier 
output for sweep-time calibrations. The output can 
trigger pulse generators and oscilloscope sweeps, 
thus providing a stable driving source for timing 
pulse systems for various applications.

General Radio Co., Dept. ED, 275 Massachusetts 
Ave., Cambridge 39, Mass.
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Portable Pyrometer
Checks Many Instruments

I
Save time and labor with the 
“TAPER-WEDGE” design., 
a permanent, precision cutting 
edge that bites into metal 
and plastic. WALSCO Pioneer 
Chassis Punches make hole

’ A portable potentiom
eter pyrometer for check
ing and calibrating all 
types of industrial and 
laboratory temperature 
instruments, the “Pyro
test” 9B has interchange
able direct-reading scales. 
It can be used with as 
many as six types of 
thermocouples.

Equipped with a set of nine scales (six for tem
perature, and three for millivolts) the unit is 
essentially nine instruments in one. It may be used 
to check and calibrate any temperature recorder, 
indicator, or controller operating within 32-3215 F 
and employing any type of thermocouple. In addi
tion, the unit measures the de potentials of elec
trical equipment within a range of 0-155 mv.

Accuracy is 1/6 of 1 per cent of scale spans. 
Slide-wire resolution exceeds 4000 increments, and 
effective open scale length is 50-1/2 in., permitting 
the measurement of the slightest temperature or 
millivolt differences. The “Pyrotest” is completely 
self-contained with a built-in power supply. Weight 
is only 14 lb.

Technique Associates, Inc., Dept. ED, 211 E. 
South St., Indianapolis 25, Ind.

punching faster, easier, more 
accurate Complete size range 
available at Parts Jobbers 
everywhere.

No drilling ... chassis punching 
is done quickly, economically 
with a hammer. Change dies 
in less than 20 seconds.
WALSCO Ham-R-Press cuts 
exact, clean mounting holes 
in all chassis, metal panels, 
plastic sheets, etc. Many sizes 
of WALSCO “TAPER-WEDGE” 
punches and dies available. 
See your Parts Jobber.

WALSCO ELECTRONICS CORP.
* SMSIOIMY Of "UihAtpafA CMKMATI0M

3602 Crenshaw Blvd., 
Ix)S Angeles 16, Calif.
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applications

where

Miniature DC Supplies
Operate from 115 V 400 CPS

Designed to supply regu
lated de voltage for powering 
airborne electronic equipment 
from 115 v 400 cps single 
phase source, this new line 
of packaged power supplies 
operates reliably under air
craft and missile environ
ments. Standard sizes are 100- 
600 v de, up to 1000 ma.

vital

importance—

SPECIFY 
BAKER 

CONTACTS
OF PLATINUM

AND 
PLATINUM 

ALLOYS
Particularly suited for applications 
where reliability is of vital importance. 
Platinum offers a higher resistance to 
atmospheric corrosion and tarnish than 
any other material. A low contact re
sistance can be maintained for some ap
plications with contact pressures in the 
order of one gram. PLATINUM ALLOYS 
maintain the high resistance to corro
sion and tarnish in addition to providing 
other desirable features, such as higher 
melting points and greater hardness. 
These physical properties produce in
creased resistance to surface deforma
tion, metal transfer and sticking, as well 
as longer life.
Baker Platinum and Platinum Alloys 
can be supplied as wire, rod, sheet or in 
fabricated forms — rivets, discs, solder- 
backs, welding types, overlay, edgelay, 
inlay and irregular shapes.
Consult Baker for the solution to your 
contact problem. Request, on company 
letterhead, Baker’s new 28-page Elec
trical Contacts Catalog.

BAKER
TAKER & CO., INC.

f PRECIOUS 
METALS

13 Astor Street, Newark 5, N. J.
//\/O i-/T/
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Regulation, provided entirely through magnetic 
amplifiers, is 0.10 per cent, and ripple is 0.05 per 
cent. Units meet MIL-E-5272A and 1-6181B specs, 
and they are potted in hermetically sealed drawn 
steel cans. AN connectors or solder headers are 
available. Mounting is through studs projecting 
from the base.

Arnaux Corp., Dept. ED, 11924 W. Washington 
Blvd., Los Angeles 66, Calif.
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DC Hypot
With Range to 5000v

The Model 424 
DC Hypot has 
been redesigned 
for increased ef
ficiency and range 
of application. 
Continuously var
iable output volt
age from 0-5000 
v de is provided 

. and read on a
4-1/2 in. voltmeter connected directly across the 
high voltage output, accurate to 3 percent. For 
measuring leakage current, ranges of 0-5/10/50/100 
pamp are provided on a 4-1/2 in. microammeter 
automatically protected against overload, and ac
curate to 3 percent.

Ripple of the unit is less than 1 per cent at rated 
voltage and current. Output terminates in two 5 ft. 
high voltage leads, with the “hot” lead equipped 
with a retractable tip rod. Controls include a con
tinuously variable auto-transformer to vary output 
voltage, a “high voltage on” switch with pilot light, 
and a “filament on” switch with pilot light.

The case is a rack and panel type, 22 x 14-3/4 x 
12-5/16 in. high, equipped with carrying handles 
and lid interlock. The unit can also be supplied 
with chassis only for panel mounting. Net weight 
is 25 lb. It is recommended for testing ignition 
harnesses, electronic components, and electrical 
machinery.

Associated Research, Inc., Dept. ED, 3758 W. 
Belmont Ave., Chicago 18, Ill.

THERMAL CONDITIONING OF ROCKETS AND GUIDED MISSILES

ufar

HEATING OPTICAL, ELECTRONIC, OR HYDRAULIC AIRBORNE EQUIPMENT

WHERE CAN YOU USE 
G-E SPECIALTY HEATING EQUIPMENT?
Whenever your equipment requires 
thermal conditioning, General Electric 
specialty heating equipment can help.

G.E. has had extensive design 
and manufacturing experience in pro
viding controlled heating for a wide 
variety of applications. These applica
tions range from giant guided missile 
blankets to tiny one-inch-long accel
erometer heaters. Problems of intricate 
shape, large or small size, unusual en
vironmental conditions, and amount 
of heat required have all been solved.

LET US ANALYSE YOUR HEATING 
PROBLEM; a General Electric specialty 
heating expert is available and a 
prompt answer is assured.

FOR MORE INFORMATION contact your 
General Electric Aviation and Defense 
Industries Sales Office or send coupon.

General Electric Company
Section W 220-10A, Schenectady 5, N. Y.

Please send me new bulletin GEA-6285, 
G-E Specialty Heating Equipment.

□ for immediate project 
□ for reference only

Nam«

Position

Company

City................. Stato.

^ogress k Our Most Important Product

GENERAL^ ELECTRIC
CIRCLE 77 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 78 ON READER-SERVICE CARD FOR MORE INFORMATION
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Meet the NEW

line ofThree new additions to the

I

A,
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RAT. RENDING

!
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DALOHM
Servo Actuator 

400 Cps Rotary Unit
The Servo Con

trolled Flat Pack
age Actuator is 
designed for 400 
cps airborne ap
plications. It can 
be operated from 
magnetic, tran
sistor, or vacuum 
tube amplifiers, 

and can be supplied in two output torque ratings: 
100 in.-lb at stall and 50 in.-lb at 1.8 rmp; or 50 in.- 
1b stall and 25 in.-lb at 3.6 rpm.

This rotary actuator is available with or without 
ac tachometer feedback for stabilization purposes. 
Position feedback may be provided by either an 
internal potentiometer or synchro signals. Internal 
fixed stops and limit switches can be incorporated, 
if required.

Maximum overall dimensions excluding shaft 
extension are 6 x 3-9/16 x 1-3/4 in. deep. External 
electrical connections are made by means of an 
AN type connector mounted either on the side or 
recessed in the back of the actuator.

White-Rodgers Co., Dept. ED, 4407 Cook St., 
St. Louis 13, Mo.

America's finest precision electronic components

Wire wound, high temperature, 
humidity proof, ruggedized, DALOHM A10-W-TRIMMER POTENTIOMETER

The culmination of four years of research and development, Dalohm AlO-W-Trimmer 
is designed to meet the ever-increasing requirements of MIL specifications such as 
MIL-E-5272A and MIL-R-12934. It provides precision adjustment in critical electronic 
circuits under extreme environmental conditions. It has an extended winding surface 
and assures high precision resolution without sacrificing sub-miniature design. Size is 
.220 x .310 x 1.250; weight is 2.25 grams.

Magnetic Core Driver 
Pulses TV Synchronizers

Using the binary storage 
principle of magnetic cores, 
the Model 1801 Sync-Pulser 
is a binary divider circuit 
which has been designed 
primarily as a subassembly 
for use in synchronizers of 
TV broadcast equipment. In 
this application it gives a 525 
count synced to 60 cps, but 
units can be constructed for 
applications requiring other 
counts.

The magnetic divider con
sists of 10 identical binary stages whose inherent 
count of 210, or 1024 is modified by feedback to 
give a count of 525. The divider action is made 
possible by the square loop hysteresis characteristic 
of the magnetic cores used.

The 32-5 kc output is 22 v into 1000 ohms, the 
pulses 2 psec wide at the base. The 60 cps output 
is a 7 v pulse into a high impedance load. The con
struction is that of a 7-tube subassembly 7-3/4 in. x 
3-1/4 in. x 3 in. using printed wiring techniques.

Laboratory for Electronics Inc., Dept. ED, 75 
Pitts St., Boston 14, Mass.
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Resistance values 10 ohms Io 50,000 ohms with standard tolerance of 5%. Power rating 
0.8 watt. Temperature coefficient of wire 0.00002/Deg. C. Other resistances, tolerances, 
and leads available on special order.
Completely sealed. Housing is of thermosetting, glass filled material with heat resistance of 
200 C continuous. Precious metal plating on all metal parts to eliminate corrosion and 
electrolysis. Air evacuated and replaced with silicone grease to eliminate breathing, moisture, 
dirt, oxidation and undesirable vibration characteristics.
Unique new type sliding contact assures continuity at high vibration levels and eliminates 
slider to lead screw damage.
Unique safety clutch prevents damage from over-excursion of trimmer adjustment screw.
Unit holds set resistance values—internal units have nearly identical coefficients of expansion.
Mounting flexibility provided by two #2-56 mounting screw holes for either stacked or 
multiple arrangements.
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TWINS

t max..

•OPERAI 
to 125°

5TICS—Operating temperature range is —55’ C 
nal life is 25,000 mechanical cycles
-Standard resistance range is 100 ohms to

u S Patent No 2596503, British Patent No. 678511. Also Patented in Canada

!

In Canada Charles W Pomton Ltd . 6 Aldina Ave
Ne*

Here is a rugged new resistor for panel mount
ing. Like all Dalohm resistors, it is carefully 
designed and skillfully made for all applica
tions where equipment must survive the most 
severe environmental, shock, vibration, tem
perature and humidity. Coated with special 
silicone material and sealed in black anodized 
finned aluminum housing, Type PH-25 is im
pervious to moisture, salt ions, vapors and 
gases.
Resistance ranges from 0.1 ohm to 15,000 ohms with 
tolerances of .05% to 5%. Powered at 25 watts.

Inductive winding; temperature coefficient of wire 
0.00002/Deg. C.

Applicable MIL specifications: Applicable paragraphs of 
MIL-R-26-B and MIL-R-18546-A (Ships).

Two terminal lugs; 1%-7 loch nut furnished as 
standard equipment. Dept Pan V

Hermetically sealed, 
moisture proof, ruggedizedDALOHM DP-12 potentiometer

for critical electronic circuitry—built to surpass JAN-R-19

Dalohm DP-12 potentiometers are completely protected from arctic 
cold or tropic damp, from shock, vibration, salt-laden air and ultra- 
high altitude. The mechanism, winding and contacts are unaffected 
by atmospheric conditions outside the unit and are able to give the * 
highest performance under extremely adverse conditions.
Powered at 4 watts, the DP-12 has a power rating of 100% at 40° C, 
derated to 0 at 125° C. Housing and shaft are made of black ano
dized aluminum with the back plate of corrosive resistant alum-

♦h standard tolerance of 5%. (Other range« and tolerance« 
special order.)

WINDING—Dalohm resistance winding give« excellent linearity 
with 3% iximum deviation. Resolution is precise with 0.5% maximum, 

tare coefficient of the wire is 0.00002/Deg. C on values of 500 ohms 
Con values below 500 ohms. Dielectric strength 

,000 feet altitude—1000 megohms, minimum.

and their power packed little brother
Wire-Wound DALOHM PH‘25POWERHOUSE RESISTOR

Tantalum Capacitor
Transistor Adjunct

This ultrasmall 
capacitor is .095 
in. in diam by 
11/64 in. long, 
and has a capaci
tance range of .02 
to 4 pf.

The size N ca
pacitors are ap
plicable for cou
pling, filter, and 
by-pass require
ments at low volt
age de in tran

sistorized equipment. They have a usable tempera
ture range from —55 C to -|-85 C.

Capacitor construction consists of a tantalum 
wire anode, having a specially processed oxide film, 
contained in cylindrical silver case, which is the 
cathode (negative). The case is electrically live 
and has the negative wire lead fastened to the end. 
The case is filled with an electrolyte and sealed by 
a Teflon bushing.

The capacitors are aged and tested for capaci
tance, power factor, and de leakage current.

Ohmite Mfg. Co., Dept. ED, 3639 Howard St., 
Skokie, Ill.
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Cable Breakout
For Military and Commercial Use

In this break
out there are 141 
conductors, laid 
by a specially 
constructed plan
etary strander. Al
though terminat
ing in a three- 
branch breakout, 
the cable permits 

continuous circuitry, as there is no junction in the 
breakout. Furthermore, circuits can be completed 
between any two or all three branches of the 
breakout without originating in the prime cable. 
Developed especially for missile wiring, it is also 
adaptable to commercial applications.

Sheathed in neoprene and watertight, the cable 
is fungus-proof, rodent-proof, and is not adversely 
effected by short term exposure to oils, acids, al
cohol, ozone, and water, and long term exposure 
to sunlight. The cable has flexibility from —65 to 
175 F. Connectors are sealed against moisture and 
dirt.

Pacific Automation Products, Inc., Dept. ED, 
1000 Air Way, Glendale 1, Calif.
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Torque as low as 0.003 ounce inches achieved by Giannini in 
MICROTORQUE* and MINITORQUE* Precision Potentiometers
For extremely sensitive instrument applications where minimum 
torque is essential, specify Giannini Microtorque and Minitorque 
precision potentiometers. Highly reliable performance under the most 
rugged operating conditions is assured by Giannini’s care for detail 
and production crafting.

By using sapphire jewel bearings... and precision ball bearings in 
certain Minitorque models, these 1 inch diameter instruments effect 
an unusually low coefficient of friction.

Available in 12 standard linear wiring types, the potentiometer 
output can, on special order, be designed to perform to a wide range 
of natural or empirical functions. All models employ non-corrosive 
precious metal windings and contacts... thereby permitting light 
brush pressures and ensuring long noise-free life.

Dependability, reliability, and ten years proven application success 
are your benefits, when you use Giannini Microtorque and Mini
torque potentiometers—precision instruments “crafted with care’.’

For additional information, please write for Bulletins 85111 and 85151.

SPECIFICATIONS:
Torque .......................... 0.003 to 0.008 oz. in. depending on resistance and wiring

type. (Sleeve bushing Minitorque 0.025 oz. in.)
Resistance Range.......... 100 to 100,000 ohms. 
Linearity........................ ±0.5% (±0.25% on special order)
Power Rating................ 1.63 watts @ 25°C.
Shaft Diameter.............. Microtorque, 0.031 in..

Minitorque, 0.125 in.

Giannini
a. M. GIANNINI & CO.. INC., SIS EAST GREEN STREET, PASADENA. CALIFORNIA
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Probes PROTECT

Extend VTVM Ranges
Two new probes 

for high voltage 
and rf are avail
able for this firm’s 
Model 777 Vacu
um Tube Volt
meter. The high- 
voltage probe ex
tends the de volt
age range to 
permit measure
ments to 50,000 v.

The rf probe (illustrated) makes possible measure
ments up to 400 me.

Phaostron Instrument and Electronic Co., Dept.
ED, 151 Pasadena Ave., South Pasadena, Calif.
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Miniature Motor
Is Governor Controlled

Featuring a gov
ernor controlled 
planetary gear 
train with inte
gral filter, this 
miniature motor, 
the 1700-9-1, has 
a length of only 
2.912 in. from the

mounting flange. Applications include use in tim
ing units for telemetering, commutator switching, 
and kindred functions. The motor meets Noise 
Spec MIL-I-6181B. Load is 3 in.-oz; weight is 5-1/2 
oz.; and output speed may be specified for 15, 20, 
150, 300, 600, or 1800 rpm.

El Ray Motor Co., Inc., Dept. ED, 11747 Vose 
St., North Hollywood, Calif.
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Midget Infrared Oven
For Lab Use

quartz lamps. Each lam 
an intensity of 100 w/in.

Oven temperatures of 
1000 F are possible in 
this compact radiant 
oven which employs 
thermal shock and im
pact resisting, pencil- 
thin quartz lamps. The 
unit shown is 16 in. deep 
with a 13-1/2 in. open
ing. It holds eight 1600 w 

) is capable of providing 
of lamp length.

Fostoria Pressed Steel Corp., Dept. ED, Fostoria, 
Ohio.
CIRCLE 9Q ON READER-SERVICE CARD FOR MORE INFORMATION

PRINTED 
CIRCUITS

AGAINST

CORROSION...

Rhodium over nickel, or over silver in printed 
circuits—is only one of the many invaluable 
applications of Rhodium in electrical and elec
tronic products. It improves performance 
wherever a low resistance, oxide-free contact 
is desired. Rhodium plate assures low noise 
level for moving contacts, low and stable con
tact resistance... and amazingly long wear.

For complete details 
send for 

free booklet on 
“Rhodium Plating" 

and its 
advantages.

113 ASTOR STREET, NEWARK 5. N.I. 
NEW YORK • CHICAGO 

SAN FRANCISCO • LOS ANGELES

CIRCLE 91 ON READER-SERVICE CARD
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NewY

STANDARD 
VARIATIONS

Printed Circuits
To Customer Specs

DIGITAL READ-OUT 

COUNTERS 

by DURANT
Design engineers can now select one 
or more standard units from a range 
of 96 Instrument Counters, having the

2 to 7 Figure* DOUBLE WIDTH
UNIT WHEEL

Here is a family group that pro
vides uniformity in digital record
ing to satisfy nearly all design 
requirements ... on radar equip
ment, navigation instruments, 
computers, missile tracking de
vices, and gauging instruments.

They are compact, average weight 
only 2 ounces, have easy to read 
figures, white on black . . . speeds

Printed circuit 
work of the type 
shown is avail
able from this firm 
to customer spec
ifications, particu
larly the kind 
which includes 

the complete assembly of the circuit.
The circuit illustrated is designed for computer 

applications. Featuring a handle which enables the 
entire circuit to be withdrawn and replaced as a 
plug-in assembly, this board illustrates the ease 
with which circuit functions may be unitized and 
made replaceable.

Laboratory for Electronics, Inc., Dept. ED, 75 
Pitts St., Boston 14, Mass.
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300 W Tetrode
Withstands Rough Environments

The 4CX300A 
is a 300 w anode 
dissipation cera
mic power trans
mitting tetrode 
2-1/2 in. long x 
1-1/2 in. diam. 
Developed speci
fically for severe 
environments, it 
is made entirely 
of ceramic and 

4-4-Y-8831 WITH 
WIDTH UNIT WHEEL

dual bank series 
(Right or Left Drive}

2 to 5 Figure* EA. BANK

R DUCTI METERS

metal, incorporating ceramic support of internal 
electrodes.

This tube produces low noise output despite 
heavy accelerative forces from shock and vibra
tion. Supported solely at its base by a standard 
Eimac air system socket, it will withstand repeated 
11 millisec 50 G shocks in any plane, without in
ternal shorts or mechanical damage. There are no 
major electrode resonances when the tube is vi
brated from 30 cps to 2000 cps. The metal-ceramic 
inhibits deterioration of electrical characteristics 
while operating continuously at envelope tempera
lures of 250 C.

The tube operates at full ratings through 500 me: 
500 w output as a radio-frequency amplifier or 
oscillator, and 300 w output as a plate-modulated 
radio-frequency amplifier.

Eitel-McCullough, Inc., Dept. ED, San Bruno, 
Calif.
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CIRCLE 95 ON READER-SERVICE CARD—

Y is *

to 2500 RPM. Available in single 
or dual bank style, in 2 to 7 figures 
capacity . . . three styles of unit 
wheel configuration.

’CLE 92 ON READER-SERVICE CARD

DURANT MFG. CO.
1993 N Buffum St., Milwaukee 1, Wi*.
93 Thurber* Ave., Providence 5, R.t.
Rtpreitnfativti in Principal Citiat
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Single and Multi

Condenser End Seals

Transistor Mounts

JOLIET, ILLINOIS

DETROIT CLEVELANDSANTA MONICA ATLANTA DALLAS SEATTLE

new members of the

complete line of hermetic seals

backed by the engineering, the

rigid quality control, the plant

capacity needed for prompt

delivery and unvarying quality

WRITE FOR 
CATALOG

HERMETIC SEALS. MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS. ACTUATORS

PHILLIPS CONTROL CORPORATION
AN ALLIED PAPER CORPORATION SUBSIDIARY

SALES OFFICES: NEW YORK - PHILADELPHIA ■ BUFFALO - SAN FRANCISCO - DENVER



INSULATED 
HIGH TEMPERATURE 

HOOK UP and LEAD WIRE
For MILITARY and COMMERCIAL 

END USE EQUIPMENT and 
ELECTRONIC COMPONENTS

Lenz High Temperature Hook-Up and Lead Wires con
tain thermo-plastic insulation that will retain its high 
dielectric characteristics over a temperature range from 
-55° C to +105’ C.

Type B........................... 600 Volts r.m.s.
Type C............................1000 Volts r.m.s.
Type D........................... 3000 Volts r.m.s.

This wire can be furnished in various jackets or shielding, 
and can be incorporated in multiple conductor cables. 
Available in solid colors or striping and built to Lenz 
unsurpassed standards.

General purpose Hook-Up and Lead Wires for internal 
wiring of electric and electronic equipment, with thermo
plastic insulation for use at temperatures to 80u C.

Type LW ...................... 300 Volts r.m.s.
Type MW .................... 1000 Volts r.m.s.
Type HW....................... 3000 Volts r.m.s.

Can be furnished with nylon jackets, glass braid, lac
quered, and shielding. Can be incorporated into mul
tiple jacketed cables to suit your specifications. Available 
in solid colors or striping to meet your code requirements.

Conforming to MIL-W-16878B

Conforming to MIL-W-76A

CONSULT LENZ FOR ALL YOUR 
ELECTRONIC WIRE AND CABLE NEEDS
In Lenz, you will find a dependable, experienced organ
ization that will cooperate with you in the production of 
wires and cables to your requirements. Its high quality 
standards, intimate knowledge of the industry's needs 
and extensive facilities for wire insulating and cabling 
make Lenz an ideal source for all your wires and cables.

LENZ ELECTRIC MANUFACTURING CO.
1753 North Western Avenue Chicago 47, Illinois
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Vibrometer
Measures up to 20,000 Cps

The Model 12A Vibrometer 
conveniently and accurately 
measures acceleration, veloc
ity, and displacement of me
chanical vibrations from 3 cps 
to 20,000 cps. It measures dis
placement as small as 0.0001 
in. and as great as 3.0 in., ve
locities from 0.03 ips to 1000 
ips; and accelerations from 
0.03 G to 780 G. When used 

/fote it id...
a DC Reference Voltage

with an oscilloscope, it permits quantitative analy
sis of impact shock and impulsive motions.

A polarity switch is provided for determining 
positive and negative peaks of vibration. A minia
turized, lightweight probe makes possible accurate 
measurements on small, low energy vibrating sys
tems. Power required is 115 v, 50/60 cps, 60 w. Size 
of the unit is onlv 11 x 8 x 16 in., and weight is 
22 lb.

Televiso Corp., Dept. ED, 1415 Golf Rd., Des 
Plaines, Ill.
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For Measurement & Control Circuits
Test Equipment Calibrator

Has 1 % Accuracy

A low-cost, laboratory
type test equipment cal
ibrator with an accuracy 
of 1% or better in all of 
its voltage sections, the 
Model 750 Calibrator 
quickly checks test 
equipment accuracy, re
veals how far any in
strument may be off, and 
easily helps make neces

sary adjustments. It calibrates VOM, VTVM, and 
other meters, signal generators, sweep and marker 
generators, and oscilloscopes.

It supplies 2, 5, 25, 100, and 300 v de, and 5, 25, 
100 and 300 v ac to check voltage ranges; provides 
10, 100, 1000, 10,000, and 100,000 ohms and 10 
megohms to check resistance ranges; and supplies 
a crystal oscillator capable of generating harmonic 
frequencies well over 300 mc, with accuracy of 
0.1%. Plugging in the proper crystal facilitates use 
as a marker generator in radio and TV receivers, 
helps to check the calibration on AM signal gener
ators, or check and align the audio if system of 
receivers.

Designed to replace the chemical cell and 
VR tube in airborne, laboratory and other in
strumentation, the k-Volt Standard provides 
constant DC voltage through extremes of 
operating and environmental conditions ... 
including ambients as low as —55° and up 
to 100°C!
Employing no tubes or moving parts, the 
k-Volt Standard is unaffected by position, 
vibration or mechanical shock. Its negligible 
temperature coefficient and freedom from 
hysteresis or switching effect make it applic
able as an absolute reference, a constant 
output working supply or a precision voltage 
regulator wherever specifications demand 
highest stability with time and temperature. 
Other important features are:

• Small size: 1 -11/16" x 1 -5/16" dia.
• Power drain: less than 1.8 watts
• Life: more than 10,000 hours
• Vibration: conforms to MIL-E-5272A
• Base: miniature 7-pin
• Weight: less than 3 oz.
• Case: hermetically sealed
• Random drift: less than 0.1% over 

1000 hrs.

Models to Meet Wide Range of Application 
Requirements: The k-Volt Standard is avail
able for operation from 26.5V DC, or 115V 
AC, 60 or 400 cycles; DC output 6.2V at 
1 ma or 10 ma, IV at 1 ma. Specially modi
fied units can be developed to meet par
ticular needs.

The calibrator operates on 110-120 v 60 cps and 
measures only 8-3 4 x 8 x 5-1/2 in. Weight is 6-3/4 
lb.

B & K Manufacturing Co., Dept. ED, 3731 N. 
Southport Ave., Chicago 13, Ill.
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For complete specifications 
and performance data, 

send for bulletin No. UI28.

«TRACK MARK

Precision Instruments and Control Systems I 

58-15 Northern Blvd., Woodside 77, N. Y.
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Thyratron Grid Pulser
Generates Spikes to 150 V

announcing the new

THYRA-PULSE
MOM 1(1-1ECTILINEAR

GALVANOMETRO 
RECORDER

This universal 
grid pulser gen
erates voltage 
spikes as high as 
150 v to fire thy
ratron tubes at 
accurate phase 
points in re
sponse to low 
level input sig

nals. The unit has two floating inputs to provide 
freedom in circuit design. Although it provides 
very fast half cycle response, it also minimizes 
thyratron misfiring due to pickup from relays or 
other random noise. It can be controlled by either 
ac or de input signals, or by a variable resistor.

The grid pulser controls any size thyratron with
out additional bias supply. It provides extremely 
long life and trouble-free operation for industrial 
applications. It is rated 2.5 v 60 cps.

Hanson-Gorrill-Brian, Inc., Dept. ED, 85 Hazel 
St., Glen Cove, N.Y.
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Trimming Potentiometer 
Rugged Miniature

the exclusive recti I rite trigonometric link
age inscribes the true signal form on 
a standard rectilinear chart. You have 
frontal access for all controls and making 
chart notations . . . ± 1% accuracy over 
full 4^-inch scale; sensitivity—0.45-inch/ 
100 microamperes; pen speed at a quar
ter-second over full 41/2-inch deflection. 
Use ac or de drive, spring drive, or 
external drive . . . with 10 optional 
chart speeds.

i

*

For complete information on the modern 

and versatile recti/ riter — write for 

Bulletin R-501.

Houston Technical 
Laboratories

3701 BUFFALO SPEEDWAY • P 0 BOX 6027
L HOUSTON S TEXAS

.............instrumentation subsidiary of................

Texas Instruments Incorporated
• 4
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This minia
ture trimming 
p o t e n t i o m- 
eter features । 
ruggedness, sta
bility and long 
life. For maxi
mum rigidity,

body and cover are made of aluminum, the cover 
being precision fitted to the body.

Trade name Aero-Pots, the units are adjustable 
through 32 turns by a screw driver in a slotted 
shaft. The shaft is precision threaded, and operated 
under controlled torque derived from inherent fric
tional properties of special plastics. With the wiper 
supported on two sides, settings are stable under 
extreme vibration, acceleration and shock. Tem
perature characteristics are stabilized by the use of 
resistance wire having a low temperature coeffi
cient.

Cáse dimensions are 1-1/4 in. long, 1/2 in. high, 
3/8 in. wide, weight: 1/4 oz. Resistances range from 
100 ohms to 50,000 ohms in one case size. Resolu
tion, depending on resistance is 0.2 to 2 per cent. 
Linearity is 1 per cent, temperature range is 55 C 
to 4-125 C. Units are available with Teflon insu
lated wire leads, plug-in terminals, or solder ter
minals.

Aero Electronics Corp., Dept. ED, 2311 W. Bur
bank Blvd., Burbank, Calif.
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Foolproof! Shockproof!

MATING BODY
MATION"

for double-lead screw locking

CONNECTORS

New, “Floating Body Isola
tion"*  guarantees vibra-shock 
protection and operation by 
complete separation of elec
trical contact body from 
mechanical elements. For 
connector reliability and fool
proof application.

• Unparalleled vlbra-shock 
protection

• High environmental resistance
• Superior performance 

dependability
• Positive locking action

• Disengagement ease
• Melamine and alkyd 

molding compounds

Patent No.
2,761.108 

additional patents 
pending

• Aluminum cast brackets
• Connectors meet or surpass. 

MIL-Q 5923B and MIL-C 8384 specs

Write TODAY far complete technical data:

U.S. COMPONENTS, Inc.
associated with
U.S. Tool A Mfg. Co., Inc.

454 East 148th Street, New York 55, N.Y.
CYpress 2-6525

CIRCLE 105 ON READER-SERVICE CARD FOR MORE INFORMATION
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ibrations

PANORAMIC
RADIO PRODUCTS, INC.

Write today for descriptive data sheets, prices 
and delivery schedules.

provides extended 
and flexibility
for accurate \ A 
analysis of \ N 
sounds,

Panoramic Engineers are always available for 
discussion of SPECTRUM ANALYSIS problems 

Special instruments to order.

15 S. Second Ave., Mount Vernon, N. Y. 
Phone: MOunt Vernon 4-3970
Cables: Panoramic, Mt. Vernon, N. Y. State

Featuring an additional mode of operation, the new model LP-la 
Panoramic Sonic Analyzer is designed to operate with an optional 
comoanion recorder permitting permanent recordings of waveform 
content over extended periods with significantly greater resolution.

SUMMARY DETAILS
• Frequency Range: 40 cps-20 kc logarithmic or any 5 kc, 1 kc or 
200 cps linear segment centered anywhere between 0 cps and 20 kc.

• Scanning Periods: 1 second (internal)

10 seconds, 3 minutes or 18 minutes (derived from 
recorder); usable only in linear frequency scan.

• Resolution: optimum dynamic on 1 second scan; 
static on 18 minute scan.

Find out today how LP-la can speed up your laboratory 
and production operations; enable you to complete en- 

_____ gineering projects with present personnel.

designed and 
perfected by 

PANORAMIC 
...the leader :

CIRCLE 107 ON READER-SERVICE CARD FOR MORE INFORMATION
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SPAGHETTI 
TUBING 

MADE FROM

Ultra-Violet Source
Has Highly Adaptable Design

The “Blak-Ray” 
Model B-100 can be 
used in any method 
requiring a concen
trated source of 
ultra-violet at 3660 
angstrom units. The 
lamp head is at
tached to the base 
through a spring
tension arm which 
allows the ultra-vio

let beam to be rotated in a 180 deg arc. A trigger 
mechanism makes it easy to slip the light source 
from the base and maneuver it in hand with pistol
grip handle. For mounting over a lab table or in a 
booth, there is a convenient D-ring on the back of 
the lamp head.

The light source is a 100 w long wave ultra
violet bulb, either flood or spot type. A 5 in. 
rounded filter blocks out visible light. The spot 
bulbs emits a concentrated beam which will fluo
resce an area of 15 ft diam from a distance of 30 ft; 
the flood will activate an area of 30 ft diam from 
30 ft.

Black Light Corp, of America, Dept. ED, San 
Gabriel, Calif.
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Constant Voltage Supply
Adjustable DC

This unit com
bines a voltage 
transformer, a 
germanium recti
fier, and a special 
high - capacitance 
filter section with 
a small choke to

yield laboratory performance.
Output voltage from the DC Solavolt is regulated 

within 1 per cent with supply voltage variations up 
to 15 per cent. Ripple voltage is held within 0.10 
per cent rms at full load and nominal input voltage. 
This assembly is able to handle transient or “pulse” 
loads up to twice the full load rating of the supply 
without failure due to severe voltage drop, and 
without damage to itself.

There are no tubes and all electrical circuits and 
terminals are insulated from ground, permitting op
eration at either polarity.

The unit is available in 6 models that provide 
output adjustable in different voltages ranges be
tween 5 to 400 v, and currents up to 7 amps.

Sola Electric Co., Dept. ED, 4633 W. 16th St., 
Chicago 50, Ill.

For SLIP-ON INSULATION
BUNDLE SHEATHING

BUSHING INSULATION
BARRIER INSULATORS, PIGTAILS
And Similar Applications When 
Only PF TEFLON* Can Do The Job

ADVANTAGES ...
• good dielectric strength (500 

to 1000 volts/mil)
• lowest dielectric constant (2.0) 

and dissipation factor (0 0002) 
of any solid dielectric

• no change of electrical proper
ties with temperature (-25°C to 
+250°C) or frequency (60 
cycles to 100 mc).

• zero moisture absorption
• unaffected by any commercial 

chemical
PF spaghetti tubing is stress relieved 
for minimum shrinkage and care
fully inspected and controlled di
mensionally. A full range of sizes 
and colors are available to meet 
your specific needs. Write, wire or 
call for further information, com
petent engineering assistance and 
information on special sizes and 
walls. PF flexible tubing, heavy
walled tubing and rod stock made 
from Teflon* is also available.

PENNSYLVANIA
FLUOROCARBON CO., INC. 

1115 N. 38th Street, Philadelphia 4, Pa.
EVergreen 6-7680

*"T«flon”-DuPonUrad« nam«forT*trifluor<Mthyl»n«rMin
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Digital Ohmeter
Has Oil-sealed Switches

A digital ohmmeter 
that provides auto
matic measurements, 
the Model 751 has oil- 
sealed steppi n g 
switches for a maxi
mum trouble-free life.

Resistance values 
are displayed by four 
in-line luminous nu
merals 1 in. high, with

automatically-shifting decimal point and auto
matically-varied resistance symbols. Permanent 
records can be made by connection of accessory 
digital recording systems.

Range of the instrument is from zero to 9.999 
megohms with minimum resolution of 10 ohms.
Sampling rate is 60 cps; response, 1 sec (average); 
and accuracy is ±0.1 per cent of measured resist
ance or one digit, whichever is greater.

Weighing 40 lb, this digital ohmeter is available 
in rack mount and portable styles. The rack mount 
is 5-1/2 in. high, 19 in. wide and 15-1/4 in. deep; 
portable, 11 in. high, 8-1/4 in. wide, 15-1/4 in. deep.

Non-Linear Systems, Inc., Dept. ED. Del Mar 
Airport, Del Mar, Calif.
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Vibration Amplifier 
Built-In Calibration

A new Vibra
tion Pick-up Pre
amplifier, de
signed as a link 
between any 
type of vibra
tion pickup and 
one of the Brush

AF Analyzers, provides absolute measurement of 
recording of acceleration, velocity or displacement.

The Model BL-1606 has a two-stage preamplifier 
with high input impedance that allows vibration 
measurements to be carried out to very low fre
quencies at extended distances from the measuring 
instrument.

A built-in calibration unit, consisting of a vibrat
ing disc suspended on a metal strip, which is 
brought into resonance at the line frequency, affords 
a direct and quick calibration of the combination 
accelerometer, preamplifier and measuring instru
ment before the measurements are carried out.

A set of integrating networks is provided for 
measurements of the velocity and displacement of 
the vibrations in consideration.

Brush Electronics Co., Dept. ED. 3405 Perkins 
Ave., Cleveland 14, Ohio.
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INSTRUMENTATION 
LABORATORY

there is a breakthrough point! 
. . . many of our present 
assignments involve 
seeking solutions 
currently unknown! 
perhaps YOU* have 
the answers . . .

K ENGINEERS
ELECTRICAL 

MECHANICAL 
AERONAUTICAL

PHYSICISTS
MATHEMATICIANS

INERTIAL GUIDANCE 
SYSTEMS . . . 
gyroscopic devices 
servomechanisms 
electronic components 
airborne digital 
computers

help break through 
the boundary —
write 
AAARTIN PHILLIPS 

f personnel director
INSTRUMENTATION 
LABORATORY
Dept, of Aeronautical Engineering M.l.T.
68 Albany Street
Cambridge 39, Massachusetts

GRADUATE COURSES may be taken for credit while earning full pay.
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Precision Potentiometer

LIGHT-BEAM

ACTUAL SIZE

SERIES 341 TEN-TURN PRECISION
POTENTIOMETER

low

also known as a cricket

Openings exist for highly qualified engineers

WRITE TODAY FOR DETAILS ACTUAL SIZE

Series
POTENTIOMETER DIVISION

CORP.

11150 LA GRANGE AVE., WEST LOS ANGELES 25, CALIF

CIRCLE 120 ON READER-SERVICE CARDCIRCLE 117 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN

For full information 
please write or wire

Will take 
25 G’s!

devel- 
A.I.A 
stand-

STANDARD 
NOW . . .

ricated of 
steel wire, is 
signed for 
cost and to 
celerate tube

have been 
oped to fit 
dimensional 
ards.

Housed ir

ten-turn potentiometer:

17/32" x 1-1/8"
10 gms. max.
Essentially Zero
Less than 0.1 at 4000 cps.
10gs to 500 cps (3 attitudes) 
Best Practical 0.05%

TODAY FOR COMPLETE INFORMATION CONCERNING THIS AND 
OTHER MINIATURE WIRE-WOUND, PRECISION POTENTIOMETERS.

November 1, 1956

One-turn, Wire-wound, 
Precision 

Potentiometer.
LOW COST 

HIGH PERFORMANCE

built, wire-wound

SIZE: 
WEIGHT: 
BACKLASH: 
PHASE SHIFT: 
VIBRATION: 
LINEARITY:

Here is a new series of light-beam gal
vanometers that were developed to with
stand the extremely severe conditions of 
shock and vibration encountered in field 
servicing and testing of jet aircraft.

Through unique folding of the light 
beam, great compactness is achieved 
while retaining sensitivity to the highest 
degree... equal to that of laboratory in
struments!

These Howell Galvanometers feature 
excellent readability. They are readily 
adaptable to existing instruments. They 
are competitively priced.

SPECIFICATIONS:
Sensitivity to .105 microamperes per millimeter 
Resistances: 20, 100, 500 and 1000 ohms. Short 
period; high speed response. SIZE: ONLY 2.6" 
x 3.62" x 3.615" Sealed construction.

Smaller in diameter than a fountain pen — no longer than 
a shriveled up Gryllidae Gryllus*, this tiny "pot" offers 
ultimate precision in the smallest package on the market.

mensionally stable
one-piece plastic

continuous-rotation unit can

MODELS AVAILABLE IN PRODUCTION QUANTITIES 
SPEC'Al REQUIREMENTS CAN USUALLY BE MET WRITE

stallation on the 
assembly line. 
During drop tests, 
where a TV set 
is dropped from 
12 to 30 in. from 

wire tube mount
holds the tube intact, even after extensive cabinet 
damage. The soft, zinc-plated wire conforms 
closely to the tube contour. It will not etch glass, 
and consequently eliminates the necessity for gas
ket material previously required to prevent tube 
implosion or movement.

The simplified wire mount consists of two paral
lel contour wires (or one, depending on specifica
tions) for the tube front, with four lightweight 
locating stampings and two adjustment stampings. 
A rear wire support is frequently used to complete 
the assembly.

E. H. Titchener & Co., Dept. ED, 67 Clinton St., 
Binghamton, N.Y.
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various positions, this welded

have 8 sections ganged on a common shaft at the 
factory’, each with a maximum of 12 taps. The 
standard range of resistance is from 25 to 51.000 
ohms, with a linearity tolerance of ±0.15% at 
10,000 ohms and above.

Av ailable with or without ball-bearings, for servo 
or bushing mounting, the Series 5400 has a power 
rating of 2.8 at 25 C ambient and 2 at 40 C ambient. 
Operating range is from —55 to -|-80 C. Electrical 
rotation is 3543 ±2°.

Helipot Corp., Dept. ED, Newport Beach, Calif.
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TV Tube Mount
Cuts Material Costs

This impact-re-
Jr -M-u i- > \ i.m

idp tu' h. . -tf * '

Multiple Ganged Sections
Series 5400 1-7/16 

in. diameter preci- 
| sion potentiometers

HOWELL INSTRUMENT Company
Fort Worth 7, Texas

PANEL MOUNT 
SERVO MOUNT

SHOWN 

OPTIONAL



RADIO CORPORATION of AMERICA
CAMDIN, N.J.

In Canada: RCA VICTOR Company Limited, Montreal

Solder Flux Kit
For Electronic Assemblies

UHF Receiver

Now • • • For The First Time • • • 
Priced VHF Signal Generator • •

This attractively priced RCA Signal Generator has lab
oratory precision features that make it highly desirable 
for production use. Excellent frequency accuracy and 
stability. Individually calibrated. Negligible RF leak
age. Wave-guide below cut-off type attenuator nor
mally found in more expensive instruments.

Valuable in designing and evaluating receivers, ampli
fiers, and other apparatus that operate at frequencies 
between 5 and 230 mc. Particularly useful in measuring

* Price in U.S.A., 
subject to change 
without notice.

Precision Features in a Low 
• Ideal For Production Use I

sensitivity and gain and for driving impedance bridges. 
Other signal generators available to meet your equip
ment and price requirements.

RCA Instruments of Laboratory Precision

PULSE GENERATOR * RF POWER METERS * NULL VOLT
METERS * IMPEDANCE BRIDGES * SIGNAL GENERATORS ★ 
VACUUM TUBE VOLTMETER ★ MULTIMETER ★ CRYSTAL 
MODULATOR AND OTHERS.

USE COUPON BELOW FOR COMPLETE INFORMATION

Radio Corporation off America 
Precision Electronic Instruments
Dept. L-292, Building 15-1, Camden, N. J.

O Please send me complete information on the following instruments:

201 20X Ä*00

30 X
'-Ml

FVSt OSA
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Q Send name of nearest representative 

NAME__________________________________ TITLE
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A general purpose flux kit is avail
able to provide the proper flux for 
specific soldering jobs. It contains 16 
fluxes for electronic assemblies, 
printed circuits, tinning and hot sol
der dipping, stainless steel soldering 
and aluminum soldering.

Alpha Metals Inc., Dept. ED, 56 
Water St., Jersey City, N. J.
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Waterproof Cloth Tape
High Tensile Strength

A colored waterproof cotton cloth 
tape, designated Permacel 68 com
bines excellent tensile strength with a 
high moisture resistance.

The pressure sensitive tape has an 
Adhesion 40 oz per in. of width to 
plastic, and 32 to steel, and a tensile 
strength of 60 lbs per in. of width. 
Colors are available for identification 
applications.

Permacel Tape Corp., Dept. ED, 
New Brunswick, N. J.
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A 16 Lb Military Type
This compact, lightweight, portable 

vhf receiver occupies less than 1/3 cu 
ft and weighs only 16 lb (approx). De
veloped for the military, it receives 
AM, FM, CW, and MCW signals in 
the 20-100 mc band. It may be oper
ated from self-contained batteries or 
from a 24 v vehicular supply. It is in
tended for searching and monitoring 
the 20-100 mc spectrum, but with the 
proper DF antenna, it also provides di
rection-finding capabilities.

AM sensitivity varies from 0.3 to 
0.4 pv over the frequency range. On 
FM, a 1.0 pv signal provides 30 db or 
more of quieting. The receiver uses 
1.2 w of power, and can operate con
tinuously for about 30 hr on one set 
of batteries. The components have 
>een selected for stability in a range 
»f —40 to 4-150 F. The receiver can 
>e serviced easily; the various subas

semblies can be pulled out and 
slugged in readily.

Radio Receptor Co., Inc., Dept. ED, 
Brooklyn, N.Y.
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model RF
Cooling Panel

a green label product

O.E.M. NET 

$49.75 
from stock

• FOR 19" ENCLOSED RELAY RACK
• Fuil 2" thick dustfilter
• Filter pilot safety gage
• Good for 125°F ambient
• 7" panel height

E ROTRON
mfg. co., inc.

WOODSTOCK * N.Y.

900 IO0O iSOC 2O0O 2900 500C 
WATT DISSIPATION INSIDE CAB'NET

S-Band Ferrite Isolator
Light Weight

Combining 
* minimum size 

and weight, the 
S10/S18 ferrite 

. load isolator 
provides 18 db 
isolation over a 
300 mc band 
width from 2500 
mc to 3000 mc. 
With waveguide 
flanges, maxi

mum insertion loss is 1.0 db. Maximum input VSWR 
is 1.5. The isolator can handle up to 500 kw peak 
power and 250 w average without external cooling. 
With air or liquid cooling, power handling capacity 
is increased substantially.

Litton Industries, Components Div., Dept. ED, 
5873 Rodeo Rd., Los Angeles 16, Calif.
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Silicon Diode Rectifier
Aircraft Transformer

Sub-miniat°re 
RELAY

MAGNECRAFT Class 33

This tubeless, mo
tionless transformer
rectifier is designed 
for direct current 
equipment in air
craft with ac supply.

Offering a con
siderable saving in

weight and size as compared with selenium recti
fier-transformer combinations, the Model CW-1001 
transformer-rectifier has an output of 50 amp at 27.5 
v de with an input of 115/200 v phase Wye 400 cy. 
Silicon power diodes are used in the unit, which 
weighs less than 4.8 lbs.

Electrosolids Corp., Dept. ED, 7436 Varna St., N. 
Hollywood, Calif.
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featuring--
• Reliability unlimited by small size— 

within recommended range of use.
• Resistance to shock, vibration and tem

perature change available to meet 
military specifications.

• FLEXIBILITY for adaptation to wide 
range of application. Available for 
D.C. operation only.

• The same well proportioned magnetic 
structure characteristic of all MAG- 
NECRAFT Relays.

• Dimensions—open type, 1-11/32" long, 
11/16" wide and 1" high with DPDT 
contacts.

• Dimensions—hermetically sealed with 
up to 6 contact springs per stack, 12 
springs total, and 8- or 14-pin sol
der terminal header, base dimensions 
31/32" by 1-11/32", height 1-41/64".

Send for Catalog describing Class 33, 
Class 11 and Class 22 Relays for A.C. or 
D.C., open, plug-in, dustproof, hermeti
cally sealed and many special models.

Flag Type Terminal
Has Insulation Support

This line of “Junior Faston” 
Flag Type Terminals employs 
an insulation support. The 
flag-type feature make the 
terminals easy to apply in 
unusual position applications 
and the insulation support 
absorbs wire vibration and 

adds strength to the connection. Similar in per
formance but smaller in size than the larger stand
ard “Fastons,” they accommodate wire sizes 22-14. 

Aircraft-Marine Products, Inc., Dept. ED, Har
risburg, Pa. go 51. Ill
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Pulse Generator

■BD

Force Transducers
SPECIFICATIONS
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E ECTRONIC DESIGN

Write for complete information 
and detailed specifications on 
the Model 202A Time-Function 
Translator TODAY...

Write for our catalog 
or quotation.

FARMINGTON 1, CONN

November 1, 1956

Translating flow into weight as required 
for jet engine analysis is just one of 
the many uses for the all-new Model 202A 
TIME-FUNCTION TRANSLATOR. 
The 202A permits instant direct read-out 
of unknown quantities by translating 
one function of time into another 
function of time. It eliminates the need 
for conversion tables, graphs, charts, etc. 
The variable time base display may be 
illuminated or blanked at operator option. 
The versatile 202A fills a long recognized 
need in electronic measurement.

differential 
principles,

translateßoie 
nto pounds per lour

ring and 
transformer

d revolutionary
Computer-Measurements Model 2O2A

This pulse gen
erator provides

Applications:

«^Gallons per minute... 
into Gallons per hour

Gallons per minute... 
into Pounds per hour 

i/'Pulses per second...
into Gallons per minute

Total Count of Gallons or Pounds 
k' Tachometer Applications

Direct Frequency Measurement 
Many Others

This weldable 
high temperature 
strain gage has a 
dynamic test 
range to 1600 F. 
It can be spot 
welded and test
ready on flat or 
curved surfaces in

source ot tast 
time rise pulses 
for a wide range 
of laboratory and 
test applications.

High output, 
consistent with

TIME-FUNCTION 
TRANSLATOR

with TEMPERATURES:
+500°F to —100°F and lower

less than 5 min
utes. Available gages have a nominal resistance of 
120 ohms and a gage factor of 1.80. Length and 
width dimensions of the two available gage types 
are 1.250 x 0.125 in. and 0.750 x 0.250 in.

Micro-Test, Inc., Dept. ED, 657 N. Spaulding 
Ave., Los Angeles 36, Calif.
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good waveform, is available through optional use 
of an internal load resistor. Controls provide high 
resolution, utilizing multiple defade ranges for 
pulse spacing, delay, and width.

Electro-Pulse Inc., Dept. ED, 11861 Teale St., 
Culver City, Calif.
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Computer-Measurements Corporation
5528 Vineland Avenue, North Hollywood, Calif. Dept. 76-N

with HUMIDITY 20% to 95%
it in any combination
* in any size or shape chamber
* in conformity to Gov. Specs.

Strain Gage 
Can Be Welded To Surfaces

let AR’s experience solve your prob
lems in high-altitude low-temperature 
cooling air testing.
AR aUo designs, manufactures and services 
Fungus, Sand and Dust, Explosion, Rain and 

Sunshine, and Special Air and Liquid 
Chillers. B

 these transducers provide 
an electrical output volt
age that is proportional to 
applied force and exhibit 
high stability of calibra
tion.

The Series 140 Force 
Transducers are available 
in 11 models with ranges 
from ±10 lbs to ±100,

000 lbs, the units are accurate to 0.5 per cent. Ex
citation frequency range is 60 to 10,000 cps.

Daytronic Corp., Dept. ED, 216 S. Main St, 
Dayton 2, Ohio.
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Wide Range
Combining the proving

mm mmt
-X— CORPORATION

•Model FL Flow Pickup: Courtesy—Waugh Engineering Co., Van Nuys, Calif.

Frequency Range: 1-100,000 cycles per second
0-100,000 positive pulses per second

Input Sensitivity: 0.05 volt rms: 10-100,000 cps (5 millivolts optional) 
0.07 volt rms: 1-10 cps 
Positive pulse rise time: •/, volt or more per sec.

Input Impedance: 0.5 metichm and 50 mmf.
Accuracy: ± 1 count ± stability
Stability: Short Term: 1 part in 1,000,000

Long Term: 5 parts per million per week
Time Bases: 0 001 to 10 seconds in 1 millisecond steps 

0.0001 to 1 second in 0.1 millisecond steps 
(0.0001 to 10 sec. in 0.1 millisoc. steps, 
0.001 to 100 sec. in 1 millisec, steps optional)

Read-Out: Direct. Four digits. (Five digits optional)
Display Time: Automatic: Continuously variable, 0.1 to 10 sec. 

Manual: Until reset
Power Requirements: 117 volts ± 10%, 50-60 cycles, 250 watts (50 400 cycles optlonaf)
Dimensions: 17" W x 8’4" H x 13’// D
Weight: 35 lbs. net.
Finish: Panel: Light grey baked enamel 

Case. Dnrk grey baked enamel
9 j
71

Data Subject to Change Without Notice



WHEN YOU NEED 
RESISTORS WITH 

:TTCR than mil specs.

MIL specifications 10509A 
are good—but for appplica- 
tions in a high temperature 
area where more than the 
normal life-expectancy is 
required, specify Victoreen 
carbon deposited resistors.

These resistors are made 
by depositing a pure crys

talline carbon, by pyroIosis 
of hydro-carbon vapor, on spe

cially prepared, smooth-textured 
ceramic bodies. Silver-plated brass 

caps make positive contact with the 
silvered ends of the element to provide 

terminals of highest conductivity. Ele
ments are sealed in an inert-gas filled 
glass envelope.

COMPARE THÈSE SPECIFICATIONS

♦These unit* are being used in applications with life objective of 10,000 hours.

MIL 
Paragraph

MIL 1O5O9A 
Requirement

Victoreen 
Capabilities

3.3 Power Rating (Ambient Temperature) 40°C 70 X
3.7 Low Temperature Exposure (Change) 3% 1%
3.10 Moisture Resistance (Change) 5% 3%
3.4 Maximum Continuous Working Voltage at 40 °C 70vC
4.6.10 Load Life (Test Condition) 40° C 100rC
4.6.10.2 Test Life Procedure (Minimum) 1000 hours *2000 hours

As shown in this derating curve, 
the Victoreen developed carbon 
deposited resistor is infinitely 
better than the commonly ac
cepted types yet retains all the 
normal characteristics.

We invite your inquiry. Sam
ples will be furnished for your 
testing.
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AMBIENT TEMPERATURE "C

COMPONENTS DIVISION

The Victoreen Instrument Co
5807HOUGH AVENUE • CLEVELAND 3, OHIO
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Transmitter Racks
Take 24 in. Panels

This line of heavy-duty trans
mitter racks is designed to ac
commodate 24 in. rack panels. 
The racks are 27 in. wide x 24 in. 
deep. They feature adjustable 
panel mounting angles 3/16 in. 
thick and tapped 12-24 on uni
versal spacings.

Constructed of 16 gage steel 
with a 12 gage bottom and welded 
throughout, the racks have rear 
doors closed by a chrome handle.

Premier Metal Products Co.,
Dept. ED, 337 Manida St., New York 59, N.Y.

THIS 

IS THE KIND OF 

ENGINEERING 
HELP

WE NEED!
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AC Power Supply 
Sub-Miniature

Electronic En
gineering in 
telemetering, 
guidance, ra- I 
dar and parti- ' I 
cularly circuit % 
designing.

This miniature power sup
ply has a size of only 2-1/2 x 
2-1/2 x 3-3/4 in. Operating 
temperature range is -55 to 
125 C. It has a rating of 2000 
v at 5 ma with max current 
to 10 ma. Standard models 
have a frequency of 60 cps

at 117 v; special models with frequencies to 400 cps 
are proportionately smaller in size. Standard mod
els include 2-10 kv with higher voltages and tem
peratures upon request. All units are hermetically 
sealed and oiled filled.

The New Haven Electronics Co., Dept. ED, P.O. 
Box 888, New Haven, Conn.
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Mechanical En
gineering in 
packaging and 
structures.

Hydraulic and 
Servo Engi
neering in con
trol and auto
pilots.

Rotary Potentiometer 
in 100-50,000 Ohms Variations

Please write us 
or mail coupon for 
full information.

W. C Walker, Engineering Employment Mgr. 
Pacific Division, Bendix Aviation Corp.
11606 Sherman Way, North Hollywood, Calif.

I am interested in this engineering field—
I am a graduate engineer with-------- degree 
I am not a graduate engineer but have -----  
years experience.

The PRM123 is a sealed 
rotary type 1-5/16 in. diam 
rotary potentiometer. It is 
constructed as a single gang 
only, bushing mounted, 
sleeve bearing model in 
variations from 100 to 50,- 
(XX) ohms of resistance.

Standard tolerances are ±3 per cent on resistance 
and ±0.3 per cent on independent linearity. Oper
ating temperatures for standard models are -65 to 
275 F. Rotation is 360 deg mechanical (continuous).

General Controls Co., Dept. ED, Glendale, Calif.
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Name _ _ _ —

Address

City_ _ _ _ _ _ _ _

Zone_ _ _ State
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OUTPUT

10 Amps.
RIPPLE: 1 % at Maximum Load.
REGULATION: 1/10 Load, 35 V.

Full Load, 30 V
RACK MODEL (Ulus I KM81
BENCH MODEL KM81B

Request Bulletin No. 96

r\ POWER
MX • SUPPLIES
>r IMMEDIATE DELIVERY

OUTPUT

0-30 V.D.C 
5 Amps.

RIPPLE: Yt Yo a* Maximum Load 
REGULATION: 1/10 Load, 34.5 V.

Full Load; 30.0 V.
RACK MODEL KM75
BENCH MODEL (Ulus.) KM75B

Request Bulletin No. 93

Cabinet Slide
Aids Access to Equipment

A 300 per cent 
increase in bear
ing surfaces on 
“Chassis - Trak” 
cabinet slides 
facilitates access 
to electronic 
components. 
Mounted com
ponents can be 

pulled out on slides and locked in automatic “out” 
position. The “Basic” model tilts freely without posi
tion locks, while the “Detent” locks in six positions— 
at 45, 90, and 105 deg angles, tilted up or down.

Chassis-Trak Corp., Dept. 1-A, 6252 Iona Rd., 
Indianapolis, Ind.
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L 
r

ELECTRIC COMPANY

**^^^^^**^^

MURRAY STREET • NEW YORK 7, N. Y. 
Telephone: BEekmon 3-7548

OUTPUT

0-28 V.D.C.
20 Amps.

RIPPLE: 1 % at Maximum Load.
REGULATION: 1/10 Load, 33 V.

Full Load, 28 V.
RACK MODEL I Ulus. I KM88
BENCH MODEL KM88B

Request Bulletin No. 100

Teflon Terminals
Compact Press-Fit Units

With dielectric strength ranging from 1000 v to 
2000 v/mil of thickness, these Teflon “Press-Fit” 
terminals permit placing a multiplicity of terminals 
in very limited space, such as on canned transform
ers, precision potentiometers, and coil assemblies. 
This is an encased transformer top with two 
banks of 10 terminals each, with terminals spaced 
only 1/4 in. between centers. Each feed-thru ter
minal has turret lugs for inside and outside wrap
around and soldered connections.

Sealectro Corp., Dept. ED, 610 Fayette Ave., 
Mamaroneck, N.Y.

20 Amps.
RIPPLE: Less than 1%.
REGULATION: 1/10 Load, 36.5/73V.

Full Load, 32.0/64V.
RACK MODEL KM95
BENCH MODEL I Ulus J KM95B

Request Bulletin No. 103

UNFILTERED MODELS AVAILABLE
Request Bulletin No. 178

New
Self-Contained DC Power Pock

OUTPUT

30 V.D.C. ±8.5«* 
o-l Amp.

RIPPLE: Less than 1%.
INPUT: 115 V.A.C. 60 cy.
DIMENSIONS: 4’/4x6x6%"

Request Bulletin No. 185

MODEL 
3150 

$45.00

Exciter-Regulator
For Aiicraft Application

This exciter 
voltage regula
tor, Model 05, is 
of the magnetic 
amplifier type. It 
supplies regu
lated excitation 
voltage for 8 
kva alternator

systems. It is designed to hold a 115 v ±1-1/2% rms 
exciter voltage over a range of 380-980 cps operat
ing frequency. Operating life is 3000 hr or more, 
and the unit is primarily intended for B-l alterna
tor systems, which are standard for T-29, C-124, 
C-97, B-50, and other aircraft.

Cline Electric Manufacturing Co., Dept. ED, 
3405 W. 47th St., Chicago 32, Ill.
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11 million operations without a miss
on low-energy switching test!

New test proves outstanding reliability 

of General Electric’s Miniature relays
Laboratory tests using standard, pro
duction relays have confirmed the re
markable performance of General Elec
tric Miniature relays on low-energy 
switching applications. These hermeti
cally sealed relays made contact 11 
million times without failure—switch
ing 25 microamps at 50 millivolts—in
dicating permanent reliability.

This low-energy performance is com
bined with proved mechanical life. On 
one typical application, several of these 

relays continued to function after 300 
million switching operations.

A key reason for this outstanding re
liability is extremely high (40 to 55 
grams) tip pressure—designed into all 
Miniature relays. Ample wear allowance 
provided by G-E engineers also contrib
utes to extra-long life.
Description: Available in standard, 
current-sensitive, and voltage-sensitive 
models; in 2-, 3-, or 4-pole double-throw 
and 6-pole normally open forms. Rated 
5 amps at 28 volts DC at 85C.

OTHER G-E RELAYS TO MEET YOUR NEEDS

D Micro-miniature relay: Weighs .35 
oz; rated 2 amps resistive at 28 v DC 
or 115 v AC. Also, current-sensitive 
model. Standard relays withstand am
bient temp of 125C.

Q 2PDT sub-miniature relay: 2 
amps; .651 in. in diameter, 1.6 in. long; 
weighs one ounce. Withstands shock 

tests in excess of 50Gs. Available in wide 
variety of coil ratings.

□ High-speed 4PDT relay: Espe

cially designed for use where operation 
as fast as 500 microseconds is required. 
Ideal for applications like ground-based 
radar, multiplexing of electronic signals, 
and computer circuits.

MAIL TODAY FOR SEALED-RELAY DATA
General Electric Co., Sect. E792-5, Schenectady 5, N. Y.

□ Miniature—Bulletta GEA-6213 □ High-tpeed 4PDT miniature—Bulletta
□ Micro-miniature—Bullotin GEA-6346 GEA-6212
□ 2PDT sub-miniature—Bulletta GEA-6412 OHAVE G-E SALES ENGINEER CALL

NAME TITLE

COMPANY

ADDRESS

CITY STATE

GENERAL ELECTRIC



More Materials. Alumina, Cordierite, Forsterite, Mag
nesium Silicate, Steatite, Titanium Dioxide, Zircon, Zir
conium Oxide... to name a few 1 Custom formulations 
of special-characteristic materials to meet special needs.

Why not see what AISiMag can do in your application? 
Blueprint or sketch plus outline of operating procedure 
will bring you complete details.

A Subsidiary of AMERICAN LAVA i CHATTANOOGA 5, TENN. / 
Minnesota Mining and \

, Manufacturing Company CORPORATION I ** *****

For service, contact Minnesota Mining & Manufacturing Co. Offices in those cities (seo your local telephone directory): Atlanta, Ga. • Boston: Newton 
Center, Mass. • Buffalo, N. Y. • Chicago, III. • Cincinnati, O. • Cleveland, O. • Dallas, Texas • Detroit, Mich. • High Point, N. C. • Los Angeles, 
Calif. • New York: Ridgefield, N. J. • Philadelphia, Pa. • Pittsburgh, Pa. • St. Louis, Mo. • St. Paul, Minn. • So. San Francisco, Calif. • Seattle, Wash. 
Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co., 

International Division, 99 Park Ave., New York, N. Y.

.... Rugged Midget Relay
Moisture Resistant

This relay features simplicity of de
sign, ruggedness, and dependability.

In the Series 1100, the coils are 
completely sealed against moisture, 
corrosion, and from high humidity. 
For high-frequency use, special low- 
loss phenolic insulation is available.

Voltages range from 6 to 110 v de, 
with resistances up to 11,000 ohms. 
Capacitance to ground is only 3 
mmfd.

This two-ounce midget relay will 
withstand shock and vibration up to 
10 G, and has a sensitivity of 2 w de. 
Its silver contacts are rated up to 1 
amp at 115 v ac non-inductive load.

Price Electric Corp., Dept. ED, 
Frederick, Md.
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MoMo

More Production Facilities. The right combination of 
equipment for efficient and economical production in 
any quantity, large or small! FAST DELIVERIES! Great
est lineup of high-speed automatic presses in the 
industry: Small tablet varieties, multi-impression rotar
ies, huge hydraulics. Tooling from our own die shops. 
Vast kiln space — including controlled atmosphere, 
continuous firing.

More Latitude in Design. Simplest to most complex. 
Broad tolerance shapes supplied at prices below those 
of almost any other material. Precision tolerances on 
intricate shapes. Over half a century of specialized 
experience in producing “impossibles." Free redesign 
service for lower production costs, easier assembly, 
improved performance. AISiMag Extras: High tempera
ture metalizing, metal-ceramic combinations.

Electrical Tape
Made of Rayon Reinforced Film

“Permacel 246,” an electrical grade 
rayon reinforced film tape, has been 
added to the “2-in-l” line. It has high 
insulation resistance and high dielec
tric strength. The adhesive used is 
both pressure sensitive and heat cur
ing. The tape’s high tensile strength, 
tear strength, and shock resistance 
permit it to withstand breakage caused 
by high stresses which are prevalent 
in heavy duty electrical equipment. 
Uses include application in the pro
duction of heavy-duty equipment 
where anchoring is needed for heavy 
gage electrical wiring in the equip
ment coils and for banding armature 
coils prior to “forming.”

Average basic properties are: tensile 
strength 225 Ib/in. width; elongation 
15%; adhesion strength 30 oz/in. width; 
thickness 12 mils; and impact strength 
of 150 in. lb. This tape has insulation 
resistance of 1000 megohms at 95% 
relative humidity, indirect electrolytic 
corrosion current of 1000 ppmhos, and 
dielectric strength of 6000 v. The mini
mum curing cycle is 2 hr at 250 F or 
1 hr at 300 F. It is available in widths 
ranging from 1/4 in. in rolls of 60 yd.

Permacel Tape Corp., Dept. ED, 
New Brunswick, N.J.
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Transistorized Intercom
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thecrophone,
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Correction:C neral Precision Laboratory
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A flat harness woven 
of tin/lead or silver 
plated copper. This 
harness eliminates 
lacing cord, binding 
posts, cable clamps.

IT SOLDERS 
IN PLACE
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is 30 watts.

Engineers 
have always 
been VI Ps 

at GPL
At General Precision Laboratory 

engineers are very important people 
indeed. They have always been—in this 
advanced electronics organization that 
was founded by top scientists and has 
been run by them ever since.

As you would expect with this type 
of management, the basic operating 
policies of the Lab put continuing 
emphasis on availability of the most 
advanced equipment . . . small research 
teams that give every man a chance to 
show what he can do . . . following each 
career closely . . . prompt recognition.

The brilliant work of its engineers 
has brought the Company into front 
rank in little over a decade. A few 
notable GPL achievements: airborne 
navigation systems that are the most ac
curate in operational use today . . . 
stereophonic sound reproduction equip
ment that pumped fresh life into the 
motion picture industry . . . closed-circuit 
television systems so flexible and so 
simple that they find new fields of use
fulness every day.

Success means growth—growth in 
both the size and the range of our activ
ities. We need more engineers and 
scientists with a solid background in ad
vanced electronics, creativeness and the 
perseverence and practical know-how 
that transform bright ideas into realities.

For such men we have unusual op
portunities—opportunities that not only 
provide notable returns in pay and bene
fits now, but that also build lifetime 
careers. If you are such a man, we are 
interested in knowing about you—what 
you have done and what you hope to do.

Currently, GPL seeks engineers in
terested in:

Missile Guidance, 
Radar Navigation 

and Bombing Systems 
(Doppler & Inertial)

Research • Development • Applications 
Systems Analysis * Systems Test 

Administrative Engineering • Mechanical Packaging
Field Engineering • Technical Writing 

Component Specification and Test 
Production Follow-Up

Computers * Magnetic Amplifiers 
Servos • Microwave Techniques 

Pulse Circuitry • Transistorization

Write Richard D. Hoffman, Employment 
Manager. Interviews can be arranged for 
any time, including weekends. We will 
pay expenses of qualified applicants.

in semi-rural Westchester, 
just one hour

from New York City

M Bedford Road, Pleasantville, N. Y.
A IU ■ I I D I A RY O

For Further Information Please 
Contact Advertisers Directly

Video Signal Generator
Provides Keyed Signal

This is a versa
tile unit for use in 
testing telecasting 
studio, microwave 
and transmitter 
equipment. It 
provides a keyed

composite video output signal (blanking, sync & 
video) throughout two continuously variable fre
quency ranges of 90 kc to 1.0 mc and 900 kc to 10 
mc. There is no need to disable clamp circuits or de 
restorers so that a realistic dynamic test is obtained.

In the Model VO3B, amplitude of sync, blanking 
and video are independently variable. A phase- 
locked sine wave (flat to within 0.5 db from 90 kc 
to 10 mc) serves as the video portion of the com
posite signal. Optionally externally-generated sig
nals may be used as the video component.

It has a self-contained regulated power supply 
and may be used as portable or rack-mounted test 
equipment.

Foto-Video Labs., Inc., Dept. ED, Eagle Rock 
Bldg., 25 Amity St., Little Falls, N. J.
CIRCLE 151 ON READER-SERVICE CARD FOR MORE INFORMATION

For Aircraft Use

Housed in a 
laminated-phen
olic tube 6-1/2 
in. long and 1 in. 
diam, the device 
consists of a 
high-gain, low- 
impedancc mi-

transistor - bat
tery - operated 
amplifier, and 
highly sensitive 
rubber - cush

ioned earphones. A printed circuit board is used to 
hold all the amplifier components including the 
battery which is good for over 100 hours of use. The 
printed circuit makes extreme miniaturization pos
sible and insures trouble-free performance.

The Goldak Co., Inc., Dept., ED, 1544 W. Glen- 
oaks Blvd., Glendale 1, Calif.

The Coaxial Power Pad, manufactured by the 
Weinschel Engineering Corp., was erroneously 
rated in the September 1 issue. The correct rating
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CONDUCTORS AND HARNESS-100%TEFLON

‘TEMPBRAID” FOR ~90°C. TO +25O°C. OPERATION

Wherever cost, space, weight and 

production time are a problem ... 
such as in electronic computer 

installations—telemetering equipment 
and missile and aircraft wiring 

.. .“Tempbraid” offers the solution.

“TEMPBRAID” cables come in 

2 to 30 conductors in sizes 12 
to 30 AWG. These cables arc 
available with Teflon insulated 

conductors with a 5 mil (.005") 
wall, or the conventional Type 
E and EE insulated conductors 

that conform to MIL-W-16878, 
and a combination of coaxial 

cables.

METALBRAID

a HITEMP WIRES INC
26 WINDSOR AVE., MINEOLA, NEW YORK



w
SERIES OF

PLUG-IN
CONNECTORS

Easy action precision machined contacts . . . Guide pin or 
machine screw mounting . . .Coax for new miniature 
cables . .. Full floating female contacts . . . High strength 
insulators . . . Rugged Design . . . Small size . . .

The standard series of connectors is offered in five sizes 
with various combinations of 3 to 17 power contacts and 

one or two coaxial contacts. The power contacts have an 
8 ampere rating and a minimum sea level flashover voltage 
of 3500 volts RMS. The insulators are a new high strength 
polyester melamine laminate that has good arc resistance 
and low moisture absorption. The coaxial contacts are 
approximately 50-ohms impedance and generally satis
factory for frequencies up to 1,000 me. Clamping parts, 
that require no soldering of the braid wires, are available 
in various sizes for coaxial cables from 1/16 OD up to 1/4 
inch for RG-59/U etc. cables.

The basic connectors are supplied for standard machine 
screw mounting. A Guide Pin and Bushing Kit GK-1 is 
available that adapts the standard connectors to guide pin 
engagement and mounting. Cover and cable clamp assem
blies are available for hand engagement of the connectors 
in patch cord or test applications.

The design of the connector parts is such that the pin 
and socket contacts, coaxial contacts, insulator, and guide 
mountings can be arranged to make practically any shape 
or size of connector. The flat insulators do not require 
molds. Therefore special shapes and combinations can be 
supplied promptly without special tooling charges.

In addition to the standard types, the parts are available 
separately. These parts can be readily assembled into 
special connectors by merely drilling standard size holes 
in the insulator plates and assembling the component parts.

Write or call for descriptive folder.

DANBURY®KNUDSEN
INCORPORATED 

DANBURY, CONN.
CIRCLE 1 55 ON READER-SERVICE CARD FOR MORE INFORMATION
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FREE SAMPLE
COPY

ELECTRONIC
WEEK

a HAYDEN publication

Zone . .

ELECTRONIC

Name ......................

Title .........................

Company ............

Address ...............

City ............................

State.........................

Company Product

A general pur
pose Transistor 
Tester for labora
tory, field, and in
dustrial use, the 
Model TT-102 
measures and 
reads small sig
nal beta, collector 
leakage current,

and collector resistance. These parameters may be 
measured on all npn, pnp surface barrier, grown or 
diffused junction transistors.

Sonex, Inc., Dept. ED, Upper Darby, Pa.
CIRCLE 156 ON READER-SERVICE CARD FOR MORE INFORMATION

□ □
Bill me Bill company Check enclosed

Transistor Tester
Self-Calibrating

ELECTRONIC 
WEEK

Magnetostriction Transducer
High Power

The first high- 
power magneto
striction type 
transducer, 
Model A M - 
203B, is designed 
for large scale 
ultrasonic appli

• LAST MINUTE NEWS

• THE WEEK IN ELECTRONICS
• WASHINGTON REPORT

• LABOR

• MARKETING
• TAXWISE TIPS

• FINANCE
• BROADCASTING

cations. Average rf power applied to the transducer 
is 66 w sq in. of radiating area, producing cavitation 
effects throughout a large volume of solution.

This 400 w unit operates at 25.9 kc and measures 
4-3/8 in. diam x 4-5/8 in. H. Proper water cooling 
minimizes frequency drift and output loss. Each 
transducer features built-in biasing magnets elimi
nating separate de bias supplies.

Acoustica Associates, Inc., Dept. ED, Glenwood 
Landing, L. I., N. Y.
CIRCLE 157 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC WEEK thoroughly covers 
every aspect of news pertinent to manage
ment. Opens a vital new means of com
munication in the electronic industries. 
Subscriptions are now open at special in
troductory rates . . . only $3.00 for 52 
issues. Use convenient order form below:

Potentiometer
+0.25% Linear; Weighs 2 oz

The Series 5300 Precision 
Potentiometer, a 1-1/2 in. 
diam, 2 oz, bushing-mount 
unit, improves upon and will 
eventually replace this firm’s 
Series G. It is housed in a 
drawn one-piece aluminum 
cup. The unit is compact, 
extra rugged, and long-lived. 
It also offers considerable 

improvement in mechanical runout, noise, and 
torque. Up to nine taps can be added during manu
facture, each spot-welded to a single turn of re
sistance wire without shorting out adjacent turns.

Helipot Corp., Dept. ED, Newport Beach, Calif.
CIRCLE 158 ON READER-SERVICE CARD FOR MORE INFORMATION

19 East 62nd Street, New York 21, N.Y.

FOR FREE SAMPLE COPY, CIRCLE READER 
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and motion:

in

J

JU
The 2886 Mars-Lumograph drawing pencil, 19 
degrees, EXEXB to 9H The 1001 Mars Technico 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H Mars- 
Lumochrom colored drafting pencil, 24 colors.

The wonders of the future are still little whispers 
men’s minds, or maybe — like Detroit Designer

£

V» 
ivi

Q

ÜI

Mars Pencils 
Sponsors 

'omorrow's Designs
N ars Outstanding Design Series— 
ft itured in the current advertising of 
J, S. Staedtler, Inc.—has attracted wide
spread attention among the users of fine 
d) ifting pencils. It has fulfilled our ex
pectation that the men who appreciate 
the finest working tools are those with a 
lively creative interest in new designs, 
new projects, new ideas.

Concerned with unusual projects— 
designs of the future—Mars Outstanding 
Design Series provides a “showcase” for 
originality, for interesting work of engi
neers, architects, and students which so 
often lies buried. To stimulate you to 
send in your designs, Mars Pencils 

will pay you $100
for any design accepted. This $100 is’ 
paid you simply for the right to repro
duce your project in the Mars Outstand
ing Design Series. There are no strings 
attached. You will be given full credit. 
(See ad on this page—one of the ads 
in the current series.) All future rights 
to the design remain with you. You can 
reproduce it later wherever you like and 
sell or dispose of it as you wish.

The subject can be almost anything 
-aviation, space travel, autos, trains, 
buildings, engineering structures, house
hold items, tools, machines, business 
equipment, etc. It should be a project 
that appeals to design-minded readers, 
be of broad interest, and be attractively 
presented. Do not submit a design that 
has been executed. As a matter of fact, 
the project does not need to have been 
planned for actual execution. It should, 
however, be something that is either 
feasible at present or a logical extension 
of current trends. It cannot be unrealistic 
or involve purely hypothetical altera
tions of natural laws.

There is no deadline for entries but 
the sooner you send yours in, the greater 
the probability of its use as one of the 
subjects in the 1957 Mars Outstanding 
Design Series.

__ It Is Simple To Submit a Design __  
For Mars Outstanding Design Series 
Just mail m an inexpensive photostat or 
photocopy of the subject—one you can 
spare, since it cannot be returned.

If your entry is accepted, we will ask 
you to send in a sharp photograph of 
tbe design,'or the design itself, so that 
we can make a sharp photograph suit
able for reproduction — after which it 
will be returned to you promptly.

Transformers and Reactors
Variety of Toroidal Units

Expanded facil- 
* ities at the west 

coast plant of this 
firm include addi
tional equipment 
for making trans
formers and re
actors that involve 
toroidal windings. 
In the past, the 
firm has produced 

miniature pulse transformers with ID’s of 1/4 in. 
With the expanded facilities, the range will extend 
to sizes up to 4 in. OD.

Acme Electric Corp., Dept. ED, Cuba, N.Y.
CIRCLE 161 ON READER-SERVICE CARD FOR MORE INFORMATION

High Potential Tester
Provides Automatic Go, No-Go

This Go, No
Go instrument 
is intended for 
high speed test 
of slip ring as
semblies, relays, 
electron tubes, 
synchros, and 
motors. Each 
electrode of the 

specimen is successively energized at high poten
tial with respect to the others. Deterioration of the 
dielectric causes a current to flow which is moni
tored by a sensitive relay.

Theta Instrument Corp., Dept. ED, 204 Market 
St., E. Paterson, N.J.
CIRCLE 162 ON READER-SERVICE CARD FOR MORE INFORMATION

X-Band Rotary Joint
Takes 600 kw Peak

The Model H250T/ 
S61 Rotary Joint is a 
broad band, high 
power waveguide 
coupler designed 
especially for opera
tion under severe 
shock and vibration 
conditions. Capable 
of operating at 600

kw peak power for short intervals, it operates at 350 
kw during extended use. Impact and vibration tests 
per MIL-T-17113 show unimpaired mechanical op
eration and no internal damage. Vswr is less than 
1.10 over a frequency band of 8400-9600 me. 
Change of vswr with rotation is less than 0.2 db.

Litton Industries, Components Div., Dept. ED, 
5873 Rodeo Rd., Los Angeles 16, Calif.
CIRCLE 163 ON READER-SERVICE CARD FOR MORE INFORMATION

Sen your entry to:

j.s.Staedtler,inc.
Olis COURT, HACKENSACK, NEW JERSEY 

C RCLE 160 ON READER-SERVICE CARD

MARS outstanding design SERI

man

Norman James’ magnetically suspended inter-city tram 
— a drawing on a piece of paper. I raveling in a vacuum 
in an air-tight tube, it floats in space, held by a system 
of magnets built into cars and tunnel. Propelled elec
trically by 4‘rolled-out” motor, train acts as rotor, 
tunnel roof as stator. Converter aboard train changes 
light projected through windows into electrical energy.

No one knows which ideas will flower into reality. 
But it will be important in the future, as it is now, to 
use the best of tools when pencil and paper translate 
a dream into a project. And then, as now, there will be 
no finer tool than Mars—sketch to working drawing.

Mars has long been the standard of professionals. 
To the famous line of Mars-'I echnico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquarell painting pencils, have recently been 
added these new products: the Mars Pocket-Technico 
for field use; the efficient Mars lead sharpener and 
“Draftsman’s” Pencil Sharpener with the adjustable 
point-length feature; and — last but not least -— the 
Mars-Lumochrom, the new colored drafting pencil 
which offers revolutionary drafting advantages. The 
fact that it blueprints perfectly is just one of its many 
important features.

EU “TRONIC DESIGN • November 1, 1956
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TAEDTLER.INC.
HACKENSACK, NEW JERSEY:

at all good engineering and drawing material suppliers 
CIRCLE 164 ON READER-SERVICE CARD FOR MORE INFORMATION
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The Memo-Scope, incorporating the famous memotron, combines the unique quality of 
information persistence with all the features of a superior quality laboratory oscilloscope. 

The Memo-Scope by Hughes is a storage oscilloscope that captures and retains any 
number of traces indefinitely at a constant intensity until intentionally erased. Traces are 
readily visible tn a brightly-lighted room, and may be easily photographed.

NEW!
The only scope 
with a memory.

MEMO-SCOPE

TYPICAL APPLICATIONS
Study of transient electrical 
phenomena as short as 10 
microseconds in duration.
Presentation of tube or 
transistor characteristics with- 
< ut the necessity of repetition. 
Display of frequency response 
curves without the need 
of a sweep generator.
Spectrum analyses.
Shock testing.
Electrocardiographic studies.
Detection and measurement of 
relay bounce or contact noise. 
High-speed X-Y plotting. 
Investigation of transient 
behavior uf power supply 
regulation.
Camera shutter timing.

HUGHES PRODUCTS
A DIVISION OF THE HUGHES AIRCRAFT COMPANY

For additional 
information on 

Memo-Scope

Power Transistor

Memo-Scope is available in two 
models: Portable (Model 103), and 
Rack Mounted (Model 103 R).

Plug-in vertical amplifiers of a variety of characteristics are
available to increase flexibility. Hinged camera mount swings 
photographic apparatus aside tor direct-display view.

CONDENSED SPECIFICATIONS
5-inch Memotron Storage Tube
Erasure: internal waveform generator triggered by 3 push button or by application of a 
25-volt, 1 millisecond positive external pulse, erases stored traces within 250 milliseconds. 
DC Blanking: CRT grid direct coupled to external or internal blanking gate allows beam 
to be turned off except during sweep and insures constant sweep time intensity.
Deflection Plates: available at rear terminal strip for direct connection.
Amplifiers
Frequency Response: DC to 250 kilocycles within 10%.
Rise Time: 2 microseconds.
Triggered Linear Sweep
Range: 10 Msec to 10 seconds per division, adjustable continuously or in 18 calibrated steps.
Trigger: vertical amplifier signal, AC line cr external pulse, either oolanty, DC 
or AC coupled. Minimum external trigger amplitude, 0 1 volts.
Ready Light: neon lamp indicates sweep is at left side of screen, ready for trigger.
Amplitude Calibrator
Available at front panel terminal—one kilocycle square wave with peak-to-peak 
amplitude of 0.01, 0.1, 1.0 or 10 volts, within 3%.
Beam Position Indicators
Four neon lamps show position of writing beam when not on screen.
Illuminated Graticule
Illuminated scale calibrated in 1/3* squares in 10 X 10 array.
Rack Mounting
Model 103-R available on standard 14* X 19* relay rack panel.
Dimensions
13* wide, 14* high, 20* deep. Etched circuit epon glass electrical chassis.

write to: hughes products • electron tube 
International Airport Station, Los Angeles 45, California

CIRCLE 165 ON READER-SERVICE CARD FOR MORE INFORMATION

Operates from 12 V Battery
The 2N235A, a germanium 

pnp audio power transistor, 
operates from a 12 v batten. 
It can readily dissipate 5 w 
at a 75 C mounting base tem
perature and 25 w at room

temperature. The collector current rating is 2 amp 
at 75 C. Power gain is 30-40 db, and it has ac cur
rent gains up to 100 at 0.5 amp collector current 
and 50 at 2 amp.

Semiconductor Products, Red Bank Div., Bendix 
Aviation Corp., Dept. ED, 201 Westwood Ave., 
Long Branch, N.J.
CIRCLE 166 ON READER-SERVICE CARD FOR MORE INFORMATION

Oscillogram Reader
Converts Data to Shaft Rotations

The Oscillo-
gram Reader con
verts amplitude 
measurements, as 
determined by 
the position of a 
horizontal cross
hair, into shaft 
rotations so that 
this information

may be digitally converted for use by typewriters, 
printers, and punched card or tape devices. The 
basic measuring unit is provided by a precision 
leadscrew the length of which cannot vary with 
changes in voltage.

Coleman Engineering Co., Inc., Dept. ED, 6040 
W. Jefferson Blvd., Los Angeles 16, Calif.
CIRCLE 167 ON READER-SERVICE CARD FOR MORE INFORMATION

Crystal Unit
Withstands 100 G Shock

With a frequency range 
of 200-500 kc, the Model 
ST 70X Crystal Unit 
meets a shock test of 100 
G’s. It will withstand vi
bration of 15 G’s, 10-55 
cps for 2 hrs, per MIL 
C 3098B; 5 G’s, 5-500 cps 
for 45 minutes, per MIL 
E 05272A; and 3 G’s, 500
1200 cps per MIL T 5422

(ASC). Storage temperatures are —65 to 135 C; 
operable temperature range is —55 to 120 C. Fre
quency excursion is low as ± 0.001 per cent over 
any given 30 C temperature range. This crystal has 
been developed primarily for missile requirements. 

Bulova Watch Co., Electronics Div, Dept. ED, 
40-06 62nd St., Woodside 77, N.Y.
CIRCLE 168 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • November 1, 1956



Small Antenna Lead-In
Coupler Bleeds off Static
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This high-voltage ceramic 

capacitor, shunted by a 
printed bleed resistor, links 
antenna feed-in lined to the 
input of TV front-end tuners, 
and bleeds off static charges. 
The capacitor serves as an rf 
coupling between receiver 
and the antenna lines. The re
sistor bleeds off charges de
veloped on the antenna system 
from precipitation static or in
ductive surges due to nearby 
lighting.

Capacity of the DN-96-10 is 470 mmf G.M.V.
Solar Mfg. Corp., Dept. ED, E. 46th St. & Seville

Ave., Los Angeles 58, Calif.
CIRCLE 169 ON READER-SERVICE CARD FOR MORE INFORMATION

Radar Test Set
Has Complete Instrumentation

field or otherwise. Available

This Radar 
Test Set com
bines all of the 
i nTfr u The n - 
tation necessary 
for complete 
check-out of ra
dar and other 
microwave trans
mitters in the 

in C-Band (5200- 
5900 me), X-Band (8500-10,000 me), and Ku-Band 
(15,000-17,000 me) frequencies, it includes all nec
essary test functions in one self-contained unit.

Kearfott Company, Inc., Western Div., Dept. 
ED, 253 N. Vinedo Ave., Pasadena, Calif.
CIRCLE 170 ON READER-SERVICE CARD FOR MORE INFORMATION

Relay
Operates at 0.0035 amp

The HD-8 Sensitive Power 
Relay is a special purpose 
unit that allows extremely low 
surge current through the ac
tuating coil, preventing dam
age to fine instrument control 
contacts. It requires only 
00035 amp from an external 
contact (thermometer, con
ta t-nieter, probes, etc.) to op- 
erate. Power amplification is 
a high 17,300.

/bert Electronics Corp., Dept. ED, 212-312 
Ja laica Ave., Queens Village 28, N.Y.
CIE LE 171 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 172 ON READER-SERVICE CARD FOR MORE INFORMATION

REPRESENTATIVES Albuquerque Atlanta Baltimore Boston Buffalo. Chicago. Cleveland, Dayton. Denver. Fort Worth. Kansas City. Los Angeles. New York. Philadelphia P " -c 
? San Francisco. Schenectady. Syracuse. Washington. D C Winston-Salem. Canada Arnpnor. Ontario Resident Representatives in Principal Foreign C ’es

TEST KLYSTRONS
EASILY AS ORDINARY

VACUUM TU ES

tests alt tubes...

he successful testing of klystron tubes may save lives, prevent breakdowns 
and assure continued reliability.

-/z-

POLARAD ELECTRONICS CORPORATION
t,.\^ 43-20 34th Street, Long Island City 1, N Y
^FN HUIA»'

Now. klystron tube testing is as easy and practical as the testing of ordinary 
vacuum tubes - with the Polarad Klystron Tube Tester Model K-100.

Here, for the first time, is a compact, portable instrument developed to test 
the performance of all commercially available klystron type tubes, including 
those with built-in cavities and those requiring external cavities. The unit has 
been designed with a complete flexibility to allow for the testing of future 
klystron tubes not yet manufactured.

Model K-100 provides complete metering functions, control adjustments, and 
precautionary methods for testing at high voltages safely. A finger-controlled 
data chart on the face of the unit quickly determines proper control settings

Life tests relation of cathode current 
versus reduced filament voltages 
Dynamic test provision is made for ex
ternal modulation so that klystron tubes 
may be dynamically tested with external 
r f measuring equipment

Filament continuity
Short circuit tests between all elements 
Static d-c tests measurements of rated 
d-c currents affd voltages

Ei CTRONIC DESIGN • November 1, 1956



TRACER-GUIDED 
DRILLING 
100 HOLES P.M.

WITH NEW HERMES Enqravq/W

• Pantograph reproduces drill pattern from template in any 
reduction ratio — assuring high accuracy.

• Allows drilling and routing of different size holes in one 
operation without changing tools.

• Pneumatic attachment with adjustable feed gives high 
speed production.

for 
printed 
circuiti 

plates J

Also for tracer-guided 

ENGRAVING . PROFILING
GRAFTING

Write on Company letterhead 

for catalog H-88 describing pneumatic attachment.

n<>ir hvrmvs
ENGRAVING MACHINE CORP.

13-19 University 'dace, New York 3 N.Y.

New Literature

Electrical Contacts and Contact Materials 174
A 28-page catalog details contact materials, ma

terial characteristics, types of contacts and appli
cations. Technical information includes electrical 
and physical properties and applications of con
tacts made from various materials. The catalog also 
contains reference charts to facilitate selection of 
the most satisfactory contact material and type of 
contact. Baker & Co., Inc., 113 Astor St., Newark 5, 
N.J.

Aeronautical Research 175
Progress in aeronautical research over the last 

ten years has been outlined in a 67-page booklet. 
Amply illustrated, the brochure discusses technical 
programs for aerodynamics, aeroelasticity, aircraft 
design, atmospheric physics, combustion and pro
pulsion, electronics, flight instrumentation, helicop
ters, materials, stability and control, structures, etc. 
Cornell Aeronautical Laboratory, Inc., of Cornell 
University, Buffalo 21, N.Y.

Oscillographic Recording Brochure 176
A 2-color 8-page brochure features Lino-Writ 

photo-recording papers. Illustrated with charts and 
photographs, the bulletin describes Lino-Writ 1, 
2, and 3 papers and indicates the proper application 
of each. Included are relative paper speeds for 
tungsten, cathode-ray green, and cathode-ray blue 
exposures; complete processing data for both reg
ular and rapid stabilization methods, by hand or 
automatic machine; time and temperature relation
ships; spectral response; paper thickness; and core 
and winding data. E. I. du Pont de Nemours & Co., 
du Pont Photo Prods. Dept., Wilmington 98, Del.

^^Socket SlotUd

• SET SCREW I
Application 7 Pimes Faster, 

New SETKO HOPPER-FED Way
One plant’s produc- [ ' ~ *
tion rate zoomed \
from 300 per hour f] i
to 2,000 per hour - ILmR 
after installing Setko 

Equipment* which 
adapts readily to fl■ 1
present machine* BA
Others are making H 9^
similar gains and ||
getting many addi- 
tional advantages IT MF
such as great reduc- — 
tion in cross-threading and floor loss; * 
adaptability to all metals or plastics / ¡j 
and smaller set screw inventory.
Arrange for demonstration at our 
plant, without cost or obligation to 
you. Get full details by writing your ‘ - 
name and address in margin of page 
and mailing to us today.

♦Pat. No. 2,638,945 
Other Patents Pending

craw
265 Main St., Bartlett, III. (Chicago ‘.uhurM

We Specialize in Solving Puzzling Set Screw Problems

CIRCLE 177 ON READER-SERVICE CARD FOR MORE INFORMATION J

HEAD 
CHAIN

TRY 
GENUINE

FOR POSITIVE, 
LOW-COST 

SPROCKET 
DRIVES...

1 
rhi( 

or aNow successfully employed in radio and TV tuners, 
recorders, air conditioners, timing devices, etc. De
signed for economical, positive gear trains or drives 
free of slippage and backlash.

VERSATILE BEAD CHAIN 
has many other advantageous applications such as: 
• part retainers • remote control devices
• fan or ventilator pulls • revolving displays 

and many others
WRITE TODAY FOR CATALOG AND SPECIFICATION SHEETS

stat 
pou 
app

the Read chain mfg. co.
58 Mountain Grove St., Bridgeport, Conn.

CIRCLE 178 ON READER-SERVICE CARD FOR MORE INFORMATION Clf

ELECTRONIC DESIGN • November 1, 1956



TENSION GAUGE is PRE-SETTABLE

for GO/NO-GO Tests of Springs and 
Contact Pressures

Speedy, one-hand operation and precise calibration 
over a range of 4 to 2500 grams, with adjustable zero setting, 
are the important features of GEN ALEX tension gauges. De
signed for GO/NO-GO checking of spring tensions or other 
resistive forces, these gauges permit inspection or production 
testing by unskilled personnel.

To use this gauge; just preset the tension by turning 
the micrometer knob until the pointer shows the desired 
tension on the scale and apply the tip of the gauge-operating 
strip where force is to be checked. If the force being 
checked matches the gauge setting, the operating strip and 
the resisting element will move at the same time. Attention 
is focused on one point only—movement at the point of 
contact; there are no dials or scales to be read.

Six models are available, covering ranges of 4-24, 
10-80, 50-250, 100-500, 200-1600, and 500-2500 grams. For 
detailed descriptive bulletin and prices, write: General Elec
tric Company, Limited of England, c/o I intra Corporation 
(I). S. Agents), 58 Charles Street, Cambridge, Massachu
setts, U. S. A.

CIRCLE 179 ON READER-SERVICE CARD FOR MORE INFORMATION

161 control steps!
That’s what you get in Ward Leonard’s 13" Multi-step plate 

rheostat — what’s more, you get 161 steps whether it’s a 2 ohm 
or a 1000 ohm plate.

You get smoother operation and longer life in any W/L rheo
stat and you take your pick from the most complete line of 
power rheostats ever offered for industrial and commercial 
applications.

Write for free data-packed Bulletin 60A. Ward Leonard 
Eh trie Co, 77 South St., Mount Vernon, N.Y. 4.12

ARD LEONARD ELECTRIC CO.

RESISTORS • RELAYS . MOTOR CONTROLS • CHROMASTER

Temperature Controllers 181
Bulletin MC-133 offers information on the Series 

53,000 temperature controller which is designed as 
an individual unit to be plugged into a separate 
power supply chassis. For multi-point control, the 
brochure shows how the requisite number of con
trollers can be plugged into a single power supply 
chassis, centralizing control and conserving space 
while maintaining a choice of locations for tem
perature adjusting controls. The illustrated bulletin 
also describes the thermistor sensing elements 
which permit control as close as 25 per cent of scale 
range, and lead wires 200 ft and more in length. 
Fenwal Inc.. Ashland, Mass.

Vibration-Damped Fasteners 182
An illustrated brochure on Vibrex fasteners, 

which combine quick-release closures and vibration 
dampeners, has been issued. The bulletin lists in
formation on different types of fasteners together 
with specific tensile strength, sealing and anti
vibration characteristics and also cites applications, 
including instrument mounting and panel fastening 
for metal or plastic fiberglas. A special leaflet cov
ers the use of fasteners for vibrationproof quick
release mounting of printed circuits. Vibrex Fas
tener Corp., Mount Kisco, N.Y.

Report On Metalphoto Plates 183
The first of a series of reports on how specific 

segments of industry are using Metalphoto plates. 
In this report, applications used in industrial re
search laboratories are detailed. Printed from stand
ard photographic negatives and developed and 
printed by standard photographic techniques, the 
plates are being used over the range from simple 
nameplates to highly intricate calculators. Metal
photo Corp.. 6811 Superior Ave.. Cleveland 3, O.

Automatic Machine Spec Sheets 184
Eleven illustrated specification sheets explaining 

the operation, dimensions, uses and adaptability of 
automatic and semi-automatic machines. Covered 
in the sheets are the automatic lamp finishing ma
chine, automatic bottoming machine, continuous 
vacuum firing furnace, automatic crack-off and 
glazing machine, transistor metal-flanger submin
iature button stem machine, cathode ray tube but
ton stem machine, CRT neck splicing machine, ^elf- 
centering tubular bulb sealing heads, miniature 
and subminiature sealing machine, sealed beam 
lamp single head equipment, and automatic pinch 
welder. Kahle Engineering Co., 1400 7th St., North

! Bergen, N.J.

than you can make them 
or buy them elsewhere!

TORRINGTON 
can make your 

small precision 
metal parts 

faster, better 
and for less

These are typical of parts that Torrington produces 
daily by the hundreds or millions. If you use similar 
small precision parts, mail the coupon today for the 
Torrington Small Precision Parts condensed catalog. 
Even better, send a sketch, blueprint or sample part. 
We will give you a prompt quotation which will mean 
substantial savings to you.

• THE TORRINGTON COMPANY 

■ Conn.

■ Part« condensed catalog
■ O Please Im*1 • **lewnan mU 

_----------

J Title------ -------------- -

■ Company-- --------------

5 Address------------------- ‘
S city-__________ ____

THE TORRINGTON COMPANY
I ¿/t/“ 1 j Specialties Division

Field Street, Torrington, Conn.

TORRINGT WZ METAL PARTS
Makers of Torrington Needle Bearings

CIRCLE 185 ON READER-SERVICE CARD FOR MORE INFORMATIONCIF LE 180 ON READER-SERVICE CARD FOR MORE INFORMATION
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Silicon 

Transistors

Threaded Connections

Computers 187

Metal Forgings
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I Surface Alloy 
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Unmatched performance and reliability! Characteristics 
assured by extensive life tests under typical operating condi
tions. Philco PNP Silicon Transistors make practical 
complete transistorization of military and commercial circuits 
—where high ambient temperatures are encountered.

Philco Silicon Transistors are now in pilot production and 
immediately available for initial design work. Specify Type 
T-1025 for amplifier, oscillator and low level general pur
pose applications and Type T-l 159 for high speed switching 
applications.

FEATURES
• HIGH TEMPERATURE PERFORMANCE • VERY LOW LEAKAGE 
CURRENT • HIGH SPEED • SUITABLE FOR DIRECT COUPLING 
• LOW SATURATION VOLTAGE • ABSOLUTE HERMETIC SEAL

Make Philco your prime source of information on 
Silicon Transistor Applications.

Writ» t» Dept. ED, Lansdale Tub» Company Division, Lansdale, Penna.
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Brochure No. 108 has been issued de
scribing the advance design feature.1 
of the 400 series analog computer. 
The brochure states in detail the prob 
lem system, time scale check system, 
plug-in servo padding turrets, 400 cy
cle high-performance servo, and auto
matic recording of recorder calibra
tion data. Reeves Instrument Corp., 
207 E. 91st St., New York 28, N. Y.
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PHILCO CORPORATION

A 32-page booklet has been released 
giving design, properties and applica
tions of brass, bronze, aluminum hot- 
pressed forgings. The booklet dis
cusses design factors involved in spe
cifying and producing forgings. Fac
tors of strength, core size, flash line, 
projections, staggered lines, fillet, let
tering, dimensional tolerances, and 
other problems are treated with text 
and photos. Titan Metal Mfg. Co., 
Customer Service Div., Dept. U-35, 
Bellefonte, Pa.

Newsletter No. 2 has been issued de
scribing lubrication of threaded con
nections. The booklet includes a de
scription of the causes of galling and 
seizing in threaded connections and 
power screws and procedures for lu
brication to eliminate these problems. 
Descriptive charts show coefficients of 
friction. Alpha Molykote Corp., Stam
ford, Conn.

Generator Excitation System 190
Bulletin 5.08 has been published de
scribing the “McHenry Excitation 
System, an advance in the technique 
of alternator regulation and control. 
The McHenry Excitation System pro
vides extremely fast response, positive 
stability, close regulation, and low 
cost; it will simplify new designs; and 
it can be easily installed in existing 
equipment. Electric Regulator Co., 
Pearl St., Norwalk, Conn.
< CIRCLE 186 ON READER-SERVICE CARD



N don Fasteners DRIVER-HARRIS ALLOYS AT WORK IN PRODUCT ADVANCEMENT
Tl is catalog describes a complete line of nylon one- 
pi- ce self-locking fasteners. The locking principle 
us- d in these fasteners consists of a nylon plug im
bedded permanently in the threaded section. It can 
be applied to any male or female threaded part, 
making leakproof joint which cannot be jarred loose 
by shock or vibration. The nuts, bolts and screws 
eliminate the need for lock washers, jam nuts, safety 
wiring or other locking devices. Nylon’s “plastic 
me mory” feature enables a fastening to be repeat
edly removed and reinstalled. The catalog lists and 
describes the complete range of nylon self-locking 
bolts and screws, set screws, etc. The Nylok Corp., 
475 Fifth Ave., New York 17, N.Y.

Phenolic Molding Compounds 192
Bulletin CDC-324 describes the automatic molding 
applications of one-stage phenolic molding com
pound 12902. Cited are fast cure and other char
acteristics demonstrated in early applications, as 
well as technical data.

Brochure No. CDC-326 describes characteristics 
of general purpose phenolic molding compounds, 
12920 and 12921.

Bulletin CDC-325 describes the high impact 
strength of phenolic molding compound, 12906. The 
bulletin describes cure speed, finish, pourability 
and performability and also contains technical data. 
General Electric, Chemical Materials Dept., 1 Plas
tics Ave., Pittsfield, Mass.

i

/
model of the Earth 
Satellite made by the 
U.S. Naval Research

- Laboratory. The Satellite
will be launched under 

the sponsorship of The National 
Academy of Sciences as a part of the 

United States participation in the Inter
national Geophysical Year (1 July, 1957 —

31 December, 1958). it will revolve around the 
earth at estimated altitudes of 200 to 1500 miles
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A 16-page catalog describing the complete line of 
wound toroids, including standards, miniature, sub
miniature and high-frequency toroids; “Adjustor- 
oids,” “Rotoroids,” telemetering band-pass filters, 
miniaturized band-pass filters, communications 
filters, and side-band filters has been released. The 
catalog describes the various characteristics and 
uses of each of the toroids or filters, and is illus
trated with photographs. Performance curves for 
inductance ranges and inductance changes with 
direct current are given for each product as well as 
charts and graph illustrations. Burnell & Company, 
Inc.. 5 Warburton Ave., Yonkers 2, N.Y.

Ceramic Magnets 194
I A r< iew of the several characteristics of this perma- 
4 neu’ magnet material is given in Applied Magnetics, 

Vol j, No. 3. How its special properties have been 
I use»' to advantage in electronics is also discussed. 
I Tin Indiana Steel Products Co., Dept. AM, Val- 
I par so, Ind.

How measure the impact of micro-meteorites 
on the first “Earth Satellite”?

When physicists at the U.S. Naval 
Research Laboratory consider an in
strument or a material to record accu
rately the secrets of outer space —it’s 
not size alone that counts, but depend
able, reliable precision.

The strip of “Nichrome”* evaporated 
on glass (“A” in the photo above) which 
may be fitted to the outer skin of the 
Satellite, measures only ¥4" wide x 1%" 
long. Its thickness: 100 Angstrom units 
(1/10,000 mm). Its function: to measure

the surface erosion caused by the impact 
of micro-meteorites. The resistance of the 
Nichrome ribbon increases as the film 
becomes pitted by meteor particles.

“Nichrome is being considered for 
making this gage,” states the Naval Re
search Laboratory, “because it supplies 
electrical resistance in a desirable range; 
adheres satisfactorily to glass in thin 
film form; and has a very low thermal 
coefficient of resistance.”

There’ll be no one on hand, 300 miles

out in space, to check on or supervise the 
performance of the Nichrome strip. 
Nichrome needs no one. It will do its 
job dependably there—just as it will in 
your electronic or electrical equipment, 
after it is in your customers’ hands.

And remember, Nichrome is only one 
of the 132 special purpose alloys devel
oped by Driver-Harris since 1899 for 
electrical heating, resistance, and elec
tronic applications. Do you need a spe
cial alloy? Send us your specifications.

•T.M. Reg. U.S. Pot. Off.

O Driver-Harris
COMPANY

HARRISON, NEW JERSEY

BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario

MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
CIRCLE 195 ON READER-SERVICE CARD FOR MORE INFORMATION
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Miniature Connectors 197New small basic switch is 
low cost; directly interchangeable 
with AN3234 Specs

The new Electro-Snap F2 
Series snap action switches are 
extra-compact with extremely 
high electrical capacity for 
their size. Mechanical and 
.electrical life at 1/32" over
travel is 150,000 operations, 
minimum, with accurate 
repeatability and constant sta
bility of tolerances. Self-aligning springs provide contact wiping 
action rare in a switch of this size.

Durable case of special plastic gives the switch an ambient 
temperature rating of —100° to ±275° F. or ±375° F. Avail
able, at low cost, in three basic models with a wide selection 
of actuators. ,
SERIES F2 BASIC SWITCH: F2-3: Singh Pol», Double Throw 
F2-2: Single Pole, Normally Open; F2-1: Single Pole, Normally Closed

OPERATING CHARACTERISTICS
Electrical Rating: 10 AMP. 125/250 V. A.C. 60 cycles
30 V. D.C. inductive and resistive (6 AMP, 30 V. p.C. for Airborne Application) 
Operating Force, 7 to 12 ox. Movement Differential, .011 ± 005
Reset Force, 4 ox. Min. Overtravel, 1/32 Min.
Pretravel, 3/64 Max.

WRITS FOR DETAILS IN DATA SHEET FS-11

ELECTRO-SNAP
SWITCH A MFG. CO.

4216 W. LAKE ST., CHICAGO 24. ILLINOIS

New simultaneous 
interrupts 3-phase 
6-circuit control in

triple-pole switch 
ac. circuits;
a small package

MODEL K3-4
Triple-Pole, Double Throw 
15 AMP., 125/250 V. A.C.

30 V., D.C. Res.
10 AMP., 30 V., D.C., Ind.
Overtravel, .015 Min.
Move. Diff., .028 ± .007 
Meeh, life, 1,000,000 ops.
Elec. Life, 500,000 ops.

This completely new Electro-Snap 
triple-pole switch simultaneously 
reverses current flow through 
three windings of a 3-phase motor 
up to 1 H.P. and interrupts other 
types of multi-switching installa
tions. Instantaneous “make” and 
“break.” snap-action of the three 
poles is independent of the speed 
of actuation—even extremely 
slow moving cams can be used.

The K3-4 Series offers designers 
a wide variety of 3-phase circuit 
hookups for servo-controls, to 
limit movement of machine mem
bers and as a start-and-stop switch 
which formerly were possible only 
with complicated relays or a num
ber of separate switches. A large 
selection of standard actuators 
is available.

WRITE FOR DETAILS IN DATA SHEET KS-11

ELECTRO-SNAP
SWITCH & MFG. CO.

4216 W. LAKE ST.. CHICAGO 24. ILLINOIS

An 8-page catalog illustrates and describes a 
complete line of miniature electrical connectors. 
The catalog presents standard plugs and receptacles 
which are moisture-sealed, vibration-dampened and 
corrosion-resistant. All are quick-disconnects, oper
ate from —67 to 250 F and have continuous dielec
tric separation. They meet applicable MIL-C-5015B 
requirements for instrument ratings. The connectors 
listed include the Spherical Orientation Connectors 
designed to self-align and mate in blind connections. 
The Deutsch Co., 7000 Avalon Blvd., Los Angeles, 
Calif.

Pulse Patterns 198
A 16-page technical bulletin providing informa

tion on tape-wound or ferrite cores has been re
leased. Bulletin 136 discusses how reliable testing 
procedures are a must, and goes on to point out the 
need for equipment which not only tests how a core 
will meet specifications within all necessary ranges 
of tolerance, but also how it will eventually operate 
in the system for which it is intended. Burroughs 
Corp., Electronic Instruments Div., 1209 Vine St., 
Philadelphia 7, Pa.

Continuous Sheet Mica 199
Availability of a 16-page booklet, “What Every 

User of Electrical Insulation Should Know About 
ISOMICA” has been announced. This illustrated 
booklet describes the background and development 
of continuous sheet mica, and tells how it is made 
today. It includes detailed information about the 
various types of ISOMICA—molding, segment, 
heater and flexible plates; tapes, flexible combina
tions, tubes and capacitor grade as well as SAMICA, 
the untreated continuous sheet mica. Mica Insulator 
Co., PO Box 1076, Schenectady 1, N.Y.

Custom Transformers 200
A 26-page catalog describes and illustrates a va

riety of custom transformers together with engineer
ing specifications. The regular units list open frame 
transformers, cased transformers and channel frame 
and end bell cased units. The special units comprise 
air core reactors, special heater transformers, special 
output transformers and special furnace trans
formers. The catalog includes price lists as well as 
specifications and diagrams. Nothelfer Winding 
Laboratories, Inc., Ill Albemarle Ave., Trenton, 
N.J.

Sweep Operation
of G-R Oscillators and Signal Generators 

with Simple, Inexpensive, Automatic
DIAL DRIVES

A number of manually-operated G-R oscillators and signal gen
erators can be converted to sweep drive by means of the Type 
908-P Synchronous Dial Drive which uses a synchronous motor 
that reverses when it touches adjustable stops.

Two drive speeds are available. One (Type 908-P1) is intended for 
use with graphic recorders where the synchronous motor provides 
a convenient time base; the other (Type 908-P2) has a higher 
speed particularly suitable for limited sweep applications with os
cilloscopes. j

Both of these drives can be attached readily to either the G-R 
Type 907 or Type 908 Dial. These dials can be used on many in
struments not now equipped with them. The Type 908 Synchro
nous Dial Drive (either model) is moderately priced at $27.50.

Write for Complete Data

GENERAL RADIO Company
275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A.

Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 920 S. Michigan Ave. CHICAGO J 

1150 York Road, Abington. Pa PHILADELPHIA

8055 13th St.. Silver Spring, Md. WASHINGTON, D. C. 1000 N Seward St. LOS ANGELES 31

CIRCLE 201 ON READER-SERVICE CARD FOR MORE INFORMATION

Dress Up your instrumentation with the finest 
electronic hardware from USECO. Increase 
sales appeal. Precision workmanship. Sparkling 
quality plating. All meet MIL specs. Prompt de
liveries. 135 Jobbers and 31 Representatives to 
serve you. For name of nearest, write Dept. 7. 

Complete line of standardized electronic hardware, 
terminal boards and etched circuits. Over 500 items. 
World's most complete stock of plated terminal lugs.

U. S. ENGINEERING CO., INC.
A Division of Litton Industries, Inc.

5873 RODEO ROAD • LOS ANGELES 16, CALIFORN A

CIRCLE 202 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 196 ON READER-SERVICE CARD FOR MORE INFORMATION
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Magnetic Control Systems 203
An 8-page illustrated booklet TD 52-670 on mag- 

ictic controls and logic functions for industrial 
ontrol is available The booklet discusses the basic 
and,” “or,” “not,” and “memory” logic functions; 
he circuitry providing these functions, including 

ihe basic Ramey magnetic amplifier circuit; and 
< urrent applications to industrial control. Westing
house Electric Corp., P.O. Box 2099, Pittsburgh 30, 
Pa.

Vibration Mountings 204
A new 16-page bulletin entitled “Plate Form and 

Multiplane Mountings” contains engineering data, 
performance curves, specification tables, details on 
the design and use of plate mountings and multi
plane mountings. The latter isolate vibration re
gardless of the direction of disturbing force. This 
feature makes them particularly useful to the air
craft and guided missile industry. A guide to selec
tion and illustrated application and installation 
information is included. Lord Mfg. Co., 1635 W. 
12th St., Erie, Penn.

Silver Bearing Soft Solders 205
A 2-page technical bulletin, No. 3, on silver bear

ing soft solders is now available. Included in the 
bulletin are a graph for determining proper alloy 
use and information on silver scavenging, alloy 
selection, applications and available alloys. Alpha 
Metals, Inc., 56 Water St., Jersey City, N.J.

Rotary Solenoids 206
An 8-page booklet has been prepared to describe 

and illustrate a line of high-torque rotary solenoids. 
The solenoids feature instant starting, very high 
torque in relation to size, uniform force throughout 
the stroke, and rugged construction. They function 
under extreme conditions of vibration thus meeting 
all military aircraft specifications. The booklet con
tains a dimensional chart, mechanical supplements 
and 8 complete engineering data charts. Oak Mfg. 
Co., 1230 N. Clybourn Ave., Chicago 10, Ill.

Re gulated DC Power Supplies 207
his 3-page bulletin describes in detail the 2K 

s< ps of transformers and chokes for electronically 
n dated power supplies. Schematics and block 
di 'rams are included. Sterling Transformer Corp., 
2( N. 7 St., Brooklyn, N.Y.
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merly incurred during the customer's 
ing and soldering operations.

Whore can YOU use plastics parts by G 
to make a good product even better? If y 
are contemplating a new product, or i 
looking for a way to improve a present oi 
keep plastics in mind! As one of the work

PLASTICS PARTS SAVS TIME AND MONEY! 
Inserts in this cartridge case base were for- 
merly added through a costly cementing 
operation. Working closely with the cus
tomer, General Electric Plastics Department 
engineers redesigned the base... used steel 
instead of berylium for the mold . .. sug
gested a new high-impact styrene. RESULT? 
Now the customer can force inserts in place 
under pressure at high speed. They hold fast 
without cement because of the part's close 
tolerances and resilience. Further cost re
ductions are achieved because the part's 
high-impact resistance reduces rejects for*

product performance and appearance, real
ize important cost savings. G.E.’s custom- 
molding service will be happy to help you in 
engineering and developing your products 
—through plastics.

Write today on your company 
letterhead for a free copy of ‘The 

G-E Plastics Story,” containing 
stimulating case histories of how 

customers profit through plastics. 
Just write: Plastics Department, 

General Electric Company, 
Section 6XSA2, Decatur, III.

k Our Most Importent Product

GENERAL^ ELECTRIC

CIRCLE 208 ON READER-SERVICE CARD FOR MORE INFORMATION *
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Day-long 
production 
charging in 
complete 
safety and 
comfort.

RECOMMENDED BY 
LEADING MAGNET MAKERS

This high powered condenser discharge 
unit will saturate large Alnico and ceramic 
permanent magnets of any shape, using 
interchangeable, plug-in pulse transformers 
or wire-wound fixtures. 100,000 ampere- 
turn output of basic unit can be increased to 
200,000 ampere-turns at any time by adding 
100 pf condenser banks and appropriate 
pulse transformer. Adapters for multi-pole 
rotors, rod, bar, ring and various other 
shapes are available.

Operates from regular 115 volt, 60-cycle 
line with only intermittent 10-ampere drain 
(the few seconds when condensers are 
charging). Mounted on casters for conven
ient mobility. Price of basic unit with pulse 
transformer is less than $2,000.

MODEL 
942

»UM . agpets

* <
* Use the

MOOR

Klaget Chat^

Low-Torque Gauges 217
A 4-page bulletin describes six models of Torque- 
Watch dial-reading gauges that measure extremely 
low torque (starting and moving) on such devices 
as potentiometers, servo mechanisms, spring mecha
nisms, gear trains, magnetic clutches, and small mo
tors. The bulletin gives mechanical data and speci
fications, ranges and direction of measurable torque 
for each model; lists and illustrates features and 
uses. Waters Mfg., Inc., P. O. Box 368, So. Sud
bury, Mass.

Printed Circuit Data Book 218
A 16-page copper clad technical data book has been 
released explaining the principles and some of the 
problems of printed circuitry. It advises on the 
proper selection of laminates, and tells how to make 
a printed circuit using both the photo engraving 
and silk screen methods. It also covers the subjects 
of plated circuits, plating through holes, flush cir
cuit production and circuit fabricating. Formica 
Corp., subsidiary of American Cyanamid, 4614 
Spring Grove Ave., Cincinnati 32, Ohio.

Automatic Instrumentation 219
A 12-page folder, No. 716, on automatic instrumen
tation components and systems is now available. 
Among the devices illustrated and described are 
resistance bridge indicator 101B, voltage ratio indi
cator 301B, miniature bridge balance BP-18A, 
warning system 401 RB and RBI systems for auto
matic digital recording of data. Fairchild Engine & 
Airplane Corp., Fairchild Electrotechnics Div., 118 
E. 16th St., Costa Mesa, Calif.

Loudspeakers 220
A 24-page catalog, No. 1070, on Professional Series 
loudspeakers has just been issued. The catalog lists 
information on projectors drivers, rectangular 
horns, transformers, high fidelity and other equip
ment. Jensen Mfg. Co., 6601 S. Laramie Ave., Chi
cago 38, 111.

WE CAN HELP YOU
Our 12 years of magnet charging 

experience is yours for the asking 
— send a sample magnet or sketch 
for free charging analysis.

Alnico Magnets 221

Write for Technical and Application Data.

Me frequency
• LABORATORIES, INC.
i Boonton, New Jersey, U. S. A.

Catalog No. 200 describes and illustrates many of 
the stock-size Alnico magnets available. Horseshoes, 
rods, bars, discs and channels are shown together 
with dimensions and rated pulling power. Also in
cluded are representative costs of cut-to-size seg
ments and their line of heavy duty, high powered 
retrieving magnets rated from 40 to 125 lbs pull. 
Park Magnet Co., Highland Park, Ill.RCLE 216 ON READER-SERVICE CARD
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TEFLON and KEL-F

* duPont’s Trademark for its tetrafluorothylene resin.
f Kellogg’s Trademark for its trifluorochloroethylene resin. 
0 Bakelite Trademark.

UNITED STATES

Quality controlled from pow
der to part”—U.S.G. precision- 
molded or machined parts from 
Teflon*,  Kel-FI, Bakelite0 
Fluorothene and other plastics 
meet exacting specifications, 
cut assembly costs, assure uni
form density and dimensional 
stability, uniform electrical, 
chemical and physical charac
teristics of the highest quality.

Come to’’Fluorocarbon Plastics 
Headquarters” for all your re
quirements—for precision parts 
or for the world’s largest stock 
of sheets, tape, tubing, rods, 
bars, cylinders, beading, elec
trical spaghetti, extruded 
shapes, and the new Cement
able Teflon tape and sheets.

Write for Catalog No. 300.

BELMONT

GASKET co
CAMDEN 1, NEW JERSEY

CIRCLE 222 ON READER-SERVICE CARD FOR MORE INFORMATION
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We have present openings for experienced Electronic Engineers 
in the design and development cf ground radar systems, air
borne transmitters and receivers and in the electrical systems 
of guided rpissile fuzes.

We also have a need for Mechanical, Aeronautical and Struc
tural Engineers of the same experience levels in the design of 
servomechanisms, the design of large, light-weight structures 
of the airframe variety and the design and layout of electronic 
and electromechanical chassis and packages.

In the computer field, we have a need for Physicists and 
Mathematicians for the programming and solution of engi
neering problems utilizing analog computers and IBMequip- 
ment. Experience in the development of new applications and 
techniques for digital and analog computers combinations is 
also desirable. Attractive openings also available for Packaging 
Engineers, Technical Writers and Illustrators.

CROSLEY’S continued and extraordinary success in the sphere 
of government electronics, has placed the name of CROSLEY 
as one of the forerunners in this ever-expanding field. Our 
present and anticipated demands call for additional engineer
ing personnel at all levels. CROSLEY offers you a partnership 
in its continued expansion program—"A Partnership in 
Opportunity.”

CROSLEY has numerous company benefits including a group 
insurance and retirement plan, subsidized educational program, 
periodic merit reviews and up to three weeks paid vacation 
after five years. We would also pay relocation expenses includ
ing moving expenses, reporting to work pay, family trans
portation and a generous subsistence allowance.

/SION

MANUFACTURING

- - 6 2630 Glendale-Ml’for 
Evendale, Cincinnati 1

THROUGH THESE 
DOORS...

Polyethylene Pillows 224
Recently published is a 1-page catalog sheet de
scribing the design and application of polyethylene 
pillows, devices to reduce evaporation of liquids in 
open vessels. The illustrated sheet lists prices and 
also gives information on polyethylene and poly
vinyl chlotide corrosion resistant tanks. American 
Agile Corp., P. O. Box 168, Bedford, Ohio.

Thermistor Overheat Detectors 225
An illustrated bulletin, MC-134 describes a line 
of thermistor overheat detectors for aviation serv
ice. The bulletin discusses the advantages of ther
mistor elements for temperature detection which 
include stability and compactness and permit leads 
up to 200 ft long and relatively simple circuitry. 
Applications are depicted, and physical and per
formance specifications are listed. Fenwal Inc., 
Ashland, Mass.

Retaining Rings 226

Have you 

received your copy?

VALUABLE NEW 
TECHNICAL DATA

DESIGN IDEAS

MATERIEL INFORMATION

An illustrated catalog gives data and specifica
tions on Industrial retaining rings. Listed in the 
catalog are 24 sizes in open type retaining rings for 
shafts measuring 1/25 to 1 in., 37 sizes in internal 
retaining rings conforming to NAS 50 for housings 
measuring 1/4 to 2-1/16 in. in diameter, and 48 
sizes in external retaining rings conforming to NAS 
51 which fit shafts from 1/8 to 2-1/4 in. Industrial 
Retaining Ring Co., Dept. P 29, 57 Cordier St., Irv
ington 11, N.J.

Send for 

"Introduction to 
Fiberglas Fabrication" 

by 
KOCH FIBERGLAS

Hollow Aluminum Bar Stock 227
An illustrated technical brochure gives details 
on hollow aluminum bar stock. The 8-page publi
cation discusses tolerances, mechanical properties 
and applications and offers case studies and com
parison charts. Complete tables of the standard 
sizes available in round and hexagonal stock, list
ing the wall thicknesses, dimensions, and weight 
per foot are also included. Harvey Aluminum, 
19200 S. Western Ave., Torrance, Calif.

Motors 228

TENTH ANNIVERSARY 20-PAGE 
ILLUSTRATED MANUAL

Every day, Koch Fiberglas is 
filling new uses in your industry

Koch cases for electronic equipment 
will not dent, are impervious to mois
ture, vapor, fungus, mildew and cor
rosion. They are shock and vibration
proof when fitted to Koch specifica
tions with special hair-latex shock 
pads. Can be self-palletized for fork 
lift. Can be insulated by Koch with 
foamed-in-place plastic. Koch cases 
are air-tight; require no paint or outer 
packaging for long-range storage or 
overseas shipment. Re-usable, so cost 
amortizes through re-use. Withstand 
parachute drops from any height, free 
falls onto water or snow from 500 
feet, or submersion.

For manual, write on your business 
letterhead to Dept. DED.

Two 11-page catalogs GEC-1026A and GEC- 
1027A give buying information on a selected group 
of the company’s motors. Included are application 
data, ratings and prices for fractional hp motors, 
integral-horsepower polyphase and single phase in
duction motors, motors and control, for part-wind
ing starting, gear-motors and resilient-base inte
gral-horsepower induction motors. General Electric 
Co., Schenectady 5, N.Y.

KOCH
PRONOUNCED"KOKE" 

FIBERGLAS
CORTE MADERA, CALIFORNIA

One of the world's largest fabricators 
of molded Fiberglas products
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Receiving Tubes 231

in 
delay 
lines

you’re 
wasting money 

when you 
“over-specify"

To avoid the costly pitfalls of “over- 
specification" of custom-designed delay 
lines, take advantage of the consultation 

' and lab reports offered by ESC. As pio
neer manufacturers and specialists in 
this field, ESC offers a complete engi
neering consultation service on the con
struction and equipment application of 
fixed and variable delay lines. “You tell 
us the problem.. let us recommend the 
realistic and economical specifications 
for your delay line requirements." The 
well-rounded equipment background of 
the ESC Engineering Staff makes this 
possible.

A lab report, submitted with the ESC 
prototype, will include your submitted 
electrical requirements, photo-oscillo
grams, which indicate input and output 
pulse shape and output rise-time; the test 
equipment used, and evaluation of the 
electrical characteristics of the prototype.

Write ESC for an informative 
catalog and complete information

536 BERGEN BOULEVARD 
PALISADES PARK, NEW JERSEY

RCLE 230 ON READER-SERVICE CARD

Chart ETD-1163-C for quick selection of G-E 
series-string receiving tubes has been revised to 
include 600 and 450 ma controlled heater warm-up 
tubes. The chart classifies 52 tube types in the 600 
ma series and 24 types in the 450 ma series accord
ing to elements, typical service, heater voltages, 
maximum ratings, and gives average characteristics. 
The 450 ma types are for use in medium to small 
size series-string TV’ receivers where reduced heater 
wattage eases ventilation design problems in com
pact cabinets. General Electric Tube Sales, 1 River 
Rd., Schenectady, N.Y.

TV Parts 232
A recent catalog lists component parts for TV 
multi-outlet systems for both color and black and 
white. Included are a complete line of amplifiers 
and pre-amplifiers, line splitters, and line taps, as 
well as the model 704A field strength meter, a 
portable precision testing instrument for balancing 
master antenna systems, checking cable losses and 
locating and orienting antennas. The catalog also 
explains free engineering and layout services. Jer
rold Electronics Corp., 23rd & Chestnut Sts., Phila
delphia 3, Pa.

Tape Playing Time Chart 233
A chart has been issued which shows playing 
time for standard lengths on reels of various sizes. 
Superseding previous charts, the sheet lists data 
for standard 1-1/2 mil tape except where 1 mil or 
1/2 mil thickness is indicated. The first four col
umns, for speeds of 1-7/8 to 15 ips. show' playing 
time for single-track tapes. The last two columns, 
headed 3-3/4 and 7-1/2 ips., are for dual-track re
cording and recorded tapes. ORRadio Industries, 
Inc., Shamrock Circle, Opelika, Ala.

Temperature Controls Catalog 234
MC-135 is a 6-page catalog outlinning the com
pany’s complete line of Thermoswitch temperature 
controls. Literature gives physical specifications, 
performance data and temperature ranges. Also 
described are modifications and special features, 
such as moisture-proof seals, armored cable, ex
tended shell, and temperature-setting knob and 
dial, which can be supplied to adapt the switch to 
varied service requirements. Fenwal Inc., Ashland, 
Mass.
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SYLVANIA’S

5« What is the effect of at
mosphere turbulence on high 
gain antenna performance?

7« How does the AGC 
bandwidth effect the accu
racy of angle-tracking?

6» How is the sidelobe level 
of a radar antenna effected 
by random perturbations of 
phase and amplitude over 
the aperture?

Your inquirió» 

will be answered 

within 2 week«.

Electronic

Specialists /
rapid growth is al
most twice that of 
the electronics industry 
as a whole... think what this 
can mean to you in opportunity and 
rapid advancement. And Sylvania helps 
underwrite your advanced studies in 
leading universities in both locations 
...because we want you to assume 
greater responsibility and leadership. 
Here are some typical problems being 
solved by Sylvania engineers and phys
icists in our Buffalo, N. Y. and Wal
tham, Mass, laboratories.

AT BUFFALO:
1» How do you design 10 similar mi
crosecond timing circuits whose de
lay times can be varied over a range 
of 100 times by analog control volt
age maintaining a tracking accu
racy of ±0.1% in an environment of 
—65°C to +125°C at sea level to 
100,000 feet?

2« If you knoiv which bits of a code 
group are in error, can you modify 
the hamming code to use these data 
to provide maximum information 
capacity in a noisy channel?

3« Can you design a crystal mixer 
to operate with latest production 
type crystals and having a noise fig
ure less than 12db above KTB oper
ating in the “S”-band?

If you believe that you can assist us in the 
solving of these problems, please write:

BUFFALO
LABORATORY

E. F. Culverhouse 
175 Great Arrow Ave.

Buffalo 7, N.Y.

T SYLVANIA
SYLVANIA ELECTRIC PRODUCTS INC.

87

AT WALTHAM:
A* What are the statistical 
factors to be considered in 
calculating the detection 
probability of a search 
radar?

WALTHAM
LABORATORIES

Erling Mostue 
100 First Ave. 
Waltham, Mass.
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’/New
X-500

Sub-Miniature

ACEPOT*-ACETRIM* 
precision wire wound oMentiemeters 
and trimmers are shooting to 
new highs!

ACEPOT
rated to

X-500 “Hotpot” operates 
from-55' C. to 150 C. 
%" size 
ap te 250K 
± .3% linearity 
proved in use

150'C
ACEPOTS and ACETRIMS meet unusually rigid func
tional and physical requirements and are setting new 
standards for dependability in sub-miniaturization. 
The designs are the result of 4 years’ development and 
over a year of successful use by leading electronic 
and aircraft equipment manufacturers.

Condensed Engineering Data

Resistance Range

ACEPOT
(potentiometer)

200 to 250K ± 2%
% « %"

ACETRIM 
(trimmer) 

10^- to 150K ± 3% 
% » %"

Miniature Electrolytic Condensers 237
Bulletin H covers a complete line of 
miniature electrolytic condensers which are 
encased in solid-drawn single-ended alu
minum cans spun on to plastic end plugs 
to give a moisture proof seal. Included are 
a dimension chart and data on tolerance, 
power factor and leakage current. Gary 
Wells Co., 3 Park Row, New York 38, N.Y.

FHP Electric Motor 238
A 4-page illustrated brochure describes fea
tures and applications of the AL-4 mi
cromotor. Included are standard ratings, a 
dimensions diagram and a detailed cut
away photograph. The Redmond Co., Inc., 
Owosso, Mich.

Microlite Insulation 239
Form WML-5 provides information on 
Microlite insulation. The 4-page brochure 
tells how and of what Microlite is made and 
cites its uses which include heating and air 
conditioning systems, and industrial appli
cations. L.O.F. Glass Fibers Co., 1810 Mad
ison Ave., Toledo 1, Ohio.

Research and Engineering 240
An illustrated 4-page brochure describes 
the company’s electronic research and de
velopment facilities. Infrared, electro
mechanical, optical, electronic, communi
cation and navigation, and control and 
data systems engineering capabilities are 
cited. Fields of interest and completed con
tracts are listed. Servo Corp, of America, 
20-20 Jericho Tpke., New Hyde Park, N.Y.

External Cotter Data 241
Dimensional data and price information 
of 14 standard external cotters are pre
sented in a data sheet which is now avail
able. Pin dimensions for each cotter are 
also given. Hunter Spring Co., Engineer
ing Dept., Lansdale, Pa.

Coated Yarns 242
A 5-page folder describes application, 
properties and yarn data on glass and col
ored glass yarns coated with vinyl, teflon, 
and silicone. Data information is given ac
cording to yarn size and average yards per 
lb. Chemo Textiles, Inc., West Warwick, 
R.I.

MARCONI SPECTRUM ANALYZER
3 to 30 Mc

Linearity 
Resolution 
Ambient Temperature 
Torque

extremely high 
—55e C »o 150° C 
low or high

excellent 
—55° C to Î25° C 
low or high

The above specifications are standard — other values on special order. 
All units sealed, moistureproofed, and anti-fungus treated. Meet ap
plicable portions of JAN specs and MIL-E-5272A standards.

Available in threaded bushing, servo, flush 
tapped hole or flange mounts, and ganged 
units. Special shaft lock is self-contained. 
Internal stops and taps as required. Indexing 
pin provides non-rotational mounting.

For applications where you must be positive, 
answer your potentiometer and trimmer needs 
with »pace and weight saving, highly accurate 
and dependable ACEPOTS and ACETRIMS.

Ace also offers larger size brecision potentiometers, to RETMA specifica
tions, manufactured to highest standards to meet your most rigid require
ments. Expedited delivery from special order section.

Designed by GPO 
Precision-built 

by Marconi

In transmitter hall or laboratory. 
Model 1094 will measure side
bonds only 40 cycles off carrier 
frequency and 60 db down in 
amplitude.
Illustration shows spectrum width 
set to 600 cycles, range -30 to 
-60 db.
Hand calibrated and extremely 
stable, Model 1094 is a delight; 
to use.

BRIEF SPECIFICATION

Expedited delivery on prototypes; prompt servicing of production orders. 
Write for Fact File and application data sheets.

«trademarks applied for

ACE ELECTRONICS ASSOCIATES
Dept. ED, 101 Dover St. • Somerville 44, Massachusetts

CIRCLE 236 ON READER-SERVICE CARD FOR MORE INFORMATION

Frequency: ........................
Amplitude Range:........... 
Accuracy: .......................... 
Selectivity at 3 db points: 
Spectrum width: ..............  
Sweep duration:..............

3 to 30 Mc in 9 ranges 
0 to —30 and —30 to —60 db 

. ±1 db
6, 30 and 150 cycles 
variable, 100 cycles to 30 kc 
0 1, 0.3, 1, 3,10 and 30 secs

4 Page illustrated brochure on request

MARCONI Instruments
CIRCLE 243 ON READER-SERVICE CARD FOR MORE INFORMATION
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Movies In Engineering 244 1957 Electronics Catalog 246

1

Industrial Instrumentation Electrical Contacts and Rivets245 247
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when hard work was

Model S3 YZ 144 Wide-Band

Has His Own Sedan Chair!

5 WIDE BAND
OSCILLOSCOPf KU
• 2 Printed Circuit Boards
. 5 Me Width for Color TV

Hor. Sweep to 600 R<
• 25 mv-inch Sensitivity

QUALITY

INDUSTRIAL USE

copy today.
All Prices Net F .O.H. Chicago

ORDER FROM

ALLIED RADIO

knlght-kit
VOLTAGl CAIIBW0R KIT

91 Pearl Street

CIRCLE 249 ON READER-SERVICE CARO FOR MORE INFORMATION

in Life. Can she be blamed forhusband’s Achievement

5 lbs.
$12.75Calibrator Kit. Net

iformation about recent advances in film 
‘ nsitivity which have extended the scope 
(f high speed movies for industry is pro- 
\ (ded in a 12-page booklet. Five illustrated 
c ise histories are used to show how such 
movies have helped to solve engineering 
problems. In addition to facts on lighting, 
speed selection, and lenses for a high speed 
camera, the pamphlet gives data on films 
for black-and-white movies in the visible 
spectrum, in full color, and by infrared 
radiation. Eastman Kodak Co., Rochester 
4, N.Y.

Over 27,(XX) items fill 356-pages in a 1957 
catalog of nearly everything electronic. 
Among many others are detailed listings of 
test instruments, transistors, tools, wire, 
photo-electric components, nuclear instru
ments, sound-powered telephones, coun
ters, program clocks, generators, radio ama
teur gear, phonographs and TV accessories. 
The catalog also has sections on recording 
equipment, electronic kits, technical books, 
and high fidelity and public address sys
tems and components. There are 160 pages 
of rotogravure. Allied Radio Corp., 100 N. 
Western Ave., Chicago 80, Ill.

u ö B U q 0 u

Hup

F-403 is a 4-page bulletin which illus
trates and describes recording, indicating
and controlling instruments required in in-
dustrial processing. The systems outlined
feature four basic components that can be
interchanged to perform a variety of func-
tions, as well as minimize maintenance
problems. Robertshaw-Fulton ( Controls ( >o.,
Fielden Instrument Div., 2920 N. 4th St..
Philadelphia 33, Pa.

knight-kits
FOR LAB, SERVICE &

fine electronic equipment
in easy-to-build form

Permits use of any scope as
a precision peak-to-peak AC
wave voltage on «cope screen.
Range switch and calibrated 
potentiometer selects any 
voltage between .01 and 100
volts in 1 ranges. Fifth posi-

«■A7E tion feeds external signal to 
J scope for comparison Has 

* “ voltage regulator tube—out-
put voltage stays constant with line
variation from 80-135 volts. Accuracy,
± 6‘ on all ranges. Shunt capacitance 
only 15 mmf. Includes control for provid-
ing precision initial setting Direct cou-
pling <>f output provides ground reference 
for DC scopes. Complete kit includes all
parts, case, full instructions. Shpg. wt

Model S3 Y 136. Voltage

A list of 300 standard electrical contacts 
and rivets available in a wide range of
precious and base metals including silver,
gold, platinum, palladium, brass, steel, alu-
minum, copper, and precious and base
metal alloys are tabulated in a 4-page
specification bulletin. Many cold headed
specialties are also illustrated. Deringer
Metallurgical Corp., 8131 Monticello Ave.,
Skokie, Ill.

• DC Positioning Controls

Only »69°° • Z-Axis Input

Outstanding value in a quality scope, ideal for 
Color TV work and high-frequency lab appli
cations; Wide sweep range from 15 to 600,000 
cps. Ixx'ks in at frequencies as high as 9 me. 
(inly 1 db down at 3.58 Color burst frequency.
Vert ical response: ± 3 db, 5 cycles to 5 me.
Vertical sensitivity, 25 rms mv/inch 20 mmf
input capacity. Special features: cathode-fol
lower vertical and horizontal inputs; 2nd
anode of 1400 volts for high intensity trace; 
p-p vertical and horizontal amplifiers; faithful
square wave response; positive and negative 
locking for excellent synch on complex wave
forms; frequency-compensated input attenu 
ator; Z-axis input, 1-volt peak-to-peak cali
brating voltage; internal astigmatism control;
blanking circuit to eliminate retrace lines, etc. 
Complete with all tubes (including CRT), 
parts, punched chassis, case, full assembly
instructions. Shpg. wt , 40 lbs.

Oscilloscope Kit. Net

356-PAGE CATALOG

ALLIED'S 1957 Catalog lists dozens
of other low-cost quality Knight-Kit
test instruments, as well as the
world s largest stocks of electron
tubes, transistors, parts, audio
equipment—everything in Elec
tronics for Industry Write for FREE

t CTRONIC DESIGN

Every Sigma Engineer

Fortune has indeed smiled on our engineering people, for theirs is the

kingdom of the true vacation-vocation. Head back, mouth open, completely

relaxed, a typical Sigma Engineer arrives at the magnificent plant

about 10:00 A. M. each Tuesday through Thursday,

ready for another creative day in the company

of pure SCIENTISTS. His lot is not that of his father’s,

looked upon as a virtue and

something to be proud of. The Engineer at Sigma
devotes his day to stimulation, and receiving the plaudits of his fellows.

Similarly, at his luxurious home in the sylvan setting

known as South Braintree, the Sigma Engineer’s wife

fairly bursts with happiness,

occasionally re-reading

so proud is she of her

his contract, whose benefits include

guaranteed life income, country dub membership for all living relatives,

and permanent possession of his illuminated desk nameplate?

If you would like to be an SSSSRE’, send application to

569.00

Oept. 69-L-6, 100 N. Western Ave
Chicago 80, Illinois

L. Quinlan at address below. No matter how good your

qualifications, you will not be hired

Satisfied Successful Sigma Sensitive Relay Engineer

SIGMA
SIGMA INSTRUMENTS, INC.

South Braintree, Boston 85, Massachusetts

November 1, 195ô





If, now, a pulse of sufficiently long dura- 
t m is applied at the input terminal, the 
c mdenser 42 charges to a potential, and 
1 nee places a potential on the control grid 
3 j, that renders the tube 32 conducting. A 
p ilse is then generated at the anode of the 

tube 32 to which the output terminal is con
nected. The tube 32 continues to conduct, 
until the end of the negative pulse at the 
input. Termination of the input pulse re
stores conduction through tube 12 and cuts 
off tube 32 to terminate the output pulse.

RITY FUS

A4

Eour

¿6

ROTOSIL 
OPTOSIL 
HOMOSIL 
ULTRASIL

IO
AMERSIL is the primary source for fused 
quartz and silica of the highest possible 

purity. Our fabricated laboratory and production equip
ment is used in industry whenever such critical purity is 
required.

Standard apparatus, crucibles, trays, cylindrical con
tainers in a complete range of sizes and tubing (up to 
25" diam.) are available for early delivery. Amersil 
engineers provide an outstanding service to assist in de
veloping special equipment to individual requirements.

Your inquiry will receive prompt attention.

685 RAMSEY

AMERSIL.
COMPANY, INC. f

AVE., HILLSIDE 5, NEW JERSEY

FUSED SILICA 
AND QUARTZ

CIRCLE 346 ON READER-SERVICE CARD FOR MORE INFORMATION
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'Write for Bulletin 156

91

ENGINEERED CABLE SYSTEMS 
BY PACIFIC AUTOMATION 

ARE RELIABLE SYSTEMS

Pacific Automation Products, Inc.
1000 AIR WAY, GLENDALE 1, CALIF.

Engineers and technicians will find a challenging and fas
cinating career with us. Your qualifications are welcomed.

CIRCLE 347 ON READER-SERVICE CARD FOR MORE INFORMATION



Range Extenders

saves YOU time and money

CIRCLE 350 ON

UNRETOUCHED PHOÎO
25 piet Pube

SHORT RUN STAMPING SERVICE

J Quotation

TOOL & MFG. CO.
Quality Stampings in 

Small Quantities
3650 Alabama Av«., Minneapolis 16, Minn.

READER-SERVICE CARD FOR MORE INFORMATION

How Federal A.Q

ELECTRONIC DESIGN • November 1. 1956

GENERATOR 1

92

54 KINKEL STREET 
. WESTBURY, L. I., N Y

GOLD doped with hee, or ribbon and

WIDE-RANGE

FAST-PULSE I

Model PG-200AA Pulse Generator e PG A-210

Oscillator
Patent No. 2,740,891 W. W. Bowser (As
signed to Motorola, Inc.)

An oscillator which is to give accurate 
control of the frequency generated, utilizes 
a crystal to maintain frequency stability. 
It is impossible to manufacture crystals 
with such precision that they have pre
cisely the desired frequency. As a conse
quence, it has been necessary to “warp” 
the crystal in order to shift the oscillator 
frequency to that desired. In prior circuits, 
such warping of the crystal rendered the 
oscillator circuit unstable. An oscillator 
which maintains its frequency stability, ir
respective of some variation in its frequency 
from the natural frequency of the crystal, 
is advantageous. Also, in superheterodyne 
receivers it is easier to warp the oscillator 
frequency somewhat so that the received 

o— 
+B• DURATION AND POSITION .05 to 1000

• RISE AND DECAY TIMES CONSTANT .03 pJ 
• SINGLE PULSES TO 20,000 PER SECOND 
• 100 VOLTS, 50 OHMS DRIVING IMPEDANCE 
• CALIBRATED WIDTH, POSITION AND RATE 
• TRIGGER OR SINE WAVE SYNCHRONIZATION

CIRCLE 348 ON READER-SERVICE CARD FOR MORE INFORMATION

28 29.

Specialists in the Unusual

,n0|UM .tectroplCd bas. or pr^* 
LNDiu«*' meto| wires.

Precision-Produced 
MATERIALS for 
TRANSISTORS 
and DIODES

0 Ç
ate

I «.NOW HOWJ RwwStamitin. 
[Engineering Skill |Em 
[Creative Ingenuity^

CIRCLE 349 ON READER-SERVICE CARD FOR MORE INFORMATION

SIGMUND COHN CORP.
121 SOUTH COLUMBUS AVE., MOUNT VERNON, N. Y

,hï .‘Th.7’within Cos. ovedap .ofron-

signal will have a frequency between that 
of the intermediate frequency amplifier and 
the discriminator which may be slightly 
mistuned.

In the circuit illustrated in the figure, 
the crystal 12 is in the grid circuit of tube 
section 10. A tuned oscillator circuit 15, 16 
is used in the plate circuit. Feedback is 
obtained through a cathode follower tube 
section 11, the control grid of which is 
coupled to the plate of the oscillator tube 
10 by a coupling condenser 20. Feedback 
is secured through the condenser 23 be
tween the cathodes of the two tubes. Tuned 
circuits 26 and 27 may be provided in the 
output circuit for frequency multiplying.

The circuit illustrated has a relatively 
flat frequency characteristic over a rela
tively wide frequency range. It also pro
vides a stable circuit irrespective of the 
fact that the oscillator generates a fre
quency which is not the same as the nat
ural frequency of the crystal. The patent 
describes variations of the circuit by which 
a flatter frequency characteristic is secured 
over a wider frequency range. One such 
variation includes an inductor in series 
with the crystal. The circuits in addition to 
providing a highly stable oscillator in op
eration also gives adequate output.

1. You send us your print, sketch 
or sample. It undergoes a complete 
analysis from the standpoint of 
materials, men, methods, machines 
and delivery. An analyzed quotation 
is promptly submitted without obli
gation to you.
2. Immediately upon receipt of your 
order, a Federal die is made for your 
stamping. Effecting a savings of up 
to 80% of permanent die cost.
3. Stampings are fabricated in our 
modern press department.
4. The average short run stamping 
order is delivered in four to five 
weeks’ time. Orders are shipped the 
same day they are completed.
5. Your dies are carefully stored and 
maintained for your exclusive future 
use at your direction.
Be sure your next short run stamp
ings are produced accurately, eco
nomically and quickly—send your 
print, sketch or sample for our ...



de potential into an ac sinusoidalsion

'^.zs

CIRCLE 251 ON READER-SERVICE CARD FOR MORE INFORMATION

Mount transducer

CIRCLE 252 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 250 ON READER-SERVICE CARD FOR MORE INFORMATION
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Write today for complete 
specifications and other 
detailed Information.

Connect output to counter, recorder, 
or control

Experience, skill and technical know-how 
has made Canoga Corp, a leader in the 
microwave field. The components illustrated 
and described are representative of 
Canoga’s continuing progress in research 
and design...dedicated to serving and 
benefiting the microwave engineer

November 1, 1956
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DESCRIPTION:
Originally designed for production check
ing of frequency regulation on motor and 
engine driven generator sets, SHASTA 
Expanded Scale Frequency Meters offer 
fast, accurate monitoring of frequency 
on many applications.

BECKMAN INSTRUMENTS INC.
P.O. Box 296, Station A. Richmond, Colifornta 

Telephone LAndtcape 6-7730

Send for new Bulletin 
CPP356 today!

ELECTRO
PRODUCTS
LABORATORIES 
4501-ED Ravenswood Avenue 
Chicago 40, Illinois 
LOngbeach 1-1707
Canada: Atlas Radio Ltd., Toronto 
Complete Une of transducers for 
speed measurements, control, 
counting 4 recording

Now, extra sensitivity detects metals 
at greater range. Drive electronic 
counters at frequencies up to 1000 
operations/sec. A variety of pickups 
are provided to meet your particular 
applications. JIC approved enclo
sures available. Complete with 10* 
cable and pickup.
Model 4951-RAC has SPDT 
relay. Frequencies up to 3600 
operations/min. for controlling 
electrical circuits and machin
ery. 9124.50 list.

cathode 16. Current flow between cathodes 
16 and 20 discharges the capacitor until the 
current becomes too low to support gas 
ionization. (.onsequently, current ceases and 
the capacitor again begins to charge from 
batten- 26’ for the next discharge.

When the gas within the tube is ionized, 
current flows between cathode 16 and 
anode 18 through the primary winding of 
transformer 36. The de potential is sup
plied by battery 12 whose potential is suf
ficient to support current flow when the gas 
is ionized but insufficient independently to 
ionize the gas. The output across tube termi
nals 10 is a sinusoidal wave. Battery 26, 
however, supplies a potential sufficient to 
ionize the gas and controls the flow of cur
rent between electrodes 16 and 18 and the 
circuit including primary winding 34. Ca
pacitor 40 across the secondary winding of 
the transformer improves the wave form.

Model 4951-BAN 
(control unit, 

pickup, cable & 
connectors) 

9109.50 list.
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E ectronic Inverter System
1 itent No. 2,730,669. W. M. Webster, Jr. 
(. ssigned to Radio Corp, of America.)

The conversion of a de potential into an 
a ternating voltage has been accomplished 
b the vibration of a reed contactor which 
rr akes and breaks the circuit. The vibration 
of the reed is secured electromagnetically. 
1 ie voltage output from this type of in- 
v< rter is not sinusoidal and requires addi
tional circuit elements to give it this form. 
In addition, arcing deteriorates the contact 
surfaces of the reed and contact point. The 
circuit and tube accomplishes the conver-

FEATURES:
♦ Accuracy of ± ’/» cycle
W 1 ma recorder connection provided
★ Expanded scale for easy, error-free reading

BRIEF SPECIFICATIONS:
Base Frequency: 400 cps‘ Span: ± 25 cycles
Accuracy: ± 1/2 cycle
Price: Model 404 (cabinet, not shown) $330.00

Medel 404R (rack mounted, shown) 
$380 00. f o.b. factory

*Also nvoilobl, in 60 cps model

voltage wave entirely electronically.
The circuit uses a so-called separate func

tion gas tube which separates the functions 
of ionizing the gas in the tube and of the 
conduction of current through the tube. 
Tliis type of tube is illustrated in the figure 
and the ionization of the gas in the tube is 
secured by battery 26' which charges ca
pacitor 32 through resistor 28. The poten
tial on the capacitor increases as it becomes 
charged until it reaches a potential to 
ionize the gas and current can pass through 
the tube between electrodes 20 and 16. 
Electrode 22 is a so-called constricting elec
trode in that it surrounds cathode 20 and 
has a narrow slot 24 directed towards main

CANOGA CORPORATIO
Radar Systems • Antennas • Rscalvsrs 

Teat Equipment • Microwave Corpponents
6953 S9FULVBDA BLVD., VAN NUYB, CALIFORNIA

Write today for Technical Bulle 
tin 404. pleat« addrest Dept
SE-11 

______ _____

OTHER SHASTA QUALITY 
INSTRUMENTS

Expanded Scale Frequency 
Meters and Voltmeters 
Audio Oscillators * AC 
Voltmeters • Power Supplies 
Wide Band Amplifiers 
Bridges • WWV Receivers 
Decade Inductors.

Automatically 
Batch and Count 

Metal Objects 

umXL NEW electro

SHAS’A

Shasta

FERRITE COMPONENTS

DOUBLE 
TERMINATION 
POLARIZATION 
CIRCULATOR 
Model 6332

HIGH POWER 
DOUBLE 
TERMINATION 
LOAD ISOLATOR 
Model 34305

HIGH POWER 
DIFFERENTIAL ABSORBER 
Model 35776

HIGH POWER 
SINGLE TERMINATION 

LOAD ISOLATOR 
Model 34304

HIGH POWER •
ISOLATOR DUPLEXER 

Model 35607



STOCK KNOBS
IN ANY QUANTITY
NEVER A MOLD CHARGE

Select your knobs or pointers from 
GEE-LAR’S huge stock of quality 
products. Fast service ... lower cost— 
always at GEE-LAR!

GEE-LAR MANUFACTURING COMPANY
42-, South Wyman Street • Rockford, Illinois

CIRCLE 253 ON READER-SERVICE CARD FOR MORE INFORMATION

WRITE TODAY for 
illustrated GEE-LAR 
Catalog. Fro«!

GEE-LAR—The House 1 
of Knobs—can give you a 1 

wide selection of knobs for 
every application. Hundreds 
of patterns and styles always 

in stock, and you’re never 
concerned with a tool charge.

Books
Handbook of Basic Circuits TV-FM-AM 
Matthew Mandi, The Macmillan Co., 60 
Fifth Ave., New York, N.Y., 365 pages, 
$7.50.

A unique book which presents 136 com
monly used TV, FM and AM circuits in a 
manner for easy reference. Each circuit is 
a representative one. Accordingly, the 
reader will find in this one volume virtually 
every one of the standard circuits, each 
presented in sufficient detail to provide a 
basis for recognition and understanding of 
any design variations he may meet. Because 
many basic circuits are common to other 
branches of electronics, the illustrations and 
descriptions are applicable to industrial and 
commercial electronics.

For each of the circuits described there 
are: ( 1) a schematic diagram, (2) a descrip
tion of the place the circuit occupies in 
electronic equipment, (3) a discussion of 
the purpose of the circuit, and (4) a descrip
tion of its characteristics and function. 
Mathematics and formulas have been held

to a minimum, thus allowing discussions 
of circuit theory and applications to be kept 
as simple as possible.

Essential reference data will be found in 
the Appendixes. Included are: a classifica
tion of amplifiers, standards for color and 
for monochrome television, block diagrams 
of complete receivers and transmitters, and 
summaries of the operational theory of 
complete communications units.

Electrical Interference
A. P. Hale. Philosophical Library, 15 East 
40 St., New York 16, N.Y., 122 pages, $4.75.

From a practical point of view, a valuable 
feature of the book is the series of TV dis
plays showing the effects on the picture of 
different types of interference. Chapter 
headings are: Causes of Interference; Ef
fects of Interference; Receiver Aerial Sys
tems; Measurement of Interference Levels; 
Location of Sources of Interference; Avoid
ance of Interference; Basic Filters—Safety; 
Practical Filters—Faraday Cages.

Gentlamant
Flea»« ««nd m« information on Printed 
Circuitry.

□ Hove your representative cad.

Nome . . ■

MODEL 1 portable type—

AT THE CROSSROADS

X-Y I I CURVE ! ! POINT |
I RECORDER j I FOLLOWER j I PLOTTER j

MOSELEY
AUTOGRAF

There's no turning back at the crossroads. Old Style 

Wiring leads to wasted time, tangled wires, assembly 

headaches. Printed Circuitry leads to economical 
production, uniformity, savings in time, effort, space. 
Regency Division of I.D.E.A. choose the Printed 

Circuit Road for the 1st Transistorized Radio and 

Regency Model TR-6. Regency circuits are produced 

by Croname's Printed Circuitry Process. Our circuit 
boards are covered under the Underwriters' Labora
tories Recognition program for use in UL listed items. 
Why not let Croname assist you start on the right 
road to modern circuitry? Etched and Plated-Thru 

Circuits of Quality. Call CRONAME TODAY . . .

MODEL 2 flat-bed_ _ _ _ _ _ _ _

MODEL 3 desk type

♦
1741 GRACE STREET 
CHICAGO 13. ILL. Bl 8-7500

C R O N A M E
INCORPORATED

Now offered in four versatile models, the 
Moseley AUTOGRAF X-Y recorder is a 
high quality, precision instrument providing 
economical means for plotting data quickly, 
easily, and accurately. It is widely used in 
research, development, and test laboratories 
where quantities of mechanical, physical 
and electrical data are being collected daily. 

Features include ranges from 5 millivolts 
to 500 volts; 200,000 ohms per volt input 
resistance; zero set and full scale zero off-set; 
speeds up to J/2 second, full scale; better 
than 0.25% accuracy.

A complete line of accessories is available 
for almost any data translation problem.

Wrnt tu 
complet* 

jfUnfinm

F.L MOSELEY CO.
409 N. Fair Oaks Ave. 
Pasadena, California

MODEL 4 rack type
CIRCLE 255 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 254 ON READER-SERVICE CARD FOR MORE INFORMATION
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Frequency 400 cycles
Phase single
Voltage 115
Capacitor 2 mfd
Air Delivery... 5 cfm at 

0" static pressure

i s our business
The best “penny-a-month” insurance against 
damage to costly equipment, as well as losses 
through operative failures, is often a high- 
specification Air-Marine Motors fan, motor, or 
bloycr.

Performance . . . Dependability . . . Adapta
bility . . . these are the inherent characteristics 
of all Air-Marine Motors’ rotating equipment.

i
When your requirements call for sub-frac-

tional hp fans, motors or blowers, be sure to get in touch with the 
nation’s leading specialist-ihanufacturer of this type equipment . . . and 
use the Air-Marine advisory services without obligation.I 

air-marine motors, inc.
369 Bayview Avenue •
West Coast Factory: 2055 Pontius Avenue

Amityville, N. Y. 
Los Angeles 25, Calif.

THE data storage and retrieval device described 
here provides rapid access to any one of 10,000 

information-containing frames recorded in miniature 
on a 10 in. square sheet of microfilm. Operating con
tinuously, it automatically searches the microfilm and 
photographically prints out one frame every two sec
onds. Designed and built by M. L. Kuder of the elec
tronic instrumentation laboratory of the National Bu
reau of Standards, the device is intended for use in 
Government agencies.

Particularly applicable where large volumes of data 
must be assembled in a predetermined sequence from 
a master random file, information may be in the form 
of pictures, drawings, fingerprints, sets of numbers, 
letters, or other symbols, or even single stages of elec
tronic circuit diagrams. Quantity and kind of data are 
limited only by the size of the individual frame (1/10 
in. square) and the photographic resolution of the 
film emulsion.

Input to the machine is from a perforated teletype 
tape containing the coded locations of the desired 
frames in the order in which they are to be printed 
out. The assembled data produced by the machine 
comes out on a 10 in. wide strip of photosensitive 
paper of any required length. Individual frames are 
enlarged to 1/2" squares. Commercial automatic de- 
veloping equipment processes the photographic paper.

The instrument is essentially a combination of digi
tal computer electronic circuitry and a pair of preci
sion servomechanisms that search X and Y axes of the 
matrix. The location of the desired frame is fed into 
a 20 bit (binary digit) register from the teletype tape. 
The register consists of a capacitor memory and coin-

Block diagram of automatic micro-image file system.
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(idence identification circuitry. The first 10 bits re- 
(orded in the register control the Y position selection 

hile the second 10 bits control the X position.
The matrix is supported on a 10-in diam drum. 

1 he drum is servo-controlled in both linear and rotary 
axes of motion, corresponding to the X and Y axes of 
the matrix. The servos that shift the matrix to the 
chosen coordinates are mechanically coupled with 
precision gearing to two code commutators.

The code commutators, one associated with each 
axis, control the coordinate positions to which the 
matrix is located. These commutators are photoetched 
with one hundred 10-bit numbers corresponding to 
the standard teletype binary bit code. The two par
ticular positions on the commutators are selected by 
a serial mechanical search with contacting brushes 
until a code combination is found that matches the 
binary bits recorded in the 20-bit register. Magnetic 
clutches and brakes provide rapid starting and stop
ping of the drum with uniform overtravel in locating 
every position on the matrix. A single induction motor 
supplies all motive power to the machine.

At the beginning of the cycle of operation, a tele
type tape reader reads a 4-decimal-digit code. A 
space symbol is customarily inserted in the teletype 
tape following each 4-digit number. On detecting this 
space symbol, the machine’s program control stops 
the tape reader, engages the magnetic clutches on the 
X and Y servos, and looks for the compatible code on 
the two coordinate axes. When the compatible code 
is found, the clutches disengage and magnetic brakes 
stop the drum. A print lamp is briefly turned on to 
make a photographic exposure of the selected micro
film frame on the photosensitive paper. When the ex
posure is completed, the teletype tape advances to the 
next instruction, the drum returns to its zero position, 
and the machine proceeds with the next search cycle.

Fifteen successive frames are printed in a row 
across the 10 in. width of the print paper by means of 
a step positioning mirror. This mirror performs a func
tion similar to the character spacing on a typewriter: 
it automatically advances the image one space on the 
photographic paper for each printout. Upon comple
tion of a line, a line-feed servo advances the paper 
a fixed amount.

The instrument recognizes two other symbols, the 
carriage return” and the “line feed.” These symbols 

instruct the machine to return the step positioning 
mirror to its zero position, and to advance the paper 
one line. W’henever these functions are desired, they 
can be inserted into the teletype tape.

Although the machine was primarily designed as 
an outscriber for obtaining programmed printing from 
a 1 rge file of negatives, it can temporarily be set up 
as n inscriber to prepare its own matrices of 10,000 
fra aes each. Using the same machine to prepare a 
ma rix insures that each frame will be accurately lo
cal d whenever it is subsequently used.

bstracted from the National Bureau of Standards 
le hnical News Bulletin, Volume 40, No. 7, July, 1956.
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Write for this FREE catalog today 
Unless you have extensive know-how and com
plete facilities for fabricating laminated 
plastics parts you’ll do better — much better! — 
by letting MICO produce your precision parts 
for you from Lamicoid®.

MICA INSULATOR COMPANY
763 Broadway • Schenectady 1, New York 

Subsidiary of Minnesota Mining & Manufacturing Co.

For complete information, mail this coupon now.

MICA INSULATOR COMPANY
Department 763, Schenectady 1, Now York

Please send me a free copy of “Save Time, 
Money, Trouble with Lamicoid Fabricated 

Parts.”

Name______________________________________________

Title______________________________________________

.Zone——Stat«.

Company.

Address.

City____
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Abstract

Laboratory Testing To Achieve Reliability
J

IN every company that is engaged in producing a 
complex system, or even a component of a complex 

system, there must be individuals who can design, 
install, and administer a system for achieving reli
ability. Such a system will always require coordina
tion of men, materials, machines and money.

The probability of success of a complex system is 
roughly equal to the product of the probabilities of 
success of all the essential components. The well- 
known P-overall rule*  states, for example, that if 
each component of a five hundred component system 
is 99% reliable, the system is only about 1% reliable. 
This means that to achieve acceptable system reliabil
ity, component reliability must be raised by orders 
of magnitude above that achieved by normal com
mercial practice.

Also, it is cheaper to make a poor component than 
to make a highly reliable one. Therefore, to obtain 
reliability, procurement methods must depart from 
the lowest bidder method of doing business. This de
parture has not taken place to a satisfactory extent, at 
least not in Government procurement.

Further, an engineering product can be made re
liable if all modes of failure are known and under
stood, or if unknown modes are quickly revealed by 
direct feed-back from service failures. Unfortunately, 
in the case of complex systems there are many un
known modes, and feed-back is usually feeble, 
the case of non-recoverable weapons, feed-back 
almost entirely absent.

The ultimate cause of each case of unreliability 

Tn
is

is
some form of human error. To achieve reliability, 
these errors must be recognized and then controlled.

In a traditional product such as an automobile. 

*For a thorough treatment of this principle, see Robert Lusser 
“Basic Lecture on Reliability” obtainable from Redstone Ar
senal, Huntsville, Alabama.

errors in design or workmanship cause easily recog
nized service failures. These failures are reported back 
very quickly through a sales organization with em
phatic demands for immediate corrective action. 
Technically, corrective action is facilitated by a com
plete and accurate description of the condition under 
which failure occurred, and by the return of the failed 
part. Psychologically, corrective action is aided by 
easy identification of the responsible person and by 
the certainty of economic punishment if action is not 
rapid and effective.

By contrast to more traditional engineering prod
ucts, consider the case of a part such as small preci
sion snap-action switch that is sold to a gyro manufac
turer, who sells to the Air Force. Suppose further that 
under battle conditions the part fails to function be
cause of the combined effects of high altitude, low 
temperature, aircraft vibration, maneuvering accelera
tion, and gunfire shock. If the plane is shot down, the 
feed-back on the error that caused the failure is lost 
entirely. If the plane lands, and under static ground 
conditions the part operates satisfactorily, feed-back is 
still lost. Even if an Air Force maintenance man dis
covers and replaces a defective sub-assembly, the only 
feed-back may be an unsatisfactory material report 
stating that under certain unknown conditions, an un
identified part of the fire control system failed. With 
such meager information, it is not possible to identify 
the responsible manufacturing company, much less 
the responsible individual, and even if he were 
reached, he would not possess the facts required to 
generate corrective action.

This is the problem. The solution is to be found in 
the full and skillful exploitation of laboratory testing. 
The control of human errors that cause unreliability 
has much in common with the control of human errors 
in civilized communities. In each case, three major 
steps are required. These steps are (1) indoctrination 

or preaching of a gospel, (2) evolution of written laws, 
and (3) evolution of a system of law enforcement that 
includes a police force equipped for the scientific 
detection of errors and identification of authors.

In this general plan, reliability coordinators are re
quired to preach the basic principles of reliability, 
and parts application and quality control engineers 
are required to write a system of laws in the form of 
specifications and classifications of defects. The job of 
police detective must be accomplished by experi
mental physicists or by test engineers.

The characteristics of the required system are dic
tated by the types of errors that must be detected and 
corrected, and by the existing industrial pattern of 
vendor-buyer relationships. Industrial procurement 
patterns vary somewhat in different areas and dif
ferent industries, but the pattern of human errors is 
universal for all areas and all industries.

Long experience in design evaluation has shown 
that in complex systems subjected to varied environ
ments, lack of knowledge, understanding or measure
ment of modes of failure is responsible for about half 
of all new design failures.

When all modes are known, the designer still may 
fail to provide an adequate margin between the 
strength of the part or the stress that will be experi
enced in service. This is the familiar “Inadequate 
safety factor error.” In calculating safety factors, a 
single value is assigned to the strength of the part, 
and another single value to the maximum service 
stress.

If the part is such that strength variation from item 
to item is very small, and if maximum service stress 
is never exceeded, a moderate safety factor of, say, 
1.5, provides for reliability. If this variance is not 
small, a moderate safety factor will not prevent the 
low strength items from causing failure, 
a designer commits an error whenever he

Therefore, 
chooses a
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close spacing ... variable production rates to match changing

Head, manual or automatic machines to set them — competent engineering counsel 
all add up to a better fastening method for you. Send prints or sample assembly to 
Tubular today.

special purpose fasteners. Tubular rivets of all types — single or Multi

offers unusual 
growth opportunities 

to engineers

jjbular Rivet
J £ CorripQfUj
I Wollaston (Quincy) 70, Mass

tion or analytical laboratory and

• Automatic Trigger Control 
U.L. Approved + l/ioC.

• If W. x IS” D. I 18" H.. ID
• Complete — Meets N.E. Code

Ask Tubular Rivet for help with
your fastening problems during the design stage. This is when the right rivet in the right 
location, and the right assembly method can be recommended. It will save your time, 
keep fastening costs and production time down, insure fast delivery.

You may profit by Tubular’s experience in answering requirements such as hard to-

em
•ess

BLUE M 
STABIL-THERM

recirculating vertical air flow

OVENS

general chemical processes',

• Wattage Selection 
e 100« to 500e F. Range 
• Double Wall Design 
• Stainless Interior

Better Results 
for less money

Division of General Dynamics Corporation 
GROTON • CONNECTICUT

iart that has inherently large strength variance.
Manufacturing errors include: defective materials 

>r workmanship, inspection errors or limitations and 
»rocess drift.

“Process drift” includes a wide variety of errors, 
such as machine tool wear, chemical composition 
changes, and so on. It is important because compo
nents for complex systems are qualified by tests on a 
first article. Unless subsequent production items are 
identical, the basis for acceptance becomes invalid.

To detect unknown modes of failure, the only pos
sible procedure is to subject the component to labo
ratory simulations of every one of the adverse environ
ments to which it will be subjected in service. If pos
sible, the component must be made to function dur
ing the applications of the environment. If the ad
verse effects of several environments are additive, 
they must be applied simultaneously. For example, it 
is generally true that the effects of shock and extreme 
temperature are additive and therefore they should be 
applied simultaneously.

To measure the actual value of a safety margin, it is 
necessary to carry the test to failure. A very ele
mentary example of this is the burst test on hydraulic 
components. To establish that a specified minimum 
value has been achieved, a nondestructive proof test 
may suffice.

To detect excessive variance, it is necessary fo per
form tests to failure, and to do so in a statistically 
designed experiment.

Control of unreliability in only qualitative terms 
is satisfactory for guidance in the choice of control 
methods, but it is not enough to permit decisions on 
how far reliability improvements must be pushed.

The answer can be provided in two steps. First, the 
systems engineer must give the component vendor a 
value for the highest probability of failure in service 
that can be permitted for each component. In a typi
cal missile, the value might be 10 5. In a radar system, 
it might be 10’” failures per hour. Then the following 
can be applied.

Two years ago, world attention centered on Electric Boat at Groton, 
Connecticut where scientific boldness harnessed the power of atomic 
energy to launch the Nautilus, which will soon be followed by its sister 
ship, Seawolf. Next to glide down the ways will be even more powerful 
versions... a third, fourth and fifth nuclear powered craft.
Now, engineers who are cognizant of the implications of the Atomic 
Age are concentrating their interest on Electric Boat.
The following opportunities exist for:

a) Naval Architects
b) Mechanical and Electrical Engineers with 3 to 5 years 

experience in the application of mechanical and electrical 
marine power plant equipment.

c) Electrical and/or Mechanical Engineers for basic design using 
analog computers, with respect to control systems, motor control 
circuits, power plant, speed and voltage regulators or fluid flow 
and thermodynamics. Familiarity with engine room and reactor 
plant electrical systems and controls desirable.

At Electric Boat your professional success is spurred by company 
sponsored courses at the plant, advanced study at leading universities^ 
and by attention to broader professional growth by immediate supervision.
Electric Boat’s location in Groton on the lovely shore of Long Island Sound 
makes life as pleasant as your job is stimulating. The surrounding resort area 
is well known for its year-round sports and recreational activities. And, 
you have all the advantages of nearby New York and Boston as well.

Interviews can be arranged by sending resumes to Peter Carpenter.

OV-490, Enameled Ex«.. *91 AAA
K.W., 115V. or 230V/l ph..........)31U.UU
OV-510, All Stainless. MAE AA
K.W., 115V. or 230V/1 ph......... )J73.UU

litbilar

Rivet I
Why? New directed vertical 
air flow; turbo blower—pow
erful motor produce* stable 
uniform temperature* equal to 
conventional oven* co (ting 
many time* more.

Guaranteed 1 Year

1-Po + PoP:

Where: Pf = Probability of occurrence of a compo
nent failure under specified conditions;
Po = Probability of occurrence of a manufac
turing error that will cause failure;
Pi = Probability of occurrence of inspection 
missing a manufacturing error;
P8 = Probability of occurrence of a strength
stress scatterband overlap.

he error detection system must be able to measure 
Po, Pi, and P8, and when these values are too high, the 
system must facilitate corrective action.

abstracted from a talk presented by Leslie W. Ball, 
Tc' hnical Director, United ElectroDynamics Divi
zie », United Geophysical Corp., Pasadena, Calif., to 
the Engineering and Management Course at the Uni- 

ity of California, Los Angles 31, Calif.

138th AND CHATHAM ST BLUE ISLAND
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Possibility of Extending the Similarity Concept to 
Multiresonator Magnetrons with Unequal Numbers of 
Resonators, I. E. Rogovin (20 pp, 4 figs).

The author derives the equations (similarity criteria) 
under which the phenomena that take place in the 
coupling space of a mylti-cavity magnetron are simi
lar, and determines the operating conditions under 
which a magnetron with a certain number of cavities 
can be considered similar to one with a different num
ber of resonators.

Synchronization of Self-Excited Oscillator using Pulses 
with Sloping Edges, E. S. Voronin, R. V. Khokhlov (9 
pp, 6 figs).

This article contains a theoretical discussion of the 
use of non-rectangular waveforms, including an analy
sis of the effects of varying the amplitude and fre
quency of the synchronizing voltage.

Mutual Synchronization of Reflex Klystrons, R. V. 
Khokhlov (10 pp, 5 figs).

The Van-der-Pol equations are used to describe the 
synchronization of reflex klystrons and to illustrate the 
possibility of a smooth transition from the oscillatory 
region of one klystron to that of the other.

Photocells and Photomultipliers with Magnesium 
Cathodes for Ultraviolet Rays, O. P. Dorf, N. G. Ko
kina, T. M. Lifshits, D. A. Shklover (8 pp, 5 figs).

This report discusses the absolute sensitivity and 
spectral characteristics of photocells made of mag
nesium containing various impurities. Experiments 
have shown that magnesium cells are not affected ex
cessively by impurities, and that a cell with a mag
nesium cathode and an alloy (activated copper-alumi- 
num-magnesium) emitter has enough sensitivity to 
record a flux of IO'15 watts at 253.7 micromicrons. 
Reference is made to work by Dunkelman (J. Opt. 
Soc. Am., Feb. 1955, p 134), Hinteregger & Watanabe 
(J. Opt. Soc. Am., July 1953, p. 604), and Wainfan, 
Walker, & Weissler (J.Appl. Phys., Oct. 1953, p. 1318).

100

Effect of Secondary Electron Emission from Insulators 
on the Stability of Electron-Tube Parameters, N. V. 
Cherepnin (13 pp, 14 figs).

The secondary emission from the insulating mate
rial (mica) used in vacuum tubes liberates gases that 
eventually poison the oxide coating on the cathode 
and cause deterioration of the tube parameters. The 
article contains a thorough experimental discussion 
of the process and proposes measures for combatting 
its ill effects, which are particularly pronounced in 
miniature tubes. These measures are:

1. Reduce the length of the oxide coating of the 
cathode to a minimum, thereby reducing the effect of 
positive charges produced by secondary emission on 
the edges of the cathode.

2. Increase the surface resistance of the mica in
sulators and prevent the formation of conducting films 
by the metals and oxide salts liberated from the 
cathode. Reducing the cathode temperature is also 
effective.

3. Increase getter activity.
4. Reduce the working voltages of the electrodes.
5. Replace metal strips on the upper and lower 

mica members adjacent to the suppressor grids of 
pentodes or confining electrodes of beam-power tubes.

---------“a
U,-------M

mice

>3X4«

Fig. 1. Diagram of the path of secondary emission and its 
equivalent circuit. The ratio of the currents flowing into and 
from the insulator is defined as the emission factor and is a 
function of the potential Ux of the emitting portion of the 
insulator.

00»//^ baiali

Fig. 2. It can be readily seen that the surface 
of the insulator is in equilibrium if ix =i2, but 
not all equilibrium points are stable (point B 
is unstable). This leads to a discrete change in 
the plate current with time, as shown in the 
lowest curve, which indicates that after the 
transient (phase I) produced by the secondary 
emission the secondary current does not return 
to its initial value, but settles at a higher level 
(phase II).

0

2.0

O'

¿0' - ....... — — - - ■ —
0 2« 6 B 10 12 N 16 fH 2d 12 2V ¿6 25 .16

Days in operation

Fig. 3. Differences in plate current of the same 6N2P miniature 
dual-diode tube measured at intervals of 1-2 days (six tubes 
tested).
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A MIGHTY MITE FOR FREQUENCY MEASUREMENT

2.
3

2
3

RESONANT REED FREQUENCY METER
on mica

Diagonal cutters.
Long-nose pliers.

8 Closer cost control
S ' leads for terminals

6. Broken leads.

4. 90% operator training time.

for TERMINAL BOARDS
PR INTED CIRCUITS and
MINIATURIZED ASSEMBUES

tion factor of the 6N2P tube

The "miniature” is available in

am»

shield
mica

Fastest PREPARATION and

James (r. Biddle

32P2

ELECTRONIC EQUIPMENT

NEW YORK

ALSO AVAILABLE
IN STANDARD OR SPECIAL MODELS
FOR PANELBOARD OR PORTABLE USE

of Resistors

MANUFACTURERSANDDESIGNEIS

STREET3 4thWEST

PIG-TAILORING” to ED-1 IP

JOB FUNCTION

COMPANY

ADDRI -

i • I

"PIG’TAILORING"
a revolutionary new

mechanical process for higher

Fig. 4. The nominal amplifica-

is 100. In this case it dropped
from 94 to 84 at an approxi-
mate plate voltage of

shielding strips

Fig. 5

mg improvement (six tubes).
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production at lower costs

Capacitors, Diodes and all
other axial lead components

PIG-TAILORING provides:
Uniform component position.
Uniform marking exposure
Miniaturization spacing control

U leads for printed circuits

The ’TIG-TAILOR” plus SPIN-FIN — Accurately Measures, Cuts. Bends 
Ejects and Assembles both leads simultaneously to individual lengths and
shapes — 3 minute set-up — No accessories — Foot operated — I hour
training time.

6. Individual cut and bend lengths

? Invaluable labor saving
10 Immediate cost recovery.

PIG-TAILORING eliminates

Operator judgment.

5 Broken components.

Write for illustrated, descriptive text on

7. Short circuits from clippings.
8. 65% chassis handling.

10. Haphazard assembly methods.

BRUNO-NEW YORK INDUSTRIES CORPORATION

MINIATURE, SEALED TYPE FRAHM® repeatedly for land, sea and airborne
equipment because they withstand dirt,
fungus attack, humidity and other
destructive atmospheric conditions.

2^” and 3^ sizes. WRITE FOR
BULLETIN 32P2-ED

Frahm Resonant Reed Frequency
Meters are available in a variety of
standard shapes and sizes to indicate
alternating current frequency from 15
up to 1500 cycles per second. They are
applicable to pulsating or interrupted
D-C as well as A-C supply circuits. If

Hermetically sealed construction makes
the Frahm Miniature Frequency Meter
practically indestructible and foolproof in
conditions of heavy moisture or fine dust.
Design engineers who try Frahm Sealed

you have special design requirements
for range, methods of activating, scale
graduations, etc., we invite your cor-
respondence. We are confident we can
meet your specifications.

Type Frequency Meters specify them

i ?s. 5-6. The secondary emission can be eliminated by using
tai screens or strips connected to the cathode. The method

u -d depends on the tube construction. Fig. 6 shows the re-

WRITE FOR BULLETIN 32-ED.
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FRAHM RELAYS AND OSCILLATORS
Frahm Resonant Reed Relays and 
Oscillators open a new era to 
designers of electro-mechanisms.
The transmission of a number of
control signals over a single com
munication circuit of any type is 
simplified by the use of these
components. WRITE FOR BULLE-
TIN 3S-ED (FRAHM RELAYS) 
AND BULLETIN 34-ED 
(FRAHM OSCILLATORS).

1316 Arch St., Phila. 7, Pa. ED
Please mail following bulletins:

32 0 33 □ 34



Waterbury 20, Conn. 6.44

TYPICAL SPECIFICATIONS

Pressure Setting:

Contact Ratings:

361 Putnam Ave., Cambridge, Mass.
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Pontos”"’1'

GREEN INSTRUMENT COMPANY

BRISTOL'S REGULAR-SIZE pres
sure switch. Both regular 
and miniature switches are 
made in absolute, gage, and 
differential pressure models.

The Fenwal Single Wire Midget THERMO
SWITCH K unit gives highly accurate temperature 
control in a small amount of space — even under 
severe operating conditions.

Weight (ounces): 
Size (inches):
Ambient Range: 
Vibration & Shock:

PRECISION ACTION, SMALL SIZE, LOW COST are features of 
Bristol’s new pressure switches for aircraft electrical circuits. 
Miniature size shown here.

New! Miniature pressure 
switch for aircraft use

Accurate, reliable, repeatable performance in any position 
and under MIL-spec environmental requirements is the design 
aim for Bristol’s® new line of pressure switches.

Designed specifically to meet aircraft requirements, the 
switches are precision devices for switching electrical circuits 
in response to pressure changes in gases and liquids. They’re 
available in both regular and miniature sizes.
Specially-designed capsular elements—All stainless steel or Ni-Span 
C, welded construction. Exclusive design assures maximum re
sistance to vibration. \
Absolute, gage, and differential pressure models available.
Hermetic scaling affords maximum 
protection. All exterior joints are 
metal-to-metal or metal-to-glass.
Outstanding over-range protection — 

Built to take high over-pressures 
without damage or loss of calibra
tion.
Variety of mounting arrangements 

possible — Clamps, studs, or pres
sure fittings can be utilized to 
mount switch in any appropriate 
location.

Write for bulletin AV2004. The 
Bristol Company, 151 Bristol Road,

Fig. 7. Demonstration of effectiveness of shielding the mica 
insulator. If the shields are connected to the plate and 
cathode through high resistances, secondary emission can 
again be produced in the tube. Curve 1 is plotted for the 
case when the upper of the two resistors is infinite, i.e., when 
no charge can accumulate. Curve 2 is for both resistances 
finite and shows the re-appearance of secondary emission.

Close Temperature Control 
In a Small Space 

Fenwal Midget units ideal for 
aircraft and other applications

The single wire 
Fenwal Midget util
izes the famous 
Fenwal thermo
switch principle. The 
outer shell, which is 
X" O.D., is the ac
tivating element.

Fenwal single wire 
Midgets offer relia
bility, extreme sensi
tivity, compactness 
and are vibration re
sistant. They are un
affected by ambient 
conditions within 
their operating tem
perature. The units 
are ideal for such ap
plications as aircraft,

Fig. 8. Secondary emission is also responsible for an unstable 
inverse grid current in some tubes. The mechanism is illustrated 
in this figure.

guided missiles, antennas, electronic equipment, radar, 
motors, computers, wave guides, crystal ovens.

Fenwal also precision manufactures double wire 
Midgets, hermetically sealed Midgets, and even smaller 
Miniature units for control of gases, solids or liquids. 
Get all the facts on these small-space temperature con
trols. Write for free bulletin MC-124, Aviation Products 
Division, Fenwal Inc.,911 Pleasant St., Ashland, Mass.

Miniature 
Size 

Any pressure be
tween 2 psi and 
100 psi, absolute, 
gage, or differen
tial, as specified 
5 amp and 10 amp 
resistive at 
30v d-c or 115v a-c 
l’/2 
17a long 
1 5/16 diam. 
-65Tto 250°F 
Designed to meet 
Spec. MILE-5272A

Regular 
Size 

Any pressure be
tween 5 psi and 
150 psi, absolute, 
gage, or differen
tial. as specified 
5 amp and 10 amp 
resistive at 
30v d-c or 115v a-c 
6 
2% long 
2’/2 diam. 
-65'Fto 250*F 
Designed to meet 
Spec. MILE-5272A

RDI \Til I F’NE PRECISION instruments 
UliIV I UL FOR OVER 67 YEARS
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GREEN

2^01

Unique design 
imensional Model D-2 Tea- 
micrometer adjustment con

fs vertical depth of cut, and adjusts 
height of copy table and pantograph. 
Range of ratios from 2 to I to infinity! 
Accessibility on three sides permitting 
panels up to 30" diameter to be engraved, 
milled or profiled. Vertical range over 
10” allowing operations on complete 
chassis, cab nets or other bulky objects, 

gedness, stability and precise accu- 
< inherent in construction.

dly constructed heavy duty steel Green 
functional parts are conveniently within 

>r while seated. Accessibility of master 
ower cabinet trays, tools and accessories 

________ ethre capacily.
* broch- with full details is yours upon request^

Literature also available on the smaller 
Model 106 three-dimensional engraver.

I
o
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• Main and Vernier Control«

WE WILL TRAIN YOU IN THE

FIELD OF SERVOS AND CONTROLS Computer«

Current
Model 0 100231 MA

0 200Mod«11 232 0 300 MA

ANALOG COMPUTERS 0 300Model 0 30v233 Ma

AUTO PILOT DESIGN & ANALYSIS
Model 212 0 100 0 100 MAINERTIAL NAVIGATION
Model 213 0 50 0-1CPO MA

SATELLITE CONTROLS
Medel 214 0 100 mA

MAGNETIC AMPLIFIERS \\ rite t <»< la \ A dd it iona 1 nfermat ion
to Dept. |)1 • ’
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FOR ITS SIZE
AND WEIGHT

INC
S'E Y

and moisture uberated from the insulator cause the tube to

Howard Model 3700 motors are

nous and Normal Induction motor

tables).

TRANSISTOR
POWER
PACK

Volts
0 300

• Auxiliary Biat and
Filament output«
(General Type)

• Designed for Automation.
Transistor«, Test Consoles.

High-Quality Units

vernier controls.

HOWARD
MODEL 3700
INDUCTION MOTOR

COMPANY
EATONTOWN, NEW JER

Eatontown 3 0300

•13/16
$11/16 B — 5-7/163717 A

RACINE. WIS
DIVISION«1 luti !•«: MUI6R CORP. • CYCiUhM MOTOR COPP. • RACINE ElfCTRlC PRm¿ 15

EXCEPTIONALLY

POWERFUL

available in Hysteresis, Synchro-

types in 2 pole versions, both single

for 1 25 to 1 8 h.p.
phase and polyphase

As a Normal Induction motor,
Model 3700 is used for laboratory
equipment, vending machine and
general service requiring h.p.
ratings up to !4 h.p.

As a Hysteresis Motor, 3700 series
are used widely in recording and
facsimile equipment. These motors
are the ultimate in quiet operation.
Resilient mounting base is normally
supplied. For complete performance
data, write today to Howard.

DEPT. ED-11 HOWARD INDUSTRIES. INC

Electrical Engineers

An opportunity to broaden your experience while working
on high speed aircraft, missiles, or the EARTH SATEL-
LITE. COMPANY SPONSORED EDUCATION PRO-
GRAM. You will be trained in one of the following fields:

SERVO ANALYSIS

Contact Professional Employment Office

Martin
BALTIMORE 3, AAARYLAND
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failures

Fig. 10

Figs. 9-10-11. Secondary emission is most dangerous in high-
voltage pulse-circuit tubes, such as the GI-3, used m the
typical circuit of Fig. 9. Damage can occur to the mica, Fig.
10, and to the cathode of the tube, mostly because the gas

spark over. Fig. 11 (curve a) shows that the pulse voltage rises
to a dangerous value within 50 hours of operation, followed
by sparking in 100 hours. Curve b shows the effect of shield-
ing the mica.

Coherent Electron Beams in Synchrotrons at Centi-
meter Frequencies, A. M. Prokhorov (8 pp, 5 figs, 2

This appears to be the first experimental attempt to
use a synchrotron to produce power at these wave-
lengths.

Effect of Semiconducting Film on the Attenuation of a
Radio Wave in a Round Waveguide, V. V. Malin (4
pp, 3 figs).

The equations derived in this article are valid only
if the film is much thinner than the surface layer of
the metal and if the depth of penetration is much less
than the wavelength and the thickness of the surface’
layer in the dielectric. Refers to Ramo and Whinncry
(Russian translation, 1950).

Other Articles in this Issue:

Self-Excited (Cold) Electron Emission and Cath-
odes,” D. V. Zernov, M. I. Elinson (18 pp, 12 figs.);
Distribution of Durations of Overshoots of Normal

Fluctuations, V. I. Tikhonov (11 pp, 2 figs., 2
tables); “Shot Effect in Semiconductors, L. I. Pcrvova
(8 pp, 3 figs.).

General Type

PROGRAMMABLE
( Remote Control)

regatron power pack
l nique circuit design of these newly

rveloped power supply units is intended
for applications requiring remote control

od/or programming according to com
mands from an operator or control system

such as in tube-test programming, auto-
malic production testing, and other auto-

Ako useful for general
applications, all models feature main and

Regulation applies over
full range and (or all load conditions;
O.l% or O.l v; ripple 1 M. V.

• Ideal for Laboratory and
Production Purposes

Unusually low-priced,

General Types:

Transistor Types:
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Russian Translations

What The Russians Are Writing
J. George Adashko

Avtomatika » Telemekhanika No. 3, 1956

Electronic Differential Analyzer of the G. M. Krzhy- 
hanovskii Power Institute of the USSR Academy of 
Sciences, I. S. Bruk & N. N. Lenov (11 pp, 10 figs.). 
Detailed description of an electronic analog compu
ter for ordinary linear and non-linear differential 
equations. The computer is housed in a cabinet equal 
to two and one-half relay racks. It contains 38 opera
tional amplifiers, four multipliers, four functional con
verters, and one harmonic generator. With this number 
of components it is capable of solving differential 
(equations of the 20-25th order. A power supply and 
long persistence CRT are furnished separately.

Among the interesting features of the analyzer is 
the automatic drift correction circuit (marked BY in 
Fig. 1), which is essentially a two-stage auxiliary am
plifier included in the feedback loop of the opera
tional amplifier (marked OY). The vibrator pulse- 
modulates the input signal ex and the common cathode 
resistor of the (main) operational amplifier combines 
the de-modulated amplified signal with the original 
one to produce the necessary drift correction. One 
auxiliary amplifier (RY) can be alternately switched 
to as many as 26 main operational amplifiers (OY). 
Fig. 2 shows the null drift of an integrator with (2) 
and without (1) the compensator.

Other interesting circuits are those used for func
tion multiplications (Figs. 3, 4, and 5), the harmonic 
generator, which produces 8 multiples of the funda
mental, and the functional converter which generates 
prescribed functions of the independent variable 
(time) which in turn is represented during the solution 
process by instantaneous values of voltage.

The output can either be photographed from the 
cathode ray tube (where the output is either shown 
as a function of time or as a phase-plane sweep) or 
recorded with a strip-chart oscillographs; the solution 
can also be stopped at any instant and quantities 
measured with ordinary instruments. The natural 
scale permits investigation of processes lasting from 
several seconds up to 5-10 minutes. Simulation of 
processes with an ac component down to 10 cy is 
possible.

The multiplier error does not exceed 1%, that of the 
function converter is less than 1.5%, and that of the 
harmonic generator is on the order of 0.2%.

Fig. 1
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Fig. 5. Schematic of multiplier.
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Fig. 3. Block diagram of multiplier. 
1—Stable-frequency oscillator; 2— 
Pulse shaping circuit; 3—Sawtooth 
pulse generator; 4—Amplitude com
parator; 5—Trigger circuit; 6—Sign
reversing amplifier; 7—Diode switch; 
8—Operational amplifier

Fig. 4. Principle of operation of multi
plier. I—Operation of amplitude 
comparator; II—Pulses at input of 
trigger; III—Pulses at output of trig
ger; IV—Output.
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High-Speed Magnetic Amplifiers for Servo Systems 
Employing AC Motors, A. I. Dem'ianchit (14 pp, 18 
figs.)
Description of a newly developed full-wave mag
netic amplifier stage which can be cascaded without 
increasing the time constant excessively. Comparison 
is made with half-wave amplifier circuits; the author 
concludes that the use of such amplifier jointly with 
transistor (or vacuum-tube) preamplifier stages will 
pe rmit design of ac servo systems with an error-system 
sensitivity to 0.3 mv per angular minute. References 
are made to articles by C.W. Lu fey, H. H. Woodson, 
and P.W. Barnhart.

New Type of Servo System with Corrective Networks, 
L. N. Fitsner (10 pp, 7 figs).
Describes a particular servo system compensated by 
first and second-derivative voltages available from a 
de analog computer. Refers to an article by Ziebolz 
and Paynter, “Possibilities of a Two-Time Scale Com
puting System for Control and Simulation of Dynamic 
Systems” (Proc. Nat. Electronics Conf, vol IX, 1953), 
to an article by Moore, “Combination Open-Cycle 
Closed-Cycle System” (Proc. IRE, vol 39, No. 11, 1951), 
and to work by Ragazzini, Ruthel, and Rendel.

Graphical-Analytic Method of Analysis of Charac
teristics of Magnetic Circuits subject to Joint Action of 
Constant and Alternating Fields, I. la. Lekhtman (10 
pp. 10 figs).
Continuation of article in the Sept-Oct 1955 issue of 
Avtomatika and Telemekhaniga (see Electronic 
Design, March 15 issue).

Bib ography of Russian and foreign literature on 
ma 'nematical simulation (with analog computers), 
19^-1954.
Vei extensive (10 pp and more to come).
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rocedure for Calculating Self-Excited Oscillations in 
*neumatic Regulators. A. A. Abdulayev & E. M. Nadz- 
afov (16 pp; 15 figs).

approximate frequency-response analysis of the be- 
] avior of the widely-used type 04 regulator.

Remarks on the effect of the Presence of Liquids in 
the Ducts on the Equivalent Mass of the Moving Parts 
of Hydraulic Regulators, L. A. Zal’monzon (2 pp, 1 fig). 
Hoek Reviews.

LVotab/e
Plcb/ei/ements 
at J PL

REALISM IN VIBRATION... Recognizing that it was necessary to 
provide a simulated missile-flight vibration environment far more real
istic than heretofore available the Laboratory developed high power, 
wide-hand, complex waveshape vibration testing equipment.

This has made possible the development of components and pack
ages of greatly improved reliability.

New Techniques for Component Reliability

CIRCLE 272 ON READER-SERVICE CARD FOR MORE INFORMATION

Wide-band, complex waveshape vibration testing using electromagnetic 
shakers driven by large audio amplifiers, is a valuable new tool for 
evaluating guided missile components. Input information can be in-flight 
vibration data which has been obtained via telemetering or it can be 
artificial vibration records sythensized from noise, pulses, sine waves» 
etc., to suit specialized needs.

Design and test for survival in adverse environment is fundamental 
in producing guided missile components with reliability adequate for 
modern weapons system requirements. At JPL, a constant search is 
being conducted for better design and packaging techniques, and for 
more significant laboratory test methods. Development of the “complex 
wave” vibration test philosophy, and of apparatus to exploit it, are but 
two results of this program. In the area of component design, new 
packaging techniques have been developed, involving control of local 
internal resonances and nonlinearities, which permit electronic circuits 
to withstand many times the vibration level which would destroy a 
conventional package.

Engineers and scientists are working at JPL in nearly all of the 
{ihysical sciences. Here they are supported not only by outstanding 
aboratory facilities, but by a continuing series of experimental rocket 

firings which provide an invaluable tool for research and development.
The combination of a broad base of fundamental research, active 

development effort, and strong test and flight program has made the 
Lab a place of achievement. Perhaps you would like to participate in 
the many new, exciting programs now under way here. Your inquiry 
is invited.

CALTECH( j JET PROPULSION LABORATORY
A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 

PASADENA, CALIFORNIA

JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY 

in these fields
RADIO GUIDANCE

MICROWAVES
SYSTEMS ANALYSIS

GUIDANCE ANALYSIS
APPLIED PHYSICS

ELECTRO MECHANICAL
INSTRUMENTATION
INERTIAL GUIDANCE

TELEMETERING
PACKAGING

MECHANICAL ENGINEERING

Electric Variable Speed Servo Drive, O. I. Aven, E. D. 
Demidenko, S. M. Domanitskii, and E. K. Krug (12 pp, 
16 fig).
Description of a reversible servo drive using a 250 
watt three-phase induction motor controlled by a two 
stage magnetic amplifier and a vacuum-tube phase
sensitive amplifier. It uses a filter network rather than 
a tachometer generator for velocity feedback.
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NEW-self-locking Unbrako 
button head cap screws

Unbrako Products are sold 
through Industrial Distributors

The Nylok* self
locking feature locks 
these screws securely 
in place. They won't 
work loose. Can be 
used repeatedly.

Tough, resilient nylon locking pellets 
permanently installed. Successfully 
withstand temperatures ranging from 
—70 to 25O°F. Low, streamlined 
heads with accurate hex sockets for 
positive nonslip drive and freedom 
from marred or mutilated heads. 
Heat treated alloy steel, continuous 
grain flow lines, fully formed Class 
3A threads for maximum strength 
and exact fit. Pellets act as liquid 
seals. Standard sizes #6 to % in. 
Write for Bulletin 2193. Unbrako 
Socket Screw Division, Standard 
Pressed Steel Co., Jenkintown 
12, Pa.
*TM Kag. U.S. Pat. Off., Th« Nylok Corporation

STANDARD PRESSED STEEL CO.sps
JENKINTOWN H PENNSYLVANIA
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You Get Things Done With 
Boardmaster Visual Control

Ar Gives Graphic Picture of Your Operations— 
Spotlighted by Color

★ Facts ot a glance — Saves Time, Saves 
Money, Prevents Errors

★ Simple to operate — Type or Write on 
Cards, Snap in Grooves

★ Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc.

★ Made of Metal. Compact and Attractive. 
Over 100,000 in Use
Complete price $495° including cards

24-PAGE BOOKLET NO. N-20 
Without Obligation

Write for Your Copy Today

GRAPHIC SYSTEMS
55 West 42nd Street • New York 36, N. Y.
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Russian Translations

Elektrosviaz’ No. 4, 1956
Improving the Stability of Devices that Form a Single
Sideband Signal, A. M. Semenov & M. V. Verzunov 
(12 pp, 8 figs, 1 table).

One of the major problems in the design of singte 
side-band transmitters is stable suppression of the 
carrier and second sideband. This article analyses the 
effect of the asymmetry of the balanced modulators em
ployed for that purpose on the undesired frequency 
components. A rigorous analysis of the circuits in
volved is followed by a description of an experimen
tal verification of the theoretical results. The asym
metry can be eliminated by employing current feed
back in the af circuit.

Increased Interference between Two Lines Owing to 
Reflections from the Ends of a Third Line, P. K. Akul’- 
shin (8 pp, 8 figs).

Increased crosstalk between two telephone lines 
may result from reflections induced by a third line 
which is not terminated by its characteristic imped
ance. Qualitative and quantitative effects of this 
phenomenon are discussed in detail.

Reducing Attenuation in Coaxial Cables, K. K. Ser
geeva (6 pp, 4 figs).

Theoretically, the attenuation of a transmission line 
is minimum when R/L = G/C. In actual lines, how
ever, R/L is usually much greater than G/C, and the 
attenuation can be reduced effectively only by in
creasing L. In a relatively narrow high-frequency 
band, say 30-100 kc, this can be done by stranding and 
twisting the inside conductor of a coaxial cable. Ref
erence is made to an article by G. W. Howe, “The 
High-Frequency Resistance of Multiply Stranded In
sulated Wire” (Proc. Roy. Soc., Vol 93, No A 654).

Shifting Signal Spectra, A. lu. Lev, B. I. lakhinson 
(7 pp, 5 figs).

Discussion of the transformation occurring in a 
realizable signal when its spectrum is shifted along 
the frequency scale from one region to another. De
termination of the conditions under which such a 
transformation is reversible. Also discussed are the 
possibility of effecting single sideband transmission 
by means of spectrum shifting, and the possibility of 
synthesizing a signal with shifted spectrum given the 
discrete ordinates of the initial signal. Refers to ar
ticles by D. Gabor (J. Inst. Elec. Engr. vol 93 part 3, 
1946), Norgaard (QST, July 1948), Weaver (Proc. IRE, 

j Apr. 1954), J. Kohlenberg (J. Appl. Phys. Dec. 1953).

advertisement

New Shielded Coil Forms
Miniature but rugged

LS-9 LS-1O LS-11

Shown % size

Now CTC brings 
you miniaturized 
shielded coil forms 
that have all the 
ruggedness you ex
pect from larger 
sizes but which 
snuggle perfectly in
to “tight spots.”

CTC’s LS-9 is 7/i6" 
diameter x high. 
LS-10 is diam

eter x1 Vie" high and LS-11 is ^ie" x1Vk". All sizes are 
when mounted, including terminals. Each mounts by 
a single mounting stud. All are constructed to < 'TC’s 
rigid step-by-step quality control to the highest 
standards. All are highly shock resistant with me
chanically enclosed, protected coil windings. They 
are ideal for use in IF strips, or as RF coils, oscilla
tor coils, etc. Order them as coil form assemblies, or 
they can be wound to your specifications. For com
plete information and prices write Cambridge 
Thermionic Corporation, 457 Concord Ave., Cam
bridge 38, Massachusetts.
CIRCLE 275 ON READER-SERVICE CARD FOR MORE INFORMATION

cpc
PLASTIC CLAMPS

20 SIZES 
y^ to 3"

AU SIZES, SHAPES and MATERIAL
• FASTER • SIMPLER
• SAFER • MORE SECURE
• TOUGH • ENDURING

For wires, cables, conduits, tubing, light hose. 
Name the use and Commercial has a clamp... 
or will design one. Pioneering “know-how” and 
advanced production methods of CPC offer 
unmatched quality... and at a saving, loo! 
Send for sample clamps and prices.

A 2808W. NORTH AVE. CHICAGO, ILL. A

Commercial Plastics Io.
CIRCLE 276 ON READER-SERVICE CARD FOR MORE INFORMATION
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Time delays in
automation

circuits

Addrett

City.

TION CIRCLE 280 ON READER-SERVICE CARD FOR MORE INFORMATION

107elktronic design

Roto-Lock fastens demountable panels quickly and 
securely—at right angles or butt joint. Just turn 
tapered cam to lock, turn again to unlock.

DC-AC 
CHOPPERS
For 60 Cycle Use

Built to rigid 
commercial 
specifications.
Twenty-two types, 
both single and 
double pole.
Long life.
Low noise level.
Extreme reliability.
Write for
Catalog 370.

1 University Loudspeakers, Inc.
I SO So. KensicoAve.,WhitePlain8,N.Y.

Desk C-22

Name-------------------------------------------

November 1, 1956

Q. How can f solve 
my panel fastening problems

A. Use ROTO-LOCK

Check these cost-saving 
advantages:
• Carries both heavy tension 

and shear loads
• Locks securely even in mis

aligned or semi-open position
• Used for air and water-tight seals
• Has no springs or delicate parts
• Unaffected by low temperature 

or field service
• High resistance to corrosion 

and wear
• Recesses completely into panels

SIMMONS FASTENER CORPORATION
1763 North Broadway. Albany 1, N. Y.

■ LdUHLAa ,027 Nawark Avenue, Elizabeth New Jertey 
K Pioneer» in pneumatic timing.

CB TLE 278 ON READER-SERVICE CARD FOR MORE INFORMATION

Procedure for Calculating the Channel Interference 
between Signals of Short-Wave Radiotelegraph Sta
tions, V. M. Rozov (4 pp, 2 figs, 2 tables).

Experimental determination of effects of interfer
ence and fading on telegraph signals.

Elastic Stop Nut Corporation 
of America

Monitoring Broadcast Transmission using Averaging 
(Volume) Meters and using Peak-Value Meters (6 pp, 
8 figs).

Abstract made by B.S. Mints of an article by E. A. 
Pavel, A Gastell, M. Bidlingmaier in the West-German 
publication Fernmeldetechnische Zeitschrift, No. 4, 
1955. Comparison of the peak-value level indicator 
used in Germany having an approximate integration 
time of 10 milliseconds (depth of modulation meter), 
with the standard U.S. VU meter, which has a 200 
millisecond integration time. The comparison favors 
the peak-value meter over the VU meter, which us
ually reads 4-6 db too high.

Harmonic Analysis of Asymmetric Pulses, S. I. Evtianov 
(11 pp, 9 figs).

Derives equations for the harmonics of asymmetri
cal plate-current pulses that occur when a vacuum
tube oscillator feeds a complex load. Refer to article 
by L. E. Dwork, “Maximum Tank Voltage in Class-G 
Amplifiers,” Proc. IRE, No. 6, 1950.

SIMMONS FASTENERS
Quid-lock • Spring-lock • Roto-lock • link-Lock • Dual-lock

Zone-------State

Gentlemen-. 
Please send me 
a copy of 
“Speaking about 
Loudspeakers." 
Enclosed is 10c 
to cover the 
cost of mailing.

New Method of Computing Losses Produced in 
Cylindrical Conductors by Proximity Effects, V. N. 
Kuleshov, (9 pp, 3 figs).

The Carson and Butterworth equations for the 
propagation of electromagnetic waves along parallel 
lines, taking the proximity effect into account, are 
valid only for frequencies up to 50 kc. Approximate 
equations valid up to 1 me are derived by using a 
standing-wave representation of the solutions to Max
well equations, with the proper boundary conditions 
imposed.

Have you ever 
wondered how 
a HI-Fidelity 
Loudspeaker 
produces sound' 
Send for this FREE book re- __  
vealing the inner secrets of the 
loudspeaker told in a fascinat- 
ing easy-to-understand manner. 
Illustrated with delightful car- 
toons and diagrams—a wonder- 
ful guide!

This authoritative book is 
FREE—just send a dune to cov- 
er cost of mailing.

UNIVERSITY LOUDSPEAKERS, INC

Applications include portable shelters, walk-in 
coolers, scaffolding, demountable furniture, partitions, 
air freight cold storage shipping containers, etc. 
Write for 40-page catalog on complete line.
Ask for samples, too.

W hen automatic machinery and circuits must be timed with 
repetitive accuracy (from 0.1 second to ten minutes or more) 
you’ll find a sure, reliable answer in AGASTAT electrically- 
actuated pneumatically-timed time delay relay s.
The AGASTAT is • light, versatile, dependable.

• unaffected by voltage variations.
• instantaneous recycling.
• available in models which offer delays on energiz

ing and de-energizing, two-step delays, manually- 
actuated time delay switch, remote push button 
control.

WRITE our application engineers for help with 
your timing problem. Address Dept. A23-1124.

On the Theory of the Ideal Receiver, A. A. Kharkevich 
(7 pp, 14 figs).

“An ideal receiver is one that picks out from among 
all the transmitted signals the desired transmitted 
signal where it is most likely to be found.’’ The ideal 
receiver is alternately defined as one that chooses 
from among all the transmitted signals the one signal 
that is nearest the receiver. The article shows that 
either type of receiver can be the “better” one, de
pending on »the applicable noise-distribution prob- 
abilitv.

:HOPPER

AGASTAT
about

STEVENS
INCORPORATED

ARNOLD

iRNOLD INC 
»S TON ASS-

22 ELKINS STREET
SOUTH BOSTON 27, MASS

AGA
DIVISION
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tained by measuring the large and small axes of the 
ellipse. If their values are 2A and 2B respectively, and 
if the maximum deflection is again a,

OSCILLATOR 
IMC-30MC

DIFFERENCE 
AND 

ABSOLUTE 
VTVM

PHASE 
INDICATOR

Fig. 2. Relationship between phase shift and 
Lissajous figure used in the phase meter.

CONVERTER 2 
AND 

FREQUENCY 
METER
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The maximum beam deflection is assumed to be 
the same for the two sinusoidal voltages whose phase 
angle is being measured.

Another expression for the phase angle can be ob-

read off directly.
Fig. 3 shows the block diagram of the complete in

strument. The two input impedances are 75 ohms to 
match the most commonly used coaxial cable. Cath
ode follower stages provide separation in each chan
nel between the input and an accurately calibrated 
attenuator. A switching arrangement permits direct 
application of the attenuator output voltages to indi
v idual deflection amplifiers for phase measurements up 
to 14 me or conversion to an intermediate frequency 
of 1 me, thereby extending the range of the instru
ment to 30 me. A band pass filter of 200 kc bandwidth 
is provided for each channel and a separate discrim
inator permits measurement of the intermediate fre-

P*S0-<fl2 
y0-a smß -a. sin(a.-<pi-a.sinf90-ftif 

■ -y,’a sin /160 * au sin <p/z

The meter to be described is based on the relation
ships shown in Fig. 2. Here p and q present distances 
measured on axes at 45 and 135 degrees respectively. 
For equal maximum deflections, p equals A and q 
equals B, and the phase angle can be computed from

tan y/g = B/A (3)
By plotting the function tan (cpA) along the B axis 

and selecting A equal to one, the phase angle can be

COVERING the frequency range from 50 cy to 30 
me, the phase meter described here has an accu

racy of plus or minus one degree. It uses a Lissajous 
ellipse for the determination of the phase angle.

Fig. 1 indicates the relationship between the phase 
angle, the maximum a of the ellipse in the horizontal 
direction and the inter-section b with the horizontal 
axis.

Fig. 3. Block diagram of phase meter.



OVENS
CUT COSTS!

and up

quency to pl

CIRCLE 283 ON READER-SERVICE CARD FOR MORE INFORMATION

SERVO
pportunities for project

spe-

Opportunities are available in the following fields.

AUTO PILOT DESIGN & ANALYSIS

Address Dept. ED-1156.

Contact Professional Employment Office

MARTIN
BALTIMORE 3, MARYLAND
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Fig. 4. Simple method for phase meas
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specify 
and get more for 
your relay dollari

November 1, 1956

on your production 

VINE*?-

1419 W. Carroll Ave., — Chicago 7, III.
Export Dept. 10406 S. Western Ave., Chicago 43, Illinois
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Write lofa/
Ask for free bulle
tin "H" covering the 
complete AEMCO 
relay line.

GRIEVE- 
HENDRY 
Portable 
"Electric
OVENS

26 State Street • Mankato, Minnesota

LET- . « helix
SOLVE YOUR 
BONDING 
PROBLEMS...

location of the intermediate frequency in the center 
of the band pass filter. Equal deflections in both x 
and y directions are obtained with the aid of a differ
ence amplifier vacuum tube voltmeter, while the ab
solute value of the deflection voltage is adjusted with 
an off-set zero type vacuum tube voltmeter. The latter 
adjustment is required to make A equal to unity.

A ten centimeter diameter cathode ray tube is being 
used, but the diameter of the circle enclosing the el
lipse is limited to four centimeters in order to limit 
geometrical distortion in the cathode ray tube. An 
optical magnification of five times permits accurate 
positioning and adjusting of the ellipse. An electronic 
magnifier increases the deflection sensitivity of both 
plates by a factor of approximately five. This is 
achieved by reducing the electron gun voltages in the 
cathode ray tube without appreciably increasing the 
spot diameter. An ellipse with a small axis of 0.1 cm 
can thus still be measured, resulting in an accuracy of 
about ten minutes of arc per phase angles of the order 
of a few degrees.

Phase shifts up to ten degrees can also be read on 
a separate phase indicating instrument. The circuit 
is illustrated in Fig. 4. The input voltages U2 and Uf 
are kept constant and the potentiometer p is ad
justed to make

TYPE 48 — Here is a relay of unusual patented design — ideal 
for unusual applications. Latching action is positive . . , 
trouble-free construction offers far greater dependability than 
ordinary cam or ratchet relays.
Available with contact combinations of SPST through DPDT 
rated at 10 amps., 115V-60C., inductive. Intermittent duty 
coils in voltages ranging from 6 VAC or DC to 230 VAC or 
DC. Dust covered or hermetically sealed enclosures.

U = ----- U, sin q/2 (5)1 -f- m

An extension of the phase meter for the direct in
dication of a phase angle on the cathode ray tube 
screen is also mentioned.
Abstracted from an article by O. Macek, "A Phase 
Meter for the Frequency Range from 50 cy to 30 me” 
Frequenz, vol. 10, pp. 147-152; May 1956.

\Try HELIX BONDING AGENT R-313
• A thermosetting adhesive that cures at room tempera
ture and needs no pressure. High electrical insulating 
properties. Gives a bonding strength of 3000 psi between 
metal parts. Another ’’better product for better produc
tion”—by Biggs. Write for detailed help on your bonding 
problem today. Or ask for catalog and current issue of the 
Helix News.

SERVO ANALYSIS ANALOG COMPUTERS

Model CR-1 
ft. capacity—30" wide

INERTIAL NAVIGATION SATELLITE CONTROLS

MAGNETIC AMPLIFIERS AUTOMATIC PROCESS CONTROLS

siles, and the EARTH 
SATELLITE.

minus 5 kc, to insure accurate

The voltage U, which is measured with a vacuum 
tube volt meter, is then a function of the phase angle, 
permitting direct calibration of the meter scale in de
grees.

pan.

Low cost. Portable. Can be used in a group or bank. Cost less than 
5c per hour to operate. Adjustable temperature control to 225°F. 
Fan driven forced air circulation. Uniform temperature throughout. 
Plugs into any 11OV wall outlet—no special wiring required.
Standard models with temperature ranges to 1200 F. available. Write 
for literature.

Quick mio’alions. Prompt delivers. Reasonable price» on oven» 
(pi or mod« to vour »pecificatlon».

GRIEVE HENDRY CO., INC

CARI H. BIGGS
1 i COMPANY

2 2 5 5 Barry Avenue 
/ W. Los Angeles 64, Calif.



132 7rTmR 
— Variable Resistor 

High resistances — up to 
50.000 ohms in a wire
wound rheostat.

230 1RIMP0T
—Humidity-proof 

Completely sealed, unit 
meets MIL-E-5272A Speci
fications for humidity.

160 Trimpot
— High Temperature 

Operates et 175°C. High 
power rating: 0.6 watt at

BOURNS now offers an
expanded line of

IRIMP0 TS *
... 7 stock models of 
sub-miniature potentiometers 
to serve many special needs- 
at no extra cost!

First there's the 120 Wirewound IRIMPOT, with features common to all 
other BOURNS I RIM POTS. It's a 25-turn potentiometer, easily ad|usted, 
and weighing only 0.1 oz. Rectangular in shape, it fits readily into mini
ature electronic circuits. You can mount it individually, or stack it compactly 
with standard screws. Mountings are interchangeable with those on all

The self-locking shaft holds stable settings under extreme environmental 
conditions. All parts are corrosion resistant. Every unit is inspected 100% 
for guaranteed specifications. Resistances: 10 to 20,000 ohms, with resolu
tions as low as 0.2%.

Now, to give designers greater latitude, BOURNS has developed and is 
manufacturing the following standard models—variations of the Model 120.

120 Trimpot
—Carbon

Infinite resolution is pro
vided by the carbon ele
ment. Resistances ore 
higher, ranging from 
20,000 ohms to 1 megohm.

130 IRIMPOT 
—Solder Lug

For wiring direct to the 
instrument, using solder
ing iron or dip soldering 
techniques. Usable range 
of 98%.

209 Twinpot
— Dual Potentiometer

Two outputs electrically 
independent, end con
trolled simultaneously by 
one adjustment.

Write for literature on the BOURNS IRIMPOT line.

OURNS LRB0RRT0RIE5
General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, Iowa

CIRCLE 285 ON READER-SERVICE CARD FOR MORE INFORMATION

no



Report Briefs
FIRST COMPLETE BOOK

by H.E. Marrows

I

.Please rush booksI
___ #193 Transistor Engineering Reference

§9.95Handbook

CIRCLE 286 ON READER-SERVICE CARD

ELECTRONIC

Name. . . .  
Company 
Address... 
City. . . . . .

Enclosed is § 
checked.

JOHN F. RIDER PUBLISHER, INC.
116 West 14th Street, New York 11, N.Y.

able

COVERING ALL COMMERCIAL 
TRANSISTOR APPLICATIONS

Sonar Automatic Data Processing
Called the Digiter, a system has been developed 

for automatic processing of sonar data at sea, and 
may have applications in studies other than sonar. 
Instrumentation is described which prints auto
matically the acoustic level of a sonar signal in 
decibels, accurate to ± 0.2 db and having a dy
namic range of 50 db. The associated range may 
also be printed. PB121220 Sonar Digital Recorder— 
“Digiter,” Pieper and Tillman, Naval Research 
Laboratory, OTS, US Dept, of Commerce, Washing
ton 25, D.C., June 1956, 10 pp. 50 cents.

Low Noise Converter
To reduce noise in VHF receivers, a 215 to 225 

mc converter has been designed and developed by 
the Naval Research Laboratory. The converter 
achieves a low noise figure in the receiver equip
ment .which was unattainable with previous tubes. 
Using a GL6299 triode (GE manufacture), the con
verter tunes the desired frequency range while the 
noise figure remains essentially constant. Improve
ment in the noise figure is due to low losses, low 
equivalent noise resistance, and low transit time 
conductance of the tubes. PB121214 A Low Noise 
215-225 Mc Converter, L. Hoffman, Naval Research 
Laboratory, OTS, US Dept, of Commerce, Wash
ington 25, D.C., June 1956, 7 pp. 50 cents.

TRANSISTOR ENGINEERING 
REFERENCE HANDBOOK

A must for every design, development, re
search and production engineer and pur
chasing agent concerned with transistor
ized equipment.

Increasing transistor applications in 
electronic equipment of all kinds have 
made necessary an easy reference hand
book for use in engineering, scientific re
search, and manufacturing of transistor 
devices. j

Here is a unique handbook — authorita
tive — informative — up-to-the-minute - 
which will serve every electronic engineer. 
Its content embraces the entire transistor 
field.

The content of the handbook 
is divided as follows:

Section IChronology, transistor materials, structure and fab
rication of all types of transistors; characteristics of all types 
of junction transistors; special bibliography on transistors.
Section 2: Numerical index of transistor types, data sheet- 
showing physical specifications, electrical specifications, typ
ical operating parameters, characteristic curves, performanct 
curves of all types of transistors.
Section 3: Physical specifications, electrical specification 
and manufacturer type number and part number of all com- 
isonents — capacitors, transformers, batteries, thermistor- 
miscellaneous items -■ designed for use with transistors. Lis 
of transistor test sets.
Section 4: Commercial application of transistors with 
schematic diagrams.
Section 5: Directory of manufacturers making transistors ani 
components designed for use with transistors.
Large size 9" x 12" pages for easy readability 
Each section individually indexed.

#193 Cloth Bound, 288 pp., $9.95
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VLF Ground-Wave Propagation Curves
Curves presented in this publication provide basic 

information on ground-wave propagation in the low, 
very low, and ultra-low frequency bands. Several 
extensions were made to the formulas of Van der Pol 
and Bremmer. Ground conductivity values of 4, 0.01, 
and 0.001 mhos per meter were chosen, correspond
ing to sea water, well-conducting land, and poorly 
conducting land, and the field strength and phase 
values were computed at the selected frequencies. 
Range was from 1 to 1500 miles. Amplitude and 
Phase Curves for Ground-Wave Propagation in the 
Band 200 Cycles Per Second to 500 Kilocycles, Wait 
and Howe, NBS Circular 574, May 1956, 17 pp. 20 
cents.

Another RIDER published book for 
more transistor information

FUNDAMENTALS OF TRANSISTORS
by Leonard Krugman
Explains the BIG thing in electronics 
today . . . the transistor! Written by one 
of the pioneers in transistor develop
ment, this book deals with basic opera
tion, characteristics, performance, and 
application. The subject is made com
pletely understandable to all.
Soft Cover, 144 pp., 5% x 8 %", illus.
#160..................................................Only $2.78

Buy these books at your electronics par
jobber or bookstore, or mail this coupe 

today for prompt delivery.
Add state and city sales tax where applicable.

Canadian prices 5% higher.

___ #160 Fundamentals of Transistors §2.70

Zone. . . . . . State

DESIGN • November 1, 1°50
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PRECISION 

PRINTED CIRCUIT HARDWARE

EYELETS 
with plus-zero tolerance

Terminals 
Plugs 

Receptors 
Standoffs 

Insulated Terminals

PRECISION 

PRINTED CIRCUIT 

HARDWARE

t, re
pur- 
stor-

s in 
have 
land- 
c re- 
iistor

, J
•rita- 
ite - 
neer. 
iistor

nd fab' 
11 type! 
iistors

i sheet! 
ns, typ' 
urmanct

Bcatlor.! 
ill coni' 
mistoh 
•rs. Lis

rs wltk

tors an:

ability

Lerco precision-machined eyelets open 
new fields for packaging of electronic cir
cuits. Because these eyelets are turned out 
on screw machines, the tolerances are held. 
Xow you can design neater miniaturized 
circuits, with assurance that the eyelets will 
hold in place and withstand great shock. 
Flat shoulders assure positive contact on 
printed circuits. Intermittent noise prob
lems arc eliminated. The + .000 and — .003 
tolerance on shank diameter prevents 
cracked boards. Available in all plate fin
ishes including silver, gold and gold over 
silver. Also unplated. Standard sizes avail
able, or special sizes to your order.

" RITE FOR
FREE CATALOG )

erco
ELECTRONICS, INC.

»1 Varney, Burbank, Calif. Phone: VI. 9-5556

a 
s

Digital Computer Survey
Eighty-four different domestic digital electronic 

computing systems are described. The survey treats 
engineering characteristics, logical features, operat
ing experiences, cost factors, and personnel require
ments. An analysis of the computer field, a discus
sion of trends and a complete glossary of computer 
engineering and programming terminology are in
cluded. PB111996, OTS, US Dept, of Commerce, 
Washington 25, D.C., 272 pp. $4.75.

Printed Circuit Packaging Techniques
Covering the period of ’52 to ’54, this report in

dicates a five step procedure to provide adequate 
Auto-Sembled systems with regard to circuitry, rug
gedization, climatic protection, thermal adequacy, 
size and weight, maintenance, and integration. The 
procedure consists of the selection of a system, se
lection of techniques, design, fabrication and an
alysis. Methods of predicting the size and weight 
of a package are included and estimates of rugged
ization and thermal adequacy. PB 111714, Packaging 
and Integrating Printed Circuit Electronic Assem
blies, Final Report, Part II, OTS, Dept, of Com
merce, Washington 25, D.C.. 95 pp. $3.75.

RF Wattmeter
Covers the investigation, development and design 

of an rf wattmeter to be used in field and depot 
testing. The Wattmeter AN/URM-73(XA1) meas
ures power in the high and medium power ranges 
over the 20 to 1000 mc frequency band. In order to 
obtain the best system to measure rf power in the 
most accurate manner consistent with simplicity of 
design and reliability of operations, several methods 
were evaluated. The one finally evolved was the one 
using a high-power precision attenuator and a 
heater-thermocouple detector delivering de voltage 
to a panel meter. Radiation, Ine. for USAF, July 
1955, Order PB121096, OTS, US Dept, of Com
merce, Washington 25, D.C., 81 pp. $2.25.

Waveform Generator
Describes development of a periodic waveform 

generator in which the magnitude, slope, polarity, 
and points of inflection may be controlled at will 
by simple resistance or voltage changes. It is com
posed of standard magnetic cores, diodes and re
sistors, with switching transistors added for special 
applications. With supplementary circuit additions, 
power outputs in the watts range may be supplied 
to low impedance loads. When used with a com
patible analogue computer system, it provides out
put transfer functions which may be tailored to any 
complexity desired. C. B. House, Naval Research 
Lab., May 1956, Order PB121157, OTS, US Dept, 
of Commerce, Washington 25, D.C., 10 pp. 50 cents.

ELE TRONIC DESIGN • November 1, 1956



one fast, simple

U 9 9 operation before assembly

for SHORTS and OPEN CIRCUITS

iili 1 I
III

MODEL M-l

• PRODUCTION TESTING 
• INCOMING INSPECTION 
• LABORATORY USE

This unique new “M-l” coil tester prevents losses in material and 
• labor by finding shorts and open circuits before the coil is mounted 

onto a relay, transformer or other device. Adjustable sensitivity pro
vides selective testing—permits passing or rejecting coils with any 
particular number of shorted turns. Actually measures the coil “Q” 
but under conditions whereby a small difference in “Q” can easily be 
detected. Fast, easy to use. Safeguards are built-in. No shock hazard 
to operator. Operates on 110-120 volts, 60 cycle AC. NET *1795°

CNSCKand ADJUST
YOUR TEST INSTRUMENTS

with LABORATORY 
ACCURACY

TEST EQUI

Voltage Accuracy ±1% or Better 
Stops losses due to instrument errors.
Enables you to use inexpensive test instruments 
and yet maintain testing accuracy.

Accurately calibrates VOM, VTVM and other meters, signal, sweep 
and marker generators, and oscilloscopes. Provides: DC and AC volt
ages for checking voltage ranges—standard resistances from 10 ohms 
to 10 megohms for checking reliability of resistance ranges—crystal 
oscillator generating harmonics over 300 me. for use as marker gener
ator, and to align audio I.F. system—built-in tone generator for 
signal tracing amplifiers in all audio equipment. Measures peak-to- 
peak voltages of unknown waveforms. Complete with <C A95
5 me crystal. Operates on 110-120 volts, 60 cycle AC. net

Send for informativo Bulletins M-l-H and 750-H.

J/¿o n. ùournporr Ave. • unicago ij, minois
Also Makers of DYNA-QUIK, CRT and DYNA-SCAN

CIRCLE 288 ON READER-SERVICE CARD FOR MORE INFORMATION



Terminals

UIIMII
Parts

Resistors
By providing a more realistic tube vibra-

LIGHTING RADIO TELEVISION ATOMIC ENERGY
CIRCLE 289 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • November 1, 1956

First, it simulates environmental conditions 
by presenting a wide range of vibrational 
frequencies. Secondly, it presents these fre
quencies at random g-levels. Thirdly, it pro
vides specification limits through direct 
meter readings.

If you are interested in additional analysis 
of the “white noise” vibration test, write 
on your company letterhead. Please address 
Department L22P.

MIL-T-0015659D (Ships), Terminals: Lug, Solder 
Type, Copper, 18 April 1956

This limited coordination spec has been prepared 
by BuShips based upon currently available informa
tion, but it has not been approved for distribution as 
a revision of MIL-T-15659A.

tion test which can be adapted to large-scale 
production techniques, the “white noise” 
vibration test is contributing to greater tube 
reliability.

Developed by Sylvania engineers in con
junction with Naval contracts, the “white 
noise” vibration test meets important re
quirements for testing tubes used in guided 
missiles and other vehicular applications.

MIL-E-16366B (Ships), Electrical Clamps and Lug 
Terminals: Pressure Grip, Amendment 2, 4 April 
1956

A cable connector for a 349,000 circular mil cable 
was added by this amendment.

The ‘’white noise” test rack is compact and simple to operate. It 
provides direct noise output readings from both an R.M.S. and a 
peak-to-peak voltmeter across a wide frequency spectrum.

MIL-STD-242A (Ships), Electronic Equipment Parts 
(Selected Standards), 4 May’ 1956

A list of selected standard parts covering the follow
ing major categories is contained in this standards 
manual: acoustic parts, cables, capacitors, insulators, 
cable clamps, rf connectors, control knobs, electro
mechanical parts, power plugs, resistors, switches and 
tip jacks, transformers, chokes, filters, tubes, transitors, 
quartz crytals, attenuators, and waveguides. This 
standard is mandatory for use on BuShips contracts by 
both the prime contractor and all subcontractors in the 
design of new electronic and associated electrical 
equipment where specs MIL-E-16400, MIL-E-19100, 
and MIL-1-983 are specified. In general, this standard 
makes an excellent reference for electronic compo
nent parts.

Sylvania Electric Products Inc. 
1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Bldg., Montreal 

Eastern Hemisphere—Sylvania International Corp. 
22 Bahnhofstrasse, Coire, Switzerland

Unretouched oscillogram demonstrates the wide spectrum and 
random nature of vibrations inherent in Sylvania’s new “whiter 
noise” vibration test. Its approximation of flight conditions to 
which guided missiles arc subjected is an important contribution to 
tube reliability.

puts wings on a test rack, 
advances tube reliability

MIL-R-19438 (NOrd), Precision Wire Wound Vari
able Resistor, 1 May 1956

The design requirements of accurate wire wound 
variable resistors having a maximum resistance toler
ance of 2 per cent are established by this spec. These 
resistors are suitable for continuous full load operation 
at any ambient temperature up to 65 C.

MIL-R-19365 (Ships), Resistors, Adjustable, Wire
wound Power (One Ferrule, One Tab Terminal), 
8 May 1956

Power-type wirewound, adjustable resistors with 
one ferrule and one tab terminal used in electrical, 
electronic, communication, and associated equipment 
are covered by this spec. These resistors have an eflec- 
tive resistance range of 100 to 3000 ohms and a re
sistance tolerance of plus or minus 5%. A typical type 
designation for a resistor covered in this spec is 
RX10G100.

Standards and Specs
Sherman H. Hubelbank
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Batteries

MIL-B-15072A, Amendment 1, Batteries, Storage, 
Lead-Acid, Portable (Except For Aircraft And 
Automotive Vehicles), 18 July 1956

Requirements for clamp terminals have been added 
and pin-type terminals have been deleted. Filler plug 
requirements have also been added. Twenty three 
“MS” standards have been added covering batteries, 
and three additional ones have been added covering 
battery terminal clamps and battery filler plugs.

Specify HyperCore Cores for smaller, 
low loss transformers

\DN-CAP-1, Type Designations and Color Coding 
of Capacitors, 31 July 1956

Compiled from six capacitor specs, this Application 
Design Note represents a departure from the previous 
practice of dealing with individual components. Specs 
MIL-C-5A, JAN-C-20A, MIL-C-91A, MIL-C-11015A, 
and MIL-C-11272A were used as the source for this 
ADN. A tabulation of the type designations appearing 
in the six specs is included to show the meaning and 
order of appearance of each of the symbols. Also in
cluded are charts showing capacitance tolerance color 
coding and value and capacitor characteristics, in ad
dition to capacitor coding illustrations.

Shipboard Enclosures

MIL-E-2036B (Navy), Enclosures For Electric and 
Electronic Equipment (Naval Shipboard Use), 
Amendment 3, 16 May 1956

Disconnect switches are now included under this 
spec. Enclosed, self-ventilated enclosures are no longer 
considered to be Class 1 enclosures. Splashproof and 
splashproof protected enclousres are no longer con
sidered to be Class 2 enclosures. The requirements 
fo approved joints and bolts and spacing have been 
re ised. Requirements for spray-tightness and water- 
tii htness have been added, as have been requirements 
fo welding.

HyperCore Electronic Cores measure up to the highest 

standards of quality and performance. One check is not 

enough . . . each core undergoes at least two rigid 

inspections. The first makes certain that it is of the 

specified size . . . and the second determines that finished 

cores have the desired electrical qualities. All HyperCorc 

electronic cores must test well within industry tolerances. 

Special tests for specific operating conditions can be 

made also if desired.
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Waveguides

MIL-W-3970, Waveguide Assemblies, Rigid, 20 July 
1956

Rigid waveguide assemblies, such as bends, corners, 
and twists, for general Armed Services application in 
conjunction with standard rf transmission lines are 
covered in this recently issued spec.

Plate and Filament Transformers • Chokes • 

and Reactors • Pulse Transformers and Charging Choke

Capacitors

MIL-C-25A, Capacitors, Fixed, Paper-Dielectric, 
Direct-Current (Hermetically Sealed in Metallic 
Cases), 5 July 1956

1000 v rated types have been added for styles CPO4, 
CPO5, CPO8, CPO9, and CP10, by this revision. Style 
CPU was not affected. The statement that polarization 
is not required during the performance of the moisture 
resistance test has been deleted. The duration of the 
life test for 1000 volt characteristic capacitors is 500 
hours with 120% of rated voltage applied.

Developmental Magnetic Components • Power and Distribution Transformers

Unit Rectifiers • Modulation Transformers 

• HyperCores for Magnetic Components

SALES OFFICES IN ALL PRINCIPAL CITIES • FACTORIES AT ST. LOUIS 20, MO. AND TORONTO, ONT., CANADA
CIRCLE 290 ON READER-SERVICE CARD FOR MORE INFORMATION

These tests are the real proof of the superior fabrication 

which combines the finest materials with superior “know 

how”. Result; electronic cores that give better performance 

. . . have greater flux carrying capacity and lower losses. 

And since Moloney HyperCore Electronic Cores are 

wound cores of cold-rolled oriented silicon steel, they are 

smaller and lighter. Mt8e.l7



MODEL I/HT-2O5, TYM 2G0A DIS- 
SIPATION: 1600 watts. ALTITUDE 
RANGE: sea level to 5,000 feet. POWER 
REQUIRED: 28 volts D.C. WEIGHT: 25 
pounds. SIZE: 10" x 21" x 10" high.

CIRCLE 291 ON READER-SERVICE CARD FOR MORE INFORMATION

MODEL NO. 5-A DISSIPATION: 1,000 
watts. ALTITUDE RANGE: sea level to 
5,000 feet. POWER REQUIRED:, 100 to 
110 volts D.C. WEIGHT: 10 pounds. SIZE: 
TV x 13%" x 9-1 ZU" high.

MODEL K/HT-200, TTM 201 DISSI
PATION: 1,000 watt*. ALTITUDE RANGE: 
Ma lovol to 50,000 foot. POWER RE- 
QUIRED: 28 volt* D.C. WEIGHT: 14% 
pound*. SIZE: 10" x 10" x 6" high.

LIQUID 
COOLING

EASTERN INDUSTRIES, INC.
100 SKIFF STREET 
HAMDEN 14, CONNECTICUT

COOLING UNITS
By a sustained program of research, 
Eastern continuously extends the uses 
of the latest units in electronic tube 
cooling, pressurizing electronic equip
ment, and pumping fuels and hydraulic 
fluids Research and testing laboratories, 
a model shop, and three manufacturing 
plants provide the specialized equipment 
and manpower to turn out fully qualified 
units to meet appropriate government 
specifications.

From our extensive line of existing units, 
adaptations of these units, or completely 
new designs, Eastern can provide equip
ment to handle your pro|ect well. Your 
inquiry is welcomed.

Eastern Cooling Units provide coolant liquid for maintaining within safe operating 
temperature limits liquid cooled electronic tubes or similar devices. The units are com
pletely Mlf-contained and usually comprise such components as heat exchangers, fans 
ar blowers, liquid pumps, roMrvoirs, flow switch, thermostat, otc.
Coaling units can be modified as required for varying conditions encountered in land 
or sea as well as aircraft Mrvice. Almost all units are designed to moot such specifica
tion as MIL-E-5400 and MILE-5272.
The units shown below are Intended only to illustrate the varying requirements which 
can be satisfied. By utilising fairly standard components and designs based on broad 
experience in this field. Eastern is able to provide at minimum cast equipment exactly 
suiting a specific requirement.
Eastern welcomes your consultation on liquid cooling problems ranging from 200 to 
20,000 watts dissipation.

MODEL MB-175, TTM 200 DISSIPA- 
TION: 2,000 watts. ALTITUDE RANGE: 
sea level to 50,000 feet. POWER RE
QUIRED: 28 volts D.C. WEIGHT: 25 
pound*. SIZE: 10" x 15-15/16" x 10%" 
high.

MODEL MB-177, TTM 202 DISSIPA- 
TION: 1700 watts. ALTITUDE RANGE: 
sea level to 50,000 feet. POWER RE- 
QUIRED: 110 volt, 400 cyclo. 3 phase. 
WEIGHT: 27 pounds. SIZE: 10" x 19 
15/32" x 7%" high, per JAN-C-1720A, 
size 31-DI.

MODEL E/HT-210, TTM 200 DIS
SIPATION: 1500 watt*. ALTITUDE 
RANGE: Ma hv*l to 10,000 fwt. POWER 
REQUIRED: 208 volts, 400 cyclo, 3 phaM. 
WEIGHT: 35 pound*. SIZE: 11%M x 19%" 
x 12%" high.
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What this resin does for

BAKELITE COMPANY, A Division of Union Carhide and Carbon Corporation [TT^ 30 East 42nd Street, New York 17, N.Y 
The term Bakelite and the Trefoil Symbol are registered trade-marks of UCC

Motorola’s plated circuits
• .. gives a good base for bonding of copper firmly 

to the laminate
• •. provides high insulation resistance and low dielectric loss
.. . forms a translucent laminate permitting easy checking 

of reverse side circuit alignment
• •. withstands 500° F. heat of dip-soldering
• •. results in a lamination that exceeds U. S. Government 

standards and NEMA specifications.

An these advantages are found in Bakelite Brand Phenolic Resin 
CLSA-3914, a superior hot punch laminating varnish used in the Motorola 
’Ranger” portable radio shown here. When high surface resistance is needed, 
CLSA-3914 is used on paper stock pre-treated with 12 to 16 per cent of a 
water-miscible resin, such as Bakelite Phenolic Resin BLL-3913. Both XXXP 
and XXXP-1R grade laminates are produced by this method.

Technical information on Bakelite Laminating Varnishes made espe
cially for printed circuits is available by writing Dept. SO-56.

The Motorola ‘‘Ranger” achieves com
pact, sturdy construction and fast 
assembly with plated circuits on lam
inated stock produced by Farley & 
Loetscher Mfg. Co., Dubuque, Iowa, 
using Bakelite Laminating Varnishes.
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New“11O-deg
SHORT PICTURE TUBE

... Sets a new concept

for compact TV receivers

Introducing a new dimension in picture tube design for black-and- 
white TV receivers, RCA-21CEP4 opens new possibilities for 
designers looking for a compact tube capable of producing big, high- 
quality pictures—hi a smaller cabinet. Here, RCA has successfully 
incorporated wide-angle 110° deflection and “straight”-gun design 
into a compact unit at least 5 ¥2 inches shorter than 21-inch 
envelope types with 90° deflection.

Read these important facts about the new RCA-21CEP4: 
(1) “Straight” electron-gun design employing unique pre-focus 
electrostatic lens maintains image sharpness over the entire 
picture area (262 sq. in., minimum)— and eliminates need for an 
ion-trap magnet. (2) Smaller neck diameter permits use of a 
deflecting yoke having higher sensitivity—and requiring only slightly 
more power than is needed for 90° deflection. (3) Super-aluminizing 
produces bright, high-contrast pictures.

First of a new line of 110n wide-angle tubes for “black-and-white”,
RCA-21CEP4 is in production! For tube-delivery information, 
call your RCA Field Representative. For technical data on the 
RCA-21CEP4, write RCA, Commercial Engineering, Section K-18Q-1, 
Harrison, New Jersey.

Radio Corporation of America
$ Tube Division Harrison, N. J.

Components Division, Camden, N. J.



RCA-21CEP4
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Associated Tubes and Components 
Designed for use in 110° deflection angle systems: 

For horizontal deflection, RCA-6DQ6-A; for ver
tical deflection, RCA 6CZ5. Both of these types are 
now commercially available. In addition, a devel
opmental horizontal deflection transformer and a 
developmental deflecting yoke —both designed es
pecially for use with 1 10° tubes —are available to 
TV equipment manufacturers on a sampling basis.
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