




GIVE YOUR PRODUCTS
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HIGHLIGHTS OF THIS ISSUE

MORE RELIABILITY AND BETTER PERFORMANCE WITH

APPLICATION

units in the PD-100 series can with-Impedance

stand 20,000 g. Some of their
(FT- 5 claimed uses are “hand-sized cem-
EFT 0

EPT 11

Otcollator

• Supplied both molded and cased

46

- Power Gain 2x10*'T

50

< CIRCLE 1 ON READER-SERVICE CARO

TURNS 
RATIO

e Meets Military 
Specifications

e No Tubes 
e No Moving Parts

• Accurate Regulations
• Fast Response
• Fully Automatic

• Meets all requirements of MIL-T-27A 
e Small size and weight
• Ideal for computer applications

Transistor 
Preamp. 
MAT-1 
Wt. 10 oz.

Mag. Amp. Motor 
MAF-5

W». 18 oz.

EFT IB
IPTI9

Solid for NEW TRANSFORMER AND INSTRUMENT CATALOGS

Variable DC test voltage: 
50 to 1000 volt«
Resistance range: .1 meg
ohm to 4,000,000 irtgohms

MINIATURE PULSE 
TRANSFORMERS

Ruggedized

MIL STANDARD
POWER & FILAMENT TRANSFORMERS

Primary 105/115/ 125 V 50-60—

CATALOG # 
EPT I

Cot. No Appi, MIL Std. MIL Type
MGP 1 Plate & Fil. 90026 TF4RXO3HAOO1
MGP 1 Plate & Fil. 90027 TF4RX03JB002
MGP 3 Plate & Fil. 90028 TF4RX03KB006
MGP 4 Plate & Fil. 90029 TF4RXO3LBOO3
MGP 5 Plate & Fil. 90030 TF4RX03MB004
MGP 6 Plate 90031 TF4RX02KB001
MGP 7 Plate 90032 TF4RXO2LBOO2
MGP 8 Plate 90036 TF4RX02NB003

MGF 1 Filament 90016 TF4RX01ÇB002
MGF 2 Filament 90017 TF4RX01GB003
MGF 3 Filament 90018 TF4RX01FB004
MGF 4 Filament 90019 TF4RX0LHB005
MGF 5 Filarne,nt 90020 TF4RX01FB006
MGF 6 Filament 90021 TF4RX01GB007
MGF 7 Filament 90022 TF4RX01JB0Ü8
MGF K Filament 90023 TF4RX01KB009
MGF 9 Filament 90024 TF4RX01 JB0I2
MGF 10 Filament 90025 TF4RX01KB013

NEW 
MINIATURE VARIABLE 

HIGH FREQUENCY 
INDUCTORS 

• Continuous Inductance Variation 
• Hermetically Sealed Constructions
• Frequency Range 20 KC to 500 KC
• High O
• Exact Tuning Without Trimmers
• High Self Resonant Frequency

Flyspeck Diode Stands 
20,000 g (Cover) . . .

MAGNETIC AMPLIFIERS^
Hermetically Sealed To MIL 
Specifications 

e No Tubes 
• Direct Operation from Line Voltage 
e Fast Response 
e Long Life Trouble Free Operation 
• Phase Reversible Output

■
 Ruggedized, 

MIL STANDARD 
AUDIO TRANSFORMERS

Cot No Imped, level—ohms Appl. MH Std MIL Type

MGA 1 Fri. 10,000 CT.
Sec. 90.000 
Split U C.T

Interstage 90000 TF4S> l 5AJ001

MGA J Fri. 600 Split 
Sec. 4. 8, 16

Matching 90001 Tl 4FX16AJ00Î

MGA 3 Fri. 600 Split 
Sec. 135,000 C T

Input 90002 T» 4» MOA/OOI

MCA 4 Fri. 600 Split 
Sec. 600 Split

Matching 90003 TF4FX 6AJ001

MgA 5 Fri. 7 600 Tap 
» 4.800 
Sec 600 Split

Output 90004 TMRXi 1A1901

MGA ó Fri 7.600 Tap 
a 4 goo 
Sec 4. (. 16

Output 90005 TF4FX1 JA;002

MGA 7 Fri 15.000 CT 
Sec 600 Split

Output 90006 TF4»X1 3AJ003

MGA g Fri 24.000 C T 
Sec 600 Split

Output 90007 TF4»X' IA W04

MGA 9 Fri 60 000 C T 
Sec 600 Split

Output 90001 .<44X1¡AJOOS ■

FREED QUALITY INSTRUMENTS 
FOR PRECISION LABORATORY TESTING

NO. 1110-AB 
INCREMENTAL 

INDUCTANCE BRIDGE

• Inductance: 1 Millihenry 
to 1000 Henry

• Maximum Direct Current: 
1 Ampere

NO. 1620 
VARIABLE TEST 

VOLTAGE MEGOHMMETER

Said to be the smallest commercial
type computer diodes available, the

Cat. #

NOMINAL 
IND MHY 

MIN. MAX.
AVERAGE 

a
SELF RES. 
FREQ. MC

VHI- 1 1.1 1.75 95 2.2
VHI- 2 1.7 2.5 95 1.9
VHI- 3 2.3 3.7 95 1.6
VHI- 4 3. 4.5 100 1.4
VHI- 5 4. 5.7 100 1.3
VHI- 6 5.5 7.5 100 1.
VHI- 7 7. 10.5 100 .9
VHI- 8 10. 15. 100 .85
VHI- 9 14.5 20.5 100 .6
VHI-10 20. 30. 100 .55

puters,” and pocket-sized space in
strumentation systems.” One cubic 
foot can hold 20,400,000 of the di
odes. An array of the diodes forms 
our art director’s cover design. A 
photogram was made with the di
odes (actual size) along with a diode 
(lower right) magnified several times

NEW 
HERMETICALLY SEALED 

CONSTANT VOLTAGE 
TRANSFORMERS.

Here at las' it a her
metically sealed mag
netic voltage regulator 
that will provide con
stant output voltage re
gardless of line and/ 
or load changes.

SUPPLIED EITHER MIL. OR COMMERCIAL

CAT. #
INPUT 
VOLT.

LINE 
FREQ

OUTPUT 
VOLT.

OUTPUT 
VA.

MCV- 6201 95-130 v 60 cps. 115 20
MCV- 670L 95-130 v 60 cps. 115 70
MCV-6I30L 95-130 v 60 cps. 115 130
MCV- 670F 95-130 v 60 cps. 6.4 70
MCV-6130F 95-130 v 60 cps. 6.4 130
MCV- 420F 95-130 v 400 cps. 6.4 20

FREED TRANSFORMER CO., INC
1717 Weirfield Street Brooklyn (Ridgewood) 27, New York

How to Design a Sure- 
Starting Multi and 
Couple it to a load

Here is graphical information 
which can help a reader to quickly 
determine the optimum load cou
pling for a transistorized multivibra
tor.

Calibrating Frequency 
Standards ...........

Seven methods of calibrating fre
quency standards are outlined. Types 
of equipment required and compari
son of results are described to evalu
ate the various techniques.

Voltage Controls This Variable 
Bandwidth Amplifier ... 64

A simple vacuum tube device 
varies bandwidth in accordance with 
a control voltage. The circuit is use
ful at both audio and radio frequen
cies. It can be used to vary the band
width of a nonlinear servo system 
with respect to a derivative of the 
output.
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EDITORIAL
Helping Education Catch Up

FEATURES
How To Design A Sure-Starting Multi And Couple It To 
a Load

Graphical design information for transistor multis ............. I. Dorros

Calibrating Frequency Standards
Better techniques for calibrating frequency standards ... K. Jaensch

Oscilloscope Trace Recording With Polaroid Land
Photography, Part 3

Conclusion of a three-part series. It deals with phosphors, filters, 
and special techniques ................. K. P. Taschioglou, H. P. Mansberg

How To Specify High Level Audio Transformers
Three tables and text cover the subject in detail .. W. W. Wahlgren

Voltage Controls This Variable Bandwidth Amplifier
Circuits for variable bandwidths amplifiers ........... J. J. Dautremont

Picking A Potentiometer: Film Or Wirewound
The advantages and disadvantages of each type are listed and

3

described .....................................................................

Infrared Measurement And Calibration
Techniques and equipment for measuring IR system performance 

L. Ford, P. Mengers
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Flyspeck Diode Stands 20,000 g
And 20,400,000 of them fit in a cubic inch

Avoid Gear Reduction With Servo Driven Pot
Leadscrew follows straight-line resistance

Count Individual Electrons with High Z Voltmeter
New precision voltmeter counts 60 electrons per sec

Plugboard Logic Computer
Tests out computer logic design easily
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First of a series on obstacles within the self that stifle new
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Dependability 
and long life 

previously available 
only in 

high-cost relays

45

50

54

60

RED LINE
low-cost thermal

timing relays

The sound design, sturdy construction and reliable operation long 

associated with G-V Hermetically Sealed Thermal Relays is available 

in a low-cost form, fully qualified for industrial control . . . light 

and inexpensive enough for electronic and communications circuits. 

Delays of 2 seconds to 3 minutes • Energizing voltages - 6.3 to 230 

AC or DC.

• RUGGED STAINLESS STEEL MECHANISM
Relay mechanism is of stainless steel, differential expansion type, 

used in all G-V Thermal Relays. All parts are welded into a single 

integral structure.

• SHATTERPROOF—NO GLASS
No glass is used in mechanism, encasing shell, or base. This 

avoids the danger of cracking or breakage in handling and use.

• STEEL ENCASED HEATERS
Heating elements are conservatively designed, wound with Ni

chrome wire on mica and encased in stainless steel, insuring long 

heater life even when energized continuously.

• DUST TIGHT ENCLOSURE
A dust tight metal shell completely enclosing the relay mechanism 

and contacts, crimped tightly to the base, provides complete 

protection for the structure.

• TAMPER PROOF
Time delay intervals are preset at the factory. Thus changes of 

delay interval in the field which might damage associated equip

ment are avoided.

Directly interchangeable with all other octal-size relays.



Designing In miniature?
Here's how to save space-

...90% of it!
New G-C MICROSTACK* for coincident 
current memory systems has a physical 
volume just 10% that of conventional 
stack. MICROSTACK shown with 2560 
cores measures only 1.125* x 1.4* x 1.4*, a 
reduction in size from 3%"x3%wx5”.
This miniature stack consists of an array 
of 16 x 16 x 10. Solder connections are 
greatly reduced (from 1192 to 104), there
by substantially increasing reliability.

Noise level in the new MICROSTACK is 
as low as that of conventional types. The 
new MICROSTACK is available with all 
standard memory cores. Standard pack
ages are available with coincident current 
wiring in 10 x 10 x 8, 16 x 16 x 8 and 32 x 
32 x 8 arrays.
For further information, please ivrite on 
company letterhead—address inquiries to
Dept. ED. •Trademark

GENERAL CERAMICS
amutu if nt sihh hi# num

General Ceramics Corporation 
KEASBEY. NEW JERSEY. U.S.A.
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without charge provided you send us the 
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title, your company's main products, and 
description of your design duties. The 
letter must be signed by you personally.
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copy $1.50.
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Canadian Electronics Bouncing Back

ELECTRONICS up North is emerging from its 
lean years headed in a new direction. The in

dustry, though still convalescent, is aggressively 
pushing its designs on potential customers in the 
U. S. Three years ago things were different.

Then, in the face of a rising Canadian Gross 
National Product and record half-billion electronic 
sales the year before, sales dropped more than 
15 per cent. Protectionist “buy Canadian” talk in
creased and uncertainty clouded the industry’s fu
ture. Some companies collapsed, many designers 
and other engineers drifted to the U. S. and 
Europe.

The decline was blamed on reduction in de
fense spending, a sharp rise in importation of 
parts and products, and a weakening of the con
sumer electronics market.

Now, Canada’s electronics industry is once again 
confident, expanding and making an impression 
in design circles. Paralleling this transformation 
is a tightening of links between the Canadian 
and U. S. electronics industries.

What has happened? Canadians cite three 
factors:

■ The joint U.S.-Canadian Production Sharing 
Program, under which Canadian suppliers have 
easier access than before to U.S. military con
tracts.

■ New emphasis on research and product de
velopment—a result of the realization that Canada 
nust be selective in choosing areas of electronic 
competition.

■ An upturn in Canada’s consumer electronics 
r iarket.

Since 1933 and the passage of the “Buy Ameri
can” act, bids made by Canadians on U.S. military 
c antracts had to be increased by a factor that was 
equivalent to a tariff. Moreover, end items for 

(Continued)
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Originality, Novel Layout Win Canadian Design Contest
Two prizes for best Canadian-designed electronic prod
uct and component were awarded to two companies 
exhibiting at the Canadian IRE show in Toronto last 
month. Criteria for the awards included originality, 
usefulness, quality of design, human engineering, mar
ketability and other considerations. The contest was 
judged by men prominent in Canadian electronics, who 
named as winners Raytheon Canada, Ltd., and Bach- 
Simpson, Ltd.

This frequency controller-indicator, which combines in 
a small package a meter and a supervisory system, uses 
an idea reportedly new to direct-readout freq meters. A 
motor designed to run synchronously over a wide range 
of input frequencies and voltages is directly coupled 
to a small ac generator mounted integrally with it. A 
signal applied to the motor generates a voltage pro
portional to the input frequency. Both meter and gen
erator are potted, and the whole design is engineered 
to keep its characteristics over a continuous operating 
period of 10 years.

Raytheon's scan converter for bright display of radar- 
originated information, is built around a scan-converter 
tube designed by the parent U.S. firm. Intended for 
continuous duty in air-traffic control, the complete unit 
was designed for durability, accessibility, and good 
heat dissipation. Hot parts are mounted on the outside 
of the chassis on hinged frames. Both the front and 
back of the cabinet are hinged. Small parts are mount
ed on horizontal strips on each swinging frame so that 
all components and parts are completely accessible. 
Cable entry is through bottom and top of cabinet.
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Important News for Computer Designers!

New RCA MEMORY CORES
feature 1 microsecond performance with...

25% Reduction in Power Requirements!

40% Increase in Operating Margin!>+a±0+©4
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Dramatic improvemen t over present standard cores offers 

greater design flexibility, top performance 
in high-speed coincident current memory applications

New l-/i sec memory cores 226M1 (XF-4028) 
and 228M1 (XF-4257) developed at RCA’s Ma
terials Lab in Needham Heights, Mass., repre
sent an important step forward in ferrite core 
design for military and commercial computers. 
See chart for the significant improvements in 
power requirements and operating margin now 
possible in l-/z sec operation. neering, Section

NOMINAL OPERATING CHARACTERISTICS AT 25 C

Typ« Sire
Full Driving 
Current (Im) 

(ma)

Partial-Write 
Current (Ipw) 

(ma)

Pulse Rise 
Time (Tr) 

(nsec)

Switching 
Time (Ts) 
(nsec)

Response

“Undisturbed 1“ 
(uV|) 
(mv)

' Disturbed 0"
«%)
(mv)

228M1 
(XF-4257) 080" « .050" s 025" 620 310 0 2 1 160 18

226M1 
(XF-4028) 050" i 030" i 015" J 80 190 0 2 1 75 10

vßyi RADIO CORPORATION OF AMERICA
Semiconductor A Materials Division • Somerville, N. J.
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Call your local RCA Field Representative and 
learn how the new 226M1 and 228M1 can fit into 
your new computer designs. He can also give 
you information on the entire line of RCA Fer
rite Memory Cores, Planes and Stacks available 
to meet your specific design requirements. For 
technical data, write RCA Commercial Engi-

K-18-NN2, Somerville, N. J.

RCA FIELD OFFICES: 
Eost-744 Brood Street, Nowork, N. J. 
HUmboldt 5-3900
Northeast
64 “A" Street
Needham Heights 94, Mass.
Hillcrest 4-7200
East Central:
714 New Center Bldg., Detroit 2, Mich 
TRinity 5-5600
Central:
Suite 1154, Merchandise Mart Plaza
Chicago, III., WHitehall 4-2900
West:
6355 E. Washington Blvd.
Los Angeles, Calif., RAynfond 3-8361
Gov’t:
224 N. Wilkinson St., Dayton, Ohio 
BAIdwm 6-2366
1625 "K” Street, N.W.
Washington, D.C., District 7-1260 

the U.S. military had to have a U.S. parts contení 
of at least 50 per cent in general.

These restrictions, though they did not apply 
to equipment unavailable in the U.S., were in 
consistent with the official policies of the Ameri 
can and Canadian Governments to establish co
operation in defense production. Though the U.S. 
military services interpreted the “buy American’ 
restrictions liberally, preference was clearly given 
in competitive procurement to U.S. suppliers.

This year, however, the Defense Production 
Sharing Program was instituted by agreement be
tween the two countries. Under the program, mili
tary electronics equipment supplied by Canada to 
U.S. contractors and military services is, in effect 
exempt from provisions of the “Buy American 
act.

Canadian suppliers receive preference over all 
other foreign sources and are often treated as 
American suppliers. Duty-free privileges can be 
obtained in subcontract work, and the Canadian 
electronics industry has been invited to tell its 
story to the U.S. military services.

I he first results of the program are becoming 
apparent. Canadian Aviation Electronics, Ltd., 
has earned a fire-control subcontract from Hughes 
Engineering, and other successes have been made 
in radar, communications and data processing.

Canada is banking heavily on the Production 
Sharing Program. The Minister of Defense Pro
duction told Canada’s Parliament that the Cana
dian electronic industry is “now in a transition 
period, which is likely to persist for two or three 
years, during which Canadian defense electronic 
production must be reoriented, in a very large 
measure, to serve a North American rather than 
a Canadian market.”

Because production sharing is linked to R & D, 
the Canadians are hopeful of eventually receiving 
either significant research contracts or complete 
responsibility for a phase of the North American 
defense effort, or both.

To get its share, Canada’s (‘lectronic industry 
has:

■ Formed a Defense Production Sharing Com
mittee in the Canadian Electronics Industries As- 
sociation to 
U.S.

■ Started 
relieve U.S.

help Canadians do business in the 

to set up American subsidiaries to 
customers of customs and other pa

perwork. Both Sinclair Radio Labs and Welwyn 
Resistor have established two-man offices in th<‘ 
U.S. to handle this chore.

e Undertaken to exhibit in American shows.
In addition Government help is available to 

companies seeking American markets for their 
products or services.
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The director of the Canadian IRE, A.P.H. 
Ba clay, wrote recently, “In Canada we cannot 
ho >e to spread ourselves across the whole elec- 
tr< nic horizon but must narrow our sights to par
ticular fields of endeavor.”

This sums up the Canadian position: that in a 
country of some 16 million people, R & D for 
export rather than mass production for home con- 
sumption should be the electronic industry’s goal.

Canada’s Deputy Minister of Defense Produc
tion, D. A. Golden, says: “Canadian industry will 
be able to share in . . . production programs 
only if its engineering capacity can be maintained 
and technical competence advanced through the 
pe rformance of appropriate development tasks.”

Therefore, the Canadian Government under
writes a good deal of electronic research—on the 
assumption that production sharing presupposes 
development sharing.

To keep military R & D efforts efficient, an 
Electronic Component Research and Develop
ment Committee advises the Government’s De
fense Research Board on the development of com- 
ponents to meet or anticipate defense require
ments.

Another reason for confidence in Canada’s elec
tronics industry, at least for the near future, is the 
opening of the replacement market for TV sets. 
Saturation of the TV-set market was an important 
factor in the sagging sales of the last two years.

Mort' help will be given by the establishment 
of second TV channels in major cities now served 
only by the Canadian Broadcasting Company net
work.

U.S.-Canadian Industries Moving Closer
Most of the exhibitors at last month’s Canadian 

IRE show were either American companies or 
Canadian subsidiaries and affiliates of American 
companies. Many of the U. S. concerns wanting 
izable business with Canada have set up over- 
he-border units to get it.

Some Canadian subsidiaries are merely market
ing or production facilities for their U.S. parents. 
But others have strong R & D departments that 
ire contributing substantially to the company 
ecord.
Two engineers from Canadian Westinghouse 

ontributed the paper judged best at last year’s 
\ itional Electronic Conference. Raytheon Canada 
k signed a scan converter around the parent com- 
)<ny’s scan converter tube and won the best- 
k signed-product prize at this year’s Canadian 
FE show. Northern Electric, the Bell System’s 
Canadian affiliate, is doing advanced research in 

i wide range of fields.
With close company tie-ins, with many Cana- 

li in engineers working in this country, and with 
ha new Production Sharing Program, the gap 
x tween the U.S. and Canadian electronics in- 
h stries is narrowing. ■ ■

SPACE SHRINKERS
MicroiDs and monkeys-— Burnell & 

Co. welcomes the assistance of their simian friends 
in the task of gathering data vital to space shrinking. 
By shrinking toroids, filters and related networks 
for guidance and communication systems, Burnell 
helps space vehicles carry bigger payloads — more 
instrumentation, animals — eventually man. Typical 
of our accomplishments is the MTT MlCROlD# 
telemetering band pass filter. Significantly, the com
bined weight of 23 MlCROlDS- plus the monkey 
— is less than the single non-miniaturized tele
metering band pass filter pictured here.MlCROlD 
band width is 15% at 3 db 4- 60% —40% at 40 db. 
Frequency coverage is from .4 kcs to 70 kcs.

2/1 actual MM

Write for Filter Bulletin MTT 23.

Channels 1-6

Channels 7-10

Channels 11-18

Alternates A-E

Sizes

2x27/32x1/2 

1-5/16x11/16x11, 16 

15/16x19/32x1/2 

15/16x19/32x1/2
B20 < 
?

MEQUENCY ( KC )
1 10 JO

8 
z 10

PACIFIC DIVISION 
DEPT 0-26 
720 MISSION ST. 
SOUTH PASADENA, CAI. 
»VAN 1-2841
TELETYPE PA5ACAI 757»_ - - -7”-,4

EASTERN DIVISION
DEPT 0-26 

10 PE IMAM PARKWa.
PEIHAM, N. V. 
PELHAM 8 5000 

TELETYPE PELHAM 3633

CIRCLE 4 ON READER-SERVICE CARD

PIONEERS IN microminiaturization OF
TOROIDS, FILTERS AND RELATED NETWORKS
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run from

P/ònt to P/ibdud

A SuMldlary of Carnal* Corporation
West Main Straat. Tarrytown. N.V.
Pacific Division: 15K N. Gardner St . Lot Angalea. California

NIGH TEMPERATURE 
CARIE CAPABILITIES

Complex 250 deg. C cable assemblies such as this one 
-involving over 150 Teflon'*’insulated conductors —are 
typical of work Tensolite is doing in this exacting field. 
Our design engineers have the practical experience to 
work with you in translating your requirements into 
highly reliable jumbo cables and cable assemblies.
Tensolite specializes in cables utilizing high temperature 
hook-up wire (large and small), coaxial cable, air 
dielectric coaxial cable, shielded and jacketed multi- 
conductors — or any combination of these. And, we 
manufacture all cable components in our own plants — 
your assurance of uniform high quality.
Many leading aircraft and electronic manufacturers 
are taking advantage of Tensolite's cable design and 
production facilities. We'd like to work with you on 
your cable problems. Contact your local Tensolite 
representative or write to:

INSULATED WIRE CO., INC.
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22 Stereo Broadcasting Systems 
Vie for FCC Nod

How Proposed Stereo Systems Compare 
FM Stereo Systems With FM Subcarriers

" -
in

tr an
? • 1

’ 1 l<
□(•US

■ fl
cause

Hill
posed 

i •. 1
No

System
Main Channel Subcarrier (eins

\ itioi
Bandwidth 

Signal KC % Mod.
Bandwidth Freq. Swing 

Signal KC KC KC
niftee 
he F(

Caibest 
Crosby

EMI 
Halstead

L-f-R 15 70
L-hR 15 50

LH-R 15 >90
2L-R 15 70

• • •

FM Stereo Systems With A

—R 3.5
L-R 15
£

L'-j-R' O.l
2R-L 15

Al Subcarriers

27 ±5
40 ±25

22 ±0.5
41 ±7

! -uh
III Ji
Tho 

ach h 
| lc\ isi 
liven 
he in 
ions c 
ih ing 
valual 
ipecifi» 
hip of

GE 
Zenith

L-|-R 15 50
L4-R 15 90

L-R 15
L-R 15

31.5 d.s.b.
39 d.s.b.

s.c.

Notes: d.s.b —double sideband s.c.—suppressed carrier

• • •

TV Sound Stereo Systems

Af

In a 
cribed 
nd pr 
hich i 

be FC
For 1 

"albest 
al ani 
EMI); 
ith, V( 
incott 
amitt 

lilco, 
ia Bro 
'erpon

EMI
GE 

Motorola 
Philco

L4-R 15 90
L-J-R 15 100
L+R 12 85
L-|-R 7 95

L1
L' + R' 0.1 22 A
L-R 15 31.5 B
L-R 0.3-4 23.6 C
L-R 0.5-7 15.75 D

Notes: A—Same 
C—±5 KC

as FM system. B—Same as FM system but suppressed carrier, 
swing FM. D—Lower side band suppressed carrier.

• • •

AM Stereo Systems

System L-| R Information
L —R Information

Bandwidth 
KC How Obtained

sterns 
MI, A
The I

VD gre 
er (EN 
ead) a 
e lith, 
ipinc 

nrier i 
g tha

CBS 
Philco 

GE 
RCA 

Westinghouse 
EMI 

Kahn

Normal AM 
Normal AM 
Normal AM
Normal AM 
Normal AM 
Normal AM 

(L on one sideband, 
R on the other)

2 

0.3-? 
0.3-4 

2 

0.3-3 
O.l

2

Phase Mod.
Phase Mod.
±4 KC FM

±0.5 KC FM
±3 KC FM

±0.2 KC FM

2
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39K
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OUTPUT
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INPUT

IN625 IN625

IN625 IN625

2NIU9 2NIII9
56 K

2N1118 and 2N1119
offer 4 outstanding features

PH ILCO
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iroadcasting and 
industry.

Though systems

manufacturing

Commission evaluation

LANSDALE TUBE DIVISION • LANSDALE, PENNSYLVANIA

?ach broadcast service—fin, am and 
elevision—highest priority is being 
liven to fm. The FCC has asked 
he industry for its recommenda- 
ions on fm by Dec. 11. NSRC is 
liv ing its highest priority to the 
valuations of Panel 1 on System 
Specifications, under the chairman
hip of C. J. Hirsch.

are proposed for

THE NAGGING question of mul
tiplex adapter availability was 

raised again at the recent New York 
High Fidelity Music Show. With 
stereo playback equipment domi
na ing the attention of the 46.000 
visitors, major manufacturers of tun
ers and complete packages were be
sieged with requests for stereo 
broadcast adapters. But, as in pre
vious years, spokesmen were again 
compelled to stall the public, be
cause Federal Communications

Philco continues its leadership in the Silicon high speed 
PNP field with these highly reliable field-proven SATs. In 
addition to their other superior characteristics, they have 
adequate frequency response to fill a large percentage of 
silicon transistor applications in both military and com
mercial circuits operating at high ambient temperatures. 
They are environmentally tested in accordance with 
MIL-T-19500 A. These two new types supplement and 
are the electrical equivalents of the widely used 2N495 
and 2N496, offering the designer a choice of packages 
(TO-1 and TO-5). For very high speed switching appli
cations, designers should consider Philco’s NPN Diffused
base Transistor 2N1199. Write for complete information, 
Dept. ED 1159.
Immediately Available in Production Quantities ... and 1-99 from 
your Philco Industrial Semiconductor Distributor.

Low Leakage Current
Very Low Saturation Resistance (Choppers, Switches)
High Base-emitter Breakdown Region
Controlled Input Characteristics

47k :
12//F D

posed systems has not been com
peted.

No less than 22 stereophonic sys
tems are being evaluated by the 
National Stereophonic Radio Com- 
nittee (NSRC]) in its effort to help 
the FCC set up standards for the

AM-FM Systems Outlined

In a recent report, Mr. Hirsch de
cribed the 22 proposed systems 
ind progress toward agreement on 
diich might be the best to offer for 
he FCC’s consideration.
For fin, systems are proposed by 

'albest, Crosby, Halstead, Electri
al and Musical Industries, Ltd. 
EMI); General Electric, Philco, Ze
ith, Volpe, Svorec, Neeley and Lip- 
lincott. For am, schemes have been 
ubmittted by GE, Kahn, EMI, 
’hilco, Westinghouse, the Colum- 
iia Broadcasting System and Radio 
Corporation of America. For TV’, 
vstems have been offered by GE, 
MI, Motorola and Philco.

The fm systems are divided into 
W) groups: those with fm subcar
ier (EMI, Caibest, Crosby and Hal
te id) and with am subcarrier (GE, 
eiith, Volpe, Svorec, Neely and 
ippincott). Philco had an am sub- 
airier system but withdrew it, stat
ic that its advantages were not

15V

50/7 F 0

INPUT
2NIII8

-22 5 V

470K 5 I2//F0

2N1428 and 2N1429 are Lower-priced Units with 
Comparable Characteristics for Low Voltage, High 
Beta Application.

•Trademark Philco Corp, for Surface Alloy Transistors

SURFACE ALLOYFROM PHILCO

TRANSISTORSSILICON
For Proven Performance 

in High Speed Circuits 
at High Temperatures



10 Me Counter displays
microwave frequencies

NEWS
of en
eli cti

to transfer oscillator

great enough to justify prolongation of debate.
At the time of Mr. Hirsch’s report, only the 

fm-am group had offered preliminary findings, 
NSRC was still awaiting reports from the fm-hn 
the am broadcasting and the TV groups. Another 
committee is completing a theoretical comparison 
of fm-fm and fm-am systems.

Coupled to a computing transfer oscillator, this counter will display the 13,213.45Mc 
shown...one more instance of the unique utility of Model 7370.

reading

Preliminary Findings Noted
Mr. Hirsch reported the results of the prelii ii 

nary findings on fm-am systems as follows:
‘The GE system provides the least expensive 

stereo performance, because the receiver does not 
need to reconstruct the subcarrier.

“Philco and Zenith, because they need not re
serve modulation range for the subcarrier, which 
is nearly suppressed, allow fuller modulation (al 
most 100 per cent) for L + R channels and there 
fore are expected to provide* superior monophonic! 
and stereophonic reproduction.” |

“There appears to be little* to choose between! 
Philco and Zenith in performance. The same caul 
be said for the time-multiplex systems, since* afteil 
modification, they will resemble* the* Zenith apJ
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READ HARMONIC

SPEEDY, PRECISE METHOD
1. Operator tunes transfer oscillator in the conven

tional way—finds two adjacent fundamentals having 

harmonics that zero-beat with the unknown fre

quency.

2. Reads harmonic number appearing on built-in 

automatic calculator.

3. Sets digital switches to harmonic number.

4. Reads microwave frequency as it appears on the 

face of the counter. The entire procedure takes less 

than one-fifth the time ordinarily required.

proach very closely. However, as stated above.1 J lioss c
the receivers an* more complicated than the GEr

SPECIFICATIONS
Model 7370 used with transfer oscillator (Model 7580) 

Frequency measuring range. . . . . . . . . . . . . . . . . . . . . . . de to 15KMc
Types of signals accommodated .... CW, AM, FM, pulsed r-f 
Sensitivity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   100 mv rms
Input impedance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 ohms
Accuracy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . up to ± 3p in 107
Fundamental range of trans, osc. . . 75 to 150 Me & 7.5 to 15 Me 
Harmonics available. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . up to 100th
Stability of fundamental. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0001% per min

Model 7370 alone 
Frequency counting range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . de to lOMc
Sensitivity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . selectable: 0.1v,lv & lOv
Input impedance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10M ohms
Stability of time standard. . . . . . . . . . . . . . . . . . . . . . . . . 3 parts in 107 per week
Additional functions . Measures period, phase & frequency ratio.

Times interval between independent signals.

stereo receiver.
“The Receiver Panel (No. 4) of NSRC will he 

asked to evaluate the relative complexity of thd 
fm-am receivers. If a system gives greater per 
formance but results in costlier receivers, the facts 
will be presented to the FGG for decision.”

Factors being considered by the committee 
with the final decision up to the FCC arc: conn 
patibility, signal-to-noise (monophonic and stereo) 
stereo effect, receiver and transmitter complexity 
utilization of spectrum space, and effect of propa! 
gation (multipath).

The systems specification panel has been still 
fering delays, Mr. Hirsch said, because adequati! 
test facilities could not be found by Panel 6 (Sub! 
jective Aspect). This was resolved by the offer ol 
facilities by Bt41 Labs.

Thus another year may pass before final sx si 
tern approval is decided by the FCC. Until thenl 
major manufacturers are reluctant to invest in tlul
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The <
development and production of adapter unitsk the /
Monophonic broadcast reception will still prevai 
for the coming year. ■ ■

Write for detailed technical bulletins

Prices
Model 7370 Universal EPUT® & Timer .
Model 7580 Computing Transfer Oscillator

. $1975

. $1650

/ Berkeley Division
® / 2200 Wright Avenue, Richmond 3, California

/ a division of Beckman Instruments, Inc.
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Electronics Education to Benefit 
from Ford Foundation Grants

Two of the most unusual applications of th 
$19.5 million recently granted by the Ford Four 
dation to 10 schools to modernize the teachin!
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more than 800 standard units available
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are of its grant

p read use of computers in engineering education

Sprague Miniature Pulse transformers give the circuit 
designer the flexibility he needs to meet the varied 
requirements of low-power, high-speed computers. 
Sprague literature details more than 800 standard units 
in a wide variety of mounting styles, shapes, and 
encasements for conventional or printed wiring board 
assembly. Many special types can also be furnished to 
match specific circuit and packaging requirements.

Sprague pulse transformers handle pulse widths of 
20 millimicroseconds and wider...at repetition rates as

ai >y Dr. H. T. Heald, president of the Ford Foun- 
lation, who asserted that engineering education 
iad fallen behind engineering developments.

Also of significance to electronics is the use to 
x made of Ford Foundation funds by the Uni-

For application assistance on your pulse transformer problems, 
urite to Manager, Special Products Division, Sprague Electric 
Company, Union St., North Adams, Mass. A complete series of 
Engineering Bulletins covering Sprague’s standard pulse trans
formers is available from Technical Literature Section, Sprague 
Electric Company, 347 Marshall St., North Adams, Mass.

SPRAGUE COMPONENTS:
MAGNETIC COMPONENTS • TRANSISTORS • RESISTORS • CAPACITORS

high as 10 megacycles ... with pulse levels ranging 
from fractions of a volt to several hundred volts.

Typical circuits utilizing Sprague Pulse Transform
ers include pulse amplifiers (for current or voltage 
step-up, impedance matching, decoupling, pulse inver
sion and push-pull operation); pulse shaping and dif
ferentiating; blocking oscillators (in regenerative circuits 
of the triggered and self-triggered type); general tran
sistor circuits.

INTERFERENCE FILTERS • PULSE NETWORKS

of engineering will directly affect education in 
electronics.

Case Institute of Technology will use its $1 
million to create centers in engineering design 
and systems research and Massachusetts Institute 
of Technology will introduce new curricula to 
meet the requirements of tomorrow’s engineering.

Believing that the greatest emphasis in engi
neering education should be placed upon the 
close relationships and inter-disciplinary charac
ter of modern engineering and science. Case will 
set up an engineering design laboratory that will 
specialize in authentic design problems. Among 
projects being considered are those for computer- 
controlled machine tools, electronically controlled 
devices for the handicapped, and instruments for 
unusual environments.

The laboratory will be headed by Dr. J. B 
Keswick, who defines engineering design as “the 
creative experience w hich begins w ith an original 
concept or idea, utilizes science and engineering, 
and ends w ith the construction and evaluation of 
a device or system which meets a human need.”

4 tin )( an experimental program leading to the wide
HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 
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loundaries between the special fields in engineer
ing and science, according to Case.

Work at the systems research center will also 
toss different fields. The center is said to be the 
irst academically based center in systems engi- 
leering. It will use the talents of the entire Case 
acuity.

Systems under study for early work at the cen- 
er include a complex automatic computer for 
ndustrial control and a large-scale communica- 
ion system.

MIT will use its $9.275-million grant to sup- 
)ort a program of development and innovation in 
ts engineering school. Seven professorships in 
lewly emerging fields w ill be created, new labs 
o demonstrate fundamental concepts will be de
eloped, and steps will be taken to help students 
inancially through fellowships and loans.

A major program will be the creation of “new 
yntheses of courses to couple the basic science 
nth the newly emerging fields of engineering and 
o introduce students to the ‘hard-headed pur- 
xxsefulness of engineering.”

The awards were announced during a meeting 
if the American Institute of Consulting Engineers

SPRRGUE
THE MARK OF RELIABILITY
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Perceptron Recognition Sehe

three
patte
trans
or di

MODEL 803

Details of

SfN
I

PRECISION

DC••••••••••• 
AC 

DIFFERENTIAL 
VOLTMETER

Research Reported

FEATURING
• Standard Ceil Refer

ence.
• Direct in-line readout
• Mirror Scale Meter
• Eight Search and four 

Null ranges

AT YOUR FINGERTIPS
Precise measurements of either 
DC or AC voltages with this field 
proven ¡f instrument.
Use the 803 as an AC Differential 
Voltmeter, DC Potentiometer or 
DC/AC VTVM.

3 INSTRUMENTS IN ONE

Accuracy: .05% from .1 volt to 500 volts
Input Voltage Ranges: 500-50-5-.5v
Null Ranges: 10-1-.1-.01 v
Input Resistance: Infinite at Null
Resolution: .005v at 500v to .00005v at .lv

Accuracy: .2% from .5 volt to 500 volts from 
30 CPS to 5 KC

Input Voltage Ranges: 500-50-5v
Null Ranges: l0-1-.l-.01v
Imput Impedance: 1 Meg. shunted by approx. 

25 mmf
Resolution: ,005v at 500v to .00005v at .lv

THE FIRST actual pattein-iecognition 
■ perception is neaiing completion at 

the Cornell Aeronautical Laboratories in 
Buffalo, N.Y., rcpoited Dr. A. E. Murray 
at the National Electronic Conference last 
month.

Dr. Murray, who is active in the Navy- 
sponsored program, delivered a paper 
describing for the first time many details 
of the perceptron project.

Perceptron is the class name for a 
family of pattern recognition machines 
that operate on principles believed used 
in the human brain. So far, all except one 
perceptron exist only as simulations on an 
IBM 704. The first actual Mark I per 
ceptron is now being completed and is 
expected to discriminate reliably between 
such patterns as E’s and X’s, squares and 
diamonds, and E’s and F’s.

The Mark 1 consists of 400 sensing 
transducers randomly connected to 512 
electro-mechanical memory units called 
the association system. These units are 
randomly connected to response, or dis
play, units. The response units are con
nected, also in random, through feed
back circuits to the memory system.

Tn operation, a portion of an image is 
picked up by a transducer and passed to 
some of the memory elements, all of 
which are unbiased and equally likely to

type of readout or display. But, Mr. 
Murray told Electronic Design, it is 
moie difficult to force the machine to 
leain to do useful woik than it is to per 
mit it to leain spontaneously.

This is because Perception network
have no special relation-detectors anc 
will be incapable of certain kinds of use 
ful behavior. They are at their best wher 
working with relatively noncoherent pat 
terns. For coherent-pattern recognition 
additional logic for coherence-sensing 
edge and comer detection, inside-outside 
before-after, under-over, and other topo 
logical relationships, is expected to give 
improved performance, and will be re 
searched later. Except for work nov
under way in transform generalization anc 
time relationships, effort has been con 
fined to machines that sense only non 
analytic attributes. But simulated per 
ceptrons have been taught to generalizi 
and discriminate coherent patterns and 
in special circumstances, to spontaneous! 
form “rational” or useful classification 
for a collection of coherent stimuli.

One simulated perceptron recognize

Cabinet Size: 9%*x13*xl7”—Net Weights Cabinet Model—30 pounds 
Price: $849.00 F.O.B. Seattle, Washington

For complete details on the Model 803 or other John Fluke instruments 
write direct or contact our engineering representative in your area.

switch one way as another. The signal 
goes on to the display, from where its 
effect is fed back to strengthen or inhibit 
the memory cells so they will provide a

John fluke MANUFACTURING CO., INC.
1111 W. NICKERSON ST., SEATTLE 99, WASH

memory trace that will dominate future 
responses.

The perceptron design is potentially 
versatile. Input can be radar, optical, 
audio or other stimuli. Output can be any
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shapes regardless of position or orienta ciatior
tion, and in favorable (but not rigged 
circumstances a perceptron modified it 
own transmission characteristics to reflec 
population characteristics met in its signa

sponst 
non-lii 
inear

In <
environment. In some experiments a pei contaii
ceptron was presented with a successioi nay i 
of horizontal and vertical bars in variou small
vertical and horizontal positions. Thi
machine had only two possible response*
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t ) sevt

each of which eventually and spontane 400 oi 
ously come to be associated with just on S-units
bar class. c mstrt

All perceptrons may be classed as mult at the
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ANNOUNCING A NEW DEVELOPMENT
BY BENDIX

IBRATION.

FOR TURBINE ENGINES

•ralizi

and a remotely mounted ATR short box

VIB

TEMPTEMP

SIDNEY, NEW YORKmult
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Temperature for single engine indicates all 
thermocouples indicating temperature above or 
below temperature datum reference.

100
150

Temperature "all" display indicating maximum 
and minimum temperatures above and below 
temperature datum for four engines.

150
100

Vibration indication for four engines with front 
and rear pickups on each. Height of display 
indicates total vibration displacement.

150
100

100
150

SENSORS POINTS 
(S UNITS»

engine vibration

RESPONSE 
UNITS

ASSOCIATION 
SYSTEM 
IAUNITS)

FEEDBACK 
CIRCUITS

RANDOM 
CONNECTIONS

Schematic of perceptron organization shows the 
three types of units that work together to recognize 
patterns. Sensory units can be photocells, filters, or any 
transducer. Output cells can feed any type of readout 
or display.
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conditions around the turbine engine exhaust. The temperature 
display in the “all” position presents maximum and minimum 
temperatures on the upper cathode ray tube continuously for 
the four engines as reference to a temperature datum set in by 
the operator. Thr individual engine temperatures can be 
displayed as 10 bar graphs whose deflection can be read on the 
tube scale as deflections above or below the temperature datum, 
and individual degrees may be accurately and easily read from 
the digital read-out dial.

The equipment, initially developed for BO AC, is applicable 
to all airline and military turbine flowered aircraft. The equip
ment for the four engine installation is approximately 30 lbs. 
and includes the Temperature-Vibration Monitor pictured above

A landmark in engine instrumentation progress is the Bendix* 
Temperature-Vibration Monitor which simultaneously displays 
the findings of 40 temperature and 8 vibration sensors strategi
cally located on all 4 engines of a turbine powered aircraft. This 
data is presented on the flight deck of the aircraft in bar graph 
form so that it can be continuously monitored and easily read.

The average displacement of 8 vibration pickups is displayed 
continuously on the lower cathode* ray tube with the top of the 
bar graph indicating vibration displacement on the grid scale. 
This continuous monitoring of vibration immediately indicates 
excessive unbalance on the jet engine.

The temperature analysis normally associated with the exhaust 
gas thermocouples will locate faulty burners, bad combustion 
distribution and plugged nozzles or any unusual hot or cold
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port signal transmission networks with transmis
sion characteristics that can be arranged to change 
automatically or can be changed from the outside 
to adapt the machine to applications related to 
complex signal recognition and/or classification. 
Two of the interesting features are:

■ The adaptation is operational. It is on-the- 
job training, with the adaptation occurring as a 
result of practicing the tasks to which it will be 
trained. Neither the original internal circuit de
tails nor the details of the adaptive changes need 
to be known or specified in order to construct or 
train a machine for useful or desirable behavior.

■ The loss or malfunction of a few components 
is not likely to affect noticeably the reliability of 
operation.
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Perception Structure
In all perceptrons to date, there have been at 

least three distinguishable sets or layers of func
tional units. In a signal flow graph for the network, 
each unit is a node of the network diagram and 
the nodes are connected by branches. Nodal units 
of different layers have different connection con
straints and different dynamic properties. Three- 
layer devices, have, in the first layer, S-units 
(sensory cells); in the second layer, A-units (asso
ciation cells); and in the third layer, R-units (re
sponse or output cells). So far, except for S-units, 
non-linear elements have yielded the best results; 
linear A-units have been only briefly considered.

In a practical machine, S-units either are or 
contain the input terminals for the network. They 
may include transducers, each sampling some 
small part of a complex input pattern and con
verting this information into a signal transmitted 
to several A-units. In a moderate-size machine of 
400 or 500 or more A-units, connections from 
S-units to A-units may be random—one feasible 
construction scheme being to begin the wiring 
at the A-unit level, taking n0 leads from each
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A-unit and connecting them, in random fashion, 
to the S-units. If the task is pursued in this man
ner, the number of output leads from each S-unit 
will be a random variable.

Because of the plurality of outputs from each 
S-unit and the scrambled wiring between the 
S-units and the A-unit layer, each A-unit receives 
connections from several S-units, over which 
flows a rather unique, small sampling of any 
activity among the S-units. The uniqueness is en
hanced by the provision for some S-units, or at 
least some S—>A branches, to inhibit the A-units 
they drive.

If the net sum of the signals received by an 
A-unit is sufficient to turn it “on ”, it will put out 
a signal to whatever R-units it has connections. 
Finally, the states of the R-units, as determined by 
the signals received from active A-units, either 
may be read by an observer as an identification or 
classification label or may be used to direct or 
otherwise control an external device.

Adaptive changes in the system’s performance 
are effected through lasting changes produced 
in the output levels of A-units by feedback from 
the R-units, which is integrated and stored in each 
A-unit as a level-setting value.

An R-unit may or may not have a threshold. 
Furthermore, since it acts as a signal port for the 
network proper, the physical character and utiliza
tion of its main output signal is at the discretion 
of the designer—it has nothing to do with the 
internal behavior of the network. The logical 
characteristics, however, are important. R-units 
may be designed to have any number of output 
states but it will make examples simpler if we 
consider an R-unit to be a 2-state device. An 
auxiliary output signal from one or both of its 
states is fed back to its A-units, modifying their 
stores values and thereby affecting their future 
output strength.

Closure of the feedback loop can occur through 
some external agent such as an operator or trainer 
or another machine. But if loop closure is internal 
to the network proper, the perceptron can be 
capable of self-training.

Stimuli for a perceptron consist of complex 
signal patterns of any number of dimensions. In a 
practical machine, such patterns may be optical 
images projected onto a retinal mosaic of photo
sensitive elements, waveforms fed to an analyzing 
filter-bank, or some other such projection of a set 
of physical attributes.

For optical inputs, each S-unit of a perceptron 
would possess a photo-sensitive element and an 
amplifier or other impedance matching device for 
sending driving signals to A-units. Whether the 
S-units are chosen to be linear or not depends
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CIRCUIT-PAK
*

1.

2.

3.

4.

5.

for the producerfor the designer
1. Space — compact, encapsulated 

subassemblies assure maximum 
space utilization.

3. Matching — components may be 
electrically matched, then as
sembled or replaced as a single unit.

4. Stability — temperature stability 
in critical circuits is improved.

5. Environment — greater mechani
cal stability, resistance to shock, 
vibration, and resonance.

2. Insulation — better internal elec
trical insulation between circuit ele
ments; better external insulation. 
Corona is minimized.

Maintenance — input and output 
are quickly checked; circuits may 
be readily replaced.

Inventory — one item to buy and 
stock instead of multiple items.

Assembly — just plug it in and 
put it to work; many Circuit-Paks 
are available from stock.

Design — save time with Circuit- 
Paks that meet your specifications; 
they are ideal for applications such 
as comparators, bridges, choppers, 
flip-flops.

Testing — Raytheon Circuit-Paks 
are factory pre-tested — your test 
requirements minimized.

RAYTHEON
RAYTHEON COMPANY

iklCON AND GERMANIUM DIODES AND TRANSISTORS • SILICON RECTIFIERS • CIRCUIT-PAKS
( New York, Plaza 9-3900 * Boston, Hillcrest 4-6700 • Chicago, NAtional 5-4000 ♦ Los Angeles, NOrmandy 5-4221 • Orlando, GArden 3-1553

Tra eus e, HOward 3-9141 • Baltimore, SOuthfield 1-0450* Cleveland, Winton )-7716*Kansas City, Plaza 3-5330* San Francisco, Fireside 1-77 ' 1

Canada: Waterloo, Ont., SHerwood 5-6831 • Government Relations: Washington, D. C., MEtropolitan 8-5205
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upon the number of them provided and the gray
scale resolution desired. Because any continuous- , 
tone figure can be closely approximated with a 
sufficient number of small dots of standard den
sity, any continuous-tone image can be closely 
characterized by a two-dimensional array of on- 
off elements. However, for a retina, it is prob
ably cheaper to use a smaller number of S-units 
and have them linear over some reasonable range.

When a stimulus S, is projected onto a percep
tron retina, a certain set of S-units will be excited. 
These, in turn will excite a certain set, A(Sd, of 
A-units but the retinal illumination pattern at the 
level of the A-units, will be so scrambled that it 
will lose its original coherence and most other 
relational characteristics. The combined effect of 
the outputs from the set, A(S(), will determine 
how the relatively small number of R-units will 
respond.

Feedback operation can be understood more 
easily by assuming just one binary R-unit, so that 
the source set for that response unit is therefore 
the whole population of A-units. Assume also that 
the feedback from R-unit to A-units is arranged 
in such a way that A-units may acquire either 
positive or negative values and, consequently, 
positive or negative outputs when active. Should 
the net sum of excitation delivered to the R-unit 
from the active set A(S;) be positive, the R-unit 
will go to the “1” state, otherwise to the “0” state.

Feedback signals from either of these alterna
tive states will add or subtract some small incre
ment, AV, from the values of active A-units. 
thereby affecting their future output levels. Posi
tive feedback from the 1-state will enhance the 
future effect of those A-units that are presently 
causing the R — 1 response. The same polarity 
feedback, received by active A-units whose output 
is unsuccessfully trying to turn on the R = 0 re
sponse, will decrease their influence toward that 
response. Hence, a succession of negative expe
riences may eventually reverse a unit’s output 
polarity, thereby enabling it to receive reinforce
ments for responding to the same stimuli which 
once caused decreases in absolute value.

Training a perceptron to a given stimulus en
vironment subjects the population of A-units to a 
selection and modification process similar in some 
ways to that which operates in biological evolu
tion. The difference in the two processes stems 
from the fact that, since A-units neither expire 
nor have progeny, no genetics or spontaneous mu
tation are involved. Whatever modification occurs, 
it takes place within the lifetime of the original 
set of A-units.

In a perceptron those A-units whose chance con
nections permit them to be most frequently acti
vated by stimuli of just one class are selected by 
actual exposure to a stimulus population contain
ing some of this class. Their output polarity is,

13
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at the same time, little by little, adjusted toward
the most favored response. Naturally, there are
likely to be some A-units whose connections do 
not fit them for any consistent utility in their sig
nal environment, and they will tend to stay at a 
relatively low output effectiveness. A mutation 
process designed to operate on the connections of 
relatively low-valued A-units could be incor
porated and might be beneficial.

Future Plans
Dr. Murray reports that simulation experiments 

will begin soon with a new and more versatile 
program, especially on cross-connected A-systems. 
At about the same time, direct experimentation 
will begin on the Mark I perceptron.

Multi-layered A-systems are now being studied 
to discover practical ways for, and advantages 
of, increasing the logical depth. The researchers 
hope that future effort will provide mechanisms 
for recognition of special topological relationships, 
and additional effort is being directed toward the 
recognition and utilization of special time rela
tionships. If this work succeeds in sufficiently in
creasing the sophistication of perceptron capabili
ties, the Navy will sponsor intensive effort on 
engineering applications requiring the recogni
tion or interpretation of complex data.

Obvious applications would be in radar and 
optical surveillance and reconnaissance, language 
processing and electronic communication, and 
adaptive control systems for vehicles and produc
tion plants. ■ ■

Reps Symposium to Discuss 
Industry Measurement Needs

The fifth annual Electronic Engineering Repre
sentatives Show, to be held in Philadelphia Nov. 
12 and 13 will feature a symposium on electronic 
test instrumentation.

The speakers will include:
Bruno O. Weinschel of the IRE Professional 

Group for Instrumentation, whose topic will be 
Russian Test Equipment for Audio, Radio Fre

quency, and Microwave Measurements.”
C. P. Sherman, General Electric missile and 

space engineer, who will discuss “Production 
Testing for Research and the Development Type 
Components.”

E. C. Wolzien of the National Bureau of Stand-
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from SYLVANIA

In Silicon Junction, Gold Bonded, and Germa
nium Point Contact types, Sylvania’s complete 
mechanization assures EXTRA diode uni
formity and quality control—at no extra cost. 

Sylvania provides the design engineer with as
surance of top-grade performance for its entire 
diode line. All Sylvania diodes in solder-sealed 
or all-glass packages are 100% tested for her
metic seals to assure maximum protection and 
reliability in any application—and particularly 
those where operating conditions are most severe.

Sylvania Silicon Junction Diodes are 100% 
tested on curve tracers for reverse character
istics—to eliminate such undesirable factors as 
soft breakdown, drift, flutter and creep.

Reverse characteristics of typical 
Sylvania Silicon Junction Diodes 

diode quality control is the Sylvania-des 
Digital Automatic Tester and Classifier, 
each unit is subjected to as many as 16 sei 
tests that can be programmed for an a 
infinite variety of electrical characteristic 
curacy of the automatic tester has proved 
better than 0.5 percent for every test.

In addition to 100% testing program
Sylvania diodes, through scientific san old i 
procedures, are thoroughly tested as folloi our S;
Extended Storage and Operating Life
—offer an extra safety factor, as they go bi 
customer specifications.
Temperature Cycling Tests—ranging
-65° C to 200° C.

¡recti] 
ew Sy

Lead Fatigue Tests—assurance of opti 
mechanical stability.
Thermal Shock Tests—assure rugged : 
All of these mechanical and environments 
are made in accordance with the most stri 
specification procedures—military and 
military. In some cases, such as tempei 
cycling, the Sylvania limits exceed tho 
the specification.
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or the complete story on Sylvania Silicon Junction,»gram

irectly at the address below for a free copy of theLife
go h ew Sylvania 16-page diode booklet.

ing
POPULAR SYLVANIA MORE-DIODE-PER-DOLLAR TYPES

opti

Sylvania’s Digital Automatic Tester and Classifier— 
performs up to 16 separate tests for each diode unit.

san old Bonded and Point Contact diodes, contact 
follow our Sylvania representative, or write the factory

Write for your 
free copy of 
this new 16-page 
Sylvania Diode 
booklet.

ards, who will report on “The National Standard
ization of Radio Measurements.”

The electronic equipment of over 50 manu
facturers will be displayed.

Giant klystron triggered some enterprising 
design under time pressure.
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1N456.A 1N461.A 1N482,A,B 1N486,A,B, 1N126A INI 91 1N270 1N283
1N457X 1N462.A 1N483,A,B 1N487.A 1N127A 1N192 1N276 DI 165
1N458.A 1N463> 1N484,A,B 1N488.A
1N459.A 1N464,A 1N485,A,B

1N128 1N198 1N279
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DI 248

r SYLVANIA®1
Subsidiary of

GENERAL TELEPHONE A ELECTRONICS

Sylvania Electric Products Inc.
Semiconductor Div.

100 Sylvan Road, Woburn, Mass.

Design Has Many Faces

Remember that huge klystron at WESCON? 
There’s a story behind it. Varian Associates built 
it on a crash program—when the contract princi
pal began having trouble, Varian as alternate con
tractor had to step in and make good in a hurry.

Normally klystrons are processed after construc
tion by “breaking down” the cathode (activating 
it) and then by drawing beam current. During 
both these processes large amounts of gas are 
liberated—in particular metallic vapor is released 
if a high power pulsed beam touches any of the 
tube sides. This of course destroys the vacuum 
integrity of the tube. The klystron is re-evacuated 
and sealed after the break-in process.

Trouble was Varian’s facilities for supplying 
pulsed power hadn’t been finished at the time. 
No beam current could be drawn before delivery

of the tube. Varian engineers’ solution: tack a 
five liter per sec Vaclon pump—also manufactured 
by Varian—to the top of the klystron . . . and 
ship on schedule. It worked. Any gas liberated 
during the tube’s initial operation was immedi
ately carried off by the Vaclon pump.
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NEWSEVERYTHING you need for fast, easy

Over 1200 Rectifiers 
Fui/y Described

48 Pages of Solid 
Technical Data

Complete Information on

CIRCUITS 

SIZES 

DIMENSIONS 

CURRENT RATINGS 

VOLTAGE RATINGS 

PRICES 

INSTALLATION, etc.

SMKONWnOKl, 
I; 3116-1

Selenium
RECTIFIERS

VICKERS ÌIC0UPM0 ....
ELECTRIC PRODUCTS DIVISION

U.S. Electronic Imports iron 
Japan In First Half of ’59 

Top All 1958
The value of electronic imports Irom Jap

totaled $22.1 million during the first six months 
of 1959, exceeding by over $200,(XX) the value of 
products imported during all of 1958.

The latest figures of the Business and Defense

HOW ELECTRONIC
JAPAN HAVE 

LAST THREE AND

IMPORTS FROM 
GROWN IN 
A HALF YEARS

components a parts
'56* 
57............
’58................................
JAN-JUN’59..................

TOTALS

’58

«
51

Vickers Grain-Oriented*SELENIUM RECTIFIERS
The unique characteristics of these rectifiers provide efficiency and economy 

unmatched by conventional rectifiers.

In \ ickers rectifiers, the selenium is grain-oriented: crystals are aligned in the 
same direction, rather than in the random pattern found in ordinary rectifiers. The 
result? More working crystals, greater uniformity, better performance per square 
inch of cell area. Rectifiers provide higher current ratings without increase in cell 
size, and without danger of overloading; cost per watt of output is lower.

This 48-page bulletin gives you the complete story.

Send for Bulletin EPA-3100-3. Letterhead requests only, please

VICKERS INCORPORATED
DIVISION OF SPERRY RAND CORPORATION

ELECTRIC PRODUCTS DIVISION
1 84 1

Safes 
Engineering 

Offices

LOCUST STREET • SAINT LOUIS

ST. LOUIS-central 1 5830
DETROIT— KEnwood 4-8070
WASHINGTON, D. C.-Executive 3 2650

CHICAGO—JUniper 8 2125
NEW YORK—LEnnox 9-1515
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3, MISSOURI

CLEVELAND—EDison 3-1355
EOS ANGELES-DAvenport 6 8550

BOSTON (Repreientative)—CEdar 5-6815
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Services Administration, summarized in the ac
companying graph, show that transistors and other 
solid-state parts mack* the largest gain over last 
year, and that receivers comprise the largest- 
valued import.
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Educational TV to be First Tryout 
For CBS Labs' Narrow-Band System

Airborne educational TV will be the first full- 
scale application of the CBS Labs narrow-band 
TV system that uses a 2.2-mc bandwidth. Special 
receivers designed to operate on the 441-line, 48- 
field standard will be installed in schools scattered 
over the six-state Midwest reception region chosen 
for the experiment, in which programs will be 
transmitted from a plane circling the area.

With the CBS sy stem, developed some time ago 
for vhf and now adapted for uhf, two channels 
can be squeezed into the space* normally occu
pied by one. Channels are 3 me wide, instead of 
the normal 6 mc, and v ideo bandwidth is 2.2 mc. 
Horizontal resolution will be equivalent to only' 
it 3.3-mc-bandwidth broadcast-standard picture. 
But, reports CBS Labs, this is about all that is 
seen on the average set, which is nominally de
signed to handle a 4-mc-bandwidth picture.

To compensate* for flicker resulting from the 
48-field-per-sec standard, slow-decay phosphors 
will be used in the* receiver picture* tubes. A pic- 
ture-crispencT circuit will also be* incorporated i.i 
the receivers.

The broadcasts will be* made* compatible with 
vhf programming by a master-receiver system in 
each participating schoeil. Transmissions will be 
picked up by a master receiver in each school, 
remodulated, and will be* sent by closed circuit 
to vhf receivers in the* classrooms.

The* reduced-bandwidth development is a result 
of research originally instituted to save TV tape; 
many of the* classes to be* transmitted in the ex- 
perimental program will be* taped, probably with 
special cameras. The* first broaelcasts are* sched- 
uleel to begin next fall.
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Built-in reliability inspires devotion everywhere for the new Mincom Model CV-100 Video Band 
Magnetic Tape Recorder/Reproducer. Only 12 moving parts, four simple adjustments. No mechani
cal brakes. Seven 1-megacycle video channels on a single half-inch tape. Tape speed of 120 ips, 
coupled with specialized circuitry, produces a reliable frequency response from 400 cycles to 1.0 
megacycle (each track). Signal-to-noise ratio: 30 db, peak signal to rms noise. All plug-in assem
blies, carefree maintenance. Interested? Write Mincom today for specifications.

. WHERE RESEARCH IS THE KEY TO TOMORROW

59
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MINCOM DIVISION J^flNNESOTA JOINING AND J^ANUFACTURING COMPANY

2049 SOUTH BARRINGTON AVENUE • LOS ANGELES 25, CALIFORNIA
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additional courses

Narrow-bond television will permit doubling of 
r umber of channels in given bandwidth. Special crisp- 
ening circuits and slow-decay phosphors in receiving 
vili compensale for low resolution of 441-line, 48- 
fame-per-sec system.



NEWS BRIEFS.. General Electric Semiconductor News

. . . A SOVIET PUBLICATION, Prioda, claims 
a new computer has been developed in the 
U.S.S.R. that is faster than “all existing Soviet and 
foreign production-model computers.” The unit, 
designed by academician S. A. Lebedev, “opens 
a significant perspective in the further develop
ment of computers and control machines,” and 
has been recommended for mass production.

. . . IN THE SAME PUBLICATION, the 
Soviets finally credited the U.S. with discovery of 
the Van Allen radiation belt. The credit was given 
in an article on the study of space by rockets 
and satellites. The article mentioned that the U.S. 
discovery was made during flights of Explorers
1 and III.

. . . THE ARMY has proposed a program of in
formation exchange among the three services. The 
program would use microfilm cards and would be 
implemented in three control centers that would 
process and distribute the cards to eliminate 
duplication of effort and to “give engineers 
designers information required for their jobs 
minimum of time and expense.”

. . ANY NOVICE SCIENTISTS around 

and 
at a

the
house? The annual Westinghouse Science Talent 
Search has begun. More than 25,000 young con
testants are expected to apply, hoping to win 
some of the more than $34,000 that will go to the 
40 finalists. The search is being conducted for 
Westinghouse by Science Service, a non-profit 
organization, through the Science Clubs of 
America.

. . . DEVELOPMENT OF ALLOY-DIFFU
SION junction transistors with an upper fre
quency limit of about 2,000 mc, has been claimed 
by Mullard Research Labs, England. The com
pany also reports work on vhf power transistors 
with 500 mw ratings.

. . . THE ELECTRONICS PROGRAM con
ducted by the Air Materiel Command’s Manufac
turing Methods Division has been approved. 
Under the program, emphasis is placed on basic 
manufacturing processes for many materials, 
rather than on production refinements of single 
items such as tubes or transistors, as formerly.

CERAMIC DISK
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Charts show extreme stability of performance throughout 1000 
hours of life for beta and Icso. Test conditions were 150 mw at 
25°C, 200°C storage and 25 mw at 125°C. Drift rates were sub
stantially the same under all conditions.

Magnified photo of silicon transistor showing Fixed Bed 
Construction. All parts are firmly fastened, with no sus
pended parts except wire lead. Transistor reacts as a 
solid block in resisting shock and vibration.

GOLD ALLOY 
COLLECTOR 
LEAD AREA

GOLD ALLOY 
EMITTER 
LEAD AREA

New NPN Tetrodes: Higher gain at 
high temperature and low current

LARGE QUANTITIES OF TYPES 3N36 AND 3N37 TESTED AND PROVED HIGH 
RELIABILITY THE RESULT OF TWO YEARS OF MANUFACTURING EXPERIENCE*

Mechanical Reliability 
Test Results % Survival

3-ft drop-shock 
(2500 G's. Mil 

St'd calls for 500G's)

2 out of 595 
did not survive

99 66

Temperature 
cycling

( —55°C to 100®C)

1 out of 375 
did not survive

99.78

Life Test Reliability
Cycled power @ 
50 mw (device 
rated at 30 mw)

6 out of 500 exceeded 
parameter limits at 1000 hours

988

Oven @ 85®C 17 out of 500 exceeded 
parameter limits at 1000 hours

96.8

Shelf No parameter failures 
of 500 units at 1000 hours

100.0

‘General Electric's rigid standards call for only a slight shift in parameters 
to be a "failure." Many of these "failures" are still within EIA limits.

500

90%

50%

LIFE TEST 
P» I50MW

TA.25«C 
(CYCLED)

50D

—*

—
50%

10%

LIFE TESI 
P» I50M

T4»25*C
W (CYCLED)

Here are two new germanium transistors that operali 
on lower voltages, require less current and are mon 
rugged (see box below) than any other transistors thal 
perform a like function, f urthermore, they deliver j 
high and constant gain at various voltages and at low 
power dissipation levels. Therefore, they are not onh 
useful at high temperatures, hut they also simplify cir 
cuit design and eliminate the need for close voltagi 
regulation.
Features: Maximum gain at 1 ma, 5 volts or 5 mw. Fla 
gain noise factor from 1 ma to 5 ma. IFhere to use them 
Mobile communications (made possible the first tran 
sistorized portable receiver). Wide band amplifier, oscil 
lator and switching applications for radar and video a 
frequencies to 200 mc. Availability: Now . . . from you 
General Electric Semiconductor Sales Representative am 
in stock at your G-E Semiconductor Distributor s.

Absolute Maximum Ratings (25°C)
3N373N36

Electrical Characteristics (25°C)

Collector voltage to base 1 or + 7 4- 7 V Output capacity (Cob) 2 1.5 nul
base 2 (Vcs) Noise figure (NF) 11 11 db

Emitter to base 1 or base 2 (Ves) 4- 2 4- 2 V Input impedance (hie) 100427 80410 ohm
Collector current (Ic) 4- 20 4- 20 ma Current transfer ratio (h»e) 2.2Z -81® 1.1Z -100®
Emitter current (Ie) - 20 - 20 ma Common base cutoff frequency (f«b) 50 MIN. 90 MIN. M
Base 2 current (In) 2 2 ma Common Emitter power gain (Ge) 11.5 9 i

Total Power dissipation 30 30 mw Measurement frequency 60 150 M

. . . ULTRASONIC GENERATOR line of West
inghouse has been provided with solid-state
power supplies, reducing weight and size of ultra
sonic cleaners drastically and raising reliability
according to the company.

ELECTRONIC DESIGN • November 11, 1959 HEC
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SIGNIFICANT CONTRACTS...

Uniform characteristics out to 1000 hours exhibited by 
silicon transistors featuring Fixed Bed Construction

Comprehensive tests performed on General 
Electric silicon transistors show remarkably 
stable performance throughout 1000 hours of 
operation at high temperatures. Each test was 
run on seven lots of fifty Type 2N337 or 2N338 
transistors (part of the series 2N332 through 
338). These are the results:

350 units were given a 150 mw operating 
test at 25°C.
Only two units exceeded parameter limits, a 
successful performance rate of 99.4 percent. 
350 units were given a 200°C storage test. 
Only three units exceeded parameter limits, a 
successful performance rate of 99.1 percent.

Fixed Bed Construction, plus stabilized pro-

cessing makes these results possible. No fluxes, 
resins or solders are used — only a gold alloy 
which forms an integral bond between all parts.

Besides the demonstrated electrical charac
teristics, General Electric's silicon transistors 
can absorb physical punishment far beyond nor
mal specifications. All parts are solidly fixed 
together and react as a solid block in resisting 
shock and vibration. Test units have been fired 
from a shotgun, struck with a golf club and 
rattled freely in an auto hubcap for 700 miles— 
and worked afterward.

Electrically and mechanically, this series of 
transistors is the most thoroughly tested and 
proved today—your assurance of high stability 
and reliability. Call your General Electric Semi
conductor Representative for further details.

ABSOLUTE MAXIMUM RATINGS AT 25°C

2N332-6 2N337-8

Collector to base voltage 45 45 volts
Emitter to base voltage 1 1 volt
Collector current 25 20 ma
Collector power dissipation 150 125 mw
Operating temperature —65°C to 175°C -65° to 150°C

Absolute Maximum Ratings at 25°C

Collector to base voltage 20 volts

Emitter to base voltage 15 volts

Collector to emitter voltage 20 volts

Collector current 300 ma

Base current 50 mo

Emitter current 300 ma

Storage temperature 85 ’C to —65°C

Operating junction 
temperature

85°C

Power dissipation 150 mw

new
NPN alloy transistors

Four new germanium switching transistors, made by the highly con
trollable NPN alloying process, are now being warehoused by 
General Electric and its distributors. The four transistors, Types 
2N634, -5, -6 and 2N388, feature extremely consistent parameters. 
Ico for instance, multiplies up in a normal fashion, so that higher 
temperature Ico may be predicted from low temperature readings.

The transistors provide 150 mw power dissipation. They are use
ful in emitter-follower applications in computers, high current flip
flops, and are ideal as complementary devices to PNP computer 
transistors, such as the 2N396.

For complete information call your General Electric Semiconductor Sales Representative, your G-E 
Semiconductor Distributor, or write Section S23119 Semiconductor Products Dept., General Electric 
Company, Electronics Park, Syracuse, New York.

Semiconductor Products Dept., Syracuse, New York 
CIRCLE 15 ON READER-SERVICE CARD
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. . . TO KEARFOTT CO., Inc., Irom the Air 
Force, initial funding of $99,800 for the study 
phase of a contract to design and build a solid
state celestial comparator for space navigation 
use.

. . . TO RADIATION, Inc., from Northrop, 
$400,000 for development of an advanced pulse
eode-modulation flight-test data acquisition and 
data-processing system.

. . . TO SYLVANIA ELECTRIC PRODUCTS, 
Inc., from the Signal Corps, $15 million for devel
opment of a high-precision weapons-locating 
radar designated AN/MPQ-32.

. . . TO NCR ELECTRONICS Div., from the 
Air Force, $70,000 for study of a rod-type mag
netic switching and storage device. Switching 
speed in a coincident-current inode is expected to 
be about 70 mpsec.

. . . MAGNETOHYDRODYNAMIC power gen
eration produced 1 kw for five seconds, General 
Electric reports. Efficiency was negative because 
of the high-powered plasma arc that was used as 
a source of ionized gas. GE believes, however, 
that in a closed-cycle operation, nuclear or solar 
energy might be used to provide efficiency higher 
than that of heat-to-electricity generators known 
so far.

. . . TO FXR, INC., Woodside, N.Y., $500,000 
through Cornell Aero Labs for design and manu
facture of the most powerful radar transmitter 
ever built. Goal is peak power of 50 megawatts, 
with a variety of pulse lengths and repetition 
rates and average power of up to 50 kw.

. . . TO AMERICAN BOSCH ARMA CORP., 
Hempstead, N.Y., $53.35 million from the Air 
Force for an advanced and lightweight all-inertial 
guidance system for operational Atlas ICBMs.

. . . TO ALLEN B. DU MONT LABORA
TORIES, Inc., Clifton, N.J., $266,706 from the 
Signa) Corps for an engineering test model coun
termeasures set.

. . . TO HOFFMAN LABORATORIES, Los 
Angeles, $600,000 from the Air Force for devel
opment of a fully orienting large-area solar-elec
tric power system for use in space satellites.

19
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Soviet Reports Moon Photo 
Hinged on 2 Big Advances

Man’s first glimpse of the far side of the moo i 
was accompanied by Russian claims of two maj( r 
triumphs in space photography.

The Soviet said its scientists had solved the 
problem of turning a cosmic vehicle in space by 
signals from the earth, so that the lens was pointed 
at the moon when the camera started operating.

In addition the problem of transmitting half
tone photographs of high quality from cosmic 
space to the earth by television was declared 
solved.

The Soviet reported that four fixed antennae 
protruded from the top of their moon-circling 
satellite, in whose center was a large lens. An 
automatic switch controlled from the ground was 
said to have swung this eye toward the moon 
while the satellite was clipping through space 
about 37,(XX) to 43,000 miles from the sun-lit body.

After a 40-minute series of exposures, the film 
was developed automatically in the rocket, the 
Soviet said. Then, by means of a “special radio 
transmission system,” the carrier sent its television 
photos to the earth as it approached the lowest 
point of its orbit.

Meanwhile the National Aeronautics and Space 
Administration has decided to try again to send 
a payload to the moon. The shot is scheduled for 
late this month and, if successful, may be followed 
by an attempt next month to place a payload near 
Venus.

U.S. plans to achieve a lunar orbit Oct. 3 died 
prematurely w hen the Atlas-Able launching rocket 
that was to have carried the satellite exploded 
during a static ground test.

The lunar shot now planned will be more diffi
cult in some respects than the Soviet ones so far. 
An attempt will be made to put the satellite in 
orbit around the planet. This would require not 
only precision in initial guidance of the vehicle 
but the firing of a retro-rocket to slow the satel
lite, trap it in the moon’s gravitational field and 
so achieve an orbit instead of further soaring into 
space.

From the standpoint of science, such a satellite 
would be also more valuable, since it would star 
near the moon, gathering and relaying data to 
earth for a considerable time.

The U.S. vehicle is to carry instruments to meas
ure any' magnetic field the moon may have and 
to find out if the planet is surrounded by a belt 
of charged particles, the way the earth is. A 
television-type scanner will also be aboard, and 
it is hoped to shoot a crude picture of the moon s 
far side.
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The American lunar vehicle, weighing 375 
on ids, will be on the order of the Explorer VI 
ad lie-wheel earth satellite launched Aug. 6.

(irborne Antenna Saves Space, 
n001 height 
naje r

i thi 
e by 
in ted 
iting. 
half- 
>smic 
lared

nnae 
cling 
. An

ngmeer checks feed structure of retarded wave surface 
ntenna built as one-sixth-size model. The antenna, 
jid to have high gain, is designed for airborne early 
arning radar. A 33-foot retarded wave antenna of 
us design would be only 1.5 feet thick and we gh 
400 pounds, significantly less than a parabola type, 
¡ports Chance Vought Electronics.
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Attempts to commercialize more radio-fre- 
uency bands may threaten the future of radio
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Prof. Leo Goldberg, 
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(resident of the International Astronomical 
nion, notes that in the next ten years advances 

n space communications are almost certain to 
iiultiply demands for radio channels. The mili
ary will want to transmit messages from rockets 
nd satellites, he says, and commercial radio and 
degraph companies may seek to use the moon or 
abelites to bounce messages around the world.
Professor Goldberg has called on the United 

fetes to protect the bands most valuable to radio 
st onomy. Use of frequency bands is being dis- 
ussed in Geneva by the United Nation’s Inter- 
alional Telecommunications Union, he noted. 
Originally, only a weak proposal by the Dutch 

ii irotect six bands for radio astronomy was bo
or * the international conference.

he American delegation in reaction to a Wash- 
nvton meeting between protesting U. S. scientists 
nt government officials, changed its proposal for 
>rt tecting of only one band, the hydrogen line, 
a i proposal supporting allocations of 17 chan- 
ieh stretching from 2.5 to 30,000 mc.

No need to get hung up with delays or hooked by unkept 
promises! GENERAL TRANSISTOR delivers sample 
quantities of GT Silicon Transistors in 24 to 48 hours... 
production quantities in 2 to 4 weeks!

These are not mere claims, but firm promises on which 
you can base your design and production schedules.

Quality? Yes— plenty of weight here without waiting.
General Transistor is today one of the largest 
suppliers of highly dependable devices, delivering 
quality in quantity.

For full information —and fast delivery —call your 
local General Transistor representative, or 
contact us directly. Write for Silicon Brochure S-100.

SEE US AT WESCON BOOTHS 3421 & 3423

GENERAL TRANSISTOR CORPORATION

A Few of the GT Alloyed Junction Silicon Transistors 
Now Available

• HIGH SPEED SWITCHING
• MEDIUM SPEED SWITCHING
• HIGH VOLTAGE
• HIGH SPEED LINEAR AMPLIFIER
• MEDIUM SPEED LINEAR AMPLIFIER

91-27 138th Place, Jamaica 35, New York 
Phone: Hickory 1-1000

PNP: 2N1219 2N1220 2N1221 2N1222 2N1223

Vc«o 30 v 30 v 30 v 30 v 40 v

Veto 25 v 25 v 25 v 25 v 40 v

Vc.o 20 v 20 v 10 v 10 v 10 v

1 co .1 ua max. .1 ua max. .1 na max. .1 ita max . .1 m max.

hrt 18 min. 9 min. — — —

fab (me) 5 min. 2 min. 5 min. 2 min. 2 typ.

hfe — — 18 min. 9 min. 6 mln.

CONTACT YOUR NlARflT AUTHORIZED
GCNCRAL TNANIIITOR DiS TRIBUTOU OR QENtRAL TRA.NIIITOR Di*TRIBUTINO
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Face of RCA’s electronic space camera, designed for 
global observations. Pencil points to reel of electro
static tape upon which light image is focused by o 
lens system (not shown). The electrical-charge image is 
stored on the reel for ultimate transmission via TV-type 
signals to the earth.

NEWS
Electronic Space Camera Slated 
To Observe World's Weather

Weather observations from space in the f< rm 
of a continuous strip of pictures around he 
world may soon be possible with an electro lie 
satellite camera under development by the Ratio 
Corporation of America.

The camera is based on a combination of tele 
vision and electronic printing techniques. It uses 
electrostatic tape to store images for later bro id- 
cast.

Elementary details of the camera, described 
as “radically new and simple,” were outlined by 
three scientists of RCA’s Astro-Electronic Prod 
ucts Div., Princeton, NJ., to a convention of the 
Society of Motion Picture and Television Engi
neers in New York.

At the same meeting, two RCA system engi 
neers related that environmental conditions in 
space were presenting new headaches to the 
designers of image sensors.

ELECTRONIC DESIGN • November 11, 1959

Superior Performance!
• Unmatched for excellent stability, dielectric strength, high 

insulation resistance, extremely high "Q” and correspond
ingly low power factor.

• Units can be subjected to a short "debugging’' life test at 
elevated voltage and temperature for removal of early 
life failures and for improved reliability.

Write for Free Samples and Booklets 
on Any of The Above Capacitors

Toughest Ever!
• Available in 500 working volts DC and 1,000 working volts 

DC ratings.
• Low-loss phenolic coating that is wax impregnated.
• Flat design assures reduced self-inductance . . . particu

larly adaptable to very high frequency applications.
• Insulation resistance far exceeds the 10,000 megohms 

minimum requirement.
• Exceed all electrical requirements of E.I.A. specifications 

RS-198.

Camera Has Two Elements
The space camera is a compact, single unit 

whose basic elements are a special electrostatic 
tape and an electron gun of the type used in 
common TV camera tubes.

In the laboratory model, the elements are built 
into a glass vacuum tube roughtly the shape of 
a mushroom. The neck is a television pickup 
tube containing the electron gun. The bulb con
tains a roll of electrostatic tape mounted in an 
automatic assembly for winding and rewinding 
during exposure and readout, somewhat in the 
manner of standard motion picture film.

Installed in a satellite, the camera would be 
linked to a conventional photographic lens sys-

Only 1 Failure Per 43.000.000 Unit-Hours!
• It has been computed that "debugged" DM30. 10,000 MMF 

units, when aubjected io 257,000 hours of life at 85°C 
with 100% of the rated DC voltage applied, will yield only 
1 FAILURE PER 43,000,000 UNIT-HOURS!

• DM15, DM16, DM19, DM20 . . . perfect for miniaturization 
and for new designs using printed wiring circuits. Also 
available in DM30, DM42 and DM43.

• New "hairpin" parallel leads insure easy application.
• Exceed all electrical requirements of military specification 

MIL-C-5 A.

Only 1 Failure in 7,168,000 Unit-Hours!
• Life tests at 100°C with rated voltage applied have yield

ing only 1 FAILURE PER 716,800 UNIT-HOURS for 1 MFD. 
Since the number of unit-hours of these capacitors is in
versely proportional to the capacitance, 0.1 MFD Mylar- 
Paper Dipped capacitors will yietd only 1 FAILURE PER 
7,168,000 UNIT HOURS!

• Working volts DC: 200, 400, 600, 1000 and 1600.
• Durez phenolic resin impregnated.
• Tolerances: ± 10% and ±20% (closer tolerances available).
• Dielectric strength: 2 or 2^ times rated voltage, depend

ing upon working voltage.
• Exceed all electrical requirements of E.I.A. specification 

RS-164 and military specifications MIL-C-91A and MIL-
«Registered Trademark of DuPont Co.

.005 003

THE ELECTRO MOTIVE MFG. CO., INC
> molded mica • dipped mica • mica trimmer e dipped paper 

tubular paper • ceramic • silvered miep-films e ceramic discs

EHUgrcd
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Key Advantages Listed
The scientists describing the cam

era said it had several potential ad
vantages for remote viewing of ter
restrial clouds or even the moon’s 
surface from space. They listed these 
key advantages:

■ Extreme simplicity and durabil
ity, contrasted with systems that 
combine TV cameras and magnetic 
tape storage.

■ Very large picture capacity, be
cause of ability to erase and re-use 
the tape after each passage, in con
trast with photographic film.

■ Reduced sensitivity to radiation 
effects in space.

■ Widely variable speed of oper
ation, ranging from a few pictures 
per orbit, if desired, to the 16- 
frames-per-second rate of an 8-mil- 
limeter movie camera.
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Image Failures Analyzed
The two RCA engineers who dis

cussed image sensors and the poten
tial hazard of space environment- 
Milton Ritter and M. H. Mesner of 
the Astro-Electronics Products Div. 
-attributed failures outside the 
earth’s atmosphere to these possi
bilities:

■ Loss of atmospheric cooling.
■ Explosive decompression.
■ Boiling and leakage through 

seals.
■ Solar radiation.
■ Bombardment by solid 

des.
■ Presence of disassociated 
Zero gravity and thermal

parti-

gases, 
prob-

ed for 
lectro- 
by o 

age is 
V-type

lems are major difficulties for the 
designer to overcome, the engineers 
said. Most operational failures of 
satellites to date, they noted, have 
been credited to improper tempera
ture regimes.

Maximum reliability can be built 
into the system, the two indicated, 
b it only at the cost of size, weight, 
power, performance, capacity and 
oi her vital factors. Compromises 
must therefore be made, they said.

The engineers described the vidi- 
« n image sensor as of the “utmost 
importance” in space vehicles, be- 
$ use it permitted operation with 
rf luced transmitter power.
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Programmer makes operational check from “driver’s seat’’ of IBM 709 Data 
Processing System — the most up-to-date system utilizing electron tubes.

Tung-Sol 5687 contributes to the prime reliability 
of the IBM 709 Data Processing System!

The IBM 709 Data Processing system 
counts on unfaltering dependability from 
over 500 Tung-Sol 5687 Twin Triodes — 
approximately 340 5687’s are found in the 
Arithmetic and Logic unit; the remainder 
in the Magnetic Drum Storage unit.

Because the Tung-Sol 5687 offers excel
lent power handling ability, the IBM 709 
employs it largely in power follower cir
cuits to supply high current requirements 
. . . in driving lines with high capacity 
loading. Frequent 200 millimicrosecond 
pulses make the latter a key job in the 709. 
Other special-circuit uses of the 5687 

®TUNG-SOL

include: master oscillator, pulse shaping in
verters, magnetic drum write head drivers, 
relay drivers and single-shot multivibrators.

5687 performance points up the relia
bility you’ll find characterizes Tung-Sol 
tubes and semiconductors. It gives design
ers in-use testimony that lets them specify 
Tung-Sol for critical sockets with complete 
assurance of full-life trustworthiness. For 
full technical information on the Tung-Sol 
5687, or other Tung-Sol tubes or semi
conductors, contact: Tung-Sol Electric Inc., 
Newark 4, New Jersey.
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EIMAC
is an electron tube specialistNEWS

CDC Computer Uses 
Only Two Power and 
Levels Throughout

Control Data Corporation's com
pletely transistorized 1604 com
puter uses only two power supply 
levels, two signal levels and has 
basic bi-lcvel amplifier-inverters 
that operate at an equivalent phase
rate of 5 mc.

The general-purpose, stored- 
program computer, which is being 
readied for its first delivery, is de
signed with single-address logic 
and a magnetic-core storage ca
pacity of 32,768 48-bit words.

Input-output operations are car
ried out independently of the main 
computer program. Storage is ran
dom-access; read access time is 2.2 
microseconds.

Each storage unit has a total 
storage cycle time ol 6.4 micro
seconds The storage cycles of the 
two storage sections overlap one 
another so that the eflective cycle 
time is 3.2 microseconds when ad
dresses of alternate memory banks 
are referenced.

New Nitrides and Silicons 
Added To Thin-Film List

Additional materials have been 
declared suitable for use* in thin- 
film electronic devices.

Researchers at Batelle Memorial 
Institute, working under Air Force 
contract, have learned that chro- 
mium-titanium-nitride-is most prom
ising among nitrides studied for 
resistive applications. By adjusting 
film thickness and nitriding temper
ature, resistances of 60 to 800 ohms 
per square centimeter have been 
obtained.

EIMAC FINDS
WAY TO END
PREMATURE

TUBE FAILURE

No matter how carefully’ you operate 
vacuum tubes, power overloads can’t 
always be avoided. In most tubes, the 
resultant overheating produces vacuum 
loss or internal arcing. Tubes often fail 
immediately or fall off in performance.

To overcome this, Eimac developed a 
group of internal-anode radial-beam 
tetrodes with exceptional ability to with
stand repeated power overloads and 
peak powers. Operated for millions of 
hours in every class of service, these 
rugged tetrodes have proved they last 
longer, perform better, than any com
parable internal-anode tubes.

Their amazing reliability is due partly 
to Eimac’s exclusive Pyrovac plate. This 
outstanding internal-anode material re
duces internal arcing, actually absorbs 
gases which might ruin tube vacuum.

In these tetrodes, low inter-electrode 
capacitances and low lead inductances 
assure stable operation at high frequen
cies. Their high power gain and low 
driving power requirements simplify 
driver requirement and associated cir
cuits.

For complete technical and applica
tion data on these outstanding tetrodes, 
see the attached Eimac Report to Design 
Engineers.

EITEL-McCULLOUGH, INC.
San Carlos, California
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NEWEST TUBE TYPES, TUBE IMPROVEMENTS COME 
FROM EIMAC RESEARCH AND ENGINEERING
First to develop internal-anode tetrodes, Eimac is also the recognized leader in 
ceramic-metal vacuum tubes. With emphasis on new tube types, Eimac constantly 
improves conventional tube types, too.

A contract for $9,373,728 has 
been awarded to Texas Instru
ments, Inc., by the Navy for the 
company’s advanced anti - sub 
search radar, AN/APS-80.

The highly sensitive, 500-pound 
equipment was developed for long 
range detection of surfaced subs 
and the disturbances caused by 
snorkel emergence.

< CIRCLE 22 ON READER-SERVICE CARD
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Black Box Minimizes 
Howling

CLEANER, HARDER VACUUMS INCREASE TUBE LIFE
During production Eimac-designed rotary vacuum pumps evacuate gas at high tem
peratures. This, plus clean electrode design and non-emitting grids, helps make Eimac 
internal-anode tetrodes the most reliable available.

Frequency shift modulator under re
searcher's arm is hooked into PA sys
tem between speaker and microphone 
to minimize howling. It shifts feedback 
frequencies of room reverberations as 
they enter microphone. Only about a 
5-kc shift of input signal will equalize 
it to the mean distance between the 
major peaks and adjacent valleys of 
the room's gain response characteristic. 
Then energy generated at the gain 
peaks is quickly absorbed in the val
leys of the response characteristic after 
one trip of the sound energy around the 
acoustic feedback loop. Dr. M. R. 
Schroeder of Bell Labs developed the 
unit.

$9.3 Million Contract 
For Advanced Radar
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Trilec motor has ferrite rotor magnetized to operate with stator fingers, 
polarities. In this version, shaft rides freely in rotor within limits imposed by

which bear alternate 
pins in shaft and rotor

’»ansipot

-Ulf
TYPICAL SPECIFICATIONS.
sue 15 linear motion ac/ac Transipot:
Input range: 20, 50, or 100 mils
Sensitivity: 1 v rms/mil
Input: 26 vac, 400 cps
Output impedance: 1000 ohms
Independent linearity: 0.5%
Null change with temperature:

less than 0.006%/°F
Sensitivity change with tempera 

ture: less than 0 06%/°F
Useful frequency range: 300 3000 cps

ARNOUX’S TRANSIPOT0 
a brushless, linear and rotary 

motion transducer for 
critical applications in 

all types of indicating 
or feedback 

control systems

French Develop Ferrit lol

With the appearance of Transipot®, Arnoux introduces a totally new concept in 
variable-reluctance transformers: very high sensitivity at low impedance levels, 
with excellent linearity over a wide input range. Available as ac/ac or ac/dc. 
Other features: high efficiency... infinite resolution.. .inherent reliability... 
insensitive to vibration... noise-free because brushes aren’t used... modular con
struction with standard servo mounting. Rated for operation to 125 C; specials 
available to several hundred degrees Centigrade.

Can be used for telemetry, indication, data reduction, and as a transmitter 
and/or receiver for detecting any combination of linear or rotary motion as part 
of a feedback control system —in fact, wherever the requirement is for small
motion detection with infinite resolution and with high outputs.

Matching characteristics in both types of Transipot permit an interchange of 
linear and rotary motion without special gearing, giving the design engineer 
great new freedom. Bulletin 900.

Arnoux Corporation
11924 IE Washington Blvd., Los Angeles 66, California

ARNOUX
phonetically, say Are'new

TRANSIPOTS’
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FRENCH designers have put the prop
erties of magnetic ferrite to work in a 

sub-fractional motor that promises:
■ High power-to-weight ratios,
■ No possibility of sparking,
■ Magnetically controlled direction of 

rotation,
■ Easily achieved stepping operation,
■ Low-cost production.
The motor has been developed in syn

chronous, self-starting universal, and 
stepping versions. All use a magnetic fer
rite rotor that carries an alternating North- 
South field around its surface. The stators 
are single cylindrical windings enclosed in

a sheet-iron pole-piece.
The portion of the pole-piece forming 

the stator’s inside surface is cut into 
fingers, which carry a dc-excited field 
alternately from finger to finger. These 
fields work with those on the rotor.

A small de current will rotate the 
stator a few degrees until a rotor N pole 
is opposite a stator S pole. With an addi
tional starting device and an ac current 
the motor operates as a classical syn
chronous motor.

How Self-Starting 1$ Achieved

An unusual feature of the stator is its

tree- 
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Other side of aluminum housing shows 
spring that helps rotor start turning and 
insures that rotation is always in desired 
direction.

Field-strength in fer
rite rotor determines 
power-weight ratio.

The AN/APS-95 in a fitting tribute to the 35th 
ANNIVERSARY OF HAZELTINE CORPO
RATION. Pictured above ia the Radar Set Con
trol of this important system.
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free-spinning shaft. Were it not for a pin in the 
shaft and two pins in the stator (all visible in the 
large photo) the stator would spin freely on the 
shaft, though not enough to start the motor.

When ac is applied, the rotor vibrates, kicking 
the shaft into rotation. Shaft rotation is affected, 
however, by a spring (also shown in the photo). If 
the shaft rotates counter-lockwise the spring un
winds. If it rotates clockwise the spring winds 
around the shaft, acting as a brake. Then, when 
thi1 rotor moves in the opposite direction, the 
spring releases, helping the shaft rotate.

With this design the rotor always moves in the 
same direction regardless of instantaneous polar
ity of the starting ac. Torque is constant. Power 
int reases with saturation of the ferrite rotor and 
wi h high frequency.

Transistor Makes It Universal

i small auxiliary winding is added to the stator 
to become part of a transistor oscillator circuit. 
Th s circuit, in effect, transforms de to suitable ac. 
' '■ lating frequency is mainly a function of the 
de trical constants of the circuit. Therefore, rota- 
tio: speed is largely independent of supply volt-

In achieving airborne radar reliability...
HAZELTINE

TAPER TECHNIQUE
Designed for this U. S. military Airborne Early Warning Radar plane is one of the most important radar systems 

in the free world—Hazeltine Corporation’s new AN/APS-95. Developed for duty around the clock in all weather, 
it cannot fail.

And—because it must not fail, Hazeltine engineers specified A-MP Solderless Taper Pins and matching Blocks 
for all critical circuits. A-MP Taper Technique gives Hazeltine the uniform top reliability and compact size it 
demands as well as great versatility: formed or pre-insulated solid taper pins in three series; wide size range of stack
able one- or two-piece blocks plus precision crimping tools. Everything is solderless, of course.

Industry-proved reliability c. n be yours too, with this outstanding A-MP Taper Technique. Write today for 
more information.

AMP Incorporated
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA
A-MP products and engineeringassistance are available through subsidiary companies in: Australia »Canada* England* France» Holland* Italy« Japan
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NEWSFIELD-PROVED HONEYWELL COMPONENTS
for measuring, balancing and positioning applications

CONVERTERS

These synchronously driven choppers 
handle d-c signals as small as 10-8 volt. 
Sensitive, stable performance. Avail
able with special features such as 
fungus proofing, grounded housing, 
mica-filled base, various contact per
centages. Weight: 10 oz. Prices from $39.

ELECTRICAL CHARACTERISTICS

Part No. 354210-2 354210-3 354210-1 354210-4 355OS1
Modulation Frequency 20-30 cycles 40-45 cycles 50-65 cycles 50-65 cycles 360-440 cycles
Switching Action (SPDT) (Make-before-break) 

Each contact closed 55% of each cycle 
(± 2%) Other actions, as specified

(Break-before- 
make). Each . 

contact closed 
47% of each 

cycle

Each contact 
closed 57% of 

each cycle 
(±7%)

Driving Coil Requirements 6.3 v, 60 ma at rated frequency 18 v, 94 ma 
at rated 

frequency
Contact Rating 100 microwatts at 6 v max. ; 1 0 ma max.
Electrostatic Stray Pickup 2 x 10~8 volts per ohm of input circuit impedance 2 x 10 >°
Electromagnetic Stray 
Pickup

Less than 2 x 10* volts, constant to within 2 x 10 ' 2 x 10'4 volts 
constant to 

2 x 10»
Phase Shift Output voltage lags driving phase by 17° ±5° Lags driving 

phase by 45 
to 50°

Symmetry Within 2% Within 7%
Shielding Frame and coil shield, grounded through pin No. 2 Shell and coil 

shield, grounded 
through pin 

No. 2
Load Characteristics Resistive or Inductive
Vibration Resistance Output voltage varies less than 2% with rates of vibration from 0 to 10g

age and load. Any waveform will provide siit- 
able operation.

Differently shaped pole fingers, a shaft loci ed 
to the rotor, addition of a stator secondary wi id 
ing, and addition of another ferrite ring aroi nd 
the stator; heighten the stepping effect and, when 
their design is optimized, make the motor a st jp- 
ping unit that rotates in one-finger steps.

In the stepping version, control is achieved 
with very moderate power. There are no delic ate 
parts, no adjustments required and no moving 
contacts with attendant possibility of sparking.

The stepping motor can be made to work with 
pulses of either polarity, and with plain sine 
wave ac.

The sub-fractional motor is made by the Paris 
firm Trilec, which states that the basic design is 
applicable to motors of any size, the only limit 
being the relative cost of ferrite to standard rotor 
materials. ■ ■
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MOTORS

Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing; self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40.

*1 /6 less at 50 cycles f Field winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles
All motors are available in two phase and synchronous models

Nominal 
Ne LmN 
R.P.M ♦

RPM * Gear 
Ratio

Inter mittest 
Rated Load 
(w.-in.)

Mix. 
Starting 
Torque 

(H—in)

PwlUn 
Torque 

Min 
(or -in )

Cuntinueus 
Torque 

(w -ia.)

Power 
(Watts) 
Loaded

Current 
(amps.) 
Loaded

Temp 
Rise 
°F

Two Phase Induction Motor

330 44:1 4 10 11.5 0.11+ 70
144 10:1 5 20 11.5 0.11+ 70
48 30:1 15 60 11.5 0.11+ 70
23 60:1 30 110 11.5 0.11+ 70

Synchronous

180 10:1 12 12 24 0.21 100
180 10:1 2.0 2.0 11.5 0.11 65
90 20:1 14 12 11.5 0.11 65
60 30:1 21 18 11.5 0.11 65
30 60:1 42 36 11.5 0.11 65

AMPLIFIERS Gain Sensitivity 
(Microvolts)

Nominal input Impedance 
(Ohms)

10* 4.0 400, 2,200, 50,000
4x 10‘ 1.0 400, 7,000, 50,000

12 x 10‘ 0.4 400, 2,200, 7,000
40 x 10« 0.1 2,200

They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi
tivity . . . fast response. Priced from 
$110 to $250.

28

POWER SUPPLY—115 v., 60 cycles (fused power line)
OUTPUT—2 to 18 mo. into 12,000 ohm load
SENSITIVITY—Continuously variable screwdriver adjustment. Recessed slot protects 
setting
MOUNTING—Operation unaffected by mounting position
OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles.

Minneapolis-Honeywell, Wayne and Windrim Aves., Phila. 44, Pa.

Honeywell
CIRCLE 25 ON READER-SERVICE CARD

Microwave Satellite Communication 
Predicted Within Ten Years

Reliable microwave communications through 
use of earth satellites were predicted within five 
or ten years by D. W. Atchley, Jr., president of 
Microwave Associates, Inc. “Among the types of 
satellites being investigated for communications 
purposes, Mr. Atchley said, “from a military point 
of view, the moon is the only acceptable one.

A passive reflector, such as the moon can bi 
used simultaneously in many ways at many fn 
quencies and within many power levels without 
cross-talk. It also is highly resistant to electronic! 
countermeasures.

“However, since ground installations for pass! 
able-satellite, broad-band communication wouhl 
require very costly antennas, transmitters and i! 
ceivers, for commercial rather than military purl 
poses it seems desirable to concentrate on thi 
active repeater. I

“It seems that the frequency range that will 
be utilized will be around 10,000 me. However! 
at present, suitable low-noise repeaters, are morJ 
difficult to make above 4,000 me, and as yet nil 
really long-life microwave repeater tubes havl 
been constructed.

It is estimated that such a satellite system 
could be placed in use by 1965, after an initial del 
velopment cost of at least $100 million.

“A 1000 channel, 3000 land-mile satellite syl 
tern with several ground terminals could possible! 
be constructed tor $7 million. This figures out al 
$2.50 per voice-channel mile, indicating that th® 
active satellite is well worth pursuing.” I

Later, Mr. Atchley discussed Soviet electron®
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BALTIMORE, MD.
Konn-Ellert Electronics, Inc.

BATTLE CREEK, MICH.
Electronic Supply Corp.

BIRMINGHAM, ALA.
MG Electrical Supply Co.

BOSTON, MASS.
Sager Electrical Supply

BROOKLYN, N. Y.
Electronic Equipment Corp.

CLEVELAND, OHIO
Pioneer Electronic Supply Co.

DALLAS, TEXAS
Wholesale Electronics Supply Co.

DAYTON, OHIO 
Srapco, Inc.

WEST PALM BEACH, FLA. 
Goddard Distributors, Inc.

WICHITA, KANSAS
Interstate Electronic Sup. Corp.

WILBRAHAM, MASS.
Industrial Components Corp.

WINSTON-SALEM, N. C. 
Dalton-Hege Radio Supply

DENVER, COLO.
Denver Electronics Supply Co.

GLENDALE, CALIF
R. V. Weatherford Company

INDIANAPOLIS, INDIANA 
Radio Distg Co.

KANSAS CITY, MO.
Burstein-Applebee Co.

MELBOURNE, FLORIDA
Electronic Supply

MIAMI, FLORIDA
Electronic Supply

NEW YORK, N. Y.
Harvey Radio Co.

PHILADELPHIA, PA.
Almo Radio Co.

SAN DIEGO, CALIF. 
Radio Parts Co.

SCRANTON, PA.
Fred P. Pursell

SEATTLE, WASH.
CIG Radio Supply Co.

ST. LOUIS, MO.
Interstate Supply Co.

SYRACUSE, N. Y.
Morris Electronics of Syracuse

TACOMA, WASH.
C & G Radio Supply Co

WASHINGTON, D. C.
Electronic Wholesalers, Inc.

WATERBURY, CONN 
Bond Radio Supply Co. Inc
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devices, observed on his recent trip to the U.S.S.R. 
I e described a potential millimeter-wave amplify- 
ii g tube as "one of the most unusual tubes I have 
ever seen.”

The tube uses a sheath of charged gas particles 
rather than a wire helix to interact with the elec
tion beam. “It promises to provide amplification 
and generation of millimeter waves/’ he said.

... and G C/STACKPOLE, TOO!
Attractively packaged by G-C 
Electronics for service replace
ment uses, Coldlto 704- Resis
tors are also available through 
over 800 G-C distributors.

The resistors that are setting 
today’s higher performance standards! 
Unmatched for load life and moisture 
resistance. They’re approved resistors 
—from a MIL-R-11 approved manufacturer. 
And now, for the first time, you can 
get such resistors in a complete line 
of RC-42 (2-watt); RC-32 (1-watt) 
and RC-20 (i/2*wal0 types from stock 
from leading distributors!

Spiratron traveling wave tube, which amplifies 
efficiently over a broad frequency range, accord
ing to the Soviets.

What is billed

East-west resolution is 0.25 degree, north-south 
resolution will eventually be 1.5 degrees. Through 
electrical modification of the branch feeder sys
tem, focus can be shifted as much as 45 degrees 
oft the vertical.

It rgest” radiotelescope, now being built is able to 
opiate during day because mountains shield against 
Poo I radiation.

telescope is nearing completion at Clark Lake in 
California’s desert region.

Though two months short of ultimate comple
tion, the two-mile long array of dipoles has been 
used to study 11.4-meter waves (26.3 mc) radiated 
from near the sun.

An extremely intense burst of radiation has 
already been recorded. Scientists of Convair, 
which is building and operating the telescope, 
suggest that the radiation was caused by atomic 
particles in the sun’s corona accelerated by sun 
spot activity.

The telescope will be composed of a rectangu
lar grid of 256 dipoles of copper wire suspended 
from posts in eight parallel rows covering two 
miles, and bisected by a two-mile transmission

NOW YOU CAN GET THEM
at lowest prices in lots up to 1,000 of a value

in any standard value or tolerance

for small runs, for production emergencies, 
for military prototypes and for hurry-up 
design and engineering projects.
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Fig. 2. Signal Corps exhibit showed businessme' ens ty
how and what to sell to the corps.
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Small Business Saluted 
By Military at Exhibit

The Department of Defense played a nujoi 
role in the recent Great Lakes Exhibit of Busing 
Opportunities, demonstrating again its policy ol 
encouragement to small business.

The department maintained 311 booths, x- 
cupying 10,000 square feet of floor space, at the

glass case, create a true hermetic seal. The leads are 
fused directly to the resistance element.

The tin oxide film resistance element is similar in 
design and performance to that of a Coming N-style 
resistor. Resistance ranges from 100 ohms to 360 K 
ohms; full rating at 70° C. with derating to 150°C. 
Temperature coefficient is less than 300 ppm/°C.

For the complete story, write for data sheet to 
Corning Glass Works, 540 High Street, Bradford, Pa. 
Or contact our sales offices in New York, Chicago, or 
Los Angeles.

When your work borders on the exotic and your com
ponents all have to be ultra, take a look at this new 
glass-enclosed, fusion-sealed resistor.

The glass enclosure lets this Va -watt resistor defy all 
environmental conditions... exceeding MIL-R-10509C, 
Characteristic B. We’ve even boiled it in salt water for 
days without altering electrical characteristics. The glass 
enclosing the resistor has zero moisture absorption.

The glass-to-metal seal is comparable to that in a 
vacuum tube ... and is even more resistant to physical 
shock.

The Dumet leads, sealed to a thermally compatible
not ’rial 
‘osí ible

Electronic Disign phot 
Fig. 1. ITT Labs exhibit was one of many by largi 
businesses at the Great Lakes Exhibit of Busines 
Opportunities.
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New fusion-sealed resistor from Corning 
with zero moisture absorption

Allen County Coliseum in Fort Wayne, Ind. Elab
orate displays of the Army, Navy, Air Force and 
other agencies stressed the government’s eager 
ness to buy from small business as well as large

Large business shared the spotlight at the ex 
hibit, showing equipment it sold to the govern 
ment and displaying parts it had purchased from 
smaller business organizations.

At the Signal Corps exhibit a new packaging 
and quality assurance program was shown publ 
licly for the first time. The program, described in 
a Sig-Pak Manual entitled “Packaging Data Codd 
System," spells out the requirements for packagl
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Probe clamps AROUND wire; measures by sensing magnetic field!
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No Breaking of Leads 
No DC Connection
No Circuit Loading

428A CLIP-ON 
MILLIAMMETER.

x 7/16". Wire
high, 12^" deep. Weight 24 pounds 
Probe Tip Size: Approximately ^b' 
aperture diameter 3/16".
Price: (Cabinet) $475.00; (Rack) $480.00. 

Data subject to change without notice. 
Prices f.o.b. factory.

Electronic Design photo
Ng. 3. Display board highlights the Signal Corps' 
ew Packaging Data Code System.
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Think of the measuring convenience, time saved 
and accuracy gained when you don’t have to break 
into a circuit, solder on a connection, or worry 
about probe loading.
With the 428A Milliammeter and its new probe, 
you literally “clamp around“ and read! You get 
maximum accuracy because there is no effective 
circuit loading from the 428A’s de probe. The in
strument easily measures de currents in the pres
ence of ac. And insulation is more than adequate 
to insure safe measurements at all normal voltage 
levels
For extremely low current level measurement, sen
sitivity can be increased by looping the conductor 
through the “jaws” of the 428A probe two or more 
times.
Brief specifications are given here, for complete 
details and demonstration on your bench, call your 
$) representative or write direct.

hnslucence, strength, and high temperature resistance 
he the featured characteristics of this new ceramic, 
Lcilox. The polycrystalline ceramic was developed 
h General Electric Research Laboratory by Dr. Robert 
Lot Ie, shown here comparing the new material with 
| disk of conventional ceramic. The basic material is 
ke grain, high-purity aluminum oxide. Microscopically 
he I pores or bubbles found in conventional ceramic 
hat jnals have been eliminated, according to G.E. 
hiible applications include envelopes for high-in- 
pns ty incandescent or discharge lamps. Lucalox is 
pt e at temperatures up to 3600 F.

Specifications
Current Range: Less than 0.3 ma to 1 amp, 6 ranges. 
Full scale readings from 3 ma to 1 amp: 3 ma, 10 ma, 
30 ma, 100 ma, 300 ma, 1 amp.
Accuracy: ± 3% ± 0.1 ma.
Probe Inductance: Less than 0.5 uh maximum.
Probe Induced Voltage: Less than 15 mv peak.
Effects of ac in circuit: Ac with peak value less than 
full scale affects accuracy less than 2% at frequen
cies different from the carrier (40 KC) and its har
monics.
Power: 115/230 v ± 10%, 50-60 cps, 70 watts.
Size: Cabinet mount, 7W wide, llMz" high, 14V4" 
deep. Weight 19 pounds. Rack mount, 19" wide, 7"

HEWLETT-PACKARD COMPANY
I005K PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A.

HEWLETT-PACKARD S.A., RUE VIEUX BILLARD NO. 1, 
GENEVA, SWITZERLAND

CABLE "HEWPAKSA" • TEL. NO. (022) 26. 43. 36
CABLE "HEWPACK" • DAVENPORT 6-4451 

Field representative* in all principal area*

0.3 ma fo 1 ampere 
____ with

ng equipment for the Signal Corps in greater 
J letail than ever before.

B« A display board displayed the code, which 
B • yhmild help '.laud udi/e flu paikamne and inark- 
B^Kig of bin-stock items.

405A DC Digital VoltmeterTest the new
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Satellite Scanner Shoots Earth
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Computers May Eliminate 
Future Cash Exchange

Computers supporting a universal credit-c nd 
system may eliminate cash and check transacti mis 
in the future, S. M. Humphrey, management con
sultant, told a group of computer users last month

“From a technological point of view it will be 
possible to handle automatically transactions at 
stores, utilities, hotels and transportation offices 
merely' by insertion of a credit card.”

Even income taxes could be handled electroni 
cally, said Mr. Humphrey. Company payrolls 
would be compiled on magnetic tape and trans
mitted to employe’s accounts at national or cen. 
trai banks, all of which would have inter-bank 
transmission equipment.

Not all payments would be handled this way. 
Mr. Humphrey added. “Transactions between in
dividuals, and other low-volume transactions will 
not be subject to mechanization through the re
cording devices.”

However, “almost every individual does have 
access to a device which could be used for send
ing information to the central bank’s data proc
essor—the dial telephone.”

size 8 synchro data
Synchro data for the asking! Daystrom Transicoil has prepared comprehensive data 
sheets on its popular Size 8 Synchro Line. All the synchro information you need 
is clearly presented . . . with photos, detailed drawings, electrical characteristics, 
mechanical specifications, and electrical diagrams.
Data Sheets cover transmitters, control transformers, differentials, repeaters, 
resolvers, and inductive potentiometers. All units are corrosion resistant 
construction throughout. Accuracies to ±5' are available on special order.
Write for your free set of Size 8 Data Sheets. Technical information
on our Size 1 1 line is also available. Daystrom Transicoil, Division of Daystrom, Inc., 
Worcester, Montgomery County, Pa. Phone JUNO 4-2421. In Canada: Daystrom Ltd., 
840 Caledonia Rd., Toronto 19, Ont. Foreign: Daystrom International Div., 100 
Empire St., Newark 12, N. J.

DAYSTROM TRANSICOIL division of-daystrom, inc.
Representatives in Canada and Other Foreign Countries
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A two-pound slow-scanning device in the Explorer VI 
paddle-wheel satellite has taken the first “television 
picture of the earth from space. Radioed shot, which 
covered a portion of the North Central Pacific Ocean, 
was made Aug. 14 as the satellite spun 19,500 miles 
over Mexico. Photo af left shows the result, detailed 
enough for scientists to discern cloud formations. Scan 
ner, developed at Space Technology Labs of Ingle
wood, Calif., formed image that was sent over 1.5-cps- 
bandwidth signal fo Hawaiian tracking station. A 
single photo took 40 minutes fo transmit. At right, 
is National Aeronautics and Space Administration's in
terpretation of the signals, superimposed on a globe
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Suppressed-Carrier AM Best So Far 
For Low-Noise in FM-AM Stereo

In a progress report to the System Specifica
tions panel of the Electronic Industries Associa
tion’s stereo committee (NSRC), a subgroup has 
reported that a system using suppressed carrier 
am gives the best signal-to-noise ratio of six fm-am 
systems studied.

However, the subgroup reported that another 
system with good signal-to-noise, but which does 
not use carrier suppression, would result in an 
appreciably simpler receiver. A receiver panel of 
the NSRC will report on receiver complexity of 
the systems under study.

Other activities underway by various NSRC 
¿roups include:
• Tests of fm-fm systems for minimum band

width required for good stereo broadcasting, and 
optimum compromise bandwidth for combined 
stereo and background music broadcast;
• Theoretical studies of the relative merit of 

tm and am subcarriers for fm stereo broadcasting;
• Classification of am stereo systems so far 

proposed;
• Tests of the British EMI system, which will 

be made by comparison listening with other sys
tems.

CÜT
PRECISION 

PARTS COSTS 
AS MUCH AS

M /o
Deep drawn ball 
bearing race cuts 
costs 75% and 
eliminates screw 
machine operation. 
Concentricity held 
within extremely 
close tolerance even 
after heat treating.

EAGE System Gets 
New-Design Antenna
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fry ton, 11 O-foot-long rotating radar antenna slated 
)r >AGE defense system will be mounted on the 
tuc ure housing the complete radar system, designated 
N PS-28. Raytheon is the antenna designer.

Transistor dome has .018 weld flange 
made from .013 stock, without showing 
any indentation on reversé side.

Full stock thickness at top 
of draw on .018 brass case improved 
watch quality and saved assembly time

Improve quality at lower cost

Increase production and speed 
assembly
Eliminate screw machine costs

Now a ball bearing race is being made for a 
textile machine by deep drawing 1050CR steel 
to .843 within tolerances previously believed 
impossible. Savings of 75% are reported and 
the 25% reject rate experienced when this part 
was made on screw machines was eliminated.

This is only one of a host of examples where 
United’s specialized skill in metal forming pro
vides production economies on made-to-order 
eyelet-like and other metal specialties for 
many industries.

Spring for razor blade 
dispenser feeds automatically in 

. high-speed assembly machine. Spring 
steel properties are field during heat 
treating. Parts are produced free of 
burrs, without finishing.

Special conveyor-type austempering fur
naces are used when required to produce uni
form toughness, with specified hardness. Parts 
are clean, free of quench cracks, and have mini
mum distortion. Call or write today for analy
sis and quotation on your most challenging 
problem.

UNITED SHOE MACHINERY 
CORPORATION

INDUSTRIAL SALES DIVISION 
140 Federal St., Boston, Massachusetts 

Liberty 2-9100

BRANCHES:
Atlanta. Ga. • Chicago, III. • Cincinnati, Cleveland, 
Columbus, Ohio • Dallas, Texas • Harrisburg, Pa.

Johnson City, N. Y. • Los Angeles, Calif. • Lynchburg.' 
Milwaukee, Wise. • Nashville, Tenn. • New York, N. ' 
Philadelphia, Pa. • Rochester, N. Y. • St. Louis, Mo.
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Mobot" Works in Hot Lab

ELECTRONIC DESIGN • November 11

Electronic control, through multiplexing units, pern* 
this newly developed handler to work remotely 1 
radioactive areas. Multiplexing units are installed 1 
the control console and in the body of Mobot Actuc 
ing circuits for hydraulic arms are in the arm-base uni 
on which are mounted cameras for TV closeups < 
claws. Over 100 commands can be sent through cab

the right capacitor for the application 

your job__ and Centçalabs

with 
mod 
of tl 
This 
cepti

to handling unit, which draws 7.5 kva. Mobot wcs d for wo 
veloped by Hughes Aircraft for Sandia Corp. r0|,
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CW 
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VARIABLE RESISTORS • ELECTRONIC SWITCHES • PACKAGED ELECTRONIC CIRCUITS • CERAMIC CAPACITORS • ENGINEERED CERAMICS 
CIRCLE 31 ON READER-SERVICE CARD
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in a wide range of values, voltage ratings, 
tolerances and physical sizes

Wherever you need a feed-thru capacitor, you can be sure that centralab can 
meet your needs. The table below shows the many varieties that make up the 
most complete line in the industry—and you get the added benefit of 
centralab’s unequalled experience in the design and manufacture of ceramic 
capacitors. Whether it’s for high frequency, filtering, bypass, or coupling, you’ll 
find the unit you need in this group.
centralab Engineering Bulletins (FT Group) give you all the details. Write 
for your copies today.

Meeting to be Programmed 
by Electronic Computer

The Federation of American Societies for Ex
perimental Biology will use machine method d 
program its 1960 meeting.

The test of programming a meeting by om 
puter will be made as part of a larger study t 

develop and test machine methods of schedu inJ 
thousands of papers at large meetings. The Nal 
tional Science Foundation has awarded a g anti 

to the federation for this research.
Plans for the machine system call for develop! 

ment of a hierarchial subject classification I 
papers. Coding sheets will be provided author! 
who will classify their individual papers. TheJ 
papers will then be automatically grouped an! 

assigned to sections. The subject classification as! 

signed by authors and punched on cards may al I 
serve as a subject index. I

Both the mechanical and traditional systenl 
will be used and the two resulting programs w 1 
be compared and evaluated.

Techniques resulting from the study are (I 
pected to reduce greatly the magnitude and conil 
plexity of the scheduling process and to increaJ 
the effectiveness of scientific meetings.

t Units marked t are '4 actual size
/ A Division of Globe-Union Inc.| J 960K E. KEEFE AVE. • MILWAUKEE 1, WIS*

In Canada: 669 Bayview Avenue, T°ront° 1 7, Ontario

TEN TYPES

FEED THRU 
CAPACITORS

‘patents pending

TYPE
ACTUAL SIZE 

ILLUSTRATION! CAP. RANGE mmf
RATING 

VDCW VDCT APPLICATIONS

Bushing type 
DA-717 10-4000 500 1000 High frequency 

filtering, bypass, etc. 
5% tolerance 

in lower valuesBushing type 
DA-720 10-5000 500-1500 1000-3000

Step type 
DA-728 n i 10-1500 500 1000 Med. freq, use, 

bypass, TV tuners, etc. 
± 10% tolerance 
below 200 mmf.Step type 

DA-729 «=mi ^^0 10-1500 500 1000

Ring type 
DA-740* 10-1000 500 900-1300 Symmetrical design. 

Inserts from either 
end... ideal for 
automatic insertionRing type 

DA-741* r y I 10-1000 500 900-1300

Eyelet type 
DA-784 25-1000 500 1000

For high frequency 
filtering and 
bypass, where size 
is important

Eyelet type 
DA-785 25-1000 500 1000

Eyelet type 
DA-787 25-1000 500 1000

Resistor
Capacitor 
type 732

n 1 470 gmv.
.3 to 1.0 meg. only 1000 **

Resistor-Capacitor 
in parallel.
**1500 VAC test when
immersed in Silicone 1 
oil cooled with dry ice.
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British Develop Remote Indicator 
of Rocket Roll, Pitch and Yaw

A new missile attitude indicator to measure 
the roll, pitch and yaw of research rockets in 
flight has been developed by British General 
Electric for the Royal Air Force.

The rocket is illuminated by two high-power 
cw X-band transmitters on either side of the range 
center line. In the rocket, fixed to a strong ring, 
are three flush-mounted microwave aerials and 
associated circuitry, forming two orthogonal inter
ferometers.

The angles subtended between each inter
ferometer base line and each transmitter are 
measured by a phase comparison technique. Then, 
by combining any three of these four angles with 
the rocket’s known position in space, it’s pitch, 
roll and yaw can be calculated to within a few 
minutes of arc.

A special circuit has been developed to over
come the difficulty’ of maintaining equal phase 
responses in two separate amplifier channels. A 
low frequency, from a microwave single-sideband 
modulator, is added to the local oscillator to one 
mixer. Frequency and phase differences are kept 
constant during mixing, and the two signals an1 
combined and passed through a single il ampli
fier, followed by a detector and another amplifier.

Finally the phase of the if signal is compared 
with a reference frequency obtained from the 
modulator, the resulting voltage being a measure 
of the phase difference at the receiving aerials. 
This is fed into the telemetry’ transmitter for re
ception on the ground.

Simulator to Train Tankers
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Conpufer-controlled system simulates tank battle situa- 
fior s for Marine Corps tank crews, who perform 23 
op« rations using readings from 10 instruments. Simula
tor was developed by Jam Handy Organization, De- 
troi , Mich.

MAGNET WIRE HANDBOOK 14
I960 Edition
Now Available

Over 90 pages... handy desk and pocket size (4%* x 7’/i*) 
A special feature dealing with “Factors Involved in Selection 
of Magnet Wire"
A discussion of 'Winding Tensions"
Performance data on all types of magnet wires
Dimensional tables on all types of magnet wires... including 
bare aluminum, bare copper, and tinned copper
Ask for no-charge copy of Belden Magnet Wire Handbook 14

BELDEN MANUFACTURING COMPANY
P. O. Box 5070-A. Department 11 
Chicago 80, Illinois

1-1-9

one wire source for everything electrical and electronic

Belden
WIREMAKER FOR INDUSTRY 

SINCE 1902 
CHICAGO

lead wire • magnet wire • power supply cords • 
cord sets • portable cordage • electronic wire • 
automotive replacement wire and cable • 
aircraft wire • electrical household replacement cords
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Radiation Tracking Transducer 
Uses Lateral Photo Effect

A solid-state transducer making use of the at 
eral photo effect has been developed for the Arm 
Ballistic Missile Agency to track radiation.

The radiation transducer, a pn junction wafei 
about the size of a nickel, can track aircraft oi 
other flying objects without need for compk' 
mechanical apparatus, according to the developer 
Electro-Optical Systems, Inc., of Pasadena, Calif

It can also be used in celestial navigation appli 
cations in place of gyroscope systems, in hori/or 
seeking for space vehicles, missile launch orient» 
tion, target ranging, location of light flashes on thi 
ground and specialized ground communication 
systems. And it is applicable, the company says 
to instrumentation, automatic control and coni 
puter techniques.

The unit is said to be capable of detecting am 
resolving the position of emissions at angles o 
motion smaller than 0.1 second of an arc. It i 
aimed electrically, so mechanical rotation of th 
cell is unnecessary.

Presently available units are sensitive to ligli 
wavelengths from 0.5 to 1.1 microns.
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The Cambion Line contains more than 60 types of solder terminals including both conventional and printed 
circuit types. All meet or surpass applicable military specifications.

Millions pass the same rigid inspection
There are more than 30,000,000 

Cambion®' Solder Terminals in stock 
. . . swage-mounting, thread-mounting, 
press-mounting types . . . single, 
double, and triple turret types ... feed- 
through, double-ended, hollow, and 
split types. And all were manufactured 
under the same extremely rigid quality 
control standards.

Starting with top quality brass per 
QQ-B-626a, each Cam bion Solder 
Terminal is precision machined to close 
tolerances, then electroplated with 
silver. (Other finishes available: electro
tin, hot-tin cadmium, gold flash, or gold 
plate.) A microscopic cross-sectional 
analysis is made of plating thickness on 
all significant surfaces. In addition, 
dimensional and visual quality control 
checks are made per MIL-Q-5923C. 
Small wonder Cambion Solder Ter
minals guarantee you the precision you 
need. And, they’re always immediately 
available in any quantity.

All Cambion Products are made 
under the same high manufacturing 
standards. Get complete details on 
Cambion capacitors, swagers, hard-

ware, insulated terminals, coils, coil 
forms, and many other guaranteed 
electronic components. Contact your 
local Cambion Distributor or write 
Cambridge Thermionic Corporation, 
457 Concord Avenue, Cambridge 38, 
Mass. On the west coast: E. V. Roberts 
and Associates, Inc., 5068 West 
Washington Blvd., Los Angeles, Calif. 
In Canada: Cambridge Thermionic of 
Canada, Limited, Montreal, P. Q.
Cambion Terminal Boards are available in any 
quantity both in standard and miniature all-set 
boards or designed precisely to your specifications. 
Special Cambion swaging machines assure proper 
insertion of terminals . . . eliminate danger of 
cracking rivet portion of terminal or the board 
. . . protect structural integrity of both parts.

Remotely Controlled Copter for ASW
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Artist's conception of the remotely controlled DSN 
Drone, a torpedo-carrying coaxial helicopter bein 
developed for the Navy by Gyrodyne Co. of Ameria 
Inc., L.I., N.Y. The rotary-winged craft, carrying homin 
torpedoes, are scheduled for anti-submarine du 
aboard destroyers as part of the Navy’s DASH weopc 
system.

X 3 CAMBRIDGE THERMIONIC CORPORATION

The guaranteed electronic components
CIRCLE 33 ON READER-SERVICE CARD
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CORPORATION OF AMERICA
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SUPRAMICA® 555 
ceramoplastic

the world’s most nearly perfect 
precision-moldable electronic insulation 

. . . TV SCANNER for first U.S. moon probe has 
already been built as bench model. Final version 
of NASA high-resolution unit will be part of sys
tem designed to relay back to earth between 10 
and 100 photos of probe’s approach to moon.

. . . NAVY REVEALS that its infrared Side
winder missile incorporates 35 patentable inven
tions: in the seeker, 18; servo, 5; servo and power 
supply, 3; voltage supply 4; flight control, 1; gas 
generator package, 4.

. . SPECIALLY DESIGNED transistors made 
possible General Instrument Corp.’s 9-1/2-oz tran
sistorized tuners for portable TV sets. Company 
has also developed miniaturized deflection compo
nents for the portable receivers.

. . . TWO MORE PATENTS for electronic solu
tions to character recognition problems have been 
awarded to Farrington Mfg. Co. One is for an 
electronic extension of stroke-recognition reading 
machine, the other is for a shift-register recogni
tion method. In this technique, output of a scan
ner is introduced to the first stage of a tapped 
delay line, which is sampled to pick up combined 
signal outputs introduced to the line at different 
times.

. . . SEARCHING SCANNER designed by 
Western Reserve University for retrieval of library 
information will be built in a high-speed proto
type version by General Electric. The GE-250 
computer-like scanner will be able to search 100,- 
1)00 abstracts per hour; the WRU scanner, used 
successfully in a metallurgical literature program, 
searches 30 abstracts per hour. for total reliability...at high temperatures 

...specified in|go^s|transducers
Why did Bourns, Inc. select SUPRAMICA 555 ceramoplastic as the insulating base 
for its ultra high-temperature differential pressure transducers?

Bourns’ engineers cite three reasons... each a contribution to the total reliability of 
these airborne telemetering devices. “First is temperature. The sensitive element of 
the mechanism must withstand high operating temperatures. Next, SUPRAMICA 555 
offers a combination of excellent insulating characteristics, which are essential to the 
highly accurate functioning of the potentiometer. In addition, this ceramoplastic 
material is readily moldable into complex shapes, such as that required for this intri
cate part.”

For other applications SUPRAMICA 555 is used under operating conditions as 
high as +700°F.... SUPRAMICA 555 is one of the many ceramoplastic and glass- 
bonded mica insulation materials produced by Mycalex Corporation of America, 
in precision-molded and machinable formulations. Whatever your insulation need 
there is a Mycalex product to meet it—for example, SUPRAMICA 620 machinable 
ceramoplastic, which has a maximum operating temperature of + 155O°F. Write today 
outlining your design problem for specific information.

General Offices and Plant: 121-! Clifton Blvd., Clifton, N. J.
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y.

WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS

CIRCLE 34 ON READER-SERVICE CARD
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X

. . . A NEW WORD has been coined to name 
the newly formed Intellectronics Laboratories of 
Ramo Wooldrige, which will work in industrial 
process conctol, automatic language translation, 
information retrieval and man-machine systems

in 
tn

» 
C 
Q

. . . DIFFUSED MESA TRANSISTORS with 
switching speeds of less than a tenth of a micro 
second and 10 amp ratings have been delivered to 
the Air Force by Pacific Semiconductor. Company 
is also working on 20, 50 and 100-amp units.

No. 17 • Mars Outstanding Design Series
NEWS

. . . NEW YORK’S HI-FI SHOW displa ed 
$5-million worth of equipment to about 60, XX) 
viewers during its run earlier this month. I i-fi 
dealer sales for 1959 are expected to reach $XX) 
million, a 15 per cent increase over 1958 sa es. 
As expected, stereo dominated the show. But : till 
unresolved is tape question: will stereo tapes come 
in cartridges or reels? Bell Labs showed a prece 
dence-effect stereo system that permits “monopl ic 
reception of stereo programs on one speaker 
through use of a 10 millisec delay in signal trans 
mission.
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LIGHT TRAVEL — You may need to postpone your trip a half 
century or more but you will make up for lost time. So says Philip Schles
inger, of Buffalo, N. Y., who designed this light-powered space ship which 
will take you to distant space at almost the speed of light.

Based on Einstein’s theory that matter can be converted into light, 
this Photon Powered ship derives its basic power from a small atomic 
reactor. The reactor is housed in a unit which also contains reflectors. Com
parable to fluorescent screens, these convert the reactor heat, under great 
pressure, into light and thrust. The thrust is low, but extremely constant.

Launched disassembled inside a cargo rocket, the ship is assembled 
in space. It cannot land (a landing vehicle is provided for that purpose), 
but remains in orbit.

This is one more example of the creative contributions today’s de
signers are making. To help them translate their pace-setting ideas from 
concept to reality, they require the best of drafting tools.

In pencils that means MARS, long the standard of professionals.

Among the famous 
imported Mars draft
ing products are: 
Left - 1001 Mars- 
Technico push-but
ton lead holder. 
Above — 1904 Mars- 
Lumograph drawing 
leads, 18 degrees, 
EXB to 9H. Below - 
2886 Mars-Lumo- 
graph drawing pen
cils, 19 degrees, 
EXEXB to 9H; 2830 
Mars-Lumograph Du- 
ralar-for drafting on 
Mylar®-base tracing 
film — 5 special de
grees, KI to K5; Mars- 
Lumochrom colored 
drawing pencils, 24 
shades. Not shown - 
Mars Pocket-Technico 
for field use; Mars 
pencil and lead sharp
eners; Mars Non-Print 
pencils and leads.

Mars Products are 
available at better 
engineering and 
drafting material sup
pliers.

&T M fM ««PONT'S FOiVfSTER FILM

. . . SPACE SURVEILLANCE Operations Cen 
ter, at Dahlgren, Va., is capable of displaying on 
a screen map of the earth the path of missiles or 
satellites that cross a radar “fence” reaching across 
the southern U.S. Two transmitters, in Alabama 
and Arizona, provide the entire coast-to-coast 
coverage.
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. . . TELEMETERING LINK has been ex 
tended by telephone by Boeing engineers relay
ing Bomarc flight data from Cape Canaveral range 
to Seattle (photo below). Flight telemetry data 
recorded on 60-ips tape is recorded at 1-7/8 ips 
at acquisition station, for transmission by tele
phone with frequency and bandwidth compressed 
by a factor of 32. At Seattle station, data is re 
recorded at 60 ips.
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for the man 
who's going places

the pencil that's as good as it looks

Sold at all good engineering and drawing material suppliers • J. S. STAEDTLER. INC. • Hackensack, N. J.
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On data processing:
“Experience to date shows that 

the introduction of data processing 
equipment is often accompanied by 
an explosive increase in communi
cations requirements ... if a data 
processor requires only one day to 
prepare a report ... [a] ... three- 
day delay in the mail becomes the 
overwhelming factor determining 
report preparation time, and an 
obvious bottleneck.” W. E. Leub- 
hert, Army Signal R & D Lab, Fort 
Monmouth, in a paper at the Fall 
AIEE meeting, Chicago.

Magnetic Modulators
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On meeting Japanese competition:
“Instead of breaking our necks 

and integrity to cut costs by using 
imported parts of dubious quality, 
we are continuing to concentrate on 
top performance, outstanding con
venience features, and appealing 
new designs of our instruments . . .” 
L. C. Truesdell, Zenith V.P. at, a 
marketing meeting.
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On the data processing market:
“The electronic data processing 

market, including general-purpose 
and special-purpose computers, and 
other digital systems, this year will 
amount to more than $1 billion. 
And all present indications are that 
the market will at least double itself 
by 1965, and keep right on rising.” 
R. E. Lewis, president of Sylvania 
at the dedication of a new Sylvania 
computer plant.

(Ambient Temp Range from —65 C to 135 C)tn

Miniaturization of the 
new Magnetic Modulator 
makes it possible to in 
corporate this compo 
nent into wafer type 
structures and transis 
torized printer! circuit 
assemblies without sacn 
ficing ruggedness or 
reliability

All Magnetic Modulators 
strn tly conform to MIL 
T-27A. Some typical cir
cuit applications for 
Magnetic Modulators are 
algebraic addition, sub 
traction, multiplying, 
raising to a power, con 
trolling amplifier gams, 
mechanical chopper re 
placement in DC to fun 
da mental frequency 
conversion, filtering and 
low signal level amplifi 

cation

FASTER RESPONSE TIME 
NEGLIGIBLE HYSTERESIS

LIGHTWEIGHT 
INFINITE LIFE

959

On the instrument lag:
“The necessary instrumentation 

For thorough exploration of space 
is not on the drawing boards at the 
□resent time.” Dr. Thomas Gold, 
'Jornell University at a physics col- 
oquium during which he predicted 
hat scientists would be able to pro
luce basic instruments to measure 
nagnetic fields and gas densities in 
¡pace.

CIRCLE 36 ON READER-SERVICE CARD ►

CONSULT GENERAI 
MAGNETICS on magnetic 
amplifier components for 
automatic flight, fire con 
trol. analog computers 
guided missiles, nuclear 
applications, antennas, 
gun turrets, commercial 
power amplifiers and 
complete control sys 
terns Call or write for Cat 
alog B on miniature and 
standard components

Magnetic 
Input 

Modulator
Magnetic 

Input 
Modulator

Magnetic 
Thermocouple 

Converter

TYPE NUMBER IMM-436-2 IMM-436-3 MTC-435-2

400 cps 400 cps 400 cps

I Signal Winding 
1 DC Resistance

1000 ohms ±15% 
each signal winding 10 ohms ±15%

| AC Excitation Volts 5.5 V. @ 400 cps 6 V. RMS

| Input DC Signal Range 0 to ±100 ga. 0 to ±80 ga. 0 to ±10 mv.

I AC Output Range
(sine wave) (sine wave) (sine wave)

I Overall Dimensions (Inches) 1 174x7/8x5/8
| Null Amplitude (Noise Level) 20 mv. RMS 25 mv. RMS max

1 Output Impedance 7000 ohms 7000 ohms 10,000 ohms
1 Null Drift (In terms of input 
1 signal) —65°C to t-100‘C ±0.5 ga. max. ±0 5 ga. max. ±0 1 mv. max

I Hysteresis — % of maximum 
I input signal 0.5% maximum 0.5% maximum 0 5% maximum

I Type of Mounting Male Stud Female Insert Male Stud

I Maximum % Distortion 
1 in Output 25% 15 % 20%

I Weight Ounces 1.3 oz. 1.2 oz. 1.5 oz.
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YOU DON’T HAVE TO ACCEPT WIRE WOUND POTS!

FIRST IN FILM POTS
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SINE-COSINE
FILM POTS

0.015 ACCURACY!
INFINITE RESOLUTION!

Resolution 
Linearity

Range to Target: 50,000 yards 
Radar Elevation Angle: 45°

Error with 
C.I.C. Film Pots

Quadrature due to Inductance 
Resolution.................................  
Linearity ....................................

Engineers recognize the obvious superiority 
of C.I.C. Film Sine-Cosine Pots; THOUSANDS 
are currently in use in Hawk, Atlas, Nike and 
other missile systems, as well as in the APS-81, 
ASG-15 fire control system and AN/ASB-4 
Bombing/Navigation system, all used on the 
B-52 Bomber, AN/APA-125 Radar Indicator, 
and many others. You too can have superior 
systems with C.I.C. Film pots. Send us your 
specifications today I

Quadrature due to Inductance 
of Windings (@ 1000 cps).. .35

Error with 
Wire-Wound Pots

Typical example of Radar . 
Tracking System Problem: 
To accurately locate target

National Program Of Research

Thus, Secretary Taylor has called for a constant 
level of R&D as a national policy “if we are to 
counter the balanced offensive of our opponent

COMPUTER INSTRUMENTS

0 
0
8
8 yds

ON THE TARSE:!
WASHINGTON

Input shaft position

Angle 6

R SINE e

OUTPUT 
R SINE e

Input »haft position 
corrosponding to
Rango R

OUTPUT

R COSINE e

LINEAR 
POT

OUTPUT 
R COSINE e

SINE -COSINE 
POT

COMPARE SYSTEMS ERROR YOURSELF!

..................... 30

...................  
115 yds

THE ERRORS IN

New Weapons And Space Projects, 
A Budget Worry

Budget problems are perplexing the Pentagon. 
Proposed solutions range from suggestions of 
ways in which bigger budgets might be made 
palatable to reluctant admissions that belt-tight
ening will probably be the course that must be 
followed. Coincidentally, high officials have im
plied that there is no “space race with Russia 
and that U.S. space projects will be at least as 
impressive as the Soviets’ as soon as proper 
booster capacity is developed.

In the purely military field of missiles, how
ever, no such graceful acceptance of the U.S. 
situation can be found. Philip B. Taylor, Assistant 
Air Force Secretary for Material, reflected pre
vailing opinion when stating bluntly that this 
country must “match or surpass” Russia’s missiles 
lest the deterrent effect of American military 
forces be jeopardized and the country find itse’f 
“drifting toward the position of falling victim to 
Soviet nuclear blackmail.”

The fact is that the Pentagon is becoming more 
and more concerned about being squeezed be
tween rising weapons costs and a relatively rigid 
budget. There seems to be little hope that the de
fense budget will rise substantially. In fact, the 
Air Force budget director has observed that this 
“would be completely out of the question without 
a drastic reorientation of the nation’s attitude to
ward taxation.”

For the present, the solution would appear to 
consist in a judicious, but unflinching, pruning of 
projects whose promise is limited. The extent to 
which this will adversely affect the electronics in
dustry can not be foretold, though it is clear that 
cancellation of any advanced weapons (or space) 
project will cost the industry money. The elec
tronics industry is, however, fortunately situated 
in that it is heavily involved with R&D. It is quite 
clear that the government is determined to keep 
acquiring knowledge.

92 Madison Avenue, Hempstead, L. I., N. Y. 
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w th a balanced defense of our own.” Similarly, 
th 3 Army’s R&D chief has warned that “a national 
pi )gram of dynamic research” by government and 
industry is necessary if the U.S. is to avoid the 
danger of “running out of new basic knowledge.”

Specifically, Lt. Gen. Trudeau, in charge of 
Army R&D, would like to get more money so that 
“every area of research that promises a profitable 
return” can be exploited. “Management,” he said, 
“must place the emphasis in research where it is 
needed.” He also urged that all organizations en
gaged in research promote interchange of sci
entific information. Only by diligently fostering 
basic investigations can “the background of the
ories and information so vital to the proper pur
suit of applied research and development” be 
provided.

Budget Difficulties
There are, of course, limits to the extent that 

any organization can indulge its desire to explore 
all promising research areas—and the limits are 
budgetary. This at times may lead to seemingly 
anomalous situations. For example, a rocket 
booster project might show great promise and be 
well advanced in terms of the current state of the 
ait. It might nevertheless be out of line with anti
cipated needs by the time its end-product is ready. 
In such a case, it might be judged discreet to can
cel the project and devote the funds required for 
its completion to something else which, upon 
completion, would better fill the needs of the 
military. On the other hand, a good case might be 
made that completion of such a well-advanced 
project that does not quite fill the bill is fully 
justified because it would give this country a leg 
up in space exploration, provide valuable experi
ence, and improve America’s international public 
relations. *

Defense officials recognize that fine lines must 
be drawn, but they would like to hedge a bit. 
This could be done more easily if there were 
some sort of yardstick for defense funds wh ch 
could be recognized as reasonable by industry, 
labor, the public, and Congress. ’Trial balloons 
concerning this are being sent up by the military. 
One proposal is to gear the defense budget to the 
U S. Gross National Product—the total output of 
goods and services. The defense budget is now 
‘running somewhere around nine percent of the 
GNP,” says Maj. Gen. R. J. Friedman. “If we can 
agree that a defense effort of this level is not 
d; maging the economy today—and that if this ra- 
tio is maintained it would not damage the eco- 
nc my in the future—we then might reasonably ex
pt ct dollar increases in the defense budget pro- 
pt rtionate to the gain” in GNP. About $1.5 billion 
a year in new money might accrue to the mili- 
ta y if this system were adopted. (By contrast, the 
IS 58 Rockefeller Report recommended $3 billion.)

Now you can deep draw and bend 
molybdenum sheet at room temperature!

. with General Electric's new High-Ductility (HD) Molybdenum Sheet

2mm 5mm

ERICKSON CUP TEST on 0.060^ sheet demonstrates high ductility of new 
G-E "HD” Moly Sheet. Both test samples of molybdenum were at room 
temperature. Depth of the draw was increased by 1 millimeter at each 
progression. The ordinary moly sheet (at bottom) "exploded” at 6mm 
depth—while the new G-E "HD” sheet showed no evidence of a fissure 
until 9*/2mm. Note the reduced tendency of the "HD” sheet to explode. 
And there’s less tendency, also, to delaminate on punching, stamping 
and shearing than with ordinary commercial grades of molybdenum.

ORDINARY 
MOLYBDENUM

DRAW IT! FORM IT! PUNCH IT!—all without preheating! 
General Electric’s new "HD” Moly Sheet can take it—and 
you can do all these operations in thicknesses previously im
possible ... or requiring up to 1000°F preheating. Even in 
cases where small amounts of heat may be needed, it’s 
always less than with ordinary molybdenum sheet.

TIME SAVER, MONEY SAVER! The improved ductility of 
General Electric’s new "HD” Molybdenum Sheet is of 
particular significance in sheet thicknesses of 0.020" to 
0.125"—as used in electronic tubes and semiconductor

an
NEW G-E 

"HD” SHEET

Progress Is Our Most Important Product

ELECTRICGENERAL
CIRCLE 3« ON READER-SERVICE CARD
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diodes, rectifiers and similar products. It has a high melting 
point (2622°C, 4752°F), low vapor pressure, and excellent 
strength at elevated temperatures. So it will be of great value 
to any company using refractory metals.

PLAN ON G-E "HD” SHEET Available in commercial quan
tities, so there’s no better time than right now to get all the 
facts about this new kind of molybdenum. Write: General 
Electric Co., Lamp Metals and Components Dept/ED-11, 
21800 Tungsten Road, Cleveland 17, Ohio.

BENDS WITHOUT CRACKING .. .
EVEN WITH NO PREHEATING!

Ordinary 0.060* thick molybdenum broke 
at a 20° bend (see photo at left). The 
G-E "HD” sheet of same thickness shows 
no sign of cracking at 90°. Actually this new 
G-E Moly Sheet is so ductile you can bend 
it up to 180° without damage!



♦16-19 Conference on Magnetism and Magnetic A a-

*16-20

*16-20
Trade Show Buildlrg,

17-19

*19-20

23-24

Transducerized Tank NT-1505 Generator G-1501
Capacity: 5 gallons 300 watts

December

1-2 Joint Computer Conference,

1-2

3-4

SouBusrat 3-5

8-10

Includes meetings described herewith
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strumentation, 
Franklin Hotel,

Research and Engineer- 
Boston Commonwealth

Research, 
and tie 

Sherat< n-

14th Annual Meeting and Astronautical Exposi
tion, American Rocket Society, Sheraton Pa-k 
Hotel, Washington, D. C.
5th International Automation Congress and Ex-

Generator G-601 
60 watts
A more powerful

ISA, IRE, AIEE, Benjamin 
Philadelphia, Pa.

For custom-designed cleaning systems, write to our Industrial 
Process Division; for information on Chemical processing 
applications, write to our Chemical and Physical Process 
Division; both at the address below.

Armory, Boston, Mass.
6th Annual Meeting of the Professional Group 
on Nuclear Science, IRE, Somerset Hotel, Bos
ton, Mass.
Symposium on Solid State Techniques In In-

Transducerized Tank NT-602
Capacity: 1 gallon 

production-type unit, with a

terlals, AIEE, Offilce of Naval 
American Physical Society, IRE, 
Metallurgical Society of A.I.M.E. 
Cadillac Hotel, Detroit, Mich.

1959 Eastern

position, New York 
New York, N. Y.
Northeast Electronics 
ing Meeting, IRE,
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The lowest price in the industry for a tank of 
this capacity and activity. Gener
ator also will operate 2, 3 or 4 
submersible transducers at one \ IJ11 L. 
time, with just a turn of the load 
selector switch on the front panel. W W

special circuit and selector switch
permitting operator to alternate (AfA
between two tanks, when items
being cleaned require different I
solutions or a two-step process. V W

Narda SonBlasters offer the most complete line 
of lowest-cost mass-produced ultrasonic cleaners!

Narda’s mass-production techniques assure you the most 
complete line of ultrasonic cleaners at the lowest prices in 
the industry! From the smallest 35-watt to the amazing 
2500-watt unit with a tank capacity of 75 gallons, Narda’s 
SonBlasters are available now—off-the-shelf—for immediate 
delivery. And with a full 2-year warranty besides!

What do you want to clean? Transistors, semi-conductors, 
other electronic, automotive, missile and avionic components, 
instruments, timing mechanisms—Narda's SonBlasters clean

Generator G-202 Transducerized Tank NT-202 
35 watts Capacity: 4k gallon
An amazingly efficient, yet inexpensive, ultra
sonic cleaner. Duty cycle timer permits opera
tor to turn the unit on, set it, and leave; the 
SonBlaster will turn off automati
cally at the end of the cycle. Four
choices of timers—from 0-15 min. j AAA 
to 0-120 min. Also available with- \ 1 111 
out timer at slightly lower cost *F J f I 
(G-201). klaV 

«1325
Transducerized Tank NT-5001 
Capacity: 10 gallons
Generator features standby switch

erized tanks at one time. Larger tanks available on 
special order.

Generator G-5001 
500 watts

for longer life and load selector

Consult with Narda for all your ultrasonic requirements. The SonBlaster 
catalog line of ultrasonic cleaning equipment ranges from 35 watts to 
2.5 KW, and includes transducerized tanks as well as immersible trans
ducers which can be adapted to any size or shape tank you may now 
be using. If ultrasonics can be applied to help improve your process, 
Narda will recommend the finest, most dependable equipment available 
— and at the lowest price in the industryl

switch on the front panel to operate up to 8 submers
ible transducers or 8 NT-602 or 2 NT-1505 transduc-

Submersible Transducer NT-605
Heli arc welded stainless case, hermetically sealed 
for safe, leak-proof immersion. Radiating face: 27 

sq. in. Effective plane of radiation: 40-50 sq. in. (approximately 10" 
x 5"). Effective cavitation of volumes up to 1200 cu. in. at 24 in. tank 
height (5 gal.) and 2400 cu. in. at 48 in. tank height (10 gal.). Bulkhead 
electrical fitting on back allows all wiring connections to be made on 
outside of tank. For use in any arrangement or location
in any shape tank you desire to use. Also available— C* ft ft 
model NT-604, identical with NT-605, except for pipe JI J 11 
thread instead of bulkhead fitting, permitting electrical T I J II 
connections inside of tank. ■ W “

the 1131^3 ultrasonics corporation
625 MAIN STREET, WESTBURY, L. I., N.Y. 
Subsidiary of The Narda Microwave Corporation

’most any mechanical, electrical or horological part or assem
bly you can think of—and clean faster, better and cheaper.

No matter what you need in ultrasonic cleaning equipment, 
you’ll find Narda’s complete line of production-size units have 
the quality, power, performance, capacity and appearance of 
cleaners selling up to three times their price! Write for more 
details now and we'll include a free questionnaire to help 
determine the precise model you need. Address: Dept. IRED 19.

Generator G-25001 
2500 watts

Transducerized Tank 
NT-25001
Capacity: 75 gallons
Powerful unit drives the 
largest mass-produced 
industrial-size transduc
erized ultrasonic cleaning 
tank made! Also energizes 
up to 40 Narda 60-watt 
submersible transducers 
(NT-604 or-605). Capable 
of energizing tanks meas
uring up to 15 square feet 
of area by 2’ or 3’ high.

»4360
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AIEE, ACM, PGEC, Statler Hilton Hotel, Bos
ton, Mass.
4th Midwest Symposium on Circuit Theory, 
Marquette University, Milwaukee, Wis.
Professional Group Vehicular Communications, 
Colonial Inn & Desert Ranch, St. Petersburg, 
Fla.
3rd Annual International Visual Communica
tions Congress, Society of Reproduction En
gineers, SRE, Statler Hilton Hotel, New York, 
N. Y.
2nd National Conference on the Application of 
Electrical Insulation, AIEE, NEMA, Shoreham 
Hotel, Washington, D. C.

Nori 
Mee

5th Conference On Magnetism and Magnetic 
Materials, November 16-19

The Conference on Magnetism and Magnetic 
Materials will be held in Detroit, Mich., at the 
Sheraton-Cadillac Hotel. This Conference, spon
sored by the Magnetics Subcommittee of the 
Basic Science Committee of the AIEE, seeks to 
bring together those interested in basic and ap
plied work in magnetism. For further information 
contact the Local Conference Committee Chair
man: D. M. Grimes, Dept, of Electrical Engineer
ing, University of Michigan, Ann Arbor, Mich.
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14th Annual Meeting and Astronautical Expo
sition, November 16-20

The American Rocket Society’s Annual Meeting 
will be held at the Sheraton Park Hotel in Wash
ington, D. C. The Opening session will cover: 
Guidance and Navigation; Physics of the Atmos-

Tl 
enee 
ber 
Mas: 
Riel 
inch 
E.p] 
aiid 
Hgl 
Irstr 
te ns 
w 11 ( 
mml 
is H 
St, \



rat. n-

roup

leory,

netic

OPERATING

cs to

ation

neer-

Kpo

eting

xpcsb 
Park

on of 
eham

wer 
mos-

tions, 
burg.

c a< 
fan h

mica- 
i En- 
York.

In ln> 
jamln

id Ex
Idir g,

netic 
t the 

.pon-

ence, 
Bos-

inedr
wealth

GENERAL 
PRECISION 

COMPANY

Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per

k sonally-conducted field research by Librascope 
Bi engineers. Compact design permits rack 

mounting in groups, saves desk space.
V Many new conveniences have been added 

W to answer your needs.

PRINTING FEATURES: Multiple symbol 
printing head—12 symbols., self contained 
ink supply.
Pen System—capillary action, splatter-proof 
Point joiner available.

INFORMATION
INPUT SENSITIVITY: .5 millivolts per inch 

to 50 volts per inch with calibrated push 
button scales at .5, .1, 5. 10 and 50 milli
volts per inch and 1, .5,1,5 and 10 volts per 
inch. Vernier controls permit continuous sen
sitivity adjustment between fixed scales, per
mitting full scale plotting for any sensitivity.

ACCURACY-Static .1%, dynamic .2% at 10* 
per second.

PLOTTER CALIBRATION ACCURACY: 
.05% on all scales.

SLEWING SPEED: 20' per second.

FLAT VACUUM PLATEN assures positive 
hold down nf roll or sheet paper up to 1254 
width. Plot area, standard 10x15'.

El ECTRONIC DESIGN • November 11, 1959

For full details—dimensions, applications, list of 
accessory equipment, call our Sales Engineering Department or 

send for illustrated brochure on Model 210, XY Plotter.

For information on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager.

POWER: 115-volt, 60 cycle 
—180 watts

INPUT: X and Y inputs 
isolated from each other and 
from ground.

INPUT RESISTANCE:
2 megohms nominal on 
most scales 1 megohm per 
volt on .5 millivolts per inch 
to .1 volts per inch scales.

Northeast Electronics Research and Engineering 
Meeting, November 17-19

The NEREM will be held at the Boston Com
monwealth Armory, Boston, Mass. Some of the 
areas to be covered will include: electron devices, 
medical electronics, circuit theory and practice, 
machine control, equipment design consideration, 
semiconductors, instrumentation, Doppler radar 
techniques for air navigation, reliability quality 
control and computer techniques. Technical 
papers will be presented at sessions scheduled to 
run concurrently with the exhibitions. Address 
correspondence to: Miss Shirley Whiteker, IRE 
Boston Office, 73 Tremont Street, Boston, Mass.

ph ere and Space; Propellants and Combustion; 
Ion and Plasma Propulsion; Man in Space; Flight 
Mechanics; Human Reliability and Physics of the 
At nosphere and Space. Meetings and Public 
Rf lations Manager is Roderick L. Hohl, 500 Fifth 
Axe., New York 36, N.Y.

LIBRASCOPE, INC. 1OO E. TUJUNGA AVE. • DURBANK. CALIFORNIA • A Subsidiary of General Precision Equipment Corporation
CIRCLE 40 ON READER-SERVICE CARD

5th International Automation Exposition and 
Congress, November 16-20

Richard Rimbach Associates, management for 
the International Expositions, announces the New 
York City Trade Show Building as the site for the 
IAE. The exhibit is expected to present over 100 
clinic sessions covering computers, process instru
mentation, machine tool control, materials han
dling and office automation, servomechanisms and 
components in control. Also temperature pressure, 
flow and dimensional measurement and control 
will be treated. In addition to the clinic sessions 
the Technical Program for the Congress will in
clude 12 separately sponsored conferences of pro
fessional interest. Managing Director is Richard 
Rimbach, 845 Ridge Ave., Pittsburgh 12, Pa.

6th Annual Meeting of the IRE Professional 
Group on Nuclear Science, November 19-20

The IRE Professional Group on Nuclear Sci
ence will hold its 6th Annual Meeting on Novem
ber 19 and 20 at the Somerset Hotel, Boston, 
Mass. Special emphasis will be placed on Nuclear 
R )cket Propulsion. The Technical Program will 
include sessions on: Nuclear Science and Space 
E .ploration, Electronics for Plasma Production 
and Diagnostics, Research Instrumentation for 
H gh Energy’ Nuclear Science, Nuclear Reactor 
Ir strumentation and Control, and Automatic Sys- 
tens for Nuclear Data Processing. This meeting 
w 11 overlap the NEREM which will have comple- 
m mtary technical sessions and exhibits. Chairman 
is Hugh F. Stoddart, Atomium Corp., 940 Main 
St, Waltham 54, Mass.

INTERCHANGEABLE MODULES add ver
satility... interchange with basic control 
section.

1 -iq jjwc: I
PUSH BUTTON PANEL controls opera 
tions rapidly, even at remote locations.

engineered for ease of operation.. .new

point plotting or continuous trace

IBRASCOPE
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NEW PRODUCTAX HYFEN

CONNECTORS

MMr

with crimp-type 
snap-locked contacts

A new addition to the HYFEN® line, a pin-typi 
printed circuit connector is in production by th 
Omaton Division of the Burndy Corp.

mu illuni

CONNECT RELIABLY 
...tool-controlled crimp 
provides strain relief 
for conductors, 
guarantees a uniform 
indent for measurable 
quality control. There is 
no heat to damage 
insulation.

CONNECT QUICKLY 
...high speed tooling for 
volume production results 
in low installed costs.

CONNECT EASILY 
...snap-lock action and 
simple design with few 
parts make installation 
easy —tool crimps 
contacts in any 
circumferential position.

COAX MODULOK 
...Modular terminal 

block. Modules snap 
together or apart and 

are mounted on cadmium- 
plated steel track.

ME7X
... Rack-and-panel Coax 
HYFEN with one-piece 

die-cast shell and one- 
piece block. Mates with 

existing solder types.

FOR OTHER REQUIREMENTS OR APPLICATIONS, CONTACT OMATON DIVISION

Snap-lock action of Burndy coax HYFEN 
connectors recommends them for 

many applications. Contacts may be installed 
on cable wherever convenient and then 

snapped in or out as required. 
These connectors are now 

in use in critical circuits

Printed Circuit Connector With 
Crimped, Snap-locked Contacts

This connector, type MC combines the high re 
liability and the wiring technique embodied ii 
the HYFEN principle for use with printed cir 
cuits. This principle allows crimping to be dom 
before or after the harness or wires are in place 
It also allows sockets to be easily and quick! 
snapped in, to be removed with a simple extrac 
tion tool for circuit changes or checks, and to b 
reinserted.

The printed circuit HYFEN is available in 3 
and 45 place configurations. The male side of thi 
connector utilizes right angle pins with one sid< 
assembled to the board and the other to the re 
ceptacle. The side assembled to the board is hek 
in place mechanically and the connection to thi 
circuit is usually dip soldered with the other com 
ponents on the board. Guide pins align the plui 
and receptacle, which is mounted on the chassis 
Three sizes of HYFEN solderless crimp-type snap 
locked sockets, accommodating wire sizes #22 
# 14 and combinations of these sizes, are availabli 
for the receptacles. These crimped connection 
eliminate time-consuming solder operations am 
the high rejection rate inherent in the use o 
fluxes and dissimilar metals characteristic of solder

URNDY Both hand-operated and semi-automatic instal 
lation tooling can be used for crimping thesi 
sockets. The blocks are made of diallyl phthalate

In Europe; Antwerp, Belgium
CIRCLE 41 ON READER-SERVICE CARD

Toronto, Canada Burndy Corporation, Norwalk, Connect.
CIRCLE 42 ON READER-SERVICE CARD

Norwalk, Connect.
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Helping Education Catch Up

The Ford Foundation’s grant of $19.5 million to 10 major 
schools for modernizing engineering education deserves both 
our gratitude and our close attention.

Most of the money will be used to strengthen faculties, raise 
salaries, and improve teaching and research facilities—all solid 
actions that will eventually affect the quality of design engi
neers.

The rest of the “magnificent” grant will be used on bold 
innovations in engineering education. These could have an 
earlier and deeper effect on our industry.

Cleveland’s Case Institute of Technology will use its $1 mil
lion grant to create pioneering centers in engineering design 
and in systems research. Believing that “the greatest emphasis 
in engineering education should be placed upon the close re
lationships and interdisciplinary character of modem engineer
ing and science,” Case is setting up (1) an engineering design 
lab that will specialize in “authentic design problems” (many 
of which will be electronic) and (2) a systems research center 
that will make use of the entire faculty to teach systems think
ing in design.

Massachusetts Institute of Technology will use part of its 
nearly $10-million grant to “evolve new syntheses of courses 
to couple the basic sciences with the newly emerging fields of 
engineering and to introduce students to the ‘hard-headed 
purposefulness of engineering.’’

Exactly fitting some of the important needs of the electronic 
industry are three of the “themes being considered by MIT 
for the new curricula: materials—manipulating atoms and par
ticles to produce new devices; energy processing—new ways 
of converting one source of energy to another; and informa
tion processing—developing computer systems and other de
vices for communication, analysis and control.

We would do well to watch closely and to consider expand
ing these two imaginative projects to help engineering educa
tion meet tomorrow’s needs. As Dr. H. T. Heald, president of the 
Ford Foundation says, we must help this education catch up in 
the “hopeless race against time and reality,” where “most en
gineering students . . . are being equipped for the engineering 
of the last half of the century by being indoctrinated with the 
art and practice of the Nineteen Fifties.”

Alan Corneretto

esiac

NEW TOOL
FOR THE

DESIGN
ENGINEER

A BREAK-THROUGH IN
1. Control system design.
2. Network synthesis.
3. Transient and frequency analysis.

An ingenious computer using powerful Lap
lace transform methods to simplify complex 
dynamic system problems. System perform
ance can be quickly and graphically demon
strated by plotting its characteristic equation 
on the ESIAC. The ease and speed with which 
the ESIAC determines and plots these quan
tities makes possible rapid analysis and syn
thesis of system parameters and ready com
parison of various proposed system changes.

see it in action Dec. 1-3 at the
EASTERN JOINT COMPUTER CONFERENCE

room 416, Hotel Statler, Boston

SEND FOR DESCRIPTIVE LITERATURE

ELECTRO-MEASUREMENTS, INC
Portland 19, Oregon7524 S. W. Macadam Avenue

CIRCLE 43 ON READER-SERVICE CARD
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Fig. 2. Design curves for de
termining voltage swing, half 
period, and minimum allow
able beta for the self-starting 
multi.

Irwin Dorr os had a problem. He needed 
a master clock oscillator that would be 
self-starting and would start every time. 
He describes the circuit here and shows 
how to design it with simple curves anc 
how to couple it to a load.
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Fig. 1. Circuit and waveforms of the basic self-starting 
multivibrator.

How to Design a Sure-Starting Multi and Couple It to a Load
Irwin Dorros

Bell Telephone Laboratories 
Whippany, N. J

9

COME MULTIVIBRATOR configurations do 
wnot start reliably. Coupling to the load alters the 
calculated operating conditions. Often capacitor 
coupling to the load is undesirable. Faced with 
these problems the engineer finds it difficult to 
obtain design information covering these areas 
This article provides the answers to these problems

The circuit shown in Fig. 1 is self-starting. The 
feature leading to self-starting is the forward bias 
voltage, which is applied as v3 and v4. It results in 
the transistors having gain whether or not current 
is passing through the capacitors C.

How The Circuit Operates

Assume the state of each transistor has just 
changed. Tl is cut off, T2 is saturated, the voltage 
on Ci is zero, and the voltage on C2 is some value e, 
with indicated polarity. Neglecting leakage cur
rents and voltage drops across forward junctions

= r4=0, and v3= — e. The currents pre
vailing until the transistors again change state 
may be divided into three components. At E R:
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»here the resistors are as shown in Fig. 1. For
condition becomesnR, this

(n-f-1) e

1959

In ig. 2 the minimum Beta is plotted along with 
’he e and T¡2 curves for practical values of n.

I rom the curves the reader can choose the para
de er values for a required frequency and voltage 
ni ilitude, and determine the minimum allowable

orros
atones

state 
E Ri
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You get an extra measure of design freedom with
POWDERED PERMALLOY FILTOROID® CORES

▼ ■ M transformer laminations • motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields 

Magnetic Metals Company • Hayes Avenue at 21st Street, Camden 1, N. J.
CIRCLE 44 ON READER-SERVICE CARD

The high permeability and low core loss of pow
dered permalloy Filtoroid cores can remove design 
roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and flux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in
ductance is tightly controlled.

There’s extra design flexibility for you, too, in

i.k fixed and q and i3 follow complex exponential 
pat is towards zero. Throughout this part of the 
per od ^2 = ^ = 0. The voltage v3 follows a complex 
exponential path from — e toward -T^, and vx fol
lows another complex exponential path from 0 
toward +E.

T he transistors will not switch under two con
ditions : (1) If the current h through Ci be sufficient 
io keep T2 saturated. (2) If the voltage across C2 
remains greater than zero with the indicated 
polarity.

T he transistors will switch it either of these 
two conditions are not satisfied. If the circuit is 
designed to switch due to insufficient ii the switch
ing speed is slow, and the period dependent upon 
the Beta of the transistors. This circuit is there
fore designed to preclude condition 2.

Assuming that ii is at all times sufficient for T2 to 
remain saturated, the first part of the period ends 
when Vs crosses zero on its excursion toward E. 
During this interval, C2 becomes discharged to 
zero volts by i3, and Ci becomes charged by ii to 
Mime voltage e'. A solution for the unknowns e and 
/leads to the necessary design information. Only 
the symmetrical case in which e = e' is treated in 
this article.
How To Design The Basic Unloaded Oscillator

A set of curves is shown in Fig. 2 from which 
'he half period, the voltage swing e and e', and the 
minimum allowable Beta can be determined. The 
reader interested only in choosing parameters for 
application with negligible load need not refer 
to Fig. 5.
(circuit equations were solved for the two half 

periods, and the initial and final conditions were 
matched at the transition times. The two lower 
curves on Fig. 2 are plotted from the results.

For all resistor ratios n, there is a ^ower limit 
to the permissible value of Beta due to the 
necessity for providing sufficient current to the 
base of the saturated transistor to insure satura
tion for the entire half period. Because A(t) is a 
minimum at t=T/2, this limiting condition is:

the broad range of Filtoroid cores available. 
They’re made in three standard permeabilities— 
150, 125 and 60—in sizes up to 1.570" O.D., all 
carried in stock for immediate shipment.

Our engineers are ready right now to help you 
select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-l.
*MAOE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COM FAHY
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where A is the change in flux necessary to switch

SATURABLE
CORE TRANSFORMER
20 WRAP PERMALLOY

Although the windings have high impedance at
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ments.

prohibitively large.

In Fig. 3 a method of transformer output

and the output voltage becomes v7.

Nx A #T =

NxN.

N,
île 
N,

Fig. 4. Circuit for capacitor-coupling to a load.

has little effect on frequency and is therefore
chosen for power and output amplitude require

; dr< 
mi's, 
f thi 
ron 
»ut pu 
ni pec 
0 be 
ore s 
11 Fij 
alf-p
Thi 

)f pul 
latch 
ireuil
The 

hms, 
30, 

ore v 
hick, 
obbii 
he hi 
mtpu 
iicted

capacitor-coupled multi.
Fig. 5. Design curves for the the core. When the core saturates, output voltage

this time, the saturated transistor is sustained b^
the constant magnetizing current, through
the windings.

The length of time that the core persists in the
high impedance state determines the output pul'
width. This is given by:

leakage currents are neglected, causing some error
particularly for low values of E. The curves are
not continued beyond n=10, since Beta become^

coupling is illustrated. The transformer core is
made of square loop material to shape the flat-
topped output pulses. It is assumed the reader
has a basic familiarity with square loop magnetic
material techniques. N\ equals .V2, and N3 is
chosen for load requirements. The currents m
windings and N2 aid in inducing current m N3.
As the transistors change state the currents m Nx
and N2 reverse and the core goes into its high
inductance state. The voltage across NK = N2=e

Forward biased junction voltage drops and

Transformer Coupling The Load

N3* _
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drops and the windings look like “short cir- 
ui s.” This condition continues for the remainder 
if the half-period. The circuit operation differs 
ro n that in the previous section only during the 
iiit put pulse. During this time the high winding 
mpedances cause the calculated timing transients 
o be delayed until the end of the Pulse when the 
ore saturates. To a first approximation the curves 
a Fig. 2 for the unloaded case apply, with the 
alf-period lengthened by the output pulse width
This coupling method allows accurate control 

if pulse width, provides a means for impedance 
Hatching to the load, and draws energy from the 
ircuit only during the pulse.
The circuit was built with l€ = 2k, /?l = 200 

hms, n = l, 0=0.012 mfd., E = 25 v, Bi=B2 
>30, Mi = M2 = 64 turns and N3=16 turns. The 
ore was 20 wraps of #479 permalloy, 0.125 mils 
hick, wound on an Arnold Engineering Corp. #1 
iobbin. The resulting voltage swing e was 9.3 and 
he half-period was 26 jusec including a 3 jusec 
utput pulse. This agrees closely with the pre- 
licted operation from Fig. 2.

Capacitor Coupling The Load

The more conventional RC type coupling is 
hown in Fig. 4. The output pulses are decaying 
xponentials of amplitude e and a time constant 
ixed by the coupling capacitors and load resistors, 
f capacitors Co are small compared to Ci, circuit 
peration becomes the case of negligible load con- 
idered earlier. If Co is much larger than Ci, the 
ircuit is heavily loaded and it is difficult to fulfill 
he condition of supplying enough current to the 
aturated transistor during the entire half-period, 
fhe somewhat arbitrary case of C = Co is therefore 
onsidered here. Modified circuit equations were 
olved for this case and the results a?* plotted 
a Fig. 5.
Minimum Beta is raised by a factor of 2 for 

his configuration since the current available to 
ustain the saturated transistor must be shared 
y C and Co. The condition becomes:

£
2

e E
E — e e \ > nR R

R nR/ fl

In ch reduces to:

E ns 
(n+1) e 

n E

The circuit designed in accordance with the 
ia erial presented here fulfilled the requirements 
t a self starting relaxation timing oscillator. ■ ■

3 he author is indebted to A. Feiner for suggestions 
mi erning circuit configurations, and to D. F. Hemmer 
Jr aboratory assistance.
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In test after test conducted by independent evaluation laboratories, 
Clarostat GREENOHM "V" resistors have exceeded applicable military requirements 

without a single failure. These wire-wound power resistors are the newest 
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mounting styles. Also in all military types, Characteristics G. V and Y
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When the master frequency is received through 
the air over a distance of more than several miles, 
transmission “fading* deteriorates the accuracy 
in two ways:

First, fading of the received signal strength in
terferes with the actual frequency beat, making! 
determination of very slow beats in the order of 
several seconds impossible. This can be overcome 
by deliberately setting the oscillator off fre
quency a small amount, so as to produce a higher 
beat frequency. At the same time, this trick elimi 
nates any doubt whether measured frequency

The actual accuracy of a frequency standard 
is the sum of the following three factors of uncer
tainty:
■ Stability of the standard, meaning the greatest 
possible change in frequency over a specified in
terval of time. Stability is a property of the indi
vidual frequency generator, resulting from de
sign and make, and from the properties of its 
components.
■ Greatest possible error in checking the stand
ard in question against a master standard. The 
present article describes various methods for this 
check, and specifies practical tolerances for each 
of them. Moreover, possible deviations of re
ceived master frequency or time signal may be 
included in this factor, as far as they are caused 
by wireless transmission between master and 
test station.

V
ARIOUS methods, ranging from simple 
beat-frequency checks to elaborate elec
tronic counter systems, are applicable for calibra
tion of commercial frequency standards. To 
achieve the same order of accuracy, however, a 
time interval of many days is required with less 
complicated, and cheaper procedures as com
pared with several hours for the more complex 

and expensive counter techniques.

It should be realized, that the classification as 
Primary or Secondary standard does not specify 
restrictions for accuracy and stability, though 
these two factors actually determine the useful 
ness of a frequency standard.

urc 
ime

SÌCO

1 ime

The easiest and fastest way of checking a 
standard oscillator against WWV is the well- 
known beat method. A radio receiver is tuned to 
a WWV frequency, for example, the 10 me chan
nel. The output of the oscillator under test is 
loosely coupled to the receiver s antenna.

Assuming the oscillator frequency is approxi
mately 1 me, its tenth harmonic mixed with 10 me 
of the WWV carrier will produce beats. One beat 
per second would indicate the tenth harmonic 
of the oscillator is actually 10,000,001, or 9,999,- 
999 cycles. In other words, the oscillator is off 
frequency by one part in ten millions, or 1 x 10*7 
This resultant frequency deviation, multiplied 
by the possible error in determining the frequency 
of beat cycles, states the accuracy of the test.

■ Accuracy of the master standard used for cali
brating or checking the frequency standard in 
question. In most practical cases, standard fre
quencies or time signals transmitted by WWV 
station are used as master standard. These sig
nals provide the highest accuracy available to 
the public in this country. Table 1 lists the speci
fications of WWV transmission as far as they are 
of interest for calibrating frequency standards.

When assigned to set up a frequency standard for Stromberg Carlson, Mr. Jaensch, 
Test Engineer, investigated various possibilities for calibration. After analysis and check 
of several systems, he came to the conclusion that newer techniques could be used 
with marked improvement in accuracy without essentially higher cost. His article deals 
with the newer versions along with a comparison of methods in use.

Seven methods of calibrating frequency standards are described. An outline of pro
cedures, types of equipment required and comparison of results is also included.

sion
men

Primary and Secondary Frequency Standards

Easily misleading common terms should be 
mentioned. Time is a fundamental unit of physics; 
frequency is not. Therefore, standard frequency 
sources are often classified as primary or sec
ondary standards.

A Primary Frequency Standard is defined as 
one whose frequency is determined directly in 
terms of time. This is done by integrating a cer
tain great number of cycles of the frequency, 
and comparing the elapsed time with time signals 
of a master primary standard, such as time pulses 
from WWV.

A Secondary Frequency Standard is defined 
as one whose frequency is determined by com
parison with the frequency of a, primary or sec
ondary standard. The beat method described is 
the typical way of checking a Secondary stand-

ln th 
sion

Unde 
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changes are directed to the high or low side. For 
m< st applications of the standard, such slight de
viation from the nominal value is acceptable as 
lor g as the actual frequency is exactly known.

The second disadvantage of wireless transmis
sion is more serious. The effect commonly called 
fading is caused by sky waves of the transmitted 
signal changing their path to the point of recep
tion. At frequencies above 3 me, transmission to 
distances over 100 miles depends entirely on such 
sky’ waves reflected from the ionosphere.

at the transmitter. But, while the reflecting layer 
is moving from one position to the other, the 
Doppler effect causes the received frequency’ to 
lie different from the one at transmitter. As a 
further assumption, in the example, the path 
length may change steadily from one extreme to 
the other in half an hour (1800 sec). During 
these periods, frequency received will vary from 
the one at transmitter for

26 X 10-* sec = u x 10_9 = ty
1800 sec / 

sion. This results in almost unpredictable fre
quency deviations between zero and several parts 
in 10-7. Most correct reception of a frequency 
can be assumed to occur when the amplitude of 
incoming signal remains constant. Over periods 
of more than ten seconds, deviations in frequency 
can rarely be expected to be less than 1 x 10~®.

In case of wireless reception of master fre
quency, the beat method with direct visual or 
aural observation of beat frequency is therefore 
usually limited to an accuracy in the order of 
5 x 101»

on as 
jecify 
lOUgli 
seful

by

ing a 
well-

ied to 
chari
est is

proxi- 
10 me 
e beat 
monic 
1.999 
is of 

c 10-7

rth in- 
iakin 
der o 
rcome 
f fre- 
higher 
el 
uenev

Changes of Time Signals and Frequency by 
Wireless Transmission

To explain the influence of wireless transmis
sion on remote frequency and time measure
ments, a simplified numerical example is shown.

Assume the following conditions (Fig. 1): 
Distance between transmitter and receiver, 
500 km (310 miles).
Height of reflecting layer in ionosphere dur
ing daytime, 100 km.
Height of reflecting layer in ionosphere dur
ing night time, 110 km.
Resultant length of path during daytime, 538.5 
km, during night time, 546.3 km.

In the present context, only changes of transmis
sion conditions are considered. Difference of path 
length, 7.8 km, is important and equals a differ
ence in time of travel:

being slow in the evening (path extending), but 
fast in the morning (path shortening).

The above example is extremely simplified for 
demonstrating the action of fading and the order 
of magnitude of its effects. Actually, many more 
variables are involved. Different layers of the 
ionosphere are responsible for the reflection, de
pending on frequency and distance of transmis

Method 2: Beat Frequency—Evaluation of 
Recorded Beats

Errors caused by wireless transmission can be 
cut down considerably by recording the beats 
over a longer time. A chart recorder may be con
nected in place of, or in parallel with, the tuning 
meter of the receiver. Using a suitable speed as 
time axis, a continuous record of beat waves ver-

*

7.8 Km
300,000/Km / sec

= 26 X 10~6 sec

Under conditions assumed, at night a signal is re
ceived with 26 x IO-6 sec longer time delay.

During either period of constant path length, 
the frequency received is exactly the sfme as that

rough 
miles.
curacy

uenc\
it.

Table J: Specifications of WWV 
transmission

5x10-’

WWV W W VH
location of 
Transmitter Washington, D.C. Hawaii

2.5 Me 0.7 KW
5 Me 8 KW 2 KW

10 Me 9 KW 2 KW
15 Me 9 KW 2 KW
20 Me 1 KW » ■
25 Me 0.1 KW —

1 x 10-‘
2 x IO10 per day 4 x 10 10 per day

Ca rier Frequency 
Í tability 
Max. Deviation

1 second
lime Pulse 5 cycles 1,000 c/s 5 cycles 1,200 c/s

Ac< uracy of 
lime Pulse 1 x 1 O’8 ± 1 microsecond

IONOSPHERE

960 ms

AUDIO TONE

2A

2B

2C

2D

Fig. 1. Wireless transmissions; example of skywaves 
with different path length, 538.5 km, or 5463 km, 
respectively.

4 0 ms

lUms

TIME-PULSE

contact closedopen OPEN

1
100 Km

I

I SECOND

NO AUDIO TONE

IIOKm

509 Km

Fig. 2. Time-check waveforms. A: WWV modulation for 3 minutes; 8: WWV modulation for 2 minutes; re
curring in 5 minute periods. Time pulse occurs in either case, consisting of 5 cycles of 1 kc; G Contact 
of synchronous clock opens for a short instant each second; D: WWV signal B, cut by clock contact to 
limit of audibility

1959
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Au ¡io Tones 440 and 600 c/s
Accuracy of Audio Tones 1 x 10“9



sus time can be obtained for later evaluation. from its nominal value. writteia domi. From these readings, freque1 cv 1 d
\ As a practical example, oscillator frequency
£ may be set off nominal value by 2 x IfrA C'heck-
b ing against 10 mc WWV, the resulting beat pe

riod is about five seconds. A recording speed of
, six in. per minute produces one beat wave on

every half inch of strip, thus allowing the evalua
tion of one hundred beat periods without diffi
culty. Figuring the accuracy of paper speed and 
evaluation as 2 per cent, the overall accuracy of 
frequency reading comes out to 2 per cent of

B 2 x 10-«, or 4 x IO10.

Electro-Mechanical Clock for Checking Fre
quency Against Time

1 The common method for checking frequency
_ against time is by means of a special electric

clock. By means of dividers such as triggered 
multivibrator or synchronized tuned circuits, the 
frequency of the standard oscillator is divided

1 down to a frequency in the audio range. The re-
■ suitant frequency, having essentially the same ac

curacy as the standard, is used to drive a syn
chronous clock. Comparing the indication of this 
clock over a longer interval of time with standard 
time, shows the deviation of oscillator frequency

For precise reading of this clock, a contact is 
operated by the shaft of the second hand. The 
contact is adjustable and a dial indicates the rela
tive setting of the contact in fractions of a second.

Method 3: Electro-mechanical Clock—Acous
tical Observation

The simplest procedure uses acoustical obser
vation of the WWV time pulse. The clock con
tact is connected to short the output of the re
ceiver. During a brief time of contact opening 
every second, the audio signal from WWV’ can 
be heard.

The opening period of the contact is adjusted 
to coincide with the received time pulse.

Illis pulse consists of exactly fix e cycles of 1 kc 
frequency (Figs. 2a, 2b). Finally, the contact is 
adjusted to let only a fraction of the first 1 kc 
wave through, which can be observed as the low
est audible “click” (Fig. 2d). Limit of this acous
tical observation may be stated as 5 x 10-4 sec.

The same procedure is repeated after a certain 
interval of time, for instance, once every day. 
Each time, after obtaining the same condition of 
audibility, the final setting of the contact dial is

deviation can be calculated. The difference in 
dial setting between two readings, expressed in 
fractions of a second, divided by the time inter
val between two readings, equals the frequc cy 
deviation of the oscillator to be tested.

Method 4: Electro-mechanical Clock-Oscil
loscope Observation

Using the same contact clock, accuracy can be 
improved by observing WWV time pulses on an 
oscilloscope. The clock contact is used to start he 
sweep of the oscilloscope. A small battery may be 
connected through the contact to trigger 4 he 
sweep externally at a repetition rate of one sec
ond. Employing a slow sweep speed, the five 1 kc 
waves appear somewhere on the trace. By oper
ating the contact adjustment, the instant of sweep 
triggering with respect to the WWV signal can 
be adjusted. By this means, the WWV’ pulse is 
shifted to the start of the trace. Now, sweep 
speed is switched to faster values for more pre
cise observation on the oscilloscope screen.

The practical limit of accuracy in this type ob
servation is about 1 x 10-5 sec. In addition to the 
possible error in observation, the uncertainty of

I b 
1 d 
1 11 1 \

1 d
1 ° 1 tl 1 M
1
I u 1 111 1
I or I sb 

1 t0 1 co

1 UI th
Table 2: Comparison of Methods

Attainable accuracy of frequency test—versus period of test, for 
different test methods described. Figures in () include error to 
be expected by wireless transmission.—Refer to text for basis of 
individual figures.

1 ch 
tai

tai

ref
SPPeriod of Test (Seconds) 100 103 104 105 106

Method
Tolerance of Reading 

x IO-6 
Item Total

Accuracy of Test 
x 10-’

dr 
sb 
tin

Beat Frequency
1 Individual Observation 

(Frequency change by wireless transmission)
.002

(.005)
.002 

(.007)
2

(7)
2 

(7)
2

(7)
2 
(7)

2 
(7)

17
Ph

Reat Frequency
2 Evaluation of recorded beats

(Frequency change by wreless transmission, evaluating intervals 
of constant amplitude only)

.0004
(.002)

.0004
(.0024)

0.4
(2.4)

0.4 
(1.0)

0.4 
(0.5)

0.4 
(0.5)

0.4 I

(0.5)
CO]

DO

Electro-mechanical Clock; contact stability
3 Contact-dial Reading 

Acoustical Observation 
(Change in wireless transmission Time)

100 
500
500 
(10)

1100

(1110)

11,000

(11,100)

1,100

(1,110)

110

(111)

11

(11.1)

1.1 1
(Ll) I J

Electro-mechanical Clock; contact stability
4 Contact-dial Reading

Oscilloscope Observation 
(Change in wireless transmission Time)

100 
500
10 

(10)

610

(620)

6,100

(6,200)

610

(620)

61

(62)

6.1

(6.2)

0.6 I
(0.6)

tin
gr( 
qu

1
Electro-mechanical Clock; contact stability 

5 Oscilloscope Reading
(Change in wireless transmission Time)

100 
10

(10)
110

(120)
1,100

(1,200)
no 

(120)
11

(12)
1.1

(1.2)
0.1 I
(0.1)

coi 
fre 
ti M

Electronic Counter as Clock; pulse stability
6 Oscilloscope Reading

(Change in wireless transmission Time)

0.2
10

(10)
10.2

(20.2) '
102

(202)
10.2

(20.2)
10 

(2.0)
01 
(0.2)

fr i
is
s 1

Electronic Counter as Clock
7 Other Electronic Counter for Reading 

(Change in wireless transmission Time)

0.2 
2 

(10)
2.2 

(12.2)
22 

(122)
2.2 

(12.2)
0.2

(1.2)
0.02 

(0.12)

c 1 
a 1
(‘ 1
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d d reading has to be considered. This applies to 
b th of the methods described above. Usually, 
t) ? dial is designed to allow a smallest reading 
ii the same order as the limit of acoustical obser
ve tion, which was stated as 5 x IO-4 sec.
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Method 5: Electro-mechanical Clock-Oscil
loscope Reading

For measuring minute deviations of frequency, 
the setting of the clock contact may be left un
changed for the successive readings. In this case, 
the exact positions of the WWV pulse waves on 
the trace have to be noted as individual readings. 
Shift of position between two readings shows 
difference in time.

in contrast to methods three and four, obser
vation and reading are here the same operation. 
Therefore, possible error in reading, including 
observation, can be stated the same as in method 
four for observation only: 1 x 10~® sec.

All three methods described thus far contain 
one more factor of uncertainty, namely the 
stability of clock contact operation with respect 
to the oscillator output. A synchronous clock 
converts the output of the frequency standard 
under test into steady mechanical rotation. From 
this rotation, the time pulse required for the 
check is produced by means of a mechanical con
tact.

Thus, the pulse is not directly related to a cer
tain period of the oscillator frequency. Changes 
of friction in bearings and gears of the clock 
result in slight phase shift of the pulse with re
spect to the driving frequency. Assuming clock 
driving frequency of 1 kc, a clock motor phase 
shift corresponding to one electrical degree of 
this driving frequency produces an error of 
1/(1000 x 360), or 2.8 x 10-6 sec. Moreover, pulse 
phase is subject to the general limits in stability 
of mechanical contacts.

For a well-designed and built synchronous 
contact clock, the sum of these variations need 
not exceed 1 x 10~4 sec.

Electronic Counter to Replace Electro
mechanical Clock

An electronic counter can fulfill the same func
tion as a synchronous clock. It can integrate a 
g eat number of cycles of a fixed driving fre
q lency and display certain multiples of cycles.

By contrast to an electro-mechanical clock, the 
ct unter delivers pulses at certain multiples of 
frequency periods as a by-product of its opera
ti >n. These pulses appear in exact relation to a 
fr iction of a period of driving frequency, which 
is the oscillator frequency itself in this case. 
S periority in pulse accuracy of an electronic 
c unter over a synchronous clock for measuring 
a frequency of 1 me is in the order of 1,000. 
(’ lock contact and phase stability, IO-4 sec, 
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compared with electronic counter accuracy, 10 * 
sec.)

For precise readings, the 1 sec pulse from the 
counter must be brought into coincidence with 
the master time pulse from WWV. Versatile com
mercial counters permit doing this by means of a 
gate. Oscillator frequency to be measured is fed 
into the counter permanently, but initially the 
gate is closed. When the receiver output is con
nected to the “Start” input, the first WWV time 
pulse opens the gate and allows the instrument 
to start counting. The one-second output pulses 
then appear immediately after the start front of 
WWV time pulse. This operation can be done 
conveniently during the minutes with no audio 
tone transmission.

The shape of the counter output pulse needs 
attention to achieve full accuracy of this method. 
This pulse, used to trigger the oscilloscope sweep, 
should have a steep front with a rise time in the 
order of one microsecond. Directly at the un
loaded output of the appropriate binary unit, the 
requirement is fulfilled. However, loading this 
point with the capacity of a shielded cable would 
increase the rise time, thereby permitting in
evitable small amounts of superimposed hum to 
influence the instant of triggering. Therefore, it 
is advisable to employ a buffer amplifier between 
this output and the trigger input of the oscillo
scope. A double-triode amplifier may be located 
inside the counter cabinet, thus allowing a short 
unshielded 
output.

connection to the sensitive binary

Method 6: Electronic Counter as Clock
Oscilloscope Reading

This method uses an electronic counter as a 
frequency integrating device. Reading is done 
on an oscilloscope the same way as described in 
method five which used electro-mechanical clock 
contacts.

Method 7: Electronic Counter as Clock With 
Additional Counter for Observation

A further improvement can be achieved by 
using an additional electronic counter for indica
tion. This counter must have separate inputs for 
opening and closing the gate, usually designated 
“Start” and “Stop” inputs.

The time pulse of the clock counter, formerly 
used to trigger the sweep of the oscilloscope, is 
now applied to the “Start” input of the indicating 
counter. Receiver output delivering WWV sig
nals is connected to the “Stop” input. In this ar
rangement, the front of the clock time pulse 
opens the gate. The first wave of the WWV pulse 
following this instant closes the gate. The time 
between both events, a fraction of a 1 kc wave, is 
indicated by the counter.

A digital recorder connected to the output of 

the indicating counter is convenient. It allows 
taking an average over a greater number of suc
cessive readings, thus improving the accuracy.

Comparison of Methods
Table 2 presents a compilation of the seven 

methods described. The factors of uncertainty 
characterizing each method are listed separately. 
The sum of these individual factors indicates the 
total tolerance of reading for the respective 
method.

As previously explained, methods of measur
ing frequency against time consist of two read
ings, one at the start and one at the end of a 
certain interval of time. The difference between 
both readings, divided by the time interval, 
equals the deviation of frequency during this 
time. Five columns itemize different intervals of 
time, from 100 sec to one million sec. At the 
cross points of these columns with the various 
methods, the accuracy of frequency test can be 
found.

These results demonstrate that a frequency 
standard can be tested with the same accuracy 
using any one of the different methods. The 
qualitative difference between methods is dis
tinguished by the time interval over which the 
test has to be carried out to achieve a certain 
accuracy. For example, method three requires a 
period of approximately 1.000.000 sec, equal to 
11.6 days to attain an accuracy of 1 x 10-9. By 
contrast, only 10,000 sec, or 2.8 hrs, are needed 
for a test with the same accuracy using method 
six.

Obviously, shorter test periods are desirable 
for several reasons. “Slow” methods do not allow 
measuring short time stability of the frequency 
standard under test. Temporary failure of power 
during the period of a test spoils the result. This

I

is more 
period.

When 
wireless

likely to happen during a long test 

the master time signal is received by 
transmission, possible variations in

transmission time influence the actual accuracy 
of each reading. This effect has been described 
in connection with beat frequency methods. 
Maximum uncertainty caused by it may be as
sumed as 10 mpsec on each reading for methods 
three to seven, provided that both readings of a 
test are done either during day or night, and 
during normal ionospheric conditions.

Figures in brackets ( ) of Table 2 include this 
factor of uncertainty for wireless transmission.

Actually, limits for this factor are quite differ
ent, depending on frequency, distance from trans
mitter, geographical direction of transmission, 
and type of terrain in the area of receiver. The 
value of 10 mpsec is based on experience in 
Rochester, N.Y., for transmission of 5 me from 
WWV in Washington, D.C. (320 miles). ■ ■



Part 3

Tube Phosphors and Filters

Special Techniques
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•Polaroid is a registered trademark of the Polaroid Cor
poration.
•*P-5 and P-15 are usually available only on special order.

Hy P. Mansberg
Airborne Instruments Lab.

Mineola, L. I., N. Y.

Kemon P. Taschioglou 
Polaroid Corp. 

Cambridge, Mass.
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Oscilloscope Trace Recording

With Polaroid Land Photography

THOUGH LAND film can capture traces on all 
commonly-used scope phosphors, an engineer 

is wise to know the effects on his film of different 
phosphors and filters.

Phosphors and Filters
Polaroid* Land films can be used on all tube 

phosphors commonly employed for cro work, P-1, 
P-2, P-5”, P-7, P 11, and P-15**. Two of these 
phosphors, P-2 and P-7, have different color out
puts in initial phosphorescence and in afterglow.

The light output of some phosphors makes 
them better suited for photography than others. 
For example, the P-11 and the P-15 are the most 
efficient for recording high speed transients. Of 
the phosphors intended primarily for visual work, 
the P-1 and P-2 are effective for stationary pat
terns and low speed transients.

Filters—green, amber, and blue—are commonly 
furnished by cro manufacturers to separate the 
initial fluorescence and afterglow and to aid the 
observer during extended observations. A blue 
filter is used to eliminate cathode glow on un
aluminized phosphors and for cutting out the 
long-persistence yellow afterglow on P-2 and P-7 
traces.

In general, a filter absorbs a considerable 
amount of light and can cause slight degradation 
in image quality from surface interreflection. A 

standard blue filter, for example, will require 
an additional exposure of from 2 to 2-1/2 stops.

A brief description of tube phosphors, their use 
with filters, and their application in photography 
are presented here and summarized in Table 4? 
P-1. This phosphor is the most commonly used 
in oscilloscopes. Its green output is efficient in 
recording repetitive traces. It is not recommended 
for recording high speed transients. Green filter 
is frequently used for viewing but is not beneficial 
for photo recording.
P-2. Versatile, especially for tubes with high ac
celerating potentials. Has initial fluorescence and 
afterglow. Blue-green fluorescence is efficient for 
photography. Blue filter can be used to eliminate 
the yellow afterglow which can cause blurring 
with moving traces. Before taking pictures, it is 
necessary to remove any amber filter used for long 
persistence observations, because the initial fluo
rescence is most actinic for recording. Not rec
ommended for recording high speed transients. 
P-5. This has a blue trace of very short persist
ence. It may be used for photographing high 
speed transients, though not as efficient as the 
P-11 phosphor. Blue filters are commonly used 
for visual work but not for photographic work 
P-7. Similar to the P-2, with an initial blue fluores
cence and yellow afterglow. P-7 has greater per
sistence at lower accelerating potentials and can

be used for seeing as well as recording stationary 
patterns and low speed transients/* Relatively 
low fluorescent output and high afterglow make 
this phosphor not as desirable as P-2 for photo 
recording of transients. Blue filter can be used for 
recording only the initial actinic blue fluorescence 
Amber filter (for visual comfort) should be re 
moved before photo recording.
P-11. Highest actinic output with short persist 
ence makes it most valuable for recording steadx 
state patterns as well as high speed transients. 
Blue filter is used for visual work but not for 
photographic purposes except to reduce cathode 
glow fog.
P-15. Common in television and kinescope record
ing. Has blue-green output almost as efficient as 
the P-11 for photography. Usually more pleasing 
than the P-11 because of its green color. A green 
filter improves visual contrast but has no benefit 
for photo recording.

A double image, as seen in Fig. 14, is some 
times recorded by cameras using beam splitter 
mirrors with P-1 or P-2 phosphors. Since these 
mirrors are designed primarily for P-11 phosphors 
with blue output, some of the green light from 
P-1 and P-2 phosphors is reflected from both 
surfaces of the mirror. A blue filter will eliminate 
the double trace. This double image usually oc 
curs only with excessive exposure.
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{Source: DuMont Industrial Cathode Ray Tubes, Indus- {The P-2 is a mixed phosphor screen while the P-7 is a
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Fig. 18. Data card exposed to 
identify trace recordings at f/5.6 and 
1/2 sec on Type 47 film.

(Courtesy AVCO Corp.) 
Fig. 17. A convenient technique for 
recording long time-base sweeps. 
Time base is presented as a raster 
with Z-axis markers every 10 micro
seconds.
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Special Techniques

Fig. 15. (above) Vertical pips are 
added for time interval calibration 
in upper trace. Lower trace has 
Z-axis signal modulating intensity 
for time calibration.

Fig. 16. Upper trace has insufficient Z-axis amplitude. 
Lower trace has picture improved by lowering intensity 
setting and increasing development time.

from 
both 

ninate

>-7 is a 
yellow

It is often useful to record markers, graticules, 
data charts, and calibrated wave forms on the 
same picture as the trace recording. These records 
are made by exposing both the trace and data at 
the same time or by exposing the film with the 
extra information before or after recording the 
trace itself.
Calibration Markers. For adding time information 
to a trace, calibration markers are usually either 
superimposed on the vertical axis of the trace or 
they are used to modulate the intensity of the 
trace. Examples are shown in Fig. 15.

If the intensity modulation signal is not strong 
enough to provide noticeable effect on the photo
graph, improvement is possible by reducing the 
cr» intensity and increasing the contrast of the 
I nd print through increased development to two 
or three minutes, as shown in Fig. 16.

\nother interesting technique for using calibra- 
ti< n markers is indicated in Fig. 17, where an 
cs .ecially long time base had to be recorded in 
oi 1 picture. The time base is converted into a 
ia ter which is displayed on the crt face with 
tii le markers.
G aticules. Illuminated graticules can usually be 
re orded with the trace on a single exposure by 

turning up the graticule scale brightness and low
ering the cathode1 ray tube intensity.

With some oscilloscopes it is more convenient 
to make two separate exposures to record both the 
graticule and the trace. This is especially true 
when one does not wish to change the trace in
tensity from a convenient viewing brightness level.

One should first record the graticule with its 
illumination turned up and the crt intensity turned 
down. One should then turn off the graticule and 
record the trace with cro intensity at normal set
ting.

Where there is a choice between white or 
colored graticule illumination, best results are in 
photographing white light illumination.

Care should always be taken that the graticule 
is in sharp focus because graticule and trace are 
not in the same object plane. One should keep 
camera apertures to a minimum and make sure 
that the glass or plastic plate is positioned so the 
lines face the crt screen and are flush against it. 
Data Charts. Some oscilloscope cameras have a 
ground glass surface on which identifying data 
can be written with pencil. Internal illumination 
exposes this data on the film. The data card, as 
shown in Fig. 18. required another exposure.

The intensity of the trace and of the graticule 
scale must be turned down before exposing the 

data card to avoid double1 exposure of the trace. 
For Type 47 film, an exposure of about 1/2 sec
ond at f/5.6 is sufficient with the light emitted 
from two No. 112 lamps driven by a 1-1/2 v bat
tery. (Du Mont type 302 camera).
Continuously Varying Patterns. A continuously 
varying pattern often can be “stopped" for study 
only by a photograph. When using a cro with 
built-in beam gate, the driven sweep and external 
sync controls permit triggering the gate for one 
sweep during a continuously varying pattern 
without difficulty. When scopes are used without 
built-in beam gates, the shutter speed can some
times be adjusted to an * open ’ time which is short 
relative to the rate of change of the pattern.

Notice the differences in the recordings of a 
vary ing signal in Fig. 19. The first trace is blurred 
because many cycles of the signal were recorded; 
the second varying exposure was electronically 
gated to display only one trace.
Radar Displays. Recording the high intensity PPI 
scope radar returns is very simple and straight
forward. Usually a long persistence P-7 phosphor 
is employed. With an aperture setting at f/U or 
f/16, and the shutter open on “B” or T,” a test 
exposure or two will establish the proper inten
sity level of both the radar display and the azi
muth scale setting. Care should be taken to record
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Fig. 21. Inadequate 
mounting and bright am
bient light permitted 
light to leak into cam
era, causing fog. Cam
era shutter was left open 
two minutes to await 
random transient.

Fig. 19. Continuously 
varying trace is blurred 
as several cycles are 
recorded in the upper 
photo with camera shut
ter at 1/10 sec. Below, 
electronic gating dis
plays only single cycle 
for camera recording 
with shutter held open.

Fig. 20. Cathode glow fogging from unaluminized phosphor 
resulted from shutter being left open for eight minutes waiting 
for a random transient.

■■■■■■■■■■■■■■■■

only a single complete sweep and to avoid the the aperture wide, turn the intensity level o the
overlap. Hand controls on the camera shutter are A-Scope to as high a level as is feasible, and <eep
usually sufficient. exposure time to an absolute minimum.

Single frame recordings of A-Scope patterns Most cameras will mount directly on the s and-
have limited applications because the trace is ard five inch A-Scope flange. For the con mon
usually varying so rapidly. To record traces on this seven inch PPI scope, a special mount mu t be
ert, usually with a P-5 phosphor, one should open constructed. A number of special radar car ieras
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. 1. .Application Filters
Use Of 

Land Films

P-1 Green Green Med i um General purpose cro 

work, repetitive or 

transient waveforms. 

Most frequently used 

on low voltage 

scopes.

None Relatively efficient 
for recording station* 

ary or repetitive pat* 

terns. Brilliant out* 

put at low accelera* 
ting voltages.

P-2 Blue-

Green

Yel low-

Green

Long General purpose.

Needs higher accel

erating potentials.

Durable phosphor for 

high accelerating po

tential cro’s.

Dark blue filter eli

minates long persis

tence yellow compo

nent for photography. 

Amber filter elimi

nates initial blue

green flash.

Blue component is 

short persistent and 

has high photographic 

efficiency. Records 

successive transient 

phenomena, and low 

rate repetitive traces.

"1
P-5 Blue-

Violet

Blue-

Violet

Very 

short

Di splay of high speed 

transients such as 

Radar A-Scope.

None Relatively efficient 1 

for single frame re* 1 

cording. Not as higi 1 

light output as P-11 1 
phosphor.

P-7 Blue- 

White

Yellow Blue- 

White IS 

short. 

Yellow 

long

Similar to P-2, oper

ates at lower accel

erating potentials 

with longer persist

ence. Useful for

radar, low speed 

transients, and inte
grating repetitive

phenomena.

Blue filter eliminates 

long persistence yel

low component. Am

ber filter eliminates 

initial blue flash.

Relatively high phot* 1 
graphic efficiency for 1 
single frame record* 1 
ing. Not as efficient 1 
as P-2.

P-11 Blue Blue Short Photographic record

ing of transient phe

nomena. Longer per

sistence than P-5.

None Highest photographic 1 

efficiency makes it 1 

most useful for re* 1 

cording transients and 1 

repetitive traces.

P-15 Blue-

Green

Blue- 

Green

Extremely 

short
A

Flying spot scanners, 

TV kinescope record

ing.

ELECTRONII

None
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Not as high actinic 1 
output as P-11, but 1 

is effective with Land 1 

films for high resolu* 1 

tion, high frequency I 
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ha e l>een developed for military radar systems.

Avoiding Fogging

DC MILLIAMPEtES

MidJAMPERE'

MILLIAMPERES

Round? 3", DC

engineered and built to stay accurate

HOURSTOTAL

between the bezel and the cathode tube

METERS FOR EVERY NEED

available from stock
or custom-built

CIRCLE 47 ON READER-SERVICE CARD

Edgewise
Vertical DC

Meter Relays.* 2” 
and 3*/ AC and DC

Modernistic: 214*, 3Î4*, 
4V4*, 5Wt AC, DC RF

Elapsed Time: 
4*/ 60-cyde AC

Fan Shape: 4!4 
AC or DC

Wide-Vue: 2!4*, 
314* 414*i AC and DC

Rectangular: 4*, 414*, 514 
AC or DC, RF/ 7* and 9*. 

DC o* RF

E ECTRONIC DESIGN • November 11, 1959

Front Adjust Relay: 214*, 314 
414*i DC Rectangular also.

Fog can also occur when the operator neglects 
to close the viewing ports or the camera lens set
ti g ports before making an exposure.

(Continued on p. 58)

5202 W. Klnzia St., Chicago 44, III. 
Phone: EStebrook 9>1121 

In Canada: Bach-Simpson Ltd., London, Ontario

mount. As with cathode glow, this problem 
sometimes occurs when the shutter has to re
m tin open for long periods. The only practical 
ai swer is to exercise more care in mounting the 
ci mera and to shield it from very’ bright external

Though undesirable fogging can take place 
fr< m several sources, in most cases it can be 
easily eliminated. Fogging usually comes from 
one of three general sources:

1. The ert trace itself.
2. Internal sources within the ert (cathode 

glow).
3. Light leaks within the camera.
The most common source of fogging is from the 

ert itself. High intensity traces or overexposure 
can cause halation due to interreflections in the 
ert face and excessive reflection from the in
ternal walls of the camera. This fogging is con
trolled by careful adjustment of camera settings 
and cro intensity settings.

When recording transients on a cro without 
automatic beam blanking a stationary spot on the 
screen can cause film fogging. To eliminate this 
fogging, position the spot near, but not beyond, 
the edge of the screen. Mask the stationary spot 
with tape or black opaque paint. Do not move the 
spot too far off the screen, or the mask will not 
cut off the glow caused by reflection.

Cathode glow and stray emission are two 
sources of fog that come from internal parts of 
the ert. Cathode glow, shown in Fig. 20, is caused 
by the red and infrared radiation of an incandes
cent cathode, penetrating an unaluminized thin 
phosphor screen. It can cause serious fogging 
when the shutter is open for long periods of time.

This type of fogging does not occur on cameras 
which have backs perpendicular to the ert be
cause the blue reflecting dichroic mirror does not 
reflect this part of the spectrum. A blue filter can 
help eliminate the glow when the cro does not 
use a metalized screen and very long exposures 
are required.

The stray emission due to electron reflections 
from deflection plates on some older type oscillo
scopes will show a slight glow on the ert and can 
cause fog on the film. Slight adjustments in the 
position of the electron beam or reduction in the 
deflection amplitude can usually eliminate such 
defects.

Fogging caused by camera light leaks is shown 
in Fig. 21, where fogging is due to light leaking in
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Fig. 19. Continuously 
varying trace is blurred 
as several cycles are 
recorded in the upper 
photo with camera shut
ter at 1/10 sec. Below, 
electronic gating dis
plays only single cycle 
for camera recording 
with shutter held open.

only a single complete sweep and to avoid the 
overlap. Hand controls on the camera shutter are 
usually sufficient.

Single frame recordings of A-Scope patterns 
have limited applications because the trace is 
usually varying so rapidly. To record traces on this 
ert. usually with a P-5 phosphor, one should open

the aperture wide, turn the intensity level of th 
A-Scope to as high a level as is feasible, and eep 
exposure time to an absolute minimum.

Most cameras will mount directly on the st nd- 
ard five inch A-Scope flange. For the com non 
seven inch PPI scope, a special mount mus be 
constructed. A number of special radar can vas
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Fig. 20. Cathode glow fogging from unaluminized phosphor 
resulted from shutter being left open for eight minutes waiting 
for a random transient.

Fig. 21. Inadequate 
mounting and bright am
bient light permitted 
light to leak into cam
era, causing fog. Cam
era shutter was left open 
two minutes to await 
random transient.

P-1 Green Green Medium General purpose cro 

work, repetitive or 

transient waveforms. 

Most frequently used 

on low voltage

scopes.

None Relatively efficient 

for recording station

ary or repetitive par- 

terns. Brilliant out

put at low accelera

ting voltages.

P-2 Blue-

Green

Tel low-

Green

Long General purpose.

Needs higher accel

erating potentials.

Durable phosphor for 

high accelerating po

tential era’s.

Dark blue filter eli

minates long persis

tence yellow compo

nent for photography. 

Amber filter elimi

nates initial blue

green flash.

Blue component is 

short persistent and 

has high photographic 

efficiency. Records 

successive transient 

phenomena, and low 

rate repetitive traces.

P-5 Blue-

Violet

Blue-

Violet

Very 

short

Di splay of high speed 

transients such as 

R jdar A-Scope.

None Relatively efficient 

for single frame re

cording. Not as high 

light output as P-11 

phosphor.

P-7 Blue- 

White

Yellow Blue- 

White IS 

short. 

Yellow 

long

Similar to P-2, oper

ates at lower accel

erating potentials 

with longer persist

ence. Useful for

radar, low speed 

transients, and inte
grating repetitive

phenomena.

Bluefilter eliminates 

long persistence yel

low component. Am

ber filter eliminates 

initial blue flash.

Relatively high phot

graphicefficiency for 

single frame record

ing. Not as efficient 

as P-2.

P-11 Blue Blue Short Photographic record

ing of transient phe

nomena. Longer per
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1 ve been developed for military radar systems,

DC MH HAMM MS

instruments

MILLIAMPERES

MILLIAMPERES

ent

Round. 3

engineered and built to stay accurate

HOURS

»etween the bezel and the cathode tube

METERS FOR EVERY NEED

available from stock
or custom-built

CIRCLE 47 ON READER-SERVICE CARD

Edgewise.
Vertical, DC

Elapsed Time: 
3’6*; 60-cyde AC

Modernistic: 2’6* 316*, 
416*, 516*; AC, DC, RF

Fan Shape: 416 
AC o* DC

WWe-Vue« 2W, 
3’6*, 416*; AC and DC

Meter Relays* 2' 
and 3*; AC and DC

Front Adjust Relay: 216*, 3’4 
416*; DC Rectangular also.

Rectangular: 4* 4’6* 5’6 
AC o» DC, RF; 7* and 9*, 

DC or RE
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In Canada: Bach-Simpson Ltd., London, Ontario

Fog can also occur when the operator neglects 
o close the viewing ports or the camera lens set- 
ing ports before making an exposure.

(Continued on p 58)

which have backs perpendicular to the ert 
cause the blue reflecting dichroic mirror does 
reflect this part of the spectrum. A blue filter 
help eliminate the glow when the cro does

t nd- 
n non 
st be 
n ?ras

use a metalized screen and very long exposures 
are required.

The stray emission due to electron reflections 
from deflection plates on some older type oscillo
scopes will show a slight glow on the ert and can 
cause fog on the film. Slight adjustments in the 
position of the electron beam or reduction in the 
deflection amplitude can usually eliminate such 
defects.

Fogging caused by camera light leaks is shown 
in Fig. 21, where fogging is due to light leaking in

mount. As with cathode glow, this problem 
ometimes occurs when the shutter has to re

main open for long periods. The only practical 
mswer is to exercise more care in mounting the 
amera and to shield it from very bright external

not
can
not

ent 
on- 
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Avoiding Fogging
Though undesirable fogging can take place 

f om several sources, in most cases it can be 
t isily eliminated. Fogging usually comes from 
( ne of three general sources:

1. The ert trace itself.
2. Internal sources within the ert (cathode 

glow).
3. Light leaks within the camera.
The most common source of fogging is from the 

at itself. High intensity traces or overexposure 
c m cause halation due to interreflections in the 
at face and excessive reflection from the in
ternal walls of the camera. This fogging is con
trolled by careful adjustment of camera settings 
and cro intensity settings.

When recording transients on a cro without 
automatic beam blanking a stationary spot on the 
screen can cause film fogging. To eliminate this 
fogging, position the spot near, but not beyond, 
the edge of the screen. Mask the stationary’ spot 
with tape or black opaque paint. Do not move the 
spot too far off the screen, or the mask will not 
c ut off the glow’ caused by reflection.

Cathode glow and stray emission are two 
sources of fog that come from internal parts of 
the ert. Cathode glow, shown in Fig. 20, is caused 
by the red and infrared radiation of an incandes
cent cathode, penetrating an unaluminized thin 
phosphor screen. It can cause serious fogging 
when the shutter is open for long periods of time.

This type of fogging does not occur on cameras
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10761 BURBANK BLVD.. 
N. HOLLYWOOD. CALIF.

Direct copies on conven

tional photographic paper 

through Polaroid Copy

tional photographic film 

through Polaroid Copy

Direct copies on conven

tional photographic paper 

from Polaroid Copy Ser-

Diazotype direct copy to 

produce on any diazotype 

papers.
easy to produce on an' 

diazotype films.

Originals or copies can 

be submitted.

4 kc s 
0 16 lb
5.0

t e
( I

i tl
t m

tar
1 

lia

lia

1 0 kc s
6.5 gm 
0.9

(Types 46 and 

46-L)

(Typas 42 and

47)

WESTERN DIVISION

TRiangle 7-508 1

Direct copies produced 
on Land film with Print 

Copier.

Direct copies produced 

on Polaroid Transparency 

Film with Polaroid Print 

Copier.

Ln
• ie 
f in

Maximum Frequency 
Mass of Moving System 
Static Force Factor (lb A) 
Maximum Continuous rms 
Current at 500 cy. (Uncooled) 

(Air-Cooled) 
D C Resistance (Ohms)

Transparencies and print

ed material on translucent 

master easy to reproduce 

for inter-office reports. 

Polaroid print copies or 

conventional 3-1/4 x 4-1/4 

print copies are desirable. 

Most publications prefer 

not to have transparen-

.Copying Prints

There are three direct ways of copying Polar
oid prints. These are outlined in Table 5.

Enlarged conventional

JUA

GENERAL- 
PURPOSE 
MODEL 
390A

being

VIBRATION

with
GOODMANS

3

MINIATURE

MODEL V47

Weight 2 lbs.

SPECIFICATIONS V47 390A

BENCH TYPE 

SHAKERS!

How to Develop Prints
In general, 45 seconds is long enough to de

velop prints of cro traces. The 60-second stand
ard development time serves only to build up 
contrast in the middle gray areas of the picture— 
a characteristic not important for most cro traces.

To record complex detail, a full 60-second de
velopment time is recommended when adequate 
brightness and exposure are available. To increase 
writing rate, reduced development time of 20 to 
30 seconds will help, but will cause a slight loss 
in trace sharpness and background density.

The effect of overdevelopment, up to two to 
three minutes, will increase contrast, increase the 
blackness of the background and eliminate some 
details in high writing rate portions of a trace. 
Occasionally, faint, undesirable, high-frequency 
noise can be eliminated from a photograph bv 
overdevelopment.

Care and Storage

For permanent retention of important experi
mental data, it is essential that all prints be 
coated and all transparencies be treated in Dippit 
after removal from the camera. In storage, Land 
prints and transparencies should be given the 2.5

h

1 75A
3.50A 
6 4

BRoadway 9-7192

»WM

Immediate Delivery from Stock!
REGIONAL REPRESENTATIVES 

F R LESSER 
P O. Box 591 

Manchester, N H
NAfional 2-3464

StS ASSOCIATES, INC

SOLARTRON INCORPORATED

DISTRIBUTORS FOR SHAKER DIVISION, GOODMANS INDUSTRIES 
6704 N CRESCENT BLVD PENNSAUKEN, N J NO.mondy 5-1885/6

Original 
Picture

same careful attention as aux photographic mat 
rial. The best way to store both prints and trari 
parencies is in acetate sleeves.

Land prints should not be glued or taped ci 
rectly to other sheets. Glue and bonding agents in 
tape often contain harmful chemicals which mo 
deteriorate a photographic image.

Polaroid transparencies can be safely handle-I 
and stored in regular Polaroid slide mounts. Fer 
even further protection, the transparencies can 1 e 
placed between conventional lantern-slide cov< i 
glass. Glass is essential if transparencies are to be 
used in projectors with inadequate cooling.

One should not write directly on the image 
surface or back of a Polaroid print, either before 
or after coating with any material. Writing can 
crack the coating. One may write on margins or 
tabs with grease pencil or ballpoint pen.

Projection Film

Polaroid Land Projection film produces a positive 
transparency from the back of the camera in much 
the same way a positive print is produced. How- 
ever, the handling and the use of the film is quite 
different from that of the positive print.

Standard developing time is two minutes, but 
as with paper prints, one can remove them from 
the camera in less than the standard time for most 
cro work. One minute after the picture is taken 
a transparency can be pulled out of the back ol
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t e camera with only a slight loss in the density
c the background.

Another useful feature of the transparency film 
that one does not have to wait for development 

t me between pictures. As soon as a picture is 
ken, a frame can be advanced; another picture 
m be taken and the tab advanced again, so that 

• ie incompletely developed transparency is pulled 
• irough the slot-opening of the camera.

It must be kept in mind that the transparency 
as to stay in place on the negative-positive sand- 

Aich for at least one minute. Removing it in a 
sorter time interval usually causes some of the 
nage to be left behind on the negative.
Accurate measurements of time intervals, am- 

plitudes, and slopes can be made from a projected 
transparency more readily than they can be made 
from a print. Another technique is to make pro
jection enlargements from a transparency onto 
matte surface photographic paper. Measurements 
again are traced from this enlargement.

The emulsion layer of the transparency is wet 
and delicate before it is placed in a Dippit. 
Therefore, it provides a good surface for writing 
information directly with a sharp instrument such 
as a pen point or pencil. The transparency is then 
placed in a Dippit as usual.

One of the most desirable features of the trans
parencies is the ease with which they can be used 
for illustrating a small number of copies of report 
papers. Any diazotype machine (such as Ozalid, 
Tecnifax, Bruning, Pease, etc.) can be used.

By attaching a transparency directly to the 
translucent original of a report page for diazotype 
reproduction, both the printed information as well 
as the illustration can be produced in one pass 
through the machine.

Here’s how it is done: First, information is 
typed onto a high quality vellum tracing paper, 
producing a master sheet. (Some manufacturers of 
diazo-type papers provide papers ideal for this 
purpose.) For best results one should use an elec
tric typewriter. Unless an acetate ribbon is in the 
typewriter to give deep, black, sharp letters, the 
master sheet should be backed with a soft carbon 
paper.

The Polaroid transparency is then taped on the 
back of the master sheet in the open area where 
he illustration is to appear. For a “right-reading” 

reproduction, the transparency must go emulsion 
ide down. (Or, if the oscilloscope trace is re- 
ersed by the camera, one should place the emul- 

uon side up to obtain a “right-reading” trace.) 
Minnesota Mining and Manufacturing Company’s 
Tape No. 810 can be used for taping the trans- 
larency down to eliminate dark borders.

The master sheet is placed face up on top of the 
liazo-sensitized paper and fed into the machine. 
\ny inexpensive standard blue-line or black-line 
liazo-sensitized paper can be used. ■ ■

NEW 
GENISCO 
CENTRIFUGES
have 10 times greater accuracy, larger centrifugal 
capacity, greater flexibility, yet are priced lower than 
any other centrifuges now available.

These new precision centrifuges feature a unique, high-torque, 
ball-disc integrator drive system. Constancy of boom rotation, includ
ing wow and long-term drift, is better than 0.05% at any speed set
ting—approximately 10 times more accurate than currently available 
machines. Boom speed is infinitely variable and is measured by an 
electronic counter built into the console.

Exceptional flexibility is achieved in the new centrifuges through 
the use of a “building block” design concept. Machines are assembled 
from six basic off-the-shelf components: drive system, drive motor, 
boom, test compartment, console and accessories. You simply select 
components to meet your specific requirements. Component inter
changeability permits easy modification as requirements change. Kits 
are available for modification by the customer.

Entirely New Drive System 
An integral, variable-speed 
transmission based on the 
new Rouveral* ball-galaxy 
principle achieves high 
torque characteristics while 
maintaining the inherent ac
curacies of a hardened steel- 
to-steel ball-disc integrator.

È -

BRIEF SPECIFICATIONS

_ • Model 
No. Diameter

Test Object 
Weight

Capacity 
G-pounds

RPM 
Mai.

S-Range 
Max.

Test Object 
Dimensions

30" table 50 lbs. 
dead weight 2,500 800 .1 to

200 g’sj A-1010

y j r -1020 60" arm 100 lbs. 
dead weight 10,000 600 .1 to 

250 g’s 12" cube

L.__ ZI A-1030 96" arm 100 lbs. 
dead weight 10,000 355 .1 to 

150 g’s IS" cube

Ask your Gerisco representative for 
complete information today.

eiii^oo

2233 FEDERAL AVENUE • LOS ANGELES 64 . CALIFORN A

Ratings up to 250 g's can be furnished. '
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■ How To Specify High Level Audio Transformers
Wallace W. Wahlgren, Technical Director, Electro Engineering Works

of higher average power. More power 
be handled by an output transformer in

cau
que 
kno
ano

1 
lor 
< ral 
resI 
imp 
cap 
the 
shu 
turn 
trar 
groi 
of 1

wave
mustTWO I KA NS FORMERS may fully meet what 

is apparently a complete specification for the 
transformer. But they may react differently in a 
specific application on which complete details 
were not given to the transformer designers. This 
happens when engineers, who would ordinarily 
know better, forget pertinent factors when spec
ifying transformers.

These factors cover particularly modulation 
transformers for wide-range broadcast transmit
ters and special-purpose communications trans
mitters—used for telemetering and high-speed 
facsimile transmission. It also includes high-level 
output transformers used in sonar, ultrasonics, 
vibration machines and sound systems, and vari
able high-cycle power applications.

One problem in specifying transformers is 
terminology. It is customary to think of audio 
transformers in terms of impedances and ratios. 
But a high-level audio transformer is a power 
transformer. The designer must reduce audio terms 
to voltage's and turns ratios and product' a product 
made of iron and copper wire.

Physical Aspects

With respect to the physical environment, the 
designer must know the extremes of temperature 
to be met and duration. Other considerations in
clude shock and vibration and requirements of 
magnitude, humidity, corrosive atmosphere and 
altitude.

When space anil xveight are not limiting param
eters, tight loxx-frequency response specifications 
can be easily met by' oxersize construction. These 
transformers are often much larger than equiva
lent poxver transformers. The trend, hoxvever, is 
toward smaller units because of improvements in 
core materials, insulation and general knoxv-hoxx. 
It is now possible to meet almost any desired 
performance parameters xxithout oversize con
struction.

What Type Construction?

The designer should knoxv if the buyer prefers 
a specific type of construction (cased or open 
type) or if he is free to use the best design for the 
specific application.

When space is at a premium and poxver han
dling requirements are less than 2 kw, the de
signer might specify a cased transformer xvith oil 
or oil silicol solution as the insulation and heat 
conductor. Since oil, xvhen not in motion, is not a 
good coolant, an oil-based solid organic potting 
compound is often used in this class of transformer. 
The compound provides oil insulation, yet be
cause of direct contact through a mineral mate
rial, effective heat conduction is achieved.

For handling higher poxver and xvhere space is 
available, dry-type transformers are often speci
fied. Spacings are large enough to permit applica
tion of relatively high voltages xxithout danger 
of breakdoxvn. The trend in dry-type transformer 
construction is toxvard encapsulation. The coils are 
impregnated in resin or varnish. Epoxy-resin and 
caps prevent entrance of moisture and provide 
physical protection.

When voltages in the order of 6000 v dc and 
higher are to be encountered, oil-filled construc
tion is desirable to provide adequate insulation 
for high peak voltages. Also, because of the 
presence of high frequency audio at high volt
ages, oil is needed to keep the insulation from 
overheating oxving to dielectric losses.

A typical spec sheet in which the buyer notes 
his desired objectives and mandatory require
ments is shown in Table 1.

a vibration machine than in a high-power sound 
system, because of the character of the waveform.

There can be a vast difference in size, weight 
and cost of a transformer that is used only for a 
few minutes at a time, compared with one oper
ated continuously. It is important to know how 
many minutes per hour the transformer must 
handle full power. This is customarily specified 
in terms of percentage of full-power volt-amperes. 
Sometimes, particularly in the case of modulation 
transformers, capacity to handle half-power (kva) 
on a full-time basis or 100 per cent modulation 
30 per cent of the time, is specified. In the case

Applicable MIL specs (if any)

Grade Class

Ambient temperature range —

Life expectancy

Shock_________ Vibration

Altitude Feet. Temp, rise

Duty cycle__________________  

Is electrostatic shield required? 

Type of construction_________ 

Type of mounting____________  

Maximum dimensions___ _____

C

hours

C.

i ei
i ui
• Ik

Signal and Duty Cycle Important

The transformer design engineer must also know 
\x hat kind of a signal is to be handled. A smaller 
transformer, for example, will suffice if the signal 
has a complex and varying xvaveform. as in 
music or speech, than xvhen the signal is a sine

Weight limit objective

Kind of terminals____

Other data

Table 1. In specifying transformers the above physica 
considerations should be spelled out.
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i a broadcast transmitter, the duty cycle require-
! ents will be far more severe than in a com

unica tions transmitter operated on a push-to-
1k basis.
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Electrical Aspects

It is vital for the transformer design engineer to 
1 jve full details of the electrical environment, 

he character of the load must be known, how 
i varies and to what extent.

The performance of a modulation transformer, 
I >r example, is affected by the load, which is gen- 
< rally a radio frequency amplifier. High-frequency 
! sponse can be affected by the shunt capacitance 
imposed on the modulator by the rf tank tuning 
capacitors, by-pass and blocking capacitors, and 
the capacitance of the rf amplifier tube. This 
shunt capacitance can vary, depending upon the 
tuning of the transmitter. At the low end of the 
transmitter’s tuning range, more capacitance to 
«round customarily exists because of the settings 
of the tuning condensers. At the high end, the 
reverse is true. An rf choke in the circuit may 
cause slight attenuation of higher audio fre
quencies. Thus it is important for the designer to 
know what shunt capacitance and series induct
ance the load will impose.

Compensation Possible

If the designer is aware of these factors, he can 
provide compensation in the transformer to offset 
their effects. Leakage inductance, for example, 
can be calculated and used to advantage in off
setting capacitance in the load.

When a transformer is fed through a capacitor 
into a reactor, as in a transmitter, the shunt re
actance of the transformer should be related to 
the inductance of the reactor. Thus the designer 
needs data on the reactor, the values of the cou
pling, by-pass and filter capacitors in the asso
ciated circuits and the load. Their values may 
have a significant effect on the transformer s fre-
quency-response curve.

In the case of an output or modulation trans
former, the plate voltage applied to the tubes must 
be specified. Not just the optimum value, but the 
minimum and maximum limits between which 
satisfactory performance is required. While the 
equipment designer may think of normal voltage 
conditions, allowance should be made for over and 
under voltage conditions that could occur in the 
field. It may be necessary to deliver more audio 
power under high-voltage conditions to achieve 
j 00 per cent modulation in a transmitter.

Turns Ratio Figured

Dealing with voltages and power, the trans- 
fDrmer designer must know what turns ratio to 
j rovide. He takes into consideration peak voltages 
i cross the entire primary (plate-to-plate) as well

I LECTRONIC DESIGN • November 11, 1959

Widest Option in 
Low-Power Rotary Switches

SECTIONS

15/16' 1-9/32*

1-5/16'

1-13/32*

1-17/32*

1-5/r

1-7/r

THROW: 18*, 20*, 30*, 
36*, 45*, 60*, 90* 
INSULATION: phenolic, 
Mycalex, ceramic

i-7/r

i-7/r

THROW: 30*, 36*, 45* 
INSULATION: stator glass 
silicone; rotor, KEL-F

THROW: 30*, 45*, 60*, 90* 
INSULATION: phenolic, 
Mycalex, ceramic

THROW: 25.7*, 30*, 36*. 
45*, 60*
INSULATION: phenolic, 
ceramic

THROW: 30*, 36*, 45’, 
60*. 90*
INSULATION: phenolic, 
Mycalex, ceramic

1-31/32*

THROW: 20e, 40’ 
INSULATION: phenolic

2-5/16'

1-3/4'

THROW: 15*, 30* 
INSULATION: phenolic

I 

2-5/16'

METAL FARTS AND FINISHES

1-23/32*2-5/16'

THROW: 20*, 40* 
INSULATION: phenolic, 
Mycalex

THROW: 12.85*, 25.7* 
INSULATION: phenolic

2-17/32* 
or

2-5/16*

STANDARD COMMERCIAL—Punched steel parts are lead- 
coated, cold-rolled steel. Parts such as nuts, lockwashers, 
etc., are cadmium-plated steel. Shafts may be cadmium- 
plated steel, brass, or aluminum. Brass parts are unplated.

CONTACTS

Famous Oak dou
bl« wiping, high- 
pressure design. 
Riveted or eye
leted in place and 
keyed from turn
ing. Rotors short
ing or nonshorting.

ACCESSORIES

AC SNAP SWITCHES 
—36 models for use 
on most switch types. 
All are UL approved.

2-1/32*

THROW: 12.85*, 18*, 
25.7*, 36* 
INSULATION: phenolic

2-17/32*

TROPICAL OR 50-HOUR SALT SPRAY MILITARY SPECIFICA
TIONS—All steel and brass parts are cadmium-plated and 
chromate-dipped. Stainless steel parts are passivated.
200-HOUR SALT SPRAY MILITARY SPECIFICATIONS-AII 
brass parts are nickel plated. All stainless steel parts are 
passivated. Shafts, "C” washers and index springs, balls 
and plates are stainless steel.

TYPE 1—Contacts are spring brass, silver-plated. Rotors 
ore brass, silver-plated. Temperature limit: 100’C constant 
ambient.
TYPE 2—Contacts, spring tempered-silver alloy. Rotors, 
coin-silver alloy. Temperature limit: 100*C constant 
ambient.
TYPE 3—Contacts and rotor blades made of Oak alloy

CMS-202. This is a special alloy for high temperature 
operation to 150*C.
GOLD-PLATED CONTACTS—Type 1 or 2 contacts may be 
gold-plated .0002'thick. Not to be confused with gold flash. 
FOR PRINTED CIRCUITS-Standard Oak contacts with a 
tug extending from the terminal end. Lug inserts in board 
for dip soldering.

MOUNTING BRACES 
—Prevents frame twist 
on long switches due 
to torsion.

SPECIAL SHAFTS— 
Hollow, dual-concen- 
trie, and triple-con
centric for many 
switches.

POTENTIOMETERS— 
Customers' choice. 
Mounts on rear of Oak 
switches. Operates by 
switch shaft or sepa
rate concentric shaft.

ELECTROSTATIC 
SHIELDS-Used be- 
tween sections. Sizes 
and shapes for all 
switches.

BEARING STRAPS— 
Added shaft support 
on long switches. Steel, 
brass, and phenolic.

MFG
CO.

1260 Clyboum Ave., Dept. D, Chicago 10, Illinois 
Phone: MOhawk 4-2222

SEND FOR THIS GUIDE CHART 
TO OAK SWITCHES

Bulletin unfolds to 17" x 22" wall 
chart (right) which matches 34 ro
tary switch sections (shown actual 
size) to corresponding frames. Also 
contains specifications and dimen
sions for rotary, pushbutton and 
lever switches.

CIRCLE 50 ON READER-SERVICE CARD



Modulation Transformer Performance Specification No.

watts. Other

Modulator: Tube Type Plate Voltage

Power Output DistortionClass of operation.

With resistive load of

Peak input volts per gridBias volts

DC current amp

min npfâTotal capacitance load on modulation reactor max

RF choke

.dc voltsModulation reactor rating amp

Final filter capacitor: Modulator. Mfd; TF amp

cps to

Overall distortion objective, cps: nee

Reflected impedance, (above conditions) ohmscps

tioiTransformer Characteristics: Type of construction

minutes per hour: .va continuousva

Max. volts, half primary

amp

Leakage ind. half primary (with full primary shorted). mh max

PROPIMAX 2 max

mei
(2-3)Max. sec. load current

Typical Test Results (half primary)

ohms, 1 db pointsResponse, Rs db pointscps onn

ohms (3).ohms (2). ohms

kv RACReceiving dielectric tests: Prim. & Sec. to ground

kv ac. Ó0 cps.

t inn
ohmsohms ohmsPat Pend

Tap impedance ratio (half prim,); L
ohmohms ohms

Remarks:Write for complete technical information
Customer approval. Date

title companyname

Approved transformer: EEW #E Rev Date

ROTRON
'4n

♦Rectified AC. RMS Value

cps. No load current

Secondary no load volts (max

amp. Max. PR loss (1-2)

amp. Tol.±

Marking: Primary, plates (1-3) Centertap (2) Secondary; low end (4)
Secondary; high end (5) to R.F. load. Sec. taps L,M,H (connect jumper only.)

Transmitter classification — Standard Broadcast.

Leakage ind. half primary (with secondary shorted) min.

ELECTRONIC DESIGN • November 11, 195

Table 2. The buyer should also list electrical considerations as itemized above

ROTRON-

Reflected impedance peaks: (1)____cps.

Table 3. The transformer design engineer is the best qualified person to specify what tests 
should be made on transformers. He fills out a sheet, like this, outlining production test 
specifications.

tion 
’ran

WOODSTOCK • NEW YORK
In Canada The Hoover Co.. Ltd., Hamilton. Ont

CIRCLE 5! ON READER-SERVICE CARD
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Air delivery of 120 cfm is cbtamed from a fan only 
3" in diameter by 1 4" in depth and weighing only 
ounces. The Propimax 2 is the perfect answer for 400-cps 
airborne or missile applications where maximum cooling 
with a minimum of space and weight loss is mandatory

Variation in driving mo*ors includes constant speed 
21 000 rpm, 11 500-rpm and Altivar" versions. The latter 
automatically vary their speeds directly with altitude 
and thereby approach constant cooling with a minimum 
of power drain and noise

Simplicity of mounting is achieved by provision of “servo' 
type rims at either end of venturi. Airflow is reversible 
by turning ian end-for-end. Electrical connections made 
to compact terrnina' block. Power reouirement is 400 cps, 
1 or 3 phase, sinusoidal or .quare wave.

dlK

ma

400 CPS

AIR VOLUME CFM

120 CFM 
FAN WEIGHT 
ONLY 6/2 oz.!
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rms voltage required by the load.
In a class B modulator or power amplifier oper- 
ing at 60 to 70 per cent efficiency, the rms volt- 
*e developed across the full primary’ is almost the 
ime as the de plate voltage. At 66 per cent effi- 
iency, this voltage is 94 per cent of the de plate 
oltage. Peak voltages are considerably higher and 
aould be taken into account, particularly in the 
ise of transmitters where the 5000-v peaks of a 
500-v signal may cause overmodulation.
It is undesirable to have any substantial portion 

f the windings unused. Where more than 10 per 
nt of the over-all windings are unused, perform- 

nce is severely handicapped. If taps are required 
। nd part of a winding is unused, it is necessary to 
make the transformer bigger to offset degradation 
4 performance. It is not feasible to design a trans

former that will provide the best performance for 
a large number of different conditions. Taps, when 
necessary, should be provided only for minor ad- 
instment of ratio.
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Some Distortion Unavoidable
The distortion limit objectives are customarily 

specified. Even when a pure resistive load is used, 
some distortion will result. While it is not pro
duced by a properly designed transformer, distor
tion may be in the circuit.

While it is not necessary for the designer to 
know what tubes are to be used, this data is gen
erally wanted to double check the other informa
tion received. Bias and peak grid voltages are also 
of importance to him as supplemental information.

Since it is practical to build transformers that 
provide a constant impedance reflected load 
within ±110 per cent or better, with high power 
factor over wide frequency’ range, these require
ments should be spelled out in the specification. 
Heretofore the scientific feasibility of this has not 
been generally recognized.

A typical spec sheet giving the electrical envir
onment data, filled in bv the buyer, is shown in 
Table 2.

Tips on Testing Transformers
W hile it is the responsibility of the transformer 

maker to ensure that his product meet the re- 
quirements of applicable specifications, some 
buyers stipulate what tests should be made. Some
times these test specifications are inadequate, too 
trict or just plain inept

A transformer should be subjected to tests that 
letermine its usefulness in its intended applica

tion. Arbitrary test specifications may result in a 
transformer considerably larger and more costly 
San required. Only the transformer designer 
nows how the windings are interleaved. He is the 
nly one qualified to determine what kind of hipot 

’ests should be made. A typical production test 
pec made up by the design engineer after de
igning the transformers is shown in Table 3. ■ ■

Metallurgical Memo from General Electric

How to tame a “hot” transistor
Magnetic Materials Section reports on G-E thermistors 

. . . and how they may help you solve your 
temperature compensation problems

General Electric thermistors reduce their resistance sub
stantially ujxm slight increases in temperature, making 
them es|>ecially suitable for temperature compensation 
of transistor circuits. Frequently, a thermistor or therm
istor network is used in place of a base biasing resistor. 
Thermistors restrain transistors from running away at 
high temjieratures, and often result in further economies. 
For example, replacing an expensive uncompensated 
silicon transistor with a low-cost germanium transistor 
comjiensated with a thermistor permits savings of 80 
per cent and more! Also, high-priced, low-temperature- 
coefficient resistors and capacitors may be replaced 
with inexjiensive, high-temperature-coefficient units— 

resulting in additional cost reductions. What’s more, a 
higher gain in the circuit far given temperature varia
tions may be achieved.

Because they are small and contain no moving parts, 
G-E thermistors are ideal for other temperature com
pensation applications, such as copper, magnetic ampli
fiers, and diodes. Other uses for thermistors include 
temperature measurement, time delay devices, voltage 
regulators, and current inrush suppressors.

Through new production facilities, General Electric can 
now design and manufacture thermistors to your 
sfiecifications. For resistance values from 1 to 10,(MM),000 
ohms, and with temperature coefficients of resistance 
from — IS to — 5* ( at 25°C., there is a G-E thermistor 
for you. For further information, write: Magnetic 
Materials Section, 7820 N. Neff Road, Edmore, Michigan.

MAGNETIC MATERIALS SECTION

GENERAL ELECTRIC
CARBOLOY i CEMENTED CARBIDES • MAN-MADE DIAMONDS • MAGNET'C MATERIALS • THERMISTORS • THYRITE- • VACUUM-MELTED ALLOYS
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Fig. 2. Ideal normalized gain vs bandwidth for the variable bandwidth 
amplifier.

Joseph L. Dautremont, Jr.
TelAutograph Corporation, Los Angeles, Calif.
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Fig. 1. Equivalent circuit of the basic variable bandwidth amplifier, in
cluding circuit losses.
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Fig. 3. Three typical VBA circuits. (A). A pentode serves as an ideal current 
source. (B). A simpler circuit with quality almost matching that of the pentode 
crcuit. (C). An improved version of the circuit in (B).
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insulator

COOLER COLLECTOR

CESIUM POOL

INSULATORS

Alite

DIVISION

CIRCLE 53 ON READER-SERVICE CARD

For complete technical data on Alite 

and Alite Ceramic-to-Metal Seal*, 

write for Bullefint A-7R and A-40.

VACUUM INSULATION

plasma thermocouple" 
for DIRECT CONVERSION

normalized gain at resonance

the special high-alumina ceramic 
has many useful

Recent successful demonstration of the
Los Alamos “plasma thermocouple,” which turns 
nuclear reactor heat directly into electric current 
marks a major step toward the goal of utilizing 
nuclear energy for outer-space propulsion. 
The Alite insulator assembly above helps 
make it possible.

INCANDESCENT URANIUM
EUEL ELEMENT 

plasma

CIRCULATING ol coolant

welded into final assemblies.
Strong, hard, corrosion and abrasion resistant 
Alite may be the material you need to meei 
difficult nuclear design specifications. Write 
us about your requirements. Our ceramics 
specialists will provide all possible assistance.

Rpi (1 +m») + Rpi + Rl

(Continued on p 66)
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developed by U. S. Stoneware .
nuclear properties. In this application, an 
essential requirement was met by Alite’s ability 
to maintain high electrical insulating strength 
in the presence of radioactive energy and elevated 
temperatures. Also extremely important here: 
Alite’s vacuum-tightness, its resistance to 
cesium vapor, and the fact that Alite can be 
metalized, brazed to metal parts and readily

Rt 4- Rin
(Rt is the effective parallel resistance of the losses 
in the inductance).

Experimental "plasma thermocouple," developed by 
Los Alamos Scientific Laboratory, converts heat from 
nuclear fission directly into electric power.

{XNDWIDTH of this amplifier varies as a 
’ function of control voltage. Applicable from 

a dio through very high frequencies, this simple 
c cuit may also be used to alter the bandwidth 
t a nonlinear servo system with respect to a 
d rivative of the output, thus improving system 
s' ibility.

The basic VBA schematic is shown in Fig. 1. 
1 he 3 db bandwidth of the amplifier is that of the 

t< ned circuit:

Bandwidth Varied By Small Bias Voltage
The bandwidth is reduced by increasing the 

tube bias, Eg. Losses in the inductance cause a 
loading effect limiting the minimum bandwidth 
and reducing the gain as Rin increases. These 
effects may be calculated as:

AwRtC
Knowing Rt and C, the gain for any bandwidth 

may be found using Eq. (5), which is plotted in 
Fig. 2. Note from Eq. 3 and Fig. 2 that gain is 
reduced 6 db when Rt = R(n.

The three variations of VBA in Fig. 3 were 
tested. Rt was 10,000 ohms for all three. Circuit 
3A, a pentode, is nearly an ideal current source. 
1 ie previously derived equations apply directly, 
and the overall gain is:

v ære Gm is the transconductance of the pentode. 
Veasured results are given in Figs. 4, 5, and 6.

Circuit 3B is simpler, without appreciable loss 
ir quality’, as shown in Figs. 4, 5 and 6. The volt
a e gain, assuming infinite is:

Mi (1+m») Rl

A w = 2 7t A f = ,
( Rf*
\Rt + R 

Combining Eqs. (2) and (3):

ORRVILLE. OHIOBOX 119
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delivery

Expanded production facilities for quantity
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300 (
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Response curves for various values of tuning bias 
are given in Fig. 6

orders When delivery counts... call globe

(Continued from page 65)

Subscripts 1 and 2 refer to triodes 1 and 2 respec
tively. Choosing circuit parameters such that:

r Epi -e Rk (1 +mi)

which implies that the gain at resonance is de
pendent on the parameters of the first triode only

BIAS V0LTABE Eo

The response curve of 3B may sometimes Ie 
improved by adding cathode resistor Rk as n 
Fig. 3C. The resistor is not justified in this case, 
since it decreases gain, with little improvement 
in response.

This method is useful when a tube with low 
plate resistance must be used, since current feed
back increases output impedance. The gain, as
suming infinite Qi, is:

vs tuning bias for the circuits of

problem?
Not when you buy from globe!

24 hour to ten day delivery on prototype relays

Engineering staff at your disposal Relays designed

and built to meet your specifications

FAculty 1 3311 TWX COMPTON CAL 6092

globe electrical mfg. co. 
1729-45 west 134 street / gordena, california

Fig. 4. Bandwidth 
Figs. 3A and 3B.

’ r
If

14-Mi) [Kpi 4- Rk ' 1 --mÛ1
then :

relays printed circuits molded terminals 

plastic fabrication terminal boards
Fig. 5. Output at resonance for the circuits of Fig. 3.

Useful In Low Noise Applications
A modified Wallman cascode lends itself to the 

VBA principle, as in Fig. 7. This circuit is signifi
cant because the cascode is often used in the first 
stage of i-f amplifiers. The noise figure of the 
VBA is not noticeably affected till the bias de
creases the gain of the cascode beyond the 3 db 
point.

A low pass VBA is shown in Fig. 8, functioning 
as a resistive shunt across the plate capacitor. In 
this case, the de level of Eo is affected, therefore 
the de plate voltage of the pentode must be con
fined within the limits over which it acts as a cur
rent source. This reduces the useful bandwidth
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Fig. 6. Response of the circuit in Fig. 3B at three vak ; 
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Fig. 8. A low pass VBA.

to approximately a three to one range.

Design Procedure

Given the cascode of Fig. 7 with an i-f frequency 
of 30 me. The tube used has a minimum Rin of 
300 ohms.

The desired bandwidths are one me minimum, 
and ten me maximum, with 3 db maximum change 
over the tuning range.
From Eq. 1:

10-6
2r max A/) (/?,•„ min1

Iioni Fig. 2:

2r (10) 300
= 53mm/ or less

11once:

A u C = A Ü1
Qi
Wo

the first time in one package:
exceptionally low capacity

For the first time in one package

fast recover/ 

low reverse leakage 

high current capabil

30 (10e)
Qi 3.42——- * 1 GO«) = 105 minimum

100 mA Min. (« IV Forward Current...0.3 Msec recovery...4 uuf 
at —2V... that’s what you get with the new Hughes computer 
diodes. W ith these characteristics, these diodes will cover practically 
every major computer switching requirement.

You can always count on them for top performance. Hermeti
cally sealed in glass envelopes, these Hughes computer diodes 
have been engineered for extreme reliability under adverse envi
ronmental conditions.

For additional information concerning these unique Hughes 
diodes call or write the Hughes sales office nearest you. They are 
located at:
Boston. 4 Federal Street; Woburn, Mass.; WOburn 2-4824
Newark. 80 Mulberry Street; Newark 2, N. J.; MArket 3-3520
San Francisco, 535 Middlefield Road; Palo Alto, Calif.; DA 6-7780
Syracuse, 224 Harrison Street; Syracuse 2, N. Y.; GRanite 1-0163

Or write. Hughes Products. Marketing Department, 
SEMICONDUCTOR DIVISION, NEWPORT BEACH, CALIFORNIA.

Chicago, 6120 Wett North Ave.; Chicago 39, III.; NAtional 2-0283 
Philadelphia, ! Bala Avenue; Bala-C nwvd, Penn.; MOhawk 4-8365 
Los Angeles, 690 N. Sepulveda; El Segundo, Calif.; OR 8-6125

TYPICAL SPECIFICATIONS
Min. Forward

Min Ls Current » 25C
Type 100mA) (ii 10V

Reverse Recovery" 
Reverse Maximum 

Max Reverse Current („A Résistance R) Recovery 
B 25“ C <» 100“ C (ohms, Time >$ec)

IN 840 50 150 0.1 H 40V 15 «x 40V 400 R C.3
1N837A 100 150 0.1 (a 80V 15 H 80V 400 K C3
IN 841 150 150 0.1 M, 120V 15 fa 120V 400 K 0 3
1N843 250 150 04 *r 200V 15 «r 200V 400 K 03
IN 844 100 200 ul# 80V 154 80V 400 K 0.5
1N845 200 200 i .1 W 160V 15 « 160V 400 K 0.5
'Meesured in JAN test circuit end switched from 30tnA forward current to 35V.
TYPICAL CAPACITANCE C CI6- 4 4mrV C_. -9.W
Operating Temp. Range -65’C to ■ 150*C Storage Temp. Range: -65“C to 4 200“C

s litable values are:
C = 10mm/ - M Q > 105

< is the total capacity, including stray and inter- 
e ectrode capacities). The rest of the circuit is 
d signed as if it were a conventional cascode. ■ ■ 
I anks are extended to John La Terra for his valuable 
a ¡stance in preparation of this paper.

Creating a new world with ELECTRONICS
HUGHES PRODUCTS

ClBSS. HUGHES

SEMICONDUCTOR DEVICES • STORAGE AND MICROWAVE TUBES • CRYSTAL FILTERS • OSCILLOSCOPES • RELAYS • SWITCHES • INDUSTRIAL CONTROL SYSTEMS
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Picking a Potentiometer:

A DESIGN ENGINEER specifying potentiom
eters can use either a wirewound or film unit. 

Which should he choose? A look at the record 
will help the careful engineer explore the advan
tages and disadvantages of each.

In performance, the carbon film potentiometer 
is better than the wirewound, as shown in the 
accompanying table. This is a result of the con
figuration and construction of the film unit. But 
cost must be considered, too: the film unit is more 
expensive. So let us compare further.

Although the film pote ntiometer has a higher 
degree of accuracy and reliability, the wire
wound shows a smaller variation with tempera
ture and humidity. Special resistance wire alloys 
arc available with a resistance change of not more 
than -j-0.002 per cent per degree F.

Carbon film units have a temperature coefficient 
of about —0.01 per cent per degree F. In con

A Compc

Characteristic

irison of Film And Wirewound

LINEAR POTENTIOMETER

Wirewound Carbon Film

Potentiometers

SINE-COSINE POTENTIOMETER

Wirewound Carbon Film

Case Diameter 
Resistance 
Linearity (best) 
Resolution 
Starting Torque 
Operating Speed (max.) 
Life (at 100 rpm)

2 in.
10K 

0.075% 
0.05% 

0.75 oz.-in.
300 rpm 

2 x 10d rev.

2 in.
10 K

0.03% 
0.001% 

0.30 oz.-in.
2000 rpm 

20 x 106 rev.

2 in.
10 K /quadrant 

0.25% 
0.1%

2 oz.-in.
150 rpm

1 x 106 rev.

2 in.
10 K/quadrant 

0.1% 
0.001% 

0.7 oz.-in. 
2000 rpm 

20 x 10* rev.

tinuous 100 per cent relative humidity, wirewound 
potentiometers have shown a resistance decrease 
of about 5 per cent. Carbon film units have shown 
a resistance increase of about 25 per cent.

In wirewound units, the resistance change with 
humidity is usually accompanied by a change in 
linearity and resolution because of internal short
ing of windings. In carbon film units there is no 
deteriority of linearity or resolution with humidity.

Construction of Wirewound Pots

The wirewound potentiometer is made by 
winding a fine insulated resistance wire around a 
straight insulated metal core. In a non-linear unit, 
the core is of non-uniform cross section. The turns 
may be spaced and the wire diameter varied.

The wound core is left straight in a translator) 
unit. It is bent in circular form in a rotary unit. 
\nd it is bent in a helical shape in a multi-turn 

potentiometer. The wiper traverses the length ol 
the wound core in a direction transverse to the 
windings.

The potentiometer output voltage thus varies 
in a series of small steps, corresponding to the 
wiper contact, with successive turns of wire. This 
resolution ability deteriorates in nonlinear units 
where varying wire diameter or spacing is used.

Shortcomings of Wirewound Pots

Shortcomings in wirewound potentiometers 
that result from their construction are:
■ Integrity of resistance element depends 
hair-like wire.
» High speed is limited by wiper bounce.
■ Shorted turns develop because of fragility of in
sulation.
■ Linearity is limited by the discrete nature of 
winding.
■ Resistance values obtainable are limited by 
wire size.
■ Output becomes noisy with running.
■ Wiper riding transverse to winding is abrasive 
and shortens life.
■ Windings are reactive. They are capacitive to 
the core and inductive to each other, producii g 
errors when excited with high frequency voltages.
■ Corrosive products produce shorted turns, ope s 
in the output, poor shelf life.

Construction of Film Pots

The film potentiometer is made by applying 
thin, continuous resistive film to a base bavin l 
shape compatible with the types of wiper moti< 
It is straight for translatory motion, circular 
rotary, single-turn or multi-turn motion. The fi

•r
n
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Film Pots Give Failure Warning

¡rewoundnr

the base and presentsis permanently bonded to

How Surge Currents Affect Pots
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otentiometers more out of I 
ialysis. In this article he 

simulate a closer look at 
otentiometer.

erbert H. Adise is the president of 
e largest producer of film potentiom- 
ers in this country. He believes that 
o many engineers specify wirewound

Herbert H. Adise 
omputer Instruments Corp. 
Hempstead, LL, N.Y.
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GENERAL DYNAMICS’ Electric Boat Divi
sion specifies Gremar hull antenna fittings 
for our latest atomic powered, POLARIS — 
armed, missile subs: George Washington and 
Patrick Henry. Why Gremar?

•BECAUSE GREMAR CONNECTRONICS™ concentrates 
engineering, production and quality control on RF Connectors 
only . . . guarantees 100% conformance to your most exacting 
specs.
BECAUSE GREMAR DELIVERS ... by stocking America’s 
most complete line of RF Connectors and Fittings ... by 
maintaining a shelf stock of more than 500.000 assembled 
units ... of over 2,000 types . . . and 4,000,000 component 
parts ready for fast assembly!
SPECIFY GREMAR for top-level reliability and 
performance in RF Connectors. Write for litera
ture on any series of standard RF Connectors ... 
or send us your specs on special requirements.

Helium mass spectrometer leak 
test performed on critical hermetic 
teal problems can detect a leak that 
would pass only 1 oz. of fluid in 500 
years! Just one of 142 separate 
quality checks performed to make 
Gremar RF Connectors specified for 
use in all major missile programs

WRfnRW MANUFACTURING COMPANY, INC.\ A A / RELIABILITY THROUGH QUALITY CONTROL 
Y y Y Dept. B, Wakefield, Mass., CRyshA 9-4580
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to the wiper a continuous, smooth, low-friction 
surface. Resolution is virtually infinite. The only 
resolution effects are secondary ones introduced 
by wiper spring and play in shaft bearings. The 
resolution is independent of the nature of the out
put, being the same for linear and nonlinear types.

Film potentiometers are made with metal or 
carbon films. To achieve useful values of resist
ance, the thickness of metal films is so small as to 
limit film life. The carbon film unit is consequently 
much more widely used and has been developed 
to a high state. Since it is representative of film 
potentiometers, carbon film characteristics are 
discussed below.

By control of film properties—thickness, width, 
and resistivity—very high linearities or nonlinear 
conformities may be achieved. In effect, carbon 
film may be regarded as a surface across which a 
potential difference is applied A family of 
orthogonal equipotential, current flow lines exist 
in the film, uniformly spaced for the linear case. 
The wiper serves as a pick-off, indicating the 
potential at its contact point with the film.

Wear, which occurs along a current flow line, 
loes not disturb the field nor impair accuracy, 
it the end of the film’s life, wear does, however, 
nanifest itself in increasingly erratic output volt- 
ge that ultimately shows opens. Relocating 
he wiper path restores potentiometer output to 
original quality.
The carbon film potentiometer offers flexibility, 

ecause of the ease with which the “resolutionless* 
lm may be deposited in narrow or irregular 

paths.

The film potentiometer has an “early warning” 
characteristic and indicates impending failure. 
The wirewound unit does not.

In the wirewound pot, the transverse-wound 
fine wire is subjected to maximum wiper abrasion 
and local heating because of the construction de
veloped by wear.

The failure of any one of the thousands of 
turns of wire results in an open winding. Failure 
in the wirewound unit is sudden and catastrophic.

The resistance element of the carbon film po
tentiometer, on the other hand, can be likened to 
a single slidewire. It has a thickness several times 
that of the wire used in wirewound units and has 
at least 100 times the width. The wiper path oc
cupies but a small fraction of the width. Thus, as 
the carbon film wears under the abrasion of the 
sliding wiper, the current-carrying capacity of the 
resistance element is not limited. Wearing does 
not develop any hot spots. As the element thick
ness is reduced from wear under the wiper, the 
voltage output begins to show local irregularity. 
With continued wear, this irregularity becomes 
more pronounced.

At the extreme end of life, irregularities may 
appear as loss of signal (opens). But these will be 
localized. Thus with carbon film units there is a 
gradual deterioration in output that gives the 
“early warning” of system failure.

underseas or 
in outer space... 

vgremar
^connectronics 

guarantees

It is not unusual that the failure of some other 
component in a system will produce an imbalance 
in the electrical circuit—resulting in a surge of cur
rent through the wiper of a potentiometer. In 
the wirewound unit, the turn of wire immediately 
under the slider at that instant overheats, softens, 
melts and tears. The winding opens, and the unit 
is completely inoperative.

With the carbon film potentiometer, this surge 
of current causes only local carbonization of the 
film. The remainder of the film is unaffected. The 
carbon film unit continues to operate normally 
with an irregular output appearing only when 
the wiper traverses the locally burned spot.

Because of its higher resistance stability, the 
wirewound unit may be more suitable for use as 
a rheostat where a close tolerance is required on 
resistance variation with shaft position. A typical 
application of the precision rheostat is its use in 
an RC network for frequency control.

For instrumentation and control applications, 
where the potentiometer is used as a voltage 
divider and the resistance stability is of second
ary importance, the carbon film unit may be the 
preferred component because of its better accu
racy and reliability. ■ ■

CREMAR
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Infrared Measurement and Calibration

Loren H, Ford, left, presently engaged in advanced 
Dhotics engineering for General Electric, LMED, is a 
graduate of Michigan State University. He has been 
m various phases of military electronics since joining 
GE in 1951. Paul Mengers. right, is a mathematician 
and is currently developing techniques for making 
rapid approximate determinations of the spectral con
tent of radiation. The authors wrote this aricle to dis
close some of the test methods used at GE which they 
hope will prove helpful to others in the field.

Loren H. Ford and Paul Mengers
LMED, General Electric Co 
Ithaca, N. Y.

Many new techniques for making infrared measurements are being 
developed. In this article some of the present measuring methods and 
equipment in use are discussed.

IN INFRARED system design and synthesis, a 
knowledge of detector characteristics is of great 

importance. The system designer often has to 
utilize their capabilities to the limit. Uniformity 
of detector characteristics has improved during 
the past few years but considerable variation 
still exists among individual detectors of the same 
nominal performance. Because of these two facts, 
the designer often finds it advisable to make mea
surements on individual detectors. For most sys
tem applications, the following characteristics are 
of most interest: (1) optimum bias; (2) time con
stant; (3) responsitivity; (4) noise spectrum; and 
(5) spectral response.

The order in which the measurements are made 
is important. For example, optimum bias should 
be determined before the noise spectrum is mea
sured. It is also convenient if the frequency of the 
radiation input signal does not exceed the time 

constant limitations of the detector. Data on spec
tral response may be taken when convenient but 
must be known before the Noise Equivalent Input 
can be calculated.

Optimum Bias

Many infrared detectors require some form of 
bias supply. A typical circuit is shown in Fig. 1 
The optimum bias is that value of bias current 
through the detector which maximizes the signal 
to-noise output from the detector-load resistoi 
network. To determine this value for photocon 
ductive cells, a radiation signal whose magnitud 
does not need to be known as long as it does no 
saturate the detector is put into the detector. Th< 
output signal is then measured for increasin 
values of bias current. Usually the signal outpi 
increases approximately linearly and then flatter 
out. Next, with no signal applied, the noise volt
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ze output in the frequency region of interest is
easured as a function of bias current. This will

. nerally increase with bias also. Computing the
> gnal-to-noise ratio and plotting as a function of |
I as will generally result in a broad maximum for >
[ iost detectors. Fig. 2 shows the results of a typi- |

il optimum bias measurement on a PbS cell.
For thermistor detectors, a different procedure i 70

i used. This consists of determining the peak volt- | «>
ge attainable across the detector under steady

> ate thermal conditions. That is, after each
hange in bias is made, sufficient time is allowed * *o

for a new thermal equilibrium to be established
before measurements are made. Fig. 3 is a typical 
voltage-current curve of a thermistor. The peak 
voltage is determined by Eq. 1.

= C, (T, - T.) (1)

-I_______ 1- -1_______ I------------ 1------------ 1------------ 1-------------1------------ 1
»40B0B0O0lB0i40«0<B0

DETECTOR BIAS VOLTAGE

0PTIMUM BIAS V0LTMX

H®. 2. Typical optimum bias curve

Responsivity

This quantity is defined as the ratio of output 
signal voltage to the radiation input signal. Sex 
eral qualifications are in order here. First the chop
ping frequency should be less than the break
point or critical frequency. Second, the detectoi 
should be operated under optimum bias condi 
tions. Third, the input and output signal should 
be measured in terms of the root-mean-square of 
the third requirement. When the input signal is 
a square wave, the rms of the fundamental is 0.45 
times the peak-to-peak value.

W ith the equipment shoxvn in Fig. 5 a narrow 
band filter and an rms voltmeter to replace the 
oscilloscope, would be adequate for responsivity 
measurements. There are a number of calibrated 
and temperature controlled blacklxxly sources

ec- 
)Ut 
mt

—
DETECTOR 

► TO
<rload preamp.

BIAS SUPPLY I_ 1---------------- -

Fla. i. Infrared detector bias supply.

where:

Tp = peak voltage
Rp = peak resistance
Ct = steady state rate of heat dissipation
Tt = thermistor temperature
Ta = ambient temperature

Maximum voltage is due to the high negative 
temperature coefficient of resistance which causes 
the resistance to drop at increased power levels. 
< Iptimum bias is chosen to be 0.6 of the peak volt
age. At this level current noise is small compared 
to the limiting noise which is thermal. Since sig- 
nal-to-noise ratio is proportional to bias voltage, 
<>.6 Vp is found to be a good compromise which 
dlows for some variation in ambient temperature.

Time Constant

RADIATION

INPUT

down 3 db, is the reciprocal of the time constant 
The disadvantage of this technique is that the 
output of the neon lamp is in the visible part ol 
the spectrum and may not give an accurate meas
ure of the frequency response of the detector to 
radiation of longer wavelengths.

A preferable technique which is simpler, 
though slightly less accurate, is to apply a square 
wave radiation input from a blackbody source to 
the detector and display the output on an oscillo
scope. By making the square wave duration in the 
neighborhood of three of four time constants and 
photographing the trace displayed on a calibrated 
sweep, a sufficiently accurate determination of the 
time constant can be made by measuring the time

20

40

— DOWN Mb

CRITICAL FREQUENCY.

to IOO \ IKC K>KC
J____________________ I___________ _______ I--------------------------------1—
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Fig. 4. Typical photoconductor frequency response.

V PEAK

0 6 V PEAK

- 100

I „10 00
CURRENT - MICROAMPS

Fig. 3. Typical voltage-current relation for thermisto*’ 
detector.

commercially available. The input signal is the dif
ference between the radiation input from the 
blackbody and a reference (usually the chopper 
blade). Radiation input from which the responsiv
ity or more accurately, the total responsivity is 
calculated is the difference in the integrated ra
diation inputs from the source and reference a- 
indicated in Eq. 2.

r = r, Bi u (X) Sd (X) dX

where

Bi = ratio of rms of fundamental to peak-

There are two commonly used methods of meas- 
ring the time constant of an infrared detector, 
he first method utilizes a neon flasher which is 

c ipable of producing pulses of light with a fre- 
। uency which can be easily varied from dc to 
. bout 10 kc. By plotting the signal output as a 
♦ motion of input frequency, a graph similar to 

ig. 4 will be obtained in which the output will 
egin to fall off beyond a certain frequency. The 
equency at the break-point where the output is

for the trace to rise to 67 per cent of its asymptotic 
value. This method will also determine the exist
ence of any significant second time constant the 
detector may possess.

A typical setup for this measurement is illus
trated in Fig. 5. The beam defined by the col
limating apertures should be as small as prac
ticable in relation to the chopper slit in order to 
cut the rise time of the radiation input signal.

»AS
SUPPLY 

CHOPPER

blackbody VW detect preamp 
SOURCE COLLIMATING HOUSING 

APERTURES

OSC-lOSCOPE

Fig. 5. Trace-time measuring equipment.

LECTRONIC DESIGN • November 11, 1959



Jbb

sd
Xote that R will depend on the temperature of

^g-

OR

10,000

72 ELEC

FROM 

NERNST 

GLOWER

the blackbody. Thus it is necessary to specify this 
temperature in reporting such data. Since the re
sponsivity also depends upon the temperature of 
the detector itself, this fact should also be noted.

BIAS 
SUPPLY

= spectral distribution of blackbody
= spectral distribution of reference source
= relative spectral response of detector

I
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5

Fig. 6. Measuring setup for NEI, chopping frequency 
and bandwidths (a), and its block diagram (b).
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NARROW BAND^

• FILTER WITH j__  RMS
1 VARIABLE 1 "I VOLTMETER | 

j ^CENTER FREQ, j

peak radiation difference

= rms of output signal voltage 
X1.A2 = spectral response limits of detector

AMPPREAMP

DETECTOR IN
SHIELDED HOUSING

WAVE 
ANALYZER

Noise Voltage Spectrum

A knowledge of the noise voltage spectrum of 
the detector is essential in determining such sys
tem parameters as NEI, chopping frequency, and 
bandwidths. Fig. 6 shows a measuring setup.

The detector is shielded as in other measure
ments and operated at optimum bias. The output 
noise voltage is fed to an adjacent low noise pre
amplifier and is then further amplified. This noise 
voltage is then passed through a narrow’ band 
filter of variable center frequency but of fixed 
bandwidth. Output is then measured with an rms 

voltmeter. Care should be taken to shield the de
tector and preamp and keep the preamp lead as 
short as possible. In most cases, a low noise triode 
such as a 12AY7 or a 6533 is desirable in the pre
amplifier first stage. A 6CB6 pentode has also 
been found to be excellent for this purpose. The 
filter bandwidth is usually about 4 or 5 cps. Since 
most meter movements have a similar bandwidth, 
the needle tends to fluctuate about a mean at this 
frequency which makes estimation of the mean 
difficult. We, therefore, use an auxiliary meter 
w ith an integrating network thereby relieving the 
operator of the necessity of mentally performing 
this integration. Dividing by the gain and the 
square root of the filter bandwidth, and plotting 
the values obtained against frequency results in a 
graph as shown in Fig. 7.

Spectral Response
The setup for measuring spectral response is 

show n in Fig. 8. A Nerst Glower is used to pro- 
vide a strong and concentrated source of infrared 
radiation. An image of the source is focused on 
the slit, s, of a monochrometer. The radiation is 
twice dispersed by the prism, and chopped be
tween the first and second pass through the prism. 
The entrance slit is then focused on the exit slits, 
s', which passes only a small portion of the spec
trum onto either the thermocouple detector by 
means of the movable mirror, m. or onto the de
tector being measured.

At this point, two procedures may be followed. 
The first is to leave the slit width fixed as the 
wavelength of the radiation on the detector is 
changed. The output of the detector and thermo
couple are recorded at each wavelength setting. 
Since the source intensity decreases at longer 
wavelengths, both the detector and thermo-couple 
output will change due to this effect. If the 
thermocouple is properly blackened, its responsiv

SLOPE"-0 51

100 1000 
FREQUENCY IN CYCLES/SEC 

Fig. 7. Noise-frequency spectrum.

ity is independent of wavelength so that if ti : 
ratio of detector output to thermocouple outpi 
is plotted, the variations with wavelength shoul 
be due only to variations in detector responsivit

An alternate procedure is to adjust the entranc 
slit width at each wavelength so that the thenm 
couple output is maintained at a fixed level. Th 
radiation is then directed to the detector and th 
output so obtained is a direct measure of the n 
sponse at that wavelength. It should be noted that 
both procedures essentially eliminate any ex
traneous effects due to such things as radiation 
absorption or slow changes in source output dur
ing the course of the measurement.

One of the most useful equipments for taking 
accurate radiation measurements such as sensitiv
ity vs. w avelength and sensitivity vs. angular view 
angle of an optical equipment is the collimated 
optical bench shown in Fig. 9. It is capable of 
simulating targets at an infinite distance within a 
reasonable dimension of space by collecting ra
diant energy from a point source and projecting it 
along parallel paths in a beam the diameter of the 

Fig. 8.

DETECTOR

Setup for measuring spectral response.

□ 

□

projecting mirror. In so doing, an optical system 
which is to be tested for image quality, absolute 
sensitivity, losses due to vignetting or spectral re 
sponse can be placed within the parallel radia
tion beam and thus receive realistic radiation in 
cidence for precise measurements.

A point source whose temperature is controlled 
and whose spectral passband is variable by inser
tion of spectral filters is placed at the focal poin' 
of the collimating mirror. Its energy is masked sc 
that radiation from the source is only toward th 
mirror. The mirror collects this energy and re 
radiates it in a parallel path down its major axis 
The test optics gathers the parallel energy anc 
focuses it upon its detecting element which in tur 
passes the detected signal in the form of
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MOTOROLA MESA TRANSISTOR

2N700 FEATURES

PG (neut.)

greatly reducing IF strip size andstrips, using toroid coils

OPT<CAL SYSTEM
BEING TESTED -

major price reductions make many 
VHF/UHF applications practical

RIDGtFlELD NEW JERSEY 
540 Serger Boulevard 
WHitney 5 7SÖ0

Outside the USA and Canada MOTOROLA INTERNATIONAL, J A 
4545 west Augusta Bled 
Chicago. Illinois

MOTOROLA 
SEMICONDUCTORS

FOR COMPLETE SPECIFICATIONS AND DESIGN CONSIDERATIONS 
on the 2N700 and the 2N695 (world's fastest switching transistor) 

contact your nearest Motorola Semiconductor regional office.

1000 mc
14 db $ 200 mc

High Temperature Operation All units bakedout under nigh 
vacuum at 200°C and stabilized at 100°C for 168 hours. Each 
lot must pass life tests of 1000 hours at 100°C Units are 
rated for operation at 100°C.

High Efficiency. A highly efficient oscillator, some points on 
tne 2N7OO efficiency-frequency curve are;

Efficiency 
80% 
62% 
44% 
20% 

are unquestionably the most

Fig. 9. Collimated optical bench (a), and drawing 
showing its parts (b).

Frequency 
40 mc 

100 mc 
200 mc 
400 mc

Uniformity The Motorola Mesas

eliminating large tunable elements and alignment problems.

Telemetering — 2N7OO operating characteristics are ideal for telem
etering applications in the 200 mc band. Its ruggedness (withstands 
20,000g’s) suggests application in telemetering transmitters fixed 
to high speed rotating equipment.

Oscilloscope Amplifiers — Ideal for instrument probes such as those 
used to provide preamplification for high speed, high frequency 
amplifiers.

Fixed IF Strips — Because of its extreme uniformity in all operating 
characteristics, the 2N7OO could be designed into fixed-tuned IF

ELECTRONIC DESIGN . November 11, 1959

uniform transistors available. Instead of the usual “selection 
process," closely controlled diffusion, etching and evapo
rative techniques enable Motorola to produce the Mesas to 
exact specifications Such uniformity enables the engineer tc 
tighten circuit tolerances, provide improved performance and 
simplify circuit design. It eliminates concern for variations 
in such factors as breakdown voltage, current handling ca
pacity, frequency parameters switching characteristics and 
saturation resistance.

Reliability. 5,000 hour data on units tested at 100°C show 
the Motorola Mesa to be the most reliable transistor yet 
available.

Economy. As the result of major pr<ce reductions, the 2N700 
is an economical unit for VHF and UHF applications In addi
tion, fewer units are required on an overall circuit basis 
because of excellent performance characteristics

Availability. Engineering quantities are >n stock at all 22 
Motorola Semiconductor distributors. Production quantities 
shipped immediately from Phoenix

chopped voltage to a readout meter calibrated to 
give the required test data. Generally, this is in the 
form of rms amplitude which is proportional to 
the energy* received by the test optic. If the test 
optic is large the projected area of the source 
must be subtracted from the gathering power of 
the test optic since the source blocks this amount 
of energy7.

The bed which supports the optical elements 
and source has been constructed to eliminate 
errors due to stresses and strains due to movement 
of the bench or temperature changes. The bench 
bed is constructed of 12-inch tubular steel rein
forced at the ends with welded plates for rigidity. 
The collimating mirror is kinematically mounted 
on three points to allow for expansion and con
traction without distortion to the alignment of its 
major axis.

A precision 3-point suspension, optical bench 
is used as the test bed for the source and the test 
optic. Its alignment is maintained by the same 
type of mounting as the collimating mirror.
Bench Specifications are:

Collimating mirror—Spherical First Surface 
Focal length—231.03 cm
Diameter collimating mirrors—28 cm 
Resolution—usable to 1 deg off axis 
Height of image above optical bench—11 in. 
Souce—any point source of size required by test 

optics for image definition.
The entire unit is made mobile by three large 

asters allowing the test bench to be located in 
iny convenient area. The system can be leveled 
adly and ready for a test installation within 10 

m nutes. ■ •

CHICAGO 39 ILLINOIS HOLLYWOOD 28 CALIFORNIA
5234 west Diverse/ Avenue 1741 Ivar Avenue 
Avenue 2 4300 HOI I /wood 2-0821

Communications Equipment — Because of its small size, the Motorola 
2N7OO is ideal for low current, compact, highly reliable communi
cations equipment.

IF Strips in Radar Gear — Offering greater gain per stage in its fre
quency range than any transistor available, the Motorola 2N7OO 
is ideal for radar IF strips in the 60 mc range.

Parametric Amplifier Pump — The 2N7OO makes an excellent source 
of pump power at the frequencies used.

Precision Oscillators — With stability in the order of 10~‘ to 10~*, 
the 2N7OO is ideal for use in precision oscillators for single side
band and other communication equipment. It also has low phase 
shift and high loop gain. The 2N7OO offers the uniformity and 
stability important for compact, lightweight precision equipment 
and instruments.

MOTOROLA. INC., 5005 E MeDOWELL, PHOENIX, ARIZONA
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STABILITY
PRECISION

RELIABILITY

C^zW^RESISTORS
MOLDED CARBON-DEPOSITED RESISTORS

A superior molded resistor manufactured under exacting 
quality control specifications assuring excellent 
performance under adverse operating conditions.

Designed for full load operation at 70°C. (derate to 
zero for operation at 150°C) these units meet and 
exceed the requirements of MIL-R-10509C.

TYPE SIZES MIN. 
OHMS

MAX.
MEG.

MIL-R10509C 
MAX. 

DC Voltage
Type

Equivalent to 
MIL-R-10509C

Char. Tol.

CPM-V2 ¥4 x .735 10 2.49 350 RN70 B F

CPM-1 % x iyn 10 5.11 500 RN75 B F

CPM-2 % X 2%2 30.1 10.0 750 RN8O B F

Write today for detailed 
specifications ...

Division

REROUOH 
CORPORATION OLEAN, NEW YORK
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Flyspeck Diode 

Stands 20,000 g

ONLY SLIGHTLY larger than a pen's 
ball point and weighing 14.09 mg, 

the micro diodes in the PD-100 series can 
withstand a shock of 20,000 g. The units 
—20,4(X),000 fit in a cubic foot—are said 
to Im* the smallest commercial-type com
puter diodes and fill two per cent of the 
volume occupied by tin* average sub
miniature diode.

The diodes—made by Pacific Semicon
ductors, Inc., 10451 W. Jefferson Blvd.,

Culver City, Calif.,—measure 0.0S in. long 
and 0.035 in. in diameter, excluding the 
leads. Some of their claimed uses are 
“hand-sized computers,” and “pocket
sized space instrumentation systems.”

A molecular bonding process is one of 
the contributing factors to the diode’s 
small size. The molecules of the silicon 
crystal are chemically bonded with the 
surface elements that serve as a protective 
coating. This process is called a ‘ chemical

Electrical Specifications

Type No.
Min. Sat. 
Voltage 

@>100 iiA 
(v) ‘

Min. Fwd. 
Current 

@ + 1.0 V 
(mA)

Maximum Reverse 
Current (uA)

Reverse Recovery 
Characteristics

us
rej

25°C 100°C
Reverse 

Res (Ohms)
Max. Recov. 

Time (uS)

cai 
als 
foi

PD-101 50 5 1 (10v) 25 (lOv) TOOK 1.0 eri
PD-102 50 20 0.5 (lOv) 25 (10v) 100K 0.3 sol 

for 
cle 
anj 
trie 
ale

I 
20,

PD-103 50 100 0.5 (10v) 25 (10v) 100K 0.3

PD-104 100 5 0.5 (10v) 25 (lOv) 100K 0.3

PD-105 100 20 0.5 (10v) 25 (lOv) 100K 0.3

PD-106 100 50 0.5 (lOv) 25 (10v) 100K 0.3

PD-107 100 100 0.5 (lOv) 25 (lOv) 100K 0.3

ELECTRONIC DESIGN • November 11, 19.'? ELEC

PD-108 200 10 0.5 (lOv) 
5(100)

25 (lOv) 200K 0.3 sun 
sid<

PD-109 200 10 0.025 (lOv) 5 (lOv) 200K 0.3 eqi
1 (100) is 0

f
A contributing factor in miniaturizing the diode s the process which molecularly bonds tun
the silicon crystal and the protective surface elements. circ
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surface passivation technique.” Diode 
crystals are normally encapsulated in a 
container which contributes to their 
larger size.

All nine of the PD-100 series diodes are 
rated at 250 mw dissipation at 25 C. This 
is derated linearly to 150 C. The maxi
mum storage and operating temperature 
range is —65 to 4-150 C. The typical in
verse capacitance at —10 v is 2 p^f, and 
the peak pulse current is 20 amp for 1 
usee at a one-per-cent duty cycle.

The units will survive thermal shock 
tests in accordance with Method 107 of 
MIL-STD-202 as well as repeated immer
sion cycling from 0 to -f-100 C and the 
moisture resistance test of Method 106 
of the same specification. In storage at 
very high temperatures—that is, above 
150 C—and when used within published 
ratings, the reliability of the diodes are 
“at least one order of magnitude greater 
than that of any conventional diode,” it 
is reported.

All of the diodes are tested 100 per 
cent to the electrical specifications, and 
receive a 200 hr, 175 C “burn-in” process 
for reliability.

:ov.
S)

Mechanical Data

The gold-plated nickel leads, which 
have a minimum length of 1/2 in., are 
easily soldered or welded, and they can 
be bent to meet 0.1 in. grid spacing on 
printed circuit boards. The materials and 
construction are good to temperatures 
above 200 C, no soft solders or fluxes are 
used. More than 10 180-deg bends, at a 
repetition rate of two bends per second, 
can be withstood by the leads. They can 
also withstand 2.5 to 4.5 lb of tensile 
force.

A rosin-flux is recommended for sold
ering purposes; the diodes may be dip- 
soldered within 0.06 in. of the diode body 
for 60 sec at 230 C. And they can be 
cleaned for at least 10 min at 35 kc in 
any of these common solvents: water, 
trichloroethylene, ethyl alcohol, methyl 
alcohol, and toluene.

In calculating the packing density of 
20,400,000 units per cubic foot, it is as
sumed that diodes are packed side by 
side with a space allowance for the leads 
equal to the diode’s body volume, which 
is 0.04 x I-3 cu in.

For more information on these diodes, 
turn to the Reader-Service Card and 
circle number 101.

"RAVEN” SPELLS TROUBLE FOR THIS FELLOW 
but it once spelled security for our military

The protoparce (Tomato worm) faced with the 
serious problem of existing from day to day. does 
so by the logical method of vanishing before the 
eyes of his enemies. To a Raven, he seems only 
another part of whatever bush or tree he sits 
upon. This is an application of basic counter
measures.
On the other hand “Raven”, the World War II 
code name for countermeasures, meant security 
for us and trouble for our enemies.

You can't shoot down a shadow...but that's all that INSTRUMENTS FOR INDUSTRY, Inc.
can be found. Another countermeasure by I.F.I. 1Q1 New South Road/ Hicksville, L. I., N.Y.

INSTRUMENTS FOR INDUSTRY, a leader in 
the field of countermeasures, has long been active 
in successors to project “Raven.”

Recently under development is a device which 
effectively intimidates counter-interception 
equipment aboard attacking enemy aircraft, 
resulting in our planes literally disappearing 
before the eyes of the enemy.

Graduate engineer* with Iwo or more year* of circuit application in the field, of electronic* or physic* are invited to meet with Mr.
John Hick* in an informal interview or »end complete resume lot Dir. Personnel, I Fl, 101 New South Road, Hicksville, New York.
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Avoid Gear Reduction with

nmg.

range

CONNECTOR DIVISION
Amphenol-Borg Electronics Corporation CHICAGO 50. ILLINOIS
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Straight-line resistance elements permit good linearity, accuracy, reduce potentiometer 
diameter.

SERVO MOTOR —' 
SLIP CLUTCH----- -

PRECISION GROUND LEAD SCREW
ELECTRICAL CONNECTOR —

Standard gear trains can be omitted be 
tween servo motor ond precision ground lead- 
screw of this multi output servo driven poten
tiometer, saving space and weight.

SEVEN PRECISION WINDINGS

NON-ROTATING WIPER BLOCK

altitude-moisture resistant
Amphenol MinmE connectors are the first true 
miniature “E” types—the only miniatures able to 
pass the new, exacting altitude-moisture immersion 
test. In this test mated, wired connectors are 
immersed in salt water and altitude cycled to 
80,000 ft. for one minute, 65,000 ft. for one-half 
hour and then returned to ground pressure for 
another half-hour. 1/inniF insulation resistance 
after this test is a minimum 1000 megohms.

In aircraft, in missiles and in exacting ground and 
sea applications amphenol AIinniE connectors 
will provide outstanding service. Any company 
■working with environmentally-resistant 
connectors is invited to write for complete 
MinniE information.

HIGH GEAR RATIOS and good pre
cision can be obtained by using only 

the leadscrew of a new multi-output 
servo-driven potentiometer. No gear train 
is necessary’. With straight-line resistance 
windings instead of the conventional 
rotary’ windings, the seven-gang pot pro
vides a high accuracy network package 
in a small cross section.

Manufactured by Bourns, Inc., P.O. 
Box 2112, Riverside, Calif., the Model 
801 is used, typically, to provide servo
controlled attenuation of gain with alti
tude for missile controls. With seven 
gangs, simultaneous control, feedback and 
telemetry signals can be provided.

A typical special function would re
quire six outputs with 20 db attenuation, 
plus one output with 40 db attenuation.



¡ervo Driven Pot
'Scotch" brand Instrumentation Tapes cut operating costs

/en
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"Scotch” is a registered trademark ut 3M Company. St Paul 6 Minnesota.

Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario.
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J^INNESOTA JOINING AND J^ANUFACTURING COMDANT 

...WHERE RESEARCH IS THE KEY TO TOMORROW

Scotch brand magnetic tape
FOR INSTRUMENTATION

Attenuation is provided as a change in 
resistance with a ±0.5 db conformity.

In operation, a servo motor’s input 
function is converted to linear motion 
through the pot’s precision ground lead
screw’, which can, if desired, accommo
date various gear ratios. As the lead
screw is turned, it pushes a set of 
contacts ahead of it along the length of 
straight resistance windings. A slip clutch 
is provided to be sure that overtravel will 
not damage the unit and will, in turn, 
stall the motor at the range extremities 
without allowing it to continue free run
ning.

Supported by Class 5 bearings, the 
precision-ground leadscrew permits low 
breakout voltage for servo motor inputs.

Linearity is an independent ±0.1 to 
' 0.25 per cent. In the past such linearity 

has been common only to large diameter 
potentiometers.

Resistance available in the Model 801 
ranges between 1 K and 100 K, with 1.5 
w per element power rating. Torque re
quired is 0.15 oz-in. variable with turns 
ratio. There is no back-lash. Resolution is 
0.03 to 0.2 per cent.

The 801 is rated at two million traver
sals life. It is filled with dry nitrogen and 
hermetically sealed; meets MIL-E-5272A 
requirements for humidity, salt spray, 
sand and dust and fungus. Temperature 
range of operation is —40 to ¿-165 F and 
si ock rating is 60 g in 11 msec.

For further information on this servo- 
I iven multi-output potentiometer turn 

tf the Reader-Sen ice card and circle 102.

Let's develop our own small theory of relativity. 
For everything’s relative, after all—even economy. 
Clearly, an economy effected now and corrected 
later is no economy at all. In instrumentation tape, 
there’s only one genuine economy—reliable per
formance. And in performance, the last two words 
for any acute tape-user are “Scotch” brand.

First to last, “Scotch” brand Magnetic Tapes 
offer uniformity and reliability—born of the ex
perienced 3M technology that created the first prac
tical magnetic tape and continues to advance the 
art of tape-making day by day.

But let’s look at economy from another viewpoint 
—in terms of some things around the periphery that 
might not come so readily to mind—storage, use, 
waste, and time saved.

What other kind of record is so permanent it may 
last a lifetime, yet requires so little space for stor
age? Three reels of “Scotch” 
brand like those at the right 
“contain” 30 million charac- . W *
ters. What other medium (
serves input, output and mem- i
ory functions at such high (
speeds? Accepts both digital y
and analogue data? [ )

What other kind of record x
is not consumed, even when ----  
it is used? “Scotch” brand
Magnetic Tape is run and rerun for analysis, erased 
and used again, permits retaping with corrections, 
editing and new data.

Last, but far from least—in these days when time 
is money, what other medium speeds up data acqui
sition", reduction and control programming in a 
way that keeps critical projects rushing forward at 
full tilt? Or cuts production lead time and human 
error to a point where a 1000% saving may be 
realized?

At any cost, “Scotch” brand Magnetic Tapes 
would be a good buy. And in every application, 
“Scotch” brand Tapes offer that greater economy 
—reliability. “Scotch ” brand High Resolution 
Tapes 158 and 159 let you pack more bits per inch, 
offer extra play reels. “Scotch” brand Sandwich 
Tapes 188 and 189 end rub-off, build-up, cut head 
wear to an absolute minimum, show little wear in 
50,000 computer passes. “Scotch” brand High 
Output Tape 128 offers top output at low frequen
cies, even under ambient temperature extremes. 
“Scotch” brand Instrumentation Tapes 108 and 
109 offer top performance at lowest cost.

Where there’s no margin for error, there’s no 
tape like “Scotch” brand Magnetic Instrumenta
tion Tape. For details, write Magnetic Products 
Div., 3M Company, Dept. MBQ-119, St. Paul 6, 
Minn., or mail the reader inquiry card. © 1959 3M co.



High Z Voltmeter

Approximate electrical properties of the
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Precision voltmeter has 
input impedance higher 
than free space surrounding 
instrument. Mercury cells 
for powering isolated am
plifiers can be seen through 
door and shields.
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SIXTY ELECTRONS per second can be sensed 
by a new precision voltmeter which measures 

from one to 250 v. Input impedance is 1017 ohms 
—greater than the impedance of the free space 
surrounding the instrument greater than the teflon 
insulating the input terminal contacts.

Output impedance, however, is much less than 
ten ohms, perhaps as low as 0.2 ohm. Manufac
tured by Halex, Inc., 310 E. Imperial Highway, 
El Segundo, Calif., the Model 301E voltmeter is 
a precision follower suitable for driving test 
equipment and control devices, external oscillo
scopes, low voltage meters, servo systems and the 
normally-highly accurate, but relatively low im
pedance, digital voltmeters.

Voltage-follow ing accuracy of the instrument is

0.02 per cent with the low impedance output 
terminal. It is the same or better with the high 
impedance (5405 ohms) output jack. Input signal 
can be low frequency ac or de up to 250 v, of 
either polarity —500 v peak-to-peak ac. The meter 
is calibrated to two per cent full scale, and over 
all accuracy is held to two per cent. The mete r 
is protected from overvoltage of either polaritv 
by a Zener diode and registers the actual voltage 
at the 301E output terminal. It has 11 ranges.

Grid current is adjustable to 10~]S amp or less, 
the output/input following ratio is 0.9998 at the 
low’ impedance terminal. Zero drift is adjustable 
from the front panel.

Operating on a new’ principle of “relativistic 
coupling” (see below), the voltmeter’s first ampli-

How It Works—„ E L. „. ..
No Feedback in Output-Ground Connections

Relativistic coupling is what Don
ald Dimon, consultant to Halex, Inc., 

calls his approach to electronic design. He 
says it’s the “connecting of active systems 
into another, more complex system where- 
in the relations existing in each compon
ent system are undisturbed.”

In analog circuitry, for example, very 
few’ ground connections are used. Instead, 
moving reference planes serve as grounds 
for each internal system.

Relativistic coupling, a powerful analy
sis and synthesis tool, paid off in the de
sign of Halex’s precision voltmeter. Let’s 
see how it works.

A block diagram of the voltmeter is 
shown in Fig. 1. Three precision unity 
gain amplifiers are surrounded by three 
distinct shields. Ground for the innermost 
amplifiers is the shield for the succeeding 

three amplifiers are given in the Table. 
Note the input impedance of the first pre
cision unity gain amplifier—1014 ohms. 
But the overall properties of the entire 
system include an input resistance of 
5*10'7 ohms. Input capacitance is 2’10~{ 
ppf; voltage gain on the low jack is 
0.9996, high jack 0.99999; output imped
ance of the low jack 10 ohms (or less), 
high jack 5*10’ ohms.

How is the input impedance of the first

precision voltmel
of relative-coupled c

Eq

V.G.=0.9998

LO 7 OUT

0.0002 E.

hiz OUT

Fig. 1. Block diagram of precision voltmeter, showing rela- Fig. 2. To raise effective input impedance of first am- 
tivistic shielding. plifier (PUGA,), circuit is connected like this. Note the

voltage between the output of PUGA ■ and the output 
of PUGA, is only 0.0002 E„.

ifìers. Note concentric input jack.

Unbuttoned, 
shows nesting

Elec

rpUt 
'■out 

✓ olf C 
C utpi

Fig. 3. The third precision unity gain amplifier in t' 
package is made up of two amplifiers, connected 
shown. Output impedance is less than ten ohms.



is isolated, self-powered, shielded by its own
und and independent of the rest of the system,
s separate amplifier has an input impedance
10u ohms, as is commonly available with elec-
neter amplifiers; and is arranged as a voltage

ill

Tl

tr<

tpiit 
hi'¿h 
goal 

of 
leter 
iver- 
letvi 
irity 
tage 
‘S. 
less;
the 

able

isti(

'ower having a gain of 0.95. an output impe- 
d< ice of about KM) ohms. This amplifier floats on 
th output of another complete precision unity’ 

n amplifier (voltage gain: 0.9998), which has 
m input impedance of 50 meg. output impedance 
of 100 ohms.

flu1 second amplifier s output becomes the rela- 
i\ .‘ ground plane for the first amplifier and is also 
onnected to the input of a third amplifier, w hich 

i ts an output impedance of less than 10 ohms.
The Halex Model 301E is 10x7x4 in. in size, 

lias a large number of accessories for high-pre- 
ision integrating, low impedance circuit voltage 
n< asurcments, high voltage measurements, use 
ts a regulated power supply, precision current 
source, micromicroammeter (actually giving an 
malog presentation of electron counting) or as a 
nicromicrocoulombmeter.

For further information on this precision high 
impedance voltmeter, turn to the Reader-Service 
Card and circle 103.

Jtmel 
led o 
jack.

amplifier, PUGA], effectively raised? See 
Fig. 2. For the purpose of the input im
pedance is considered to be separate and 
external to the amplifier; and is made up 
of R and C in parallel.

But the overall input impedance is seen 
by an external source to be E{n/Iin of the 
system. In the case of Fig. 2, E„, is es
sentially the same as Ea and since the 
amplifiers are followers; but I,n is sub
stantially7 reduced because the voltage 
across R and C is 0.0002 Ea/0.95—ap
proximately one five-thousandth of the 
total input signal voltage. The new7 input 
impedance is then about 5000*R, and 
C 5000: 5*1017 ohms and 0.002 ppf.

Voltage Follows Accurately

T he input voltage needed to support a 
signal of E,t and the Ea terminal (the volt
meter's high accuracy terminal) is the sum

Electrical Characteristics of Precision Unity 
Gain Amplifiers in High Impedance 

Voltmeter

Ir put R 
rout C
Iolt Gain Dc
C utput Z

PUGAt PUGA. PUGAj

1014 ohms 5’10* ohms 5*105 ohms
10 ppf 20 uuf 20 ppf
0.95 0.9998 0.9998
IOC ohms Ì 00 ohms 10 ohms

111BF DC amplifiers in Model 195 
single-amplifier cabinet and

Model 190 six-amplifier 19” rack module.

KIN TEL 111BF DC wideband amplifiers allow’ extremely 
accurate measurement of dynamic physical phenomena 
such as strain, temperature, vibration, pressure, flow, 
torque, and displacement. They greatly simplify the design 
of data measurement systems, offering more bandwidth 
and accuracy, reduced maintenance, and none of the capaci
tive balance problems inherent in AC carrier equipment. 
kin tel’s proved chopper amplifier circuitry with multiple 
feedback loops assures operational stability and uniform 
frequency response regardless of load or gain changes. The 
capability of providing full bandwidth and full output into 
large capacitive loads, at high gain settings, places virtu
ally’ no restrictions on the type of output device that can 
be driven and allows the use of longer output cable runs. 
The 111BFO, an operational version of the 111BF, has an 
open-loop position instead of a zero-gain position. In this 
position the user may employ external networks to provide 
up to 100$/ resistive or capacitive feedback around the 
amplifier, allowing its use as an integrator, active filter, 
or to generate complex linear transfer functions.
Many thousands of KIN TEL DC amplifiers, with millions of 
cumulative hours of operation, are in day-to-day use. Virtu
ally all major missiles programs-including ICBM-employ 
kin tel DC amplifiers in ground support instrumentation.

5725 Kearny Villa Road, San Diego 11, California. Phone: BRowning 7-6700

CIRCLE 63 ON READER-SERVICE CARD

HERE’S WHY
THE KIN TEL 111BF DC 
AMPLIFIER IS THE

BASIC COMPONENT
FOR ACCURATE, DRIFT-FREE 

AMPLIFICATION OF
MICROVOLT-LEVEL SIGNALS:

• Less than 2/iv drift for 100’s of hours
• DC -40kc bandwidth
• 0.1% gain stability
• 45v, ’ 40ma output
• 100kl2 input, < III output impedance
• 20 to 2000 gain
• Full output into 1/zf loads
• Integral power supply

Prices: 
111BF DC Amplifier......................... $625
111BFO DC Amplifier........................... $635
195 Single-amplifier Cabinet................  $125
190 Six-amplifier 19" Rack Module. . . . $295

Immediate delivery from stock on reasonable quantities. 

(Note: Amplifiers must be operated 
in 190 Module or 195 Cabinet.)

KIN TEL manufactures electronic instruments 
for measurement and control, and dosed circut TV. 
Representatives in all major cities.
Write for detailed literature or demonstration.
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The signal into Pl GA
which
put of PUGA^ is 0.99 of the input sign JPOWER and 0.9998 E total of

The ratio of output to input is

STEADY AS A ROCK!

inter

32V

Plugboard Logic ratoi

Computer
24 HRS,

0.01 2 MV(P-P)
32 00

31.99" ntial
xiaro*c
logical elements in different Ways

is 416

>n emconi
mem

L Cl

32V-

31.9‘

HIGH UNE' 
LOW LINE

(HXX)21 E
1.00001 E.

larger computers—adders, counters, 
parison circuits, operation code and

•oí rd
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IO' i, 
a 'Ui 
wne

Maintain Tight Regulation 
Despite Combined Effects of 

Time, Dynamic and Temperature, 
Static Line and Load Changes.

should 
netrs 1

iute : 
Inten 
d'rtec

<qnati 
machii 
ircuit

tions: 
strict i 
Each

nfon 
initial 
tai to 
any t 
puts < 
plotte

DYNAMIC 
RESPONSE — 

duration of transient 

component of output 

change due to instan

taneous lend (or line) 

change.

You can solve your power supply problems overnight by 
selecting the appropriate set of our Transistorized Power 
Supplies, because we think of, design for, and test to 
all the requirements for truly rock-solid DC power.

A certified report on 17 production tests accompanies 
each ARMOUR supply. Here is typical performance data:

TOTAL STATIC 
REGULATION —

against worst combine 

tion of simultaneous 

static line and load 

changes.

teet 
follox
mov e

RIPPLE — 

total of spikes, hash, 

periodic and h-f 

aperiodic components 

of output.
plugl
same

LOAD 10A

Logic rewiring is done quickly and easily 
by changing interconnections on plugboard. 
Ordinarily board is removed from machine, 
but due to low voltages (16 v max) it is safe 
to rewire while computer is operating

ELECTRONIC DESIGN • November 11

lalyzer. Prewired A-MP, In< 
Is are used to interconnect tl

therefore E.. l.(XXX)l E*. 0.99999.
Low output impedance for the instru

ment is obtained by connecting two sepa
rate amplifiers as one, as in Fig. 3. The 
two amplifiers, PUGA.ia and PUGA$b each 
have an input impedance of 5405 ohms, 
voltage gains of 0.99 and 0.98 respectively 
and 1(X) ohms and one K (Rb of Fig. 3). Rb 
is brought (iTit externally fdFTmalysis; it is 
the output impedance of PUGA^.

“rewiring” of the internal logic, rather 
than simple program insertion.

SPEC contains the basic features of

ESIGNED for designers, a small digi
tai computer gives the engineer an 

opportunity to test out computer logic 
designs with maximum ease. Boolean 
equations can be realized by wiring up 
a plugboard, slipping the board into the 
computer and turning the “on” switch. If 
the logic design proves faulty no bread
boarding time or component expense is 
lost. The computer cannot be damaged 
by miswiring the plugboard.

Manufactured by Computer Control 
Co., Inc.. 2251 Barry Ave., Los Angeles 
64, Calif., the SPEC (Stored Program Ed
ucational Computer) Mark III is so or
ganized as to permit its use as a general 
purpose computer or as a digital differ-

Suitable derivation show-» j 
1.0002 E., 4- 0.0102 I0Rb.

Since output impedance is

of the voltage across the input and com
mon of PUGAy plus the output volt
age of PUGA2. The two voltages are

ARMOUR ELECTRONICS
.T » • o- of Cara 10I In»*-e-•□‘•or Carp >’ 3* j" 

b»,» ■ • ,•* • . >• ?' . • ■

TRANSISTORIZED POWER SUPPLIES 
TRANSISTOR TESTERS • LINE REGULATORS
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THERMAL 
REGULATION — 

32 Youtput variation due

to ambient temperature 
«

change, at constant i 

line and lood.

i
MODEL <.

210»

ory selection matrices, memory storage 
and one me clocking. It is designed G 
simulate a big machine on a small (aboi 
$25,000) scale.

As a DDX (with a prewired plugboa) 
supplied by the manufacturers) the coi 
puter contains 20 integrators with a max 
mum word length of 20 bits. Maxima 
accuracy is one part in 524,000, iteratk

change in output voltage with a change 
in output current, Zo = E Iu, which 
equals 0.0102 Rb—about 10 ohms. The 
voltage following accuracy is 1 1.0002, or 
0.9998 unloaded.

In practice, the Halex 301E’s final stage 
circuit is not identical to the one in Fig. 
3, though the principle is the same; and 
the true output impedance appears to be 
about 0.2 ohms. To be safe, the company 
calls it “less than ten ohms.”

The voltmeter is so sensitive that cur-

STABILITY — * °’®3 *

~ ... 32Vk^*w«^Vw"»
after warm up, with
constant line, load and X

ambient conditions. *P

Advancing the 
solid-state 
art . . .

35*C

OUTPUT RANGE STATIC REGULATION RIPPLE PANEL

MODEL VOLTS AMPS LOAD LINE MV RMS (INCHES) PRICE

T-2OO-B 0-10 0-3 .02% or 3MV .01% 0.7 3%“ $395

T 203 B 0-10 0-10 .03% or 6MV •01 % 0.7 3 %" $495

T 21O-B 0-10 0-30 02% or 6MV ■01V, 0.7 5%" $725

T-215-B 0-32 0-1 .02% or 3MV .01 % 0.7 3 %" $450

T-220 B 0-32 0-3 .02% or 3MV .01% 0.7 3 %" I
T-223-B 0-32 0-10 .02% or 5MV •01 % 0.7 5'4'

- 1

T-23OB 0-150 0-0.75 .01 % or 1 MV -03% 2.0 3’4"
>Ms|

T235-B 0-150 0-2 .01 % or 4MV • 03% 2.0 5%- $425 f
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oltmeter

input, and any three integrator

be sure, be safe with

TWIN LOCK TERMINAL BLOCKS

CIRCLE 65 ON READER-SERVICE CARD

1959

lti\’(
n ¿e

Twin Lock terminal blocks offer the ultimate in 
terminal reliability, speed )f assembly, and versatility 
of application. Molded of a lightweight phenolic base 
with reinforced barriers between cavities, the Twin 
Lock block will accommodate up to 40 connections 
quickly and surely. Twin Lock’s exclusive, insert-and- 
tighten two-way locking action cuts harness assembly 
time to a fraction of that required by any other block 
Twin Lock contact points, either tin plated, gold plated 
or plated to customer specification, assure lowest 
resistance connection Wire end connectors, compatibly 
plated, can be supplied for manual or automatic 
assembly. Available in either vertical or side entry types, 
the Twin Lock block is applicable wherever a fast, 
positive, reliable electrical connection is required For 
complete information on these remarkable new blocks, 
write for the T-1000 and T-1010 Terminal Block R'ochure.

1024 West Hillcrest Blvd.
Inglewood. California

Coliseum Tower, 10 Columbus Circle
New York 19, New York

SIMPLE
The terminal connector, 
crimped onto the wire 
end, slips easily into the 
block cavity. No screws 
or washers to remove, 
nothing to drcp, just 
insert it.

conversion of outputs from

SPEEDY
When connectors have been 
inserted, they’re locked 
electrically and mechan
ically. Then, when the 
circuits have been checked, 
a few quick turns of the 
lock screw and they’re 
double-locked
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moved from

mtputs may be summed into each inte- 
"rator output.

The octal keyboard is used to program 
i (formation and to set up scaling and 
initial conditions for the integrators. Digi-

TWIN Ç LOCK

rate 2380 iterations per sec per integrator. 
Interconnections are set up by the in- 
a’rted stored program. Any integrator 
•utput may be used as an independent

:1 isured. Mr. Dimon demonstrated this 
sr ip. He attached a 100-v source to both 
ri. Is of a 4-in. long, 1/8-in. diam glass 
rn , grounded one end. The 301E was 
ir unded at one end and a stiff metal 
w e inserted in the input jack. By touch- 
m. the wire to the glass rod and moving 
it ilong its length, the meter was made 
to vary between zero and 100 v. Nothing 
but the conductance of the glass and 
sin face leakage served to pass the current.

By using the short length of wire as an 
nitenna, the potential difference between 
the meter and a glass rod rubbed with a 
piece of silk registered from three or four 
feet away. The meter needle faithfully 
followed the motion of the rod as it was

I any two integrators is provided so out
puts can be displayed on a scope or x-y 
plotter.

SPEC’s magnetostrictive memory is a 
plug-in package consisting of three sec
tions: driver circuit, nickel-iron magneto
strictive delay line and amplifier circuit. 
Each unit will store 32 words in a circu
lating loop at a one mc pulse repetition 
rate. Total capacity’ per circulating line 
is 416 bits.

For logic design, the engineer can wire 
n empty plugboard in any’ way he wants, 

"ith perfect assurance that even if his 
quations are wrong no damage to the 

machine will result. Due to all-transistoi 
ircuitry, there are no voltages higher 

than 16 v in the unit. The computer 
should prove valuable for teaching engi- 
net rs logical design and implementing the 
■esigns of more experienced designers.

1 or further information on this plug- 
'o. rd computer turn to the Reader-Serv

e Card and circle 104.

SURE
When the connector has been 

inserted and tightened, the 
Twin Lock terminal block 

connection is positive—electrically 
and mechanically. Over 100 lbs. 

farce is required to break 
this connection.

must count on
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Bandpass Filters Cover 300 to 100 Me Range

areu

en< o<

sei si I
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Noninductive Wirewound Resistors 
Measure Vb x Va in.

coup 
a va 
nomi

Type 301-P precision, noninductive wirewound resistors meas
ure 18x1 4 in. long, with axial or axial/radial leads. They are 
encapsulated to withstand humidity, mechanical shock and a 
temperature range of —65 to -f-125C. Their temperature co
efficient is 4 0.002% per deg C; wattage rating is 0.1 w. The 
units come with resistance ratings of 10 ohms min to 100 K max.

Kelvin Electric Co., Dept. ED, 5907 Noble Ave., \ an Nuys, 
Calif.

Covering all new products that might gener
ally be specified by an electronics engineer 
engaged in the design of original equipment.

Operating in the frequency range of 300 to 1000 me, the HFF(C) series of band
pass filters are designed and packaged to operate under military environmental 
conditions. The filters operate from a 50-ohm and into a 50-ohm impedance1 and 
have a selectivity ratio of less than 3 to 1. Typical of the units is one for operation 
at 332 me with a 3 db bandwidth of 21 me. It weighs 20 oz. Dimensions of the 
case are 5-1 /8x 1-11/16x3-1/4 in. Packaging of the units can be tailored to cus
tomer requirements.

Applied Research Inc., Dept. ED, 76 S. Bayles Ave., Port Washington, N. Y.
CIRCLE 67 ON READER-SERVICE CARD

Analog Computer Solves Seventh 
Order Differential Equations

The model 3500, 23-lb analog computer can be used to study almost any 
physical system that can be described by linear differential equations. The 
10-amplifier unit will solve up to a seventh order differential equation or a 
ninth degree Laplace transform. It performs accurately with 1% or 0.1% com- 
putting components. It measures 5.25 x 19 x 10.25 in. and the problem board 
tilts up for rack mounting. For solving complex problems, up to three units 
can be slaved together for 10, 20 or 30 amplifier operation.

Donner Scientific Co., Dept. ED, Concord, Calif.
CIRCLE 68 ON READER-SERVICE CARD



SC-32-2.Model

VOLTAGE 
REGULATED 

POWER 
SUPPLIES

Relay Magnetic Preamplifier Has 
Power Gains Above 100,000

This relay magnetic preamplifier, model 761, gives 
power gains of more than 100,000 in a single 
stage. It delivers 0.3 w from de control signals of 
less than 3 pw. It permits driving small power re
lays from thermistor bridges, photocells, null de
tectors, and similar low energy de signals. The 
unit requires 0.6 w of 26 v, 60 cps supply power. 
It can be used in both industrial and military 
applications.

Acromag, Inc., Dept. ED, 22519 Telegraph Rd., 
Southfield (Detroit), Mich.

CIRCLE 70 ON READER-SERVICE CARD

Analog To Digital Converters 
Accommodate Any DC Input

Designed for both airborne and ground support 
data systems, the SBI-401 series of analog to digi
tal converters uses self-balancing potentiometer 
circuitry. They can accommodate any de signal in
put and can thus be used with pressure trans
ducers, strain gages, accelerometers, thermo
couples and any other transducer that represents 
a variable as a de voltage. Standard units are 
normally supplied with brush type encoders, but 
they are also available with magnetic or optical 
encoding assemblies. They measure 7x3 in. in 
thi ir basic configuration and provide a full scale 
ser sitivity of 10 mv and a response time, also for 
ful scale, of 2 sec. Shaft angle accuracy is ±0.5%. 
Th y operate from 115 v, 400 cps power.

Lorth Atlantic Industries, Inc., Instrumentation 
Di'., Dept. ED, 603 Main St., Westbury, N. Y.
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Model 
SC-18-2M

■c»pco 

offers more than 
120 standard voltage 

regulated power supplies 
covering a wide range 

of transistor, tube 
and magnetic types.

MODEL

DC 
OUTPUT 

VOLTS

DC 
OUTPUT 

AMPS.

SC-18-0.5 0 18 0-0.5
SC-18-1 0-18 0-1
SC-18-2 0-18 0-2
SC-18-4 0-18 0-4
SC-36-0.5 0-36 0-0.5
SC-36-1 0-36 0-1
SC- 36-2 036 0-2
SC-3672-0.5 36-72 0-0.5
SC-3672-1 36-72 0-1

For complete specifications, 
write for Brochure B-591

Model 
PSC-10-2

W REGULATION—LUI 6 STABILITY

MODEL

DC 
0UTPU1 
VOLTS

DC 
OUTPUT 
AMPS.

SC-32-0.5 0-32 0-0.5
SC-32-1 0-32 0-1
SC-32-1.5 0 32 0-1.5

2SC-32-1.5 0-32 0-1.5
DUAL OUTPUT 0-32 0-1.5

SC-32-2.5 0-32 0-2.5
SC-32-5 0-32 0-5
SC-32-10 0-32 0-10
SC-32-15 0-32 0-15
SC-60-2 0-60 0-2
SC-60-5 0-60 0-5

2SC-100-0.2 0100 0-0.2
DUAL OUTPUT 0-100 0-0.2

SC-150-1 0-150 0-1
SC-300-1 0-300 0-1

0.02?

O<
 d

 
o 00 
O

 K
 

uj in 
or

COMPACT PACKAGE TYPE

MODEL

DC 
OUTPUT 
VOLTS

DC 
OUTPUT 

AMPS.
PSC- 5-2 0- 7.5 2
PSC-10-2 7.5-12.5 2
PSC-15-2 12.5-17.5 2
PSC-20-2 17.5-22.5 2
PSC-28-1 22.5-32.5 1
PSC-38-1 32.5-42.5 1

131-38 SANFORD AVENUE • FLUSHING 55. N.Y. • INDEPENDENCE 1-7000 
CIRCLE 72 ON READER-SERVICE CARD
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NEW PRODUCTS

With audible signals

Bn
C

BARBER
COLMAN

Barber-Colman Company

to various

closures

to more than 1,000 microwatts, the

circuits, as a null detector in resist-
ance bridge circuits, or as an

Barber Colman

meteor trails in place of the ionosphere for reflection of 
electromagnetic waves.

CIRCLE 75 ON READER-SERVICE CARD

6000 v. Series 4003 testers have visual as well as

CIRCLE 74 ON READER-SERVICE CARD

Error is ±0.2% of range

hp ■

use with servo mechanisms and other

closed

ER

We really cut loose with the Penta PL-172’s in our
meteor scatter system testing, and do they hold up!
says project engineer John Chambers of Hughes Aircraft
Communications Division. “Ue run our Pentas continu
ously eight hours a day, day after day, at their full 5-kw
output. They’re real work horses!
Hughes communications engineers use the PL-172 beam
pentodes in the power amplifier section of the exotic
49-mc scatter system transmitter, which utilizes ionized

Penta PL-172 1-kw power pentodes are available imme-
diately off the shelf. Call or write now.
We’ll be glad to send a data sheet on the PL-172, includ
ing full ratings, characteristic curves, and information 
on Class-ABi and Class-C operation.

312 N. Nopal St., Santa Barbara, Calif.

THE MARK OF OÖÄL1TY quick soluti ns

Insulation Testers

These insulation breakdown testers have aud-
ible signals which sound at preset leakage current
values. The units have an ac test potential up to

audible leakage indicators and have a standard
adjustment range from 300 ua to 300 ma; ranges
extending to 10 ma are available on special order.

Associated Research Inc., Dept. ED, 3777 W.
Belmont Ave., Chicago 18, Ill.

Temperature Potentiometers

Having an error limit of ±0.2% of range span,
these portable temperature potentiometers have
20 temperature ranges and four millivolt ranges
which are all interchangeable. Both provide an

electronic 
problems

Ultra-Sensitive Relays
Operating on input powers of 40

Barber-Colman Micropositioner
polarized relay is ideal as a dif
ferential relay in electronic plate

amplifier in photoelectric circuits.
Resonant relays also available from

Reversible Small Motors
Shaded pole a-c type, up to 1/25

. adaptable to a variety of
control circuits, including transistor
and vacuum tube types. Ideal for

follow-up and positioning units.
Available with or without gear-
heads. A wide range of gear ratios
for gear motors . . . open or en-

EXOT
MET
SCA
SYS

output in millivolts equivalent to the temperahire
setting of the instrument for use in checking simi
lar potentiometers, recorders, and controllers. The

OR

TESTS

maximum external resistance is 50 ohms. Type
8692 single-range unit is calibrated for one type
of thermocouple for temperature measurements
or for millivolt measurements using one of the
four ranges. Double range type 8693, shown here,
can be supplied with one or different types of
ranges for the same thermocouples. One range
can measure temperature and the other, millivolts.

Leeds and Northrup Co., Dept. ED, 4932 Sten-
ton Ave., Philadelphia, Pa.

Small Motors with Blowers
In both a-c and d-c types with
cooling fans or blowers for quick,
dependable dissipation of heat from
tubes, circuit components and other
equipment mounted in confined en

Dept. W, 1283 Rock Street, Rockford, Illinois

ck 
lex 
ek 
pu 
po 
5.8 
cir 
fai 
tra 
the 
we 
1-3 
rep 
ma 
me

ED 
c

T
COVf 
witl 
can 
The 
rotai 
negl 
are i 
tion 
cont 
stabi 
doul 
bear 
coi fi 
cor il 
arms 
fixed

1)( 

78( : 
Ca if

(IR

PENTA LABORATORIES, INC.
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Miniature Tube Envelopes
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, Illinois

Broadband Rotating Joints

Cover the range of 2.6 to 40 kmc
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COORS PORCELAIN 
COMPANY

600 Ninth Street, Golden, Colorado

, DESIGN IDEAS

Precision Is The Standard At CoorsDC Power Supply

Total output is 5.8 kw
xble to furnish 17 different 

closely regulated and unregulated 
levels of power for all types of 
electrical data processing and com
puting machines, this transistorized 
power supply has a total output of 
5.8 kw. A built-in transistor test 
circuit allows for quick detection of 
failure of any of the 200 power 
transistors without shutting down 
the supply. The complete unit 
weighs 1490 lb, measures 5 x 5 x 
1-3/4 ft, and consists of 17 easily 
replaced plug-in components. It is 
made for military as well as com
mercial use.

Bogue Electric Mfg. Co., Dept. 
ED, 52 Iowa Ave., Patterson 3, N.J.
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These broadband rotating joints 
cover the range of 2.6 to 40 kmc 
with a minimum vswr. The joints 
can be pressure sealed to 30 psi. 
The design allows for continuous 
rotation in either direction with 
negligible rotational variation. Units 
are suitable for fast or slow opera
tion through small angles or for 
continuous rotation. Mechanical 
stability is provided by means of 
double ball-bearing mountings; 
bearings are isolated from rf. Four 
configurations can be supplied. All 
cor ibinations of 90 deg and colinear 
arms are available, both on the 
fixe d and movable side.

1 )eMornay-Bonardi, Dept. ED, 
8( S. Arroyo Parkway, Pasadena, 

Ca if.
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Tube Envelopes
Coors makes high strength ceramic envelopes to 

extremely close dimensional tolerances and in a wide 
range of sizes for use in modern electron tubes. Cer
tain of the Coors ceramic compositions were developed 
specifically to meet the rigorous operating conditions 
and reliability requirements to which high power, high 
frequency tubes are subjected.

Illustrated here is one of the miniature ceramic 
envelopes in regular production. Coors regularly pro
duces many other sizes up to 10" O.D. Larger sizes can 
be manufactured.

Coors ceramics have outstanding electrical and 
physical characteristics. These properties are not 
affected by high outgassing or high operating 
temperatures.

LOWER COSTS for Precision Ceramic Parts Through 
Quantity Production—Coors has been able to make sub
stantial reductions in manufacturing costs by stepping up 
production of high precision parts through automation.

All this adds up to these advantages for you: 1. Faster 
delivery on large quantity orders. 2. Precision parts—uni
form and interchangeable, permitting you to use them on 
a production basis. 3. Prices that are correspondingly low.

For further information about Coors Space Age 
Ceramics and for a complete description of physical prop
erties, write for Bulletin 858.

Micro-Module Wafers
The hottest news in extreme miniaturization of 

electronic equipment is the micro-module—an amaz
ingly small combination of sub-miniature electronic 
circuit components. The fundamental unit of a micro
module is the high alumina ceramic base plate—a tiny 
ceramic wafer, approximately 0.300" square x 0.010" 
thick. Upon this is deposited or metalized a component 
of a circuit—a resistor, capacitor, transistor, diode, 
etc. The micro-module is a combination of several of 
these elements in a small space to serve a specific cir
cuit function—amplifier, oscillator, etc.

Coors is manufacturing these precision wafers in 
large quantity production runs for several manufac
turers working on the same project. Coors holds all 
dimensions of the tiny ceramic wafer to extremely 
close tolerances so that the micro-elements produced 
from them are entirely interchangeable from manu
facturer to manufacturer .

Standard Terminal Insulators
Coors furnishes* standard terminal insulators— 

available from stock—in various ratings and, also, can 
manufacture custom made insulators to meet your 
specific requirements. In the range of standard sizes, 
metal parts are bonded to the ceramic by Coors High 
Temperature Metalizing Techniques, thus producing 
strong hermetic ceramic-to-metal seals. The result is 
standard terminal insulators available for a wide range 
of requirements—insulators that have superior elec
trical and mechanical characteristics. Production is on 
a large quantity basis — you do not pay a premium for 
high quality, precision terminals.



NEW PRODUCTSNEW STANDARD BLOWER
HERE’S A MANUAL FOR 
QUALIFIED PERSONS

IPOWAK Variable Attenuator

Adjustable range is 0 to 40 db

SERIES- H

RESEARCH INC.

40
AIRFLOW-C.F.M

Having an adjustable range of 0 to 40 db, model 
RDA-5811 variable attenuator is furnished in a 
Tvaveguide measuring 2x1 in. Attenuation is ac
curate to 0.3 db at 4.8 kmc calibration frequency. 
The unit incorporates an anti-backlash gear train 
for holding original calibration over long periods 
of time. The insertion loss is 0.5 db and the maxi
mum vswr is 1.15. All moving parts are housed in 
a sealed casting.

Radar Design Corp., Dept. ED, Picard Dr., 
Syracuse 11, N.Y.
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Transformer

Handles 235 w

Introduces New HP and HF Series

TPERF<1

Available with 28 volt DC - 400 Cycle Single Phase or 3 
Phase power. The D & B Powair Series offers a pressure, 
flow, size combination never before obtained. A completely 
new design approach can be taken to your electronic cool
ing problems, resulting in weight and size reductions. For 
additional information on performance and other models 
write us today.

• Square or round flange.
• Optional flange location over entire length of 

housing.
• AC or DC motors.

Flange 
location 
anywhere 
at no additional cost.

• Speeds from 8,000 to 22,000 RPM.

Series 882 Thin-Tran transformer handles 235 w, 
mounts in an area measuring 1-29 64 x 2-29/64 x 
3 in., and operates over the ambient temperature 
range of —55 to +100 C. Primary voltage on the 
standard unit is 115 v 400 cps; secondary voltages 
are available from 5 to 2000 cps. The terminals 
are arranged in rows of five pins: one for primary, 
three for secondaries, and one for use as a center 
tap on secondary windings. Regulation is 5% max, 
no load to full load. The unit weighs 1.44 lb and 
provides a power-to-weight ratio of 155 w per lb. 
Life expectancy is 10,000 hr. Fully encapsulated 
and hermetically sealed in a steel container, the 
transformer meets MIL-E-5272B and MIL-T-27A,

Consult our Soles Engineering Staff for full information.
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class S.
Arnold Magnetics Corp., Dept. 

Jefferson Blvd., Los Angeles, Calif.
CIRCLE 32 ON READER-SERVICE

ED, 4613 W.

CARD

ELECTRONIC

INTERESTED IN 

Reliable 
Printed

Where performance 
is critical and fail
ure unforgivable, 
there is only one 
way to makeprinted 
circuits. It is with 
quality control in 
depth, as developed 
by the Bureau Of

Engraving, Inc., and as described in 
our new U.S. Air Force Approved 
Quality Control Manual for 
Printed Circuit Boards and Board 
Assemblies.

For instance, it is not enough that 
every circuit be gaged to a very close 
tolerance. Consideration must also 
be given to the fact that the gage 
itself wears in use. Under Gage 
Control our manual states, “The 
Gage Control procedure insures that 
all gages, measuring and test equip
ment being used are within the toler
ances required to maintain manu
facturing specifications ... gage is to 
be inspected according to the wear 
policy and frequency as specified on 
the gage control card."

Procedures, functions, definitions 
and maintenance of materials speci
fications are discussed in detail. Our 
Quality Control Manual meets 
MIL-STD-105A and MIL-Q-5923C 
standards.

If you are a qualified person (en
gaged in the development or manu
facture of products requiring printed 
circuits), write for our manual on 
your company letterhead. Copies 
will be sent out free as long as our 
limited supply lasts.
WR/TE TO

BUREAU OF ENGRAVING, Inc
Industrial Division

502 S. 4th St., Minneapolis 15, Minn. 
Telephone Fiderai 9-8721

DEAN & BENSON
RESEARCH

Division of Benson Manufacturing Co., Kansas City 1, Mo.
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Amplifiers

For broadband useMATCH WITS
with the

Not a worry in the world...

CRANKY
CAPACITOR!

Available in three standard models, these broad
band amplifiers operate at impedance levels which 
permit convenient cascading of several amplifiers 
with standard 93-ohm interconnecting cables. 
Model 2220 has a voltage gain of 20 db; model 
2230, shown here, has a 1-w power output. Both 
have a band pass of 100 kc to 300 me with a 
93-ohm input and output impedance. Model 2210 
has a noise figure of 6 db over the same band
width. They can be furnished as separate units 
or rack mounted with integral power supplies. 
Modifications of the standard models can be sup
plied to cover different bandpass and gain re
quirements. Distributed and wideband amplifiers 
to meet Mil specs are also available.

RS Electronics Corp., Dept. ED, P. O. Box 368, 
Station A, Palo Alto, Calif.
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THIS IS/ONE 
SNAP-IN CONTACT THAT 

WON’T POLL OUT!
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As soon as you’re through the 
door at the NEREM show, grab 
a sharp pencil and head for 
Booth 928. You can win yourself 
a Wayne Kerr B-521 Component 
Bridge (3-terminal), and a repu
tation as the sharpest electronic 
wizard in the place.
All you have to do is estimate the mag
nitude of a 3-terminal capacitor set up 
in the Wayne Kerr booth. As per the 
schematic above, the device is made 
up of two circular discs, separated by 
a rectangular metal neutral plate. A 
circular hole is cut out of the center of 
the plate.
Capacitance is determined entirely by 
the aperture. Magnitude is established 
by the area of the opening and the 
spacing between the two active discs. 
In short, you’ll be working with a 
direct application of the 3-terminal 
capacitor principle.
The challenge is to see how close you 
can come to the actual magnitude, as 
measured by the Wayne Kerr B-221 
Universal Bridge (3-terminal, accu
rate to 0.1' <).
NEREM show opens Tuesday, No
vember 17 at 1 P.M. and closes the 
19th at 6 P.M. Be there, at the 
Commonwealth Armory in Boston, 
Booth 928, and may the best man 
win. We hope it’s you.
OTHER INSTRUMENTS: Audio to 
VHF Bridges; Oscillators; Attenua
tors; Microwave Equipment; Vibra
tion and Distance Meters; Waveform 
Analyzer.
Send for complete W-K-02 catalog 
showing other instruments.

...the Deutsch snap-in contact, of course - 
guaranteed to withstand 25 pounds 
pull. In Deutsch DS miniature 
connectors, each pin and socket is locked 
in place by an exclusive, patented 
spring mechanism.

what’S more...Deutsch-designed 
tools whip the problem of fast, reliable 
crimping (hand or automatic)-insertion 
and removal.

DC Null Detector

Input impedance is 40,000 ohms

»ÍHUWV.»

And.. .just glance at these specs:
Deutsch-designed crimp, stronger than the wire 

itself (AN #18 wire and smaller)
7 shell sizes, with alternate clocking and 

insert arrangements
exclusive Deutsch ball-lock coupling
superior interfacial seal
silicone inserts; no shrinkage, bonding 

or reversion
temperature range —67° to in excess of 300°F
seal «before electrical contact
interchangeable with existing Deutsch DM (MS)

----- miniatures and hermetics
VA A
'A-' meet all applicable requirements of MIL-C-26482

For use with guarded and unguarded potenti
ometers and bridges in production testing and lab
oratory applications, type 9834 de null detector has 
an input impedance of 40,000 ohms and will pro
vide high sensitivities with source resistances up 
to 100,000 ohms. It has four degrees of sensitivity 
over the range of 1000 to 1 and has a noise level 
of less than ±0.1 mv. It is housed in a metal case 
with vinyl finish and carrying handle. Panel 
mounting models are also available.

Leeds and Northrup Co., Dept. ED, 4934 Sten- 
ton Ave., Philadelphia, Pa.
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The Deutsch Company
ELECTRONIC COMPONENTS DIVISION
Municipal Airport • Banning, California

So why worry ? For details on completely 
reliable snap-in type connectors, contact 
your local Deutsch representative 
or write for data file C-ll.

WAYNE KERR 
CORPORATION

1633 Race St., Philadelphia 3, Pa.

Electronics for Measurement and Control 
Sales, Stock and Service Facilities
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NEW PRODUCTS
Call FANSTEEL^

High Temperature Metals
Transducers

Linear and rotary motion

TUNGSTEN 
MOLYBDENUM 

TANTALUM 
COLUMBIUM

Í FANSTEEL 82 METAL
I (Columbium-Tantolum-Zirconium)

I FANSTEEL 80 METAL
I (Columbium-Zirconium)

FANSTEEL 99 METAL
I (Tungsten-Nickel)

I FANSTEEL TANTALOY 
j ITantalum-Tungsten)

• ^ANSÍPOT

These linear and rotary motion 
transducers, called Transipot, have 
ac input and ac or dc output. Rated 
for operation to 125 C, they can be 
used for telemetry, indication, data 
reduction, and as transmitters or re
ceivers for detecting any combina
tion of linear or rotary motion as 
part of a feedback control system. 
The specifications for a typical unit, 
the size 15 linear motion ac-ac trans
ducer, include: input range, 20, 50,

or 100 mils; sensitivity, 1 v rms per 
mil; input linearity, 0.5%; and fre
quency range, 300 to 3000 cps. All 
units are brushless and use modular 
construction with a standard servo
mounting.

Arnoux Corp., Dept. ED, 11924 
W. Washington Bhd., Los Angeles 
66, Calif.
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Turn Indicating Dials

For use with potentiometers
These ten-turn indicating dials 

provide readings of potentiometer 
full turns. The turn number stays 
in view while the dial registers 
partial turns in increments of 1/100. 
No gearing mechanisms are used 
and no disassembly or panel holes 
are required for mounting. Model 
10 is a 1-in. unit and model 20 is 
1-13/16 in. to fit 0.25 in. diam 
shafts. For 0.125-in. shafts, an 
adapter bushing can be supplied.

Spectrol Electronics Corp., Dept. 
ED, 1704 S. Del Mar Ave., San 
Gabriel, Calif.
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DIRECT USE—without auxiliary 

amplification

DIRECT yNR\T\HG—without servos or 

linkage drives

Need a high temperature metal in ingots, billets, sheet, 
rod, wire or foil? Call Fansteel. Want parts fabricated 
to your specifications? Call in Fansteel. Get the 
experience of men who know how to make the metal 
as well as machine and fabricate it.

You get them both with the new ESTERLINE-ANGUS
IMMEDIATE DELIVERY
From Stock of Tantalum and Molybdenum Sheet

Five most used sizes of tantalum sheet—.002", .003", .005" 
.007", .010".
Seven sizes of ductile Moly “D” $heet-.005", .007", .010", .012" 
.015", .020", .025".

RECORDING D.C MICROAMMETER

Metallurgical Corporation
>rth Chicago, Illinois, 

U.S.A.
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Here’s the recording instrument of a thou- 
sand-and-one uses in every field of re
search and production.
Ranges: 0 to 50 microamperes with ap
proximately 200 ohms input resistance. 
Also 0-10/50/200 millivolts D.C.
Power Supply: 120 volts, 60 cycles.
Response: 1 second, independent of ex
ternal circuit resistance.

It's ruggedly built for continuously reliable 
results in rough use. It's quickly and easily 
set up. Send for Catalog Section No. 41.

The Esterline-Angus Company
No. 1 in fine Graphic Instruments for more 

than 50 years.

DEPT. K, P. O. BOX 596, INDIANAPOLIS 6, INDIANA
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ï nents
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Analytical A Control Instrument Division

DELAY ACCURATELY CONSOLIDATED ELECTR0DYNAMICS/360 sierra madre villa, pasadena, california

trigger generator

than
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with fixed and delayed pulses. 
Combination of counters and digi
tal dial provides direct reading 
delay to 9,999.99 microseconds 
accurate to better than O.O1 micro
second. Note that this instrument 
is a full size module of the TLI 
Modular Instrumentation System.

second pulses. Jitter less 
O.OO1 microsecond.

MEASURE

JITTER

Ranges are 0 to 1.601 v and 
0 to 0.1601 v

MODEL FT244

temperature, contact

strain gages. It is housed in a metal 
case with a removable lid.

Leeds and Northrup Co., Dept. 
ED, 4934 Stenton Ave., Philadel
phia, Pa.

potentials, plus calibration of dc 
ammeters, voltmeters, and other in
struments. In industrial use, it can 
calibrate thermal converters, and

WITH Til's NEW

HOW IT WORKS —
Delay controls position gates which 
select desired pulse from lOOkc 
crystal controlled pulse chain to 
avoid jitter inherent in delay cir
cuits. Phantastron circuit provides 
vernier control between 10 micro-

PULSE 
TIMER

Full specifications and 
application information 
available on request in 
Bulletin ED-82

Type 8687 portable volt poten
tiometer has two operating ranges: 
0 to 1.601 v and 0 to 0.1601 v. The 
instrument has limits of error of 
±0.05% -|- 30 pv for the high range 
and ±0.05% 4- 3 uv for the low 
range. Typical laboratory applica
tions of this compact, three-dial 
potentiometer include measure-

WHAT IT 
. . . a paired

Incorpc-ates design of Hazel
tine Electronics Coro. Model 
1754 Precision Time Measuring 
Equipment.

Aeronauts know, and so do scientists, engineers and 
designers... leaks are hazardous. You'll find sure-stop 
solutions to leakage problems in CEC's complete 
line of helium mass spectrometer leak detectors . . . M x 
capable ot locating and measuring leaks that pass 

only 1 atm cc °f a>r in 66 years! 
Use them to calibrate leaks of 
Id ’ magnitude tor quality 
control and Mil spec checking

■ u . evacuated and pressurized components. For rapid
response, increased sensitivity, and long trouble tree lite, 

■ depend on the mobile I \pe 24-110A. above, or the portable 
M MiV qiiuyu nidi ih mobile moiRsUnd I ••

I uh int,n mutum t>n dust . trouble tree instru
menls, call soui < /( sales and service office or
write for Bulletins ( EC 1838 \ 22 and C EC' 1830-X44.

54 KINKLE STREET 
■ WESTBURY, L. I., N. Y.
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Tape Reader Set

is 5-7/8 x 7-1/2x 9-1/2 in.

Including transmitter-distributor, 
motor, base, and cover, model 28 
LXD punched-tape reader set 
measures 5-7/8 x 7-1/2 x 9-1/2 in. 
It provides for sequential output 
and 100 words per min transmis
sion. Optional contacts are available 
for multi-wire output. Models are 
furnished to read five or six-level 
chadless or fully perforated tape. 
Applications include on-line data 
transmission over existing commu
nications facilities and off-line con
trol of tape-operated machines.

Teletype Corp., Dept. ED, 4100 
Fullerton Ave., Chicago 39, Ill.

TROUBLED 
WITH 

LEAKS?

TELETRONICS LABORATORY, „<



NEW PRODUCTS

^Webster 
was right!

Rectify means 
make 
right

that's just what buill-in 
red iJ ¡cation does for PIC Counters makes allernafing 

currenl right lor eflicienl, reliable operation 
over a tremendous count life.

When operating PIC-600 or CE-800 Counters 
from AC you get the long recognized 
advantages of DC operation without adding 
any circuitry or components.

You can hear the difference. Ask your 
PIC Distributor or Representative for 
a demonstration or write us.

Control and Logic Modules

Plug-in design fait

PIC-600 Electric Counter 
50 million count Hfe

CE-800 Electric Counter 
200 million count life

without rectifier

unrectified AC switch unrectified AC pulses
counter

Pulses from unrectified AC vary greatly The stronger pulses pound the counter, cause heating and 
fatigue, soon make the counter ready for the "final count'.’ Excessive voltage increases destructive 
pounding and further reduces count life

with built-in rectifier

unrectified AC

—J X ✓ *rectified pulses

switch unrectified pulses built-in rectifier

The rectifier converts the erratic AC pulses to uniform DC pulses Pounding, noise and needless 
heating are avoided. AC hum is eliminated. Count life is more than doubled The range of permissible 
excess voltage is widened

Manufacturers of Counters, Switches, Relays, Actuators and Automatic Valves

■ AUTOMATION CONTROLS DIVISION

Representatives and Distributors in Principal Cities of United States and Canada
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These transistorized, plug-in control and logic 
modules can be checked in place, without dis
turbing the* normal operation of the; circuit. In
cluded in this line of compatible modules are 
flip-flops, gates, triggers, diode AND and OR logic 
units, power switching amplifiers, and devices for 
implementation of static control or computer sys
tems accepting pulse repetition to 100,(XX) pulses 
per sec. The modules are 2-1/4x2-29/32x1/16 
in. and fit 2 standard 12-terminal printed circuit 
connectors. All printed circuit conductors are hard 
gold alloy plated.

Solid State Systems, Inc., Dept. ED, 5716 Ca
mille Ave., Culver City, Calif.
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Connectors

Have 20 and 75 contacts

For aircraft and instrumentation applications 
these 29 and 75-contact units have reversed guides 
or polarizing screwlocks. They have a current rat
ing of 5 amp. Yoltage breakdown at sea level is 
1900 v rms and at 60,000 ft, 700 v rms. The mini
mum creepage path between contacts is 5/64 in. 
and the minimum air space between contacts is 
3/64 in. Contacts measure 1/8 in. center-to-center, 
the pin diameter is 0.04 in., and the solder cup 
fits a No. 20 awg wire-.

Dejur-Amsco Corp., Dept., ED, 45-01 North
ern Blvd., Long Island City 1, N.Y.
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ELECTRONIC

ON MIL-TYPE 
TUBES!

You call, we quote, you verify—that's 
all it takes to get prompt delivery 
from Electronic Enterprises’ vast selec
tion of gas or mercury vapor rectifiers, 
vacuum rectifiers, grid controlled recti
fiers, triodes, and hydrogen thyratrons. 
MIL-type tubes manufactured to military 
specifications include 576-A. 3B28, 
371-B, 836, 811-A, 274-A, 274-B, 323-B. 
3C23, FG-17, 394-A, 4B32.
And every top quality E.E. tube is priced 
for extra economy. Short runs also 
available on virtually every tube type. 
Write or call your nearest E.E. rep, 
listed below, for prices and specs:
Richard L. Gysan Co.
12 Foster St., Wenham, Mass.
Maine, New Hampshire, Vermont, Massachu
setts, Rhode Island, Connecticut.
Kittloson Co.
416 LaBrea Ave., Los Angeles 36, Calif. 
California, Arizona, Nevada, New Mexico, and 
El Paso County, Texas
Blair Sales Co., Inc.
45 S. Broadway, Yonkers, New York 
Metropolitan New York Area
Harry J. White Co., Inc.
121 Covered Bridge Rd., Barclay Farm 
Haddonfield, New Jersey
Pennsylvania, Williamsport East, New Jersey, 
Trenton South, Delaware, Maryland, Virginia, 
West Virginia, North Carolina
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GENERAL CONTROLS CO
8078D McCormick Boulevard, Skokie, Illinois

CIRCLE 99 ON READER-SERVICE CARD

DESIGN • November 11, 1959



Wirewound Resistors

Tf mperature coefficient is ±20 ppm

TYPE

(Volts) (Volts)

TCR 102

TCR 202

MINIMUM 
PEAK 

REVERSE 
VOLTAGE

:ase 
>°C

MINIMUM ______ _____________
FORWARD FORWARD CURRENT

BREAKDOWN (amps)
VOLTAGE __________ _

NOW 
AVAILABLE IN 
TRANSITRONS 

NEW 
PACKAGE

Available in five styles, these 
miniature wirewound resistors have 
a standard temperature coefficient 
of ±20 ppm. They can be as small 
as 0.08 in. in diam and 0.375 in. 
long. The wattage rating starts at 
0.05 w to 0.25 w at 125 C and is 
derated to zero at 150 C with ac
curacies to 0.025%. Designed to 
meet MIL-R-93B and MIL-R-9444, 
they can have axial wire terminals 
or dual wire terminals for printed 
circuit use. The units are encapsu
lated in epoxy.

Cinema Engineering Div., Dept. 
ED, 1100 Chestnut St., Burbank, 
Calif.
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Computer Diode

Recovery time is 4 mpsec max
These silicon mesa computer 

diodes have a maximum recovery 
time of 4 mpsec when switched 
from a forward bias with 10 ma 
current to a reverse bias of —5 v. 
Types 1N903, 1N904, and 1N905 
have peak reverse voltage ratings 
at 25 C and 1 pa or at 100 c and 10 
pa of 20, 30, and 40 v, respectively. 
The capacitance for all three types 
is 1 ppf and the forward voltage 
drop at 25 C and 10 ma is 1.1 v for 
type 1N903 and 1 v for 1N904 and 
1N905. Also available, types 1N906, 
1N907, and 1N908 have peak re- 
verse voltages of 20, 30, and 40 v, 
respectively, a capacitance of 2.5 
p if, and a forward voltage drop of 
1 v.

Microwave Associates, Inc., 
F ept. ED, Burlington, Mass.
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SILICON 
CONTROLLED 
RECTIFIER 
handling

Transitron’s Silicon Controlled Rectifier is a PNPN high power bistable 
controlled switching device. It is analogous to a thyratron or ignitron, with 
far smaller triggering requirements and microsecond switching. The low 
forward voltage drop permits high current ratings and provides high effi
ciency with low cooling requirements. The PNPN design permits higher 
voltage ratings and lower saturation resistance than power transistors. This 
permits the smallest packaging for high power control yet made possible.

Ratings currently available extend to 10 amperes at 100°C case tempera
ture and up to 400 volts forward and inverse ratings. Operation at 125°C is 
now permissible with derating. Full ratings are possible at 35°C ambient with 
a 5" square heat sink. The peak control power is typically 1/200,000 of the 
output power!

Transitron’s Silicon Controlled Rectifier has been designed into a new 
package for more rugged, convenient, and practical application. The 11/16" 
hex base and the general outline coincide with EIA standards for the 20- 
ampere rectifier.

OTHER 
TRANSITRON 

SILICON 
PRODUCTS 

FOR 
HIGH POWER

USE

6 AMP

85 WATT 
POWER

50 AMP TRANSISTORS

20 AMP
RECTIFIER 
ASSEMBLIES

HIGH VOLTAGE ASSEMBLIES

TCR302

TCR 402

Maximum Storage Temperature Range 65°C to + 150°C 
Maximum Operating Temperature Range 65°C to -f-125°C 

Send for Bulletin TE 1356

Transitron ¡3
electron ic corporation 
wakefield, massachusetts



NEW PRODUCTS
Meter Relay

Accuracy is ±0.15% deviation

LTRASONICSTHE GREATEST NAME IN U

CLEAN 
ELECTRONIC PARTS 
CLEANER 
ULTRASONICALLY!

Save labor, save time — blast away dirt and dust by the remarkable ultrasonic method that Acoustica has 
developed to a fine point of. efficiency. The hard-to-get-at parts in the most intricate electronic instruments are 
cleaned as easily as the most exposed parts. The powerful “cavitational” action of an Acoustica 
ultrasonic tank radiates to the innermost places, removes the most stubborn dirt or dust. Transistors, 
potentiometers, vacuum tubes, and scores of other products are thoroughly cleaned and decontaminated this 
modern, efficient way. Many leaders in the electronic industry have changed to Acoustica ultrasonic cleaning!

Acoustica is the recognized leader in quality ultrasonic cleaning equipment, the sole producer of the Multipower 
transducer. An Acoustica certified ultrasonic application is your assurance of maximum cleaning efficiency!

Acoustica Associates, Inc., Fairchild Court, Plainview, N. Y., 10402 Aviation Blvd., Los Angeles, Calif.

acou ática

Designed to monitor per-cent de
viation of voltages within predeter
mined limits over the range of 5 to 
500 v, this meter relay has an ac
curacy of ±0.15% deviation at room 
temperature. Center scale voltage 
values may be programmed by 
switching external resistors. Con
tact closure will occur when the per
cent deviation of the programmed 
voltage exceeds the predetermined 
limits set on the movable contacts. 
Both ac and de versions are avail
able. Military units offer ±0.3% de
viation accuracy from —55 to -j-71 
C and mei’t vibration, shock, and 
humidity requirements of MIL-M- 
10304  A. The ac meter relays main
tain accuracy over the frequency 
range of 50 to 2000 cps. The relay 
contacts will give up to 10,000,000 
make and break cycles without 
failure, and may be used to control 
corrective devices.

Voltron Products, Dept. ED, 
1010 Mission St., S. Pasadena, 
Calif.
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Ultrasonic Cleaners
Efficiency is 90%

These ultrasonic cleaners have an 
efficiency rating of 90%. Cleaning 
power is increased by means of the 
transducer which consists of piezo
electric ceramic material com
pressed between two solid metal 
sections. Model DR 252 generator 
with the T3 tank provides an aver
age output power of 250 w and a 
tank capacity of 3 gal, model DR 
520 generator with the T5 tank 
provides an average output power 
of 500 w and a tank capacity of 5

< CIRCLE 112 ON READER-SERVICE CARD
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om's miniature 
ounted terminals 
sembly time, red

Toroid Inductors
Inductances are 0.01 mh to 4 h

gat, and model DR 1020 generator 
with the T10 tank provides 1000 
w and a tank capacity of 10 gal. 
A 1 models operate at 20 kc. They 
ar e used to clean gyros, differen
ti Is, relays, semiconductors, vacu
ai i tube components, printed cir
cuit boards, and other products.

Acoustica Associates, Inc., Dept. 
ED, Fairchild Court, Plainview, 
L.I., N.Y.
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9320 LINCOL 

potentiometers /

450 MULTIPOT®. The 
► 10-turn potentiometer 
ce requirements... and

Series M50 toroid inductors pro
vide a high Q from 1 kc to 2 me 
with inductances from 0.01 mh to 
4 h. They have printed circuit 
mountings and measure 43/64 in. 
0D and 13/32 in. high. The units 
are housed in metal cases.

Torotel, Inc., Dept. ED, 5512 E. 
110th St., Kansas City, Mo.
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Drive Unit
Dual Speed

Type DSD-2 dual speed drive 
unit is a gear reducer for position
ing and indicating with an accuracy 
of 6 min of arc or better. It has an 
inner dial for coarse positioning, an 
outer dial for fine positioning, plus 
in-line input and output shafts. 
Having no backlash, units are 
available with ratios to 72:1. A 
vernier is available for the ratios 
20:1 and 36:1. A modified version, 
type DSD-3, has an accuracy of 12 
min of arc. The units pass Air 
Force requirements of MIL-E-4970, 
a high temperature test at ¿-200 F, 
a low temperature test at —80 F, 
a id shock tests at 100 g.

Acton Labs, Inc., Dept. ED, 533 
N ain St., Acton, Mass.
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♦Oil not included
Write for full details in our complete catalog.
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CORPORATION
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Tank is 9-1 4 x 5 x 6 in.

Model 100 ultrasonic cleaner has a tank measur-

CIRCLE 1I9ON READER-SERVICE CARD

Only NJE

on High Voltage

Only NJE offers the BASIC 20-safety and performance features-as standard
equipment on Heavy Duty, Industrial High Voltage Power Supplies. There are 34
standard catalog units available on short delivery time and at economical cost.
NJE guarantees quality construction, reliable performance and significant

Check the specs on iust 2 of the 34 available.

Model DC Voltage Current Ripple Price Size
H-60 0 to 50,000 5 MA 2% RMS $1300. Control: 22" x 22" x 18"

♦Tank: 27* x 22* x 22*

H-80 0 to 120,000 5 MA 2% RMS $1850. Control: 22" x 22* x 18"
♦Tank: 27" x 22" x 22"

at NO EXTRA COST For use with computers

Power Supplies

Ultrasonic Cleaner

20 Boright Avenue • Kenilworth. New Jersey
BR. 2-6000 • TWX Cranford, NJ 51 • FAX-FFP

Binary-to-Decimal Converter

3

Model 260 binary-to-decimal converter is 
use with computers which require decimal display 
readout for any number of four-bit code inputs.
Solid state techniques are used for conversion and 
memory functions. The converter activates a cold
cathode decimal display equal to a Nixie tube.
The unit is available as a single plug-in module 
complete with illuminated display or as an as
sembly of a number of modules for rack mounting.

Hermes Electronics Co., Dept. ED, 75 
bridge Parkway, Cambridge 42, Mass.

ing 9-1/4 x 5 x 6 in. with 25% of the tank bottom 
covered with driving elements. The radiating sur
face measures 12 sq. in. Made of heavy-gage 
stainless steel, the tank has rounded corners. A 
115-v ac, 60-cps, single-phase generator, designed 
for continuous operation, delivers an average out
put of 60 w and a peak output of 240 w. The unit 
includes a one-tube oscillator, front panel switch
ing which permits a choice of two transducers.
and three-wire ground protection.

National Ultrasonic Corp., Dept. ED, 111 Mont
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gomery Ave., Irvington, N.J.
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Model CX400 three-port tee circulator has 
15 db isolation and 0.4 db insertion loss over the 
frequency range of 9.1 to 9.9 kmc. In the band 
center the insertion loss is about 0.1 db. The unit 
is rated at 1 kw peak and 100 w avg. The tem
perature range is —55 to 4-71 C. The circulator 
is 3.1 in. long, weighs 3/4 lb, and is useful foi

For Specialized
Communications Application

maser and parametric am;

SPECIFICATIONS OF NEW DELAY LINE 
MODEL 61-34

Delay time rise time ratio: 170 1
Delay: 200 usee.
Rise time: 1.16 usee.
Attenuation: less than 2 db
Frequency response: 3 db = 325 KC
50 taps with an accuracy of ±=0.2 usee, at 
each tap.

Complete technical data on the new unit 
can be obtained by writing to
ESC Corporation, 534 Bergen Boule
vard, Palisades Park, New Jersey.

ELECTRONIC DESIGN • November 11, 1959

Complex Ratio Bridge

For in-phase and quadrature voltage ratios

Rantec Corp., Dept. ED, Calabasas, Calif.
CIRCLE 120 ON READER-SERVICE GARD 170 to 1 DELAY TIME/ 

RISE TIME RATIO

Pulse transformers ■ Me
dium and low-power trans
formers • Filters of all 
types • Pulse-forming net
works • Miniature plug
in encapsulated circuit 
assemblies

PALISADES PARK, N. J.—An entirely new 
Lumped-Constant Delay Line, with a proven 
170 to 1 delay time/rise time ratio, has been 
announced by the ESC Corporation, Palisades 
Park, N. J. The new delay line, known as 
Model 61-34, was specifically designed for a 
specialized communications application call
ing for the exceptionally high delay time/rise 
time ratio.

ESC, the world’s leading manufacturer of 
custom built and stock delay lines, is already 
widely recognized in the electronics industry 
for its exceptional engineering advances. In 
October, 1958. ESC broke through an existing 
design barrier and produced a delay line with 
a 145 to 1 delay time/rise time ratio. It had 
been thought, prior to the announcement of 
the Model 61-34, that ESC had reached the 
ultimate in this type of delay line.

CIRCLE 122 ON

This complex ratio bridge measures both in
phase and quadrature voltage ratios. The unit is 
used to test three- and four-terminal networks 
such as transformers, synchros, resolvers, gyros, 
and transducers. The instrument cancels quadra
ture effects and the bridge has an in-phase accu
racy of 0.001%. Quadrature voltage ratios are read 
as rectangular coordinates, tangent of phase-shift 
angle, or magnitude of phase-shift angle, directly 
in degrees. A self-contained phase-sensitive de
tector provides good sensitivity with 2-v refer
ence. Harmonics and noise are rejected by a band
pass filter. The magnitude of the transformation 
ratios of R + jX voltages are readable to six 
pl ices. The bridge is available with a frequency 
range of 30 to 1000 cps or 50 to 3000 cps and in 
ra* k-mounting or cabinet models.

Gertsch Products, Inc., Dept. ED, 3211 S. La 
Ci xnega Blvd., Los Angeles 16, Calif.
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Distributed constant delay 
lines • Lumped-constant 
delay lines • Variable de
lay networks • Continu
ously variable delay lines 
• Pushbutton decade delay
lines • Shift registers •



NEW PRODUCTSfour-count 'em-four
Helipotbuilds four distinct lines of precision 
components. And each offers the most 
in design, production, delivery and value.

Modular DC Power Supplies

Outputs are 5 to 32 v

JOHNSON MINIATUR 
CAPACITORS 

Compact Design!

Beckman Rotating Components 
Unique size 8's .. .
plus 1 l's, 15's and 18's ... 
in servomotors, rate generators, 
inertia and velocity damps, 
gearheads and black box assemblies. 
Acceleration and response?
Like heaven on earth!

Beckman
Expanded Scale Meters
AC/DC Voltmeters with ±0.1% 
accuracy, ultraresolution, 
true rms indication. 126 standard 

and oo spec models. And there's
more to meet your eye: expanded 

scale freq meters, linear scale ammeters, 
complete monitoring packages.

Beckman Standard 
Breadboard Parts

24-hour delivery. . .
1,139 items... myriads of

precision gears, grid plates, hangers, 
shaft hardware, limit stops,dials, 
differentials, magnetic clutches, 

ball-and-d isc integrators 
.. but everything!

Helipot Precision Potentiometers 
When it comes to pots, we do make 
the most! A full single-turn 
family: 15 series in 1/2" to 3”dia. 
A complete multi-turn line: 
19 series in 7/8" to 3-5/16"dia. 
All metal or economy .. . linear and 

non-linear. . . spec pots, trimming pots, 
delay lines, turns-counting dials. 
This must be the place!

For a real cool list of catalogs, data sheets and 
tech papers ... ask for Literature Selector C461.

Beckman*/ , ,
/ Helipot

60001 © 1959 B. I. I.

CIRCLE 123

96

Helipot Division of Beckman Instruments, Inc.
Fullerton, California
Engineering representatives in 29 cities

ON READER-SERVICE CARD

These transistorized de power supply modules, 
designated models 22-211, 22-213, 22-214, and 
22-217, have outputs of 5 to 7, 11 to 14, 14 to 
17, and 25 to 32 v, respectively, and up to 6 amp. 
The input for all units is 105 to 125 v ac, 60 cps. 
Ripple is less than 2 mv rms, line regulation is 
25 mv, and no-load regulation is 15 mv.

Dressen-Barnes Corp., Dept. ED, 250 N. Vinedo 
Ave., Pasadena, Calif.
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Current Governor

Line and load regulation is 0.05%

Designed for transistor and semiconductor 
measurements, type CS-111 current governor has 
a range of 10 pa to 500 ma from 0 to 200 v de. 
Line and load regulation is better than 0.05%. 
Current is set to five places by decade knobs ar
ranged to provide a digital inline readout. The 
current may be programmed or modulated by a 
remote signal. Transistor avalanche and Zener 
voltage measurements are easily made at con
trolled current. Dynamic measurements can be 
made by modulating the current. Other applica
tions include measurement or testing of semicon
ductors, magnetic components, and other current 
sensitive devices.

North Hills Electric Co., Inc., Dept. ED, 402 
Sagamore Ave., Mineola, N.Y.
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Save valuable space 
in RF equipment...

Johnson miniature and sub-miniature air 
variable capacitors are available in a wide 
range of sizes, types, and capacities—per
fect for use in compact RF applications. The 
3 types described below have soldered plate 
construction, oversize bearing, and heavily 
anchored stator supports to provide extreme 
rigidity. Inductance path to both stator sup
ports is extremely low with bridge-type 
stator terminal. Large compression rotor 
contact provides steady torque—rotor stays 
“put” where set. Rotor contact and all other 
metal parts are nickel-plated—steatite in
sulator is DC-200 treated.
SUB-MINI ATURES—In addition to the minia
ture air variables described below, the new 
Johnson Type “T” and “U” sub-miniature 
capacitors are also available in production 
quantities. Write for our new components 
catalog 978 listing complete specifications.

TYPE "M”—Peak vohage 1250 volt* on .017* plate 
spacing; 850 volts on .01 3' spacod units. Shaft slotted 
for fast scrowdrivor adjustment—mounting bushing 
threaded with flats to prevent turning—mounting nut 
furnished. Available in production quantities with the 
following features: locking bearings; 1 80° stop; vari
ous shaft extensions; high torque; silver or other plat
ings Single section, butterfly, and differential types 
available.

TYPE "S”—Midway in physical size between the 
Type "M” and "K" capacitors, the Type "S” has a 
plate spacing of .013* with a peak voltage rating of 
850 volts. Other spacings, single hole mounting types, 
straight shaft, screwdriver shaft, or locking type screw
driver shaft available on special order in production 
quantities.

TYPE "K”—Widely used for many military and com
mercial applications, the Type "K” has a poak voltage 
rating of 1000 volts with a plate spacing of .015*. 
Unit is available in production quantities to meet 
MIL-C-92A specifications—other capacities and varia
tions for specialized military and commercial applica
tions are also available in production quantities.

For detailed specifications, in
cluding engineering drawings, 
on Johnson miniature and sub
miniature capacitors, as well as 
other Johnson electronic com
ponents, write for your free 
copy of our new components 
catalog No. 978.

E. F. JOHNSON CO
--------- ' 1920 Second Avenue S.W. e Waseca, Minn
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Pressure Switch

sk for SR-401
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tween

The

MIL-E-5272 includingtions
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Metallized mylar, sealed against 
eather and chemical changes, will

minia
le new 
nature 
uction 
anents 
liions.
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not scratch, tarnish, oi 
with age.

It is available with

switch can be spst or spdt 
rated at 28 v de or 110 v

REF-PAK MODEL 4RV8
Standard MIL Transformer Case

Metallized Mylar
Has many electronic applications

Write Io the f a c♦ ory for Bulletin 
SR-250-A, a four page technical article 
describing the characteristics of zener 
diodes, how to select them, and appli
cation data with circuit schematics.

Miniature Voltage Reference Packs Maintain 
Voltage Regulation to within + 0.01%!

ac with 5 amp resistive load. It 
meets the environmental specifica-

Actuating pressure range is 
5 to 30 psia

Type RR-58 absolute air pressure 
switch is available in an actuating 
pressure range of 5 to 30 psia. It has 
an accuracy of ±0.5 psi from —85 
to +185 F and ±1.5 psi from 185 
to 400 F. Difference in pressure bc-

on and off positions

±20 g shock and 75 to 500 cps at 
10 g vibration. It weighs less than 
1.8 oz and measures 1-27/32 in. in 
length and 7/8 in. in diam.

Suited to missile and aircraft ap
p ications, the switch can actuate at 
critical altitudes. It can actuate at 
critical pressures to prevent arc-over 
in high voltage equipment and to 
p otect equipment in electronic as
st mblies.

Newark Controls Co., Dept. ED, 
1» Ward St., Bloomfield, N.J.
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Technical Service Provides
XY Plot of Reverse Breakdown 
Characteristics of Each Diode 

in all Prototype Orders
To eliminate guesswork and tedious 

testing on your part, every zener diode 
sent on prototype orders will be accom
panied by a specially plotted XY re
cording of its exact breakdown voltage 
point! This permanent record can come 
in mighty handy when it’s time to 
match diodes or reorder to the same 
specs. This is just one of the many 
application engineering services we are 
prepared to extend to you at all times!

pressure sensitive adhesive, lami
nated to other types of materials 
for such use as heat sealing, or 
Mylar-vinyl extrusions. With or 
without embossing, it can be used 
for nameplates or dials.

Forest City Products, Inc., Dept. 
ED, Cleveland 15, Ohio.
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IXKCUTIVK OFFICES» EL SEGUNDO. CALIFORNIA • PHONE OREGON •*•>•' • CABLE RECTUBA
BRANCH OFFICES: NEW YORK CITY AREA OFFICE: 132 E. 70th St., TR»l»lt»r 9-333C • NEW YORK STATE AREA OFFICE: 2366 J* me» St . N HOwird 3 1441 • CHICAGO AREA OFFICE:
205 W Wacker Or., FR»nklm 2 3888 • NEW ENGLAND AREA OFFICE: 17 Ounater St., Cambridge, Mom., UN.veraity 4-6520 • PENNSYLVANIA AREA OFFICE: Suburban Savart Bldg Ardmore. Pa , 
Midway 9 1428 • MICHIGAN AREA OFFICE: 1799 Coolidge H'way, Berkley. Mich., Llncoh 3 1144 • IN CANADA, International Rectil ol Canada. Ltd , 158 Bark St., Ottawa, Ontar j, Regent 3 6880

WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS • SELENIUM • GERMANIUM • SILICON

REF-PAK MODEL RV8-PC 
Special Housing for insertion into 
printed circuit boards.

an unregulated power source .. . main
tain voltage regulation to within ± 
0.01%! Output voltages of either 8.4 or 
16.8 volts de are available in 5 distinct 
types that allow operation from 28 or 
115 volt de, 400 and 60 cycle power 
supplies. Temperature coefficient of

Designed around the highly stable 
1N430 silicon reference element, these 
miniature reference supplies may be 
considered to be the solid state equiva
lent of the standard cell. A high degree 
of stability is attained by maintaining 
a precise constant current through the 
reference element, regardless of tem
perature or line voltage variations.

Ref-Paks will operate directly from

ZENIAC Provides a Shortcut to the
Application of Silicon Zener Diodes

A flip of the Zcniac selector 
switch quickly tells you the exact 
diode required in complex 
breadboard circuitry. This 
unique innuiation — the 
.wmwonductor substitution box 
in history — has been designed 
spci. ifwally to aid system di sign B *
groups by sating taluablc lab 
tinu tn the application of zener L
diodes. &

I u o unity are at ailahle r at h ¿^BFsIBggB
housing 11 diodes in voltage jS - <BS^B 
st< p.s from I 9 thru 27 । Its /
Model A /• mac is rated at I- 
uatt; Model I1 is- rated at 10- 
a itts. Roth arc nou in stock at 
your Xuthorized Distributor Ask 
for details on this time saver . . .

644 Zener Diode Types 
Offer Advantages to Every 
Voltage Regulator Circuit

As compared to other voltage refer
ence elements, the silicon diode regu
lator has a longer life expectancy be
cause of its mechanical ruggedness. It 
does not deteriorate under storage nor 
age during its operating life. Small size 
and light weight make its use in air
borne or portable equipment especially 
desirable from many standpoints.

International Rectifier Corporation 
now offers an extensive line of zener 
types numbering 644 in seven basic 
styles. From the miniature type rated 
at 750 milliwatts to the precision 
1N430 reference element types, all are 
manufactured to meet the most rigid 
military requirements. See how these 
all-welded, hermetically sealed diodes 
can improve your circuit design . . .

i CO;
Iseca, Minn 

CARD
: CARO >



NEW PRODUCTS

Radiator Tube Clamp
Weighs 1 oz

Range is 2 to 10,000 ppf

Average temperature coefficient ppm

1959

TRILITE... lights in 3 colors. Round but 
ton is 1' in diameter.

ELECTRONIC DESIGN • November

eper 
te. A

Having capacitances from 2 to 10,000 ppf, these 
cement-insulated silvered mica capacitors are less 
than 1/8 in. thick. They come in seven sizes and 
have conventional or printed circuit loads. Lead 
spacing is in modules of 0.1 in.

Tolerance is ±0.5% to ±10%. Temperature range 
is —60 to -|-100 C or to -j-135 C for encapsulated 
units.

per deg C. The voltage rating is 500 wvdc and the 
long term stability is ±0.05%.

British Radio Electronics Ltd., Dept. ED, 1833 
Jefferson Place, N.W., Washington 6, D.C.
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tone 
natri

UNILITE... single-color light with one-inch 
diameter round button.

BILITE...lights in 2 colors. Square 
button may be split-color. Mounts without 
barriers on .875’ centers, both directions.

CIRCLE 144 ON READER-SERVICE CARD

TWINLITE...lights in 2 colors. Solid or 
split-color buttons %' x 1*. Mounts in rows or 
matrix using barriers.

For use with type 545, 554, 589, and 6339 ex
ternal anode, miniature power diodes in air or oil 
cooled applications, this heat dissipating anode 
connector weighs 1 oz and occupies 1-1/8 cu in. 
Made of light weight aluminum, it maintains uni
form anode contact to 300 C.

The requirements of MIL-C-5541 are met.
Trought Associates, Inc., Dept. ED, 116 Grey

lock Ave., Belleville 9, N.J.
CIRCLE 142 ON READER-SERVICE CARD
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We would like to 
prepare a specifica
tion drawing to meet 
your requirements. 
For quotation or 
technical literature, 
please send applica
tion information to:

Power Supplies
Both ac and de types

MOST EFFICIENT LINK BETWEEN
MIND AND MACHINES
Revolutionary ASTROMATIC panel concept simpli
fies and reduces complex monitoring and control 
centers to small, efficient, nictorial lighted panels. 
ASTROMATIC control panels are made possible by 
Electrosnap's complete line of lighted push buttons, 
switches, indicators, and other unique panel com
ponents Electrosnap supplies components nr com 
pletc panels Ask about ASTROMATIC.
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QUADLITE...four bulbs, lights in 4 colors, 
Designed for matrix use. mounts on W 
centers both directions. Mechanical 
interlocking for master resetting, mutual 
cancellation, or other special actions.

Frequency Generator
Output is 2.5 v, 300 to 

4000 cps
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atever your application requirement, we undoubtedly have a 
ndard lighted pushbutton panel switch to fit your needs. If not, 
nodification, or a complete custom design, can easily and 
ickly be produced.
he units shown are the five basic standard models. They all 
ize a pair of single pole, double throw subminiature, non- 
lultaneous switches. Models are available with positive-feel 
light-touch Momentary Action, or Alternate Action (push-on, 
•h-off). Switches and lamps may be interwired or terminated 
ependently. Choose from six standard illumination colors, plus 
ite. All lamp and light filter assemblies are removable from the 
it of the panel. For indicating use only, any unit can be supplied 
lout switches. Round-button models are available with square 
ton caps. Models are available for either sub-panel, flush-panel, 
natrix mounting. These ac and dc power supplies have voltage 

ranges from between 0 and 30 v to between 0 
and 120 v. Maximum current ranges are 1 to 12 
amp. The ac output is variable; the dc output is 
well-filtered and can be obtained with a very low 
ripple. A voltmeter indicates output. All outputs 
are available from both the front and the rear of 
the units; all input connections are located at the 
rear. Protection against overload and short cir
cuits is provided. The units are designed for panel 
mounting.

Nutron Manufacturing Co., Inc., Dept. ED, 67 
Monroe Ave., Staten Island 1, N.Y.
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Model 6261 frequency generator has an output 
of 2.5 v with frequencies of 300 to 4000 cps. Ac
curacies are 0.1% to 0.01%. The oscillator circuit 
uses types 2N334 and 2N335 silicon transistors, 
precision wire wound resistors, and metallized 
Mylar capacitors. A bimetallic tuning fork is em
ployed. The tuning fork and the oscillator circuit 
are in a hermetically sealed can measuring 1-1/2 x 
1-1/2 x 3-1/4 in. Required operating power is 
28 v dc.

Vaio Manufacturing Co., Inc., Dept. ED, 2201 
Walnut St., Garland, Tex.
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Switch Division
4216 West Lake Street • Chicago 24, Illinois 

Telephone VAn Uuren 6 3100 • TWX CG 1400



NEW PRODUCTScrystal >.san size relaysJ by ADVANCE.

ADVANCE MV SERIES 

offered in 3 terminal 
arrangements...6 mount
ing arrangements, and 7 
resistance values (30 to 
10,000 ohms).

-AVAILABLE AT 
ADVANCE DISTRIBUTORS

-these construction 
features assure 

exceptional reliability:
Positive sealing. Advance’s use of induction 
heating cuts rejects from faulty soldering to a 
negligible figure. Soldering is accomplished at 
high speed, hence damage to the relay due to 
heat transfer is eliminated.
RADIFLO testing for leakage is used to detect 
leaks as small as IO-8 cc/sec. All relays that pass 
this test will function after long shelf life.
RIQAP* program approval. Under RIQAP, the 
Signal Corps constantly checks Advance’s qual
ity control and inspection, to insure military 
standards of reliability for all Advance custom
ers, both military and industrial.
•Reduced Inspection Quality Assurance Plan of the 
U.S. Army Signal Corps.

SPECIFICATIONS
Coil resistance: Available in 7 values, from 30 

to 10,000 ohms.
Shock: 50 G’s for 11 milliseconds.
Vibration: 10 to 34 cycles per second at

maximum excursions of .4". 
34 to 2000 cps 20 G’s acceler
ation.

Operating power: Pull in power 250 milliwatts 
at 25°C.

Contact rating: 2 amps resistive at 32 VDC or 
115 VAC.

Life: 100,000 operations minimum
at rated current

Weight: 0.45 ounce.
Size: high x si/M" wide x 234«"

deep.

Our Applications Engineering Dept, 
will be pleased to work with you on your 
special application problems.

ADVANCE DELAYS
A PRODUCT OF ELECTRONICS DIVISION
ELGIN NATIONAL WATCH COMPANY
2435 N. NAOMI ST., BURBANK, CALIFORNIA
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Parametric Amplifiers

Two models available

Model MA2-1000 parametric amplifier is used 
in the 950 to 1250 mc range and model MA2- 
1000L is used in radar receivers in the 1250 to 
1350 mc range. Both models exhibit noise figures 
below 2 db with a bandwidth of 0.25%. The image 
rejection is better than 50 db down and the dy
namic range is 80 db or better. The unit includes 
a Varactor diode, a low noise mixer, and a 1N21E 
or MA-412B diode for the down-converter stage. 
Complete amplifiers consist of the basic unit, a 
pump oscillator, a power supply, and waveguide 
accessories. The chassis is silver-plated brass and 
measures 6 x 3 x 2 in.

Microwave Associates, Inc., Dept. ED, Burling
ton, Mass.
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Low-Pass Filters

Attenuation is 50 db

These low-pass filters are used in coaxial meas
urement set-ups to eliminate errors due to har
monics emitted by triode and klystron oscillators. 
They transmit frequencies up to the cut-off point 
of the filter. Attenuation is 50 db over most of the 
range, insertion loss is 1 db max, and vswr in the 
passband is 1.5 max. Units are available for fre
quencies of 500, 1000, 2100, and 4200 mc.

Narda Microwave Corp., Dept. ED, 118-160 
Herricks Road, Mineola, N.Y.
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8686 POTENTIOMETER 
features central readout 

of -10.1 to 100.1 mv
With central readout (digits and scale) 
of measurements over the range -10.1 
to +100.1 mv without input reversal, 
this portable millivolt potentiometer 
—one of a family of brand-new L&N 
instruments—brings marked operat
ing convenience to industrial and lab 
measurements: thermocouple tem
peratures, calibration of millivolt
meters and potentiometer indicators 
and recorders, standard cell checking.

Ranges — (l)-10.1 to +100.1 mv;(2) 1010 
to 1020 mv for standard cell calibration. 
Limits of Error— Without ref. jet. compensa
tion, ±(0.05% of reading +3 pv). With 
ref. jet. compensation, ±(0.05% of read
ing +6 pv).
Measuring Dials—"A” Switch: 9 x 10 mv 
plus additional step of 1010 mv and a ” 
position. "B” Switch: 9x1 mv. "C” 
Slidewire: 0 to 1.1 mv on circular scale 12" 
long. Smallest division, 5 pv, adjustable 
to ± 1 pV.
Galvanometer—Sensitivity, 0.06pa per mm. 
Coil resistance, 25 ohms; CDRX, 100 ohms.
Function Switch—9-position switch selects (1) 
"Galv. OFF”, (2) "STANDARDIZE”, 
(3) "EMF MEASURE”, (4) "EMF 
OUTPUT”, (5) "STANDARDIZE”, (6) 
"TC OUTPUT”, (7) "TC MEASURE”, 
(8) "STANDARDIZE”, (9) "REF JCT”.
Case—Metal with vinyl finish, 14%f x 
11^ x 7%”. Weight, 21 lb.
Price—$485 (subject to change without 
notice), f.o.b. Phila. or North Wales, Pa. 
Available for delivery after January 1, 
1960. Specify List No. 8686 when ordering 
from nearest L&N Office or 4908 Stenton 
Ave., Phila. 44, Pa.

LEEDS
Instrument*

i

NORTHRUP
Automatic Control* « Fumact*

CIRCLE 149 ON READER-SERVICE CARD
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ELECTRONICS and AVIONICS 
DIVISION

8100 W. FLORISSANT • ST. LOUIS 36. MO.

• RADAR SYSTEMS ENGINEERS
• SERVO ENGINEERS
• COMPUTER ENGINEERS 

(analog & digital)

• ELECTRONIC SUPPORT
EQUIPMENT OESIGN ENGINEERS

• INFORMATION THEORISTS
• COMMUNICATIONS SYSTEMS 

ANALYSTS
• RELIABILITY ENGINEERS
• TECHNICAL WRITERS 

(electronic background)

Emerson needs individuals who 
can make significant contributions 
in an initial stage concept-orient
ed program. Assignments in our 
radiation division, for example, 
involve radar development, para
metric amplifiers, electronic 
scanning and complete radar fire 
control systems.
We emphasize the systems ap
proach, which meaiN Emerson 
engineers explore and contribute 
in many diversified areas. This 
climate of creative freedom has 
paid off in bolid achievements.
If your talents can be better util
ized by assuming greater responsi
bilities, you owe it to your future 
to contact us at once.
Send complete resume to R.L. 
Middleton.

CIRCLE 926 ON CAREER INQUIRY FORM, PAGE 229
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ENGINEERS 
REALLY

GROW AT
EMERSON 

ELECTRIC

Engineers are a hardy breed ... and the right growing con
ditions can make them flourish far beyond expectations.
Emerson Electric provides the most “fertile soil” available. 
Proof? So many of our engineers have come so far in so 
few years, with a research and development staff that is one 
of the finest in the entire industry.
We owe this achievement to many important considerations 
... not to a magic “green thumb”. We provide our engineers 
with elbow room, they’re not bogged down with non
technical details. Encouragement of original ideas, an 
unusually cooperative and close spirit, elimination of for
malities ... these and other factors are real at Emerson.
It has paid off exceedingly well for engineers and company 
alike: Emerson has grown from $45 to $90 million annually 
in just five years! You can easily become part of this 
“garden spot” for growing engineers. Just write us today 
for an interview at our expense.

GROW...
WITH 

EMERSON



NEW PRODUCTS

Voltmeter

Measures 1 mv to 1000 v de

Tf 
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The New
Ramo-Wooldridge 
Laboratories For use in instrumentation, telemetering, and 

monitoring applications, type DVM digital volt
meter measures bipolar de voltages from 1 mv to 
100 v. Accuracy is ±0.1% and speed is 100 con
versions per sec. The output is automatically 
displayed as a three-decimal digit readout plus 
an overflow digit, sign, and decimal point. Elec
trical outputs include parallel BDC coded volt
ages and a serial pulse train for single wire 
telemetry use. This completely solid state instru
ment can also be used to measure elapsed time, 
measure events per unit of time, scale inputs into I 
engineering units, and provide zero suppression! 
signal conditioning.

Epsco Inc., Dept. ED. 275 Massachusetts Ave., 
Cambridge, Mass.
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Thermoelectric Generator Elements

Made of lead telluride

KU 
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Sh 
Palo

...an environment dedicated to 
technological research and development

The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo- 
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary.

The ninety-acre landscaped site, with modem build
ings grouped around a central mall, contributes to the

academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW.

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers.

For specific information on current openings write 
to Mr. D. L. Pyke.

THE RAMO-WOOLDRIDGE LABORATORIES
8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA

Please write direct to advertiser mentioning ELECTRONIC DESIGN

Made of lead telluride, these thermoelectric] 
generator elements can operate at junction tem- 
peratures of 1100 F for several years. Type TEG] 
#2P positive and type TEG #2N negative eleJ 
ments are available in six standard sizes and hava 
prefinished hot junction surfaces and pretinneJ 
cold junction surfaces. They can be assembleci 
directly into test fixtures.

Minnesota Mining and Mfg. Co., Dept. ED, 901 
Bush Ave., St. Paul 6, Minn.
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VITREOUS
Quality Features

RESISTORS

RELAY MISS TESTER.—Cycles relays for testing

s Ave.

ents

Ohmite can supply all of your resistor needs
some of the many types available

Be Right with

Qual omponents

High-Shock Resistors

Write on company letterhead for Catalog 58
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WELDED RESISTANCE 
WIRE JUNCTION

TINNED, ALLOY 
TERMINALS"

EVEN, UNIFORM 
WINDING

Riteohm ■ Metal 
Film Resistors

Resistors to meet MIL 
Specifications

, HIGH-STRENGTH 
WELDED TERMINAL LUG

Live Bracket Mounting 
Resistors

Riteohm1» Wire-Wound 
Precision Resistors, 
Encapsulated; Vitreous 
Enameled; Molded 
Jacket; Hermetically 
Glass Sealed

Edison Screw Base Mounting 
Resistors

VITREOUS ENAMEL 
COATING

In Ohmite resistors, spot welding replaces soldering, brazing, 
and mechanical fastening. Spot welding produces strong con
nections that are not affected by vibration or high tempera
tures. Ohmite welded construction also produces an almost 
flush connection between the resistance wire and terminal. This 
prevents thin spots or bulges in the vitreous enamel coating 
which might cause future trouble and failure. Many different 
types of terminals are available besides the lug illustrated.

RESILIENT MOUNTING 
BRACKETS

STRONG CERAMIC 
CORE

The almost endless variety of Ohmite resistors in many sizes 
and types—-in a wide range of wattages and resistances— 
makes it possible to meet each individual need. Many of 
these can be supplied from the world’s largest factory 
stock. Whatever your resistor requirements may be, 
chances arc you will find exactly the type you need in 
industry’s most complete line of high-quahty resistors.

Ohmite Manufacturing 
Company

3643 Howard Street 
Skokie, Illinois
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Mfg. Co., Dept. ED, Bartlett, 111
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SOCKET CAP SCREWS.-Are made of cold forged 
stainless steel. The screws can be re-applied many 
times because of their long length. They are avail
able in numerous sizes in the new ASA 60 series or

J RMIN AL BOXES.—Are built of cast iron or sheet 
el with gasketed covers. The weatherproof multi- 

pnetion thermocouple terminal boxes provide for the 
I mination of from 6 to 100 thermocouple circuits, 
pie cast iron boxes have either hinged or screw-down 
hpe covers, threaded openings for fittings, and ex- 
kn d lugs for surface mounting.
I Thermo Electric Co., Inc., Dept. ED, Saddle 
| ook, N. J.
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THERMOMETER.—Made of stainless steel, it is 
des ^ned for both laboratory and production use. 
The thermometer can be reset and recalibrated by 
the aser. It has a range of from 0 to 220 F. Stem 
]en; th is 6 in. with a diameter of 1/4 in. The diam- 
etei of the dial is 2 in. and the overall diameter is 
2-1 8 in. Designated as model 142, the thermometer 
is waterproof for intermittent immersion and for 
con inuously humid atmospheres.

1 he Pacific Transducer Corp., Dept. ED, 11836 
AV. Pico Blvd., Los Angeles 64, Calif.
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Axial Lead

Brown Devil * Wire Lead

Fixed, Lug Type

Dividohm ’ Adjustable

Thin Type

Noninductive
Pawr-Rib®, High Current, 

Round or Ribbon Wire, 
Open Wound

Corrib®, High Current, 
Corrugated, Edgewound 
Ribbon

Resistors with Heat 
Conducting Studs

Ferrule Mounting Resistors RHEOSTATS RESISTORS 

TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS

EBVO-MAGNETIC AMPLIFIERS—This line is 
esi ;ned for 2-phase 400 cps servo motors. Voltage 
itii gs are 26 and 115 v with power rating from 2.5 
4 5 w. Weight of largest unit is under 2 lb.
T ;rotel, Inc., Dept. ED, 5512 E. 11 Oth St., 

an,as City, Mo.
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AUTOMATIC MIXING DISPENSER.-Designed for 
I iwable two-part compounds or adhesives, this unit 
I portable. Known as an Automatic Shot Meter, it is 
completely enclosed. It operates on 80 psi of airline 
pressure. It mixes and dispenses a uniform, air-free 
compound and is easily adjustable by means of a 
kale to any of fifty desired shot measurements from 
Eto over 100 g.

Pyles Industries, Inc., Dept. ED, 20855 Telegraph 
Road, Detroit 41, Mich.
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RELAYS

TAP SWITCHES

DIODES R.F. CHOKES

Elec-
1 volt
i wire 
instru
I time, 
ts into 
cession

Balanced Thermal Expansion 
prevents crazing 

and moisture entrance

under dry-circuit conditions. The relay contacts are 
tested dynamically at open circuit voltages as low 
as 1 mv with closed circuit currents as low as 1 lia. 
An electronic gate is provided to eliminate erro
neous miss indications.

Shasta Electronic Co., Dept. ED, P. O. Box 316, 
Palo Alto, Calif.
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the old series.
Set Screw &

CIRCLE



NEW PRODUCTS

LEADERSHIP IN MEASUREMENT

ma
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Introduction 
to 

TRANSDUCERS 
for 

INSTRUMENTATION trans: 
lour

Hm
mea<

Statham’s leadership in measurement is exemplified by 

a family of products distinguished for their reliability in 

missile, aircraft, industrial and nuclear instrumentation.

For prompt attention, address 

requests to Dept. ED-864-1.

hr f 
natio 
pistar

Just a few minutes from the time you 
record oscilloscope traces with this new 
Beattie Oscillotron and Polaroid® Land 
Film Type 46, you can project a trans
parency. Also produces 60 sec. paper 
prints with the new, very fast Polaroid® 
3000 Speed Film. Records up to 10 traces 
on a single frame and offers these many 
other advantages:

• Direct binocular view of CRT 
while recording.

• Non-reversed image.
• Camera swings back for easy access 

to lens and shutter, or lifts off 
completely. Can be rotated.

• Electric shutter-actuator available.
• Attaches easily to bezel of 5" CRT. 

Adaptable to other sizes. 
No special tools.

“Polaroid” ® by Polaroid Corp.
Write today for full details

G MINUTES 
on Polaroid* Land 

Projection Film

STATHAM INSTRUMENTS, INC.
12401 West Olympic Boulevard • Los Angeles 64, California

Coaxial Attenuators

Ranges are 4 to 7 kmc and 7 to 11 kmc

Pressure Switches

Pressure range is 10 to 4000 psi
Write for it on your company 

letterhead. Other information 

on specified instrumentation 

areas or problems will be 

included at your request.

Researched and fabricated by the pioneer of the un

bonded strain gage, many of these sensing instruments 

have been privileged to help make the U. S. space and 

nuclear power programs a dynamic reality.

Recognizing that no one line can include the ideal instru

ment for every purpose, Statham has further exercised 

the responsibility that devolves upon leadership by 

preparing an objective, illustrated booklet entitled 

“Introduction to Transducers for Instrumentation.” 

Brief but scholarly, it will aid instrumentation 

and project engineers in surveying all 16 major

transduction principles, includ

ing but not limited to those 

used in Statham products.

This variable coaxial attenuator is available 
with bandwidths of 4 to 7 kmc and 7 to 11 kmc 
and produces a maximum of 40 db attenuation. 
Attenuation variation is less than 5%. The vswr on 
all settings is less than 1.5. The unit handles 4 w. 
Units producing to 100 db attenuation with flat 
attenuation versus frequency characteristics can 
also be provided.

Merrimac Research and Development, Inc., 
Dept. ED, 137-28 Northern Blvd., Flushing 54, 
N.Y.

1000 N. Olive St., Anaheim, California 
Branch: 437 Fifth Ave., New York. N.Y
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The series 1590 pressure switch has a pressure 
range of 10 to 4000 psi and an ambient tempera
ture range of —65 to -f-300 F. The complete unit 
weighs 2-1/2 oz, and is 3 in. long and 0.937 in. in 
diam. All moving parts are sealed in an aluminum 
and steel housing. The entire assembly is resistant 
to corrosion. Accuracy is within 0.5 psi. The ap
plications include pneumatic, hydraulic, lubricat
ing, fuel, chemical, and gas pressure systems.

Haydon Switch, Inc., Dept. ED, Waterbury 20, 
Conn.
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CONTROLLED RECTIFIER BRIDGE REGULATED POWER SUPPLYTYPICAL

Stud Temperature

y access
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PHASE
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(ONTROt

You are assured of uniform reliability through completely 
diffused silicon construction which provides higher power 
dissipation and high sensitivity.

The TI diffused silicon P-N-P-N controlled rectifier has a 
third lead which controls current flow. A low 5-ma current 
fires the device which requires only 0.6 microsecond tum-on 
time. You get guaranteed PIV and breakover voltage ranges 
from 50 to 400 volts and an average rectified forward current 
of 3 amperes at 75 °C and 1 ampere at 125° C stud tempera
ture. Maximum operating temperature is 150°C!

for data folder containing 
complete parameters on Types TI 130, 
131, 132, 133, 134 Diffused Silicon 
P-N-P-N Controlled Rectifiers.

germanium and silicon transistors 
silicon diodes and rectifiers

Transformer and 
Bobbin Winder

Permits fast wire change-over
his multiple transformer/bobbin 

wi ider permits fast change-over 
frcxn one wire gage to another. The 
mt del 500-AM unit winds power, 
an lio, and similar types of heavy 
duty transformer coils and all types 
of heavy duty field coils and bob-

Now, the high current-high temperature capabilities and 
new small size of the TI 130-Series permits practical use of 
controlled rectifiers in such applications as relays and 
switches in regulated power supplies, light dimmers, servo
motor controls, reversing drives and surge voltage suppres
sion devices.¡me you 

this new 
d® Lana 
a trans

D. paper 
'olaroid® 
.0 traces 
>se many

precision carbon film resistors 
ae*s>slo' silicon resistors

Contact your local TI representative for immediate delivery 
of TI P-N-P-N controlled rectifiers in production quantities!

Instruments 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 * DALLAS, TEXAS

X N i"f

California 
fork, N Y

ICE CARD

ICE CARD

Hgit counter, and relative Tacan 
’earing information on a double- 
>ar pointer. An auxiliary single bar 
>ointer is provided for use with 
’ther navigational systems.
J >hn Oster Mfg. Co., Avionic Div., 

)e it. ED, I Main St., Racine, Wis.
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Indicator

For course, azimuth, and range
Combining the functions of a 

course indicator, an azimuth indica
tor, and a range indicator, this in
strument, designated type 9814-02. 
measures 9-1/4 in. long and 3-1/8 
in. in diameter and weighs 4-1/2 lb. 
The unit consists of three ac servo 
motors, four resolvers, one control 
transformer, one torque receiver, 
our potentiometers, and one servo 
mplifier.
The mechanical portion is her- 

netically sealed. A single indica- 
or face presents compass infor- 
nation on a rotating compass card, 
distance information on a three-

The dial is calibrated in wire 
sizes from 10 to 31 AWG. Wire finer 
than 31 AWG can also be handled. 
Maximum coil OD is 16 in. and 
maximum winding stroke is 9 in. 
Loading distance for multiple wind
ing is 24 in., max.

Winding width is adjusted by 
moving the slider on a calibrated 
scale to the desired winding width. 
The machine is furnished with an 
instant re-set automatic counter, a 
magnetic brake, and a motor and 
heavy duty tailstock. Winding 
speeds are up to 380 rpm.

Geo. Stevens Mfg. Go., Inc., Dept. 
ED, Pulaski Rd. at Peterson, Chi
cago 46, Ill.
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o 4-50 4100 4150 4200

STUD TEMPERATURE — °C

NOW Z

Available In Hours from your local authorized T! distributor

SILICON 
CONTROLLED 
RECTIFIERS

CURRENT DERATING CURVE



NEW PRODUCTS

Up to 250 KVA and no bulky

completely against dirt, damp and damage. One result: Fast

cooling with high overload capacity for built-in reliability

temperature rise is 50% less! Another: Less size and^ weight

simplifies equipment packaging

and more efficient layout. Get th

story of Electroseal encapsulât

for heavy-duty industrial appi

(Class A or B) ; or on HR/Eps\

ultracapsulateds for extreme env

Grade 5 Class T). Electro engine
met

from microwatt to megawatt
extn

ates

tential bright tarnish-resistant

p< wehigh reliability transformers

ELECTRO ENGINEERING WORKS, 401 PREDA STREET, SAN LEANDRO, CALIFORNIA

Opportunities for Experienced Transformer Engineers. Write to Personnel Manager
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coating for automotive trim, bumpers 
and accessories. A tin-bronze coating 
of up to 12% tin and a tin-nickel 
coating of two-thirds tin are proving 
excellent undercoatings for chromium.

Well 
eithe

ENCAPSULATED HIGH 
POWER TRANSFORMERS

Foreign car manufacturers 
are capitalizing on latest developments 
in tin applications. Directional sig
nals, subject to continuous wear and 
hard weather conditions, are electro
plated with a tin-zinc coating. A tin
nickel electrodeposit shows good po-

pibe 
p nal 
Ai gd

ident 
an ai 
suital

One-hp Gearmotor

Has a 2-1/2 in. diam

Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply 
prices and new uses.

bility high power into half the size... half the weight. But this

is no ordinary open coil construction—the coils are thin and

solid... 100% encapsulated with epoxy inside and out...sealed
gearmotor, called model

Factory fresh hosiery is now 
available to American consumers in 
tin cans. The manufacturers claim 
canning nylons reduces pilferage and 
handling costs, lets the lady select 
her nylons factory fresh from her 
grocer’s shelf.

DC Power Supply

Delivers 9 or 12 v

Epoxy Resin

Has low mix viscosity
ResinKast 709, a semi-rigid epoxy resin system 

has a two to four-day working life for a five gallon 
mass at 75 F. The mix viscosity is 4200 cps at 25 
C. It is resistant to thermal and mechanical shock 
and is rated as class B electrical insulation mate
rial. The cure schedule is 16 hr at 175 F or 8 hr 
at 200 F.

Resin Formulators, Inc., Dept. ED, 8956 Na
tional Blvd., Los Angeles 34, Calif.
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Dept. Î2L, 1028 Connecticut Ave, Washington 6, D.C
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For the operation of transistorized equipment 
and for telephone systems, model TQ-4 de power 
supply delivers 12 v at 500 ma or 9 v at 1 amp. 
The unit is fused, heavy filtering is provided, and 
a choke is used to obtain good regulation. It is 
enclosed in a heavy steel case and is supplied with 
cords.

Fisher Berkeley Corp., Dept. ED, 4224 Holden 
St., Emeryville 8. Calif.
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Zircalloy 2 — containing 1.5% or 
more tin — was the cladding material 
used for the nuclear power unit which 
carried the submarine Nautilus across 
the North Pole. Zirconium alone 
couldn’t do it. Addition of small 
quantities of tin strengthened the zir
conium and reduced the variable effect 
of impurities. It also had a favorable 
effect on its corrosion resistance. This 
discovery led to development of Zir- 
calloys containing 0.5 to 5% tin.

This one

News of developments / 
in the production V

and uses of tin ■HhLj
■UBRAU

70DC1R70, has a diameter of less than 2-1/2 in. 
The required input is 28 v de at 65 amp. The out
put speed can be varied to meet customer specifi
cations. The unit shown has an output shaft speed 
of 7000 rpm.

Western Gear Corp., Electro Products Div., 
Dept. ED, 132 W. Colorado Blvd., Pasadena, 
Calif.
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Daven has established a completely new Packaged 
Assembly Department. This group assembles various 
components on Daven rotary switches, does all internal 
wiring, any external cabling necessary, and pre-tests the 
entire package. In switch wiring, it is very often easier 
and less time consuming to wire and make connections to 
switch decks before they are stacked as a complete unit.

Thus, you can now have a completely tested sub-

jreau
in 6, D.C 

E CARD

for more 
>e items or 
»scription to 
-a monthly 
tin supply 
»w uses.

assembly, instead of a mixed group of components and 
switches which ordinarily would have to be individually 
checked, assembled, soldered, and tested. Daven takes 
complete responsibility for the design, fabrication, test
ing and overall reliability of this assembly package.

For more information about Daven’s new Packaged 
Assembly Service, write today.

These 3/4 w Zener diodes come in 
an axial-lead, flangeless package. 
1 ley are available in ratings from 
6.3 to 200 v. The flangeless package 
is suited for insertion by automatic 
equipment in printed circuit boards. 
Designed to meet or exceed mechan
ical and environmental requirements 
of military specifications, the units 
can be used in both ac and dc cir
cuits.

Types 3/4M6.8Z through 3/4M- 
200Z can be used for applications 
such as regulation of vacuum tube 
filaments, protection of transistors 
against surge voltages, and in other 
circuits where it is necessary to 
provide proper voltage regulation.

Motorola Semiconductor Div., 
Dept. ED, 5005 E. McDowell Rd., 
Phoenix, Ariz.
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Zener Diodes
Rated at 3/4 w
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Seam Welding Machines
Two models available

The model VTW 500 seam weld
ing machine can handle materials 
that vary in gage from 0.001 up to 
0.01 in. or more. The machine can 
be used to weld stainless steel, 
nickel alloys, Kovar, and other new 
metal alloys.

A phase shift heat control circuit 
is used and it is adjustable to 
extremely low heat settings for 
delicate materials. The unit oper
ates at full power output, 2.8 
kva, on a continuous duty cycle. 
Welding speed is adjustable to 
either 60 or 120 spots per second. 
The model VTW 501 machine is 
identical to the VTW 500 except for 
an additional control that makes it 
suitable for spotwelds timed from 
2 to 20 cycles.

Thickness range of the VTW 
501 is 0.0005 in. to 0.035 in. Both 
welders have: inputs of 220 or 440 
v, 300 w input-standby power, and a 
power load of 30 amp max at 240 v.

Hughes Aircraft Co., Vacuum 
Tube Products Div., Dept. ED, In
ternational Airport Station, Los 
Kngeles 45, Calif.
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High-Resistance Wirewound Hi-R® Trimpot —

watts/100 ohms to 100K. Available es rheostat.
Model 208 HI-R Trim R®.
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watt/10 ohms to 100K. Available as rheostat
Model 201
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General-Purpose Carbon Trimpot — Model 215.
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terminals/1 watt/100 ohms to 100K. Meets
Mil-Specs for humidity.
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Trimpor1 Makes
Reliability a Reality

General Purpose Wirewound Trimpot — Model
200. Operates at 105*C/L,S,P terminals/%

Model 207. Operetes at 175*C/L terminal/2

Duel-Element Wirewound Twinpot® — Model
209. Operates at 105*C/L termina I/% watt/
10 ohms to 20K. Two potentiometer outputs
with one adjustment shaft.

Operetes at 125*C/L,S,P terminals/% watt/
20K to 1 Meg. Aveilable as Mil-Spec humidity-
proof unit. Model 235 (IK to 10 Meg).

Subminiature Wirewound Trimpot—Model 220.
Operetes st 175’C/L & W terminals/I watt/
100 ohms to 20K. Meets Mil-Specs for humidity.

High-Temperature, Humidity-Proof Wirewound
Trimpot-Model 224. Operates at 175’C/L,S,P

Choose from among four terminal types: L— 
insulated stranded Leads; S—Solder lugs; P— 
printed circuit Pins; W—uninsulated Wire. Full 
range of standard resistances from 10 ohms 
to 1 megohm. Other resistances aveilable.

Trimpot production. The

Test information punched in these
cards can provide detailed per
formance reliability statistics on 
cards summarize extensive envi-

ronmental tests which Bourns regularly conducts above and 
beyond regular quality control. In Bourns’ own Reliability 
Assurance Laboratory, monthly samples are taken at random 
from factory stocks and completely tested for conformance

to all environmental and electrical specifications on Trimpot
catalog sheets. Results can then be fed into IBM computers 
which analyze performance data with corrective action taken 
immediately, if required!
This program is the only one of its kind in the industry. Only
Trimpot potentiometers are tested so thoroughly, so 
quently. In short, Trimpot reliability is a fact—one you 
put in your next circuit.

fre- 
can



PUNCHED CARDS ARE USED TO TABULATE BOURNS RELIABILITY DATA FROM

Trimpot reliability starts at the beginning
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and Ames, Iowa
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When tests are completed and the results 
tabulated, Bourns engineers plot frequency 
distribution curves from the steady flow of 
test results. Analysis of these curves and 
other data from testing provides a continu
ing check on all models to see that they meet 
the most exacting standards of performance. 
This analysis and the constant flow of in
formation between the Testing and 
Production departments is your assurance 
that the Trimpot potentiometers you specify 
and purchase will meet specifications.

his vibrator for measuring conformance to 
Ail-Specs is an important part of the exten
sive equipment in Bourns Reliability 
^surance Laboratory.

Here an incoming lot of potentiometer lead 
screws undergoes a dimensional check.

This chamber subjects potentiometers to 
standard military tests for humidity, pro
vides important feedback on product per
formance.

Write for the new 8-page folder describing 
the Bourns Reliability Assurance Program 
and a copy of the Trimpot Summary Bro
chure.

Choose from among four terminal types: L— 
insulated stranded Leads; S—Solder lugs; P— 
printed circuit Pins; W—uninsulated Wire. Full 
range of standard resistances from 10 ohms 
to 1 megohm. Other resistances available.

From the time the element is wound until 
the lid of the potentiometer is installed, in
process inspection monitors quality.

100% final inspection is made possible by 
this exclusive high-speed system developed 
by Bourns to test all major electrical charac
teristics. Critical dimensions of each unit are 
also checked.

:x( lusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration

Panel-Mount Trimpot
All models are now available with the added 
convenience of panel mounting. Unique design 
permits quick factory attachment of rugged 
panel-mount assembly to stenderd "on-the- 
shelf" Trimpot potentiometers. The Panel 
Mount Trimpot takes as little as 1/12 sq. inch 
cf panel space, meets Mil-Specs for vibration, 
shock, salt spray, etc. Recessed head prevents 
occidentol changes of setting. Silicon rubber 
O-ring and Teflon washer provide moisture 
barrier.

1000-hour load life testing per MH-R-19A 
takes place in ovens like this, which hold 
temperatures at desired levels at full rated 
power.
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Trimpot® Makes 
Reliability a Reality

\ Only 
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High-Quality Commercial Wirewound Trimit* 
—Models 271, 273, 275. Operstes et 85*C / 
L.S.P terminals/% watt/100 ohms to 10K.
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High-Temperature Wirewound Trimpot—Model 
260. Operates at 175*C/L,S,P terminals/1 watt 
/10 ohms to 100K.

CIRCLE 743 ON READER-SERVICE CARD

Humidity-Proof Wirewound Trimpot — Model 
236. Operates at 135*C/L,S.P terminals/0.8 
watt/10 ohms to 100K. Meets Mil-Specs for 
humidity.
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P.O. Box 2112r, Riverside, Calif.
Plants: Riverside, California

High-Quality Commercial Carbon Trimit — 
Models 272, 274, 276. Operetes at 85*C/L,S,P 
terminals/0.2 watt/20K to 1 Meg.
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NEW PRODUCTS
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AND THEN AMPLIFY

CHOOSE THE NEW HONEYWELL
D-C AMPLIFIER

the most exacting ’ITOI

m*«

ie u

requl

______

HMIVWIU
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NEARLY 
FIFTY 
YEARS

Model ME 60-IM transistorized power supply 
is rated at 0 to 60 v dc at 0 to 1 amp continuously 
variable over the entire range. It has no external

AND WANT TO MEASURE 
O.l to 100 millivolts full scale

IT’S NOT 
HOW THIN

■ct a 
be ai

Trimmer Potentiometer

Case is 0.89 x 0.21 x 0.312 in.

wide-band differential all
transistor D-C Amplifier for 
strain gages and thermocouples

!• Accu-Ray nudeg 
gauging to assure ai 
solute uniformity g 
thickness throughout

That 

p Vi 
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Power Supply

Provides to 60 v de

of metal is up to 
standards.

2. Unique rolling nt 
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WHEN YOU HAVE 
extraneous common mode signals

Radiant Energy Standard

Source temperature kept within ±1 deg Kelvin
This radiant energy standard is comprised of 

model 403 black body and model 100 temperature 
controller. Designed to emit black body radiation 
over the temperature range of <500 to 1000 Kelvin, 
the unit maintains its radiation source tempera
ture within 1 deg Kelvin despite changes in am
bient temperature, line voltage variations, tran
sients, and tube aging. The selected temperature 
is maintained by a combination of vacuum-tube 
amplifier and thyratron circuitry.

Infrared Standards Lab., Dept. ED, 10555 Mag
nolia Ave., Riverside, Calif.
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Having a resistance range of 10 to 100,000 ohms 
with ±5% standard tolerance, type W-5 trimmer 
potentiometer has a case size of 0.89 x 0.21 x 0.312 
in. and 0.75 mounting hole centers. The unit dis
sipates 2 w at 70 C, derating linearly to zero at 
200 C. Extreme environmental conditions are pro
vided for. The unit is available with side-mounted 
printed circuit configurations, flexible wire leads, 
solder-lugs or panel-mounting hardware.

Atohm Electronics, Dept. ED, 7648 San Fer
nando Rd., Sun Valley, Calif.

CIRCLE 185 ON READER-SERVICE CARD

3. Experience excl 
lively with thin rt 
metals give» Ser 
an unmatched bo 
ground in enginew 
ultra-thin strip to <4

With the recent trend in strip meta 
towards thinner and thinner gauges 
Somers, a pioneer in thin strip fol 
nearly 50 years, is naturally amonJ 
the leaders in rolling ultra-thin strip 
But in addition to rolling productiol 
quantities of strip as thin as can be obi 
tained anywhere in the world, Somerl 
utilizes exclusive techniques and equip! 
ment to make sure that every fool

iai Full Scale Input: Unbalanced: ± 100 /tv to —100 mv
Differential: ± 3 mv to ±100 mv 
Open Loop: Below drift level

j • Full Scale Output: ±2v at 50 ma, dc to 10 kc »*A»t ’
• Frequency Response: to 20 kc

• Output Impedance: Less than 0.5 ohm at dc on all ranges

• Input Impedance: Unbalanced 3 to 100 mv ranges; greater 
than 20 megohms in parallel with 350 micromicrofarads. 
Differential: Greater than ± 2 megohms

• Equivalent D-C Input Drift: Less than 2 /xv/10 ’F ambient temp, 
change on 0.1 to 30 mv input ranges

® Equivalent Input Noise: 4pv peak-to-peak on 100 pv to 300 pv 
range (0-10 cps). 8pv rms on 10 to 30 mv ranges (0 to 100 kc)

O Common Mode Rejection: 200,000 at 60 cps on 3 to 30mv ranges

The new’ Honeywell AccuData II is a completely transistorized D-C Amplifier 
designed for use in high accuracy data handling systems as a wide-band pre-am
plifier for strain gages and thermocouples. Its output can be fed to electronic 
or electromechanical analog-to-digital converters and simultaneously recorded 
on galvanometer oscillographs or magnetic tape. Either differential or single
ended input modes can be selected by an eleven position range switch. This 
switch changes the gain in three-to-one steps. Intermediate gains with high 
resolution are provided by a ten-turn potentiometer. Write for AccuData II 
Bulletin to Minneapolis-Honeywell, Dept. 10, Boston Division, 40 Life Street, 
Boston 35, Mass.

Honeywell me 
nmor 
iter tl 

Somers Brass Company, Inc }sner
114 BALDWIN AVE., W|ATERBURY, CON' , p
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LEADERSHIP LINE

INSULATION REPORT N0.2
published by Micarta Division, Westinghouse Electric Corporation

cir uit breaker handle or fuses but 
car be operated at 120% of rated 
cui rent. Under short circuit condi
tio is the unit can be operated for 
lor g periods with 1/3 of the dissi- 
pa ion in the power transistors that 
oc< urs at normal full load. The cur
rei t is cut off automatically when 
the output exceeds a preselected 
point, which is continuously variable 
from 20% to 120% of rated current. 
The output voltage may be regu
lated to 0.1% or 0.01%. Recovery 
time is less than 50 psec and over
shoot is less than 1%. Ripple is 0.01% 
max. The unit mounts on a standard 
19 in. rack with panel height of 
5-1/4 in., or can be furnished in a 
portable bench-top housing.

Mid-Eastern Electronics, Inc., 
Dept. ED, 32 Commerce St., Spring
field, N.J.
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Tester
I For synchro torque receivers
I Model RF-2 receiver test fixture 
Automatically tests for dynamic 
rrror in accordance with BuOrd 
|pec MIL-S-20708A. It can be used 

rith aircraft indicators having 
|ealed-in torque receivers. By press- 
Jig a button the indicator is driven 
lith a three-wire electrical signal 
It the rate of 1 rpm. The variation 
n this signal is converted into a di- 
Ict angular error indication without 
lie aid of transducers. Specifications 
■elude frequency of 400 cps and 
Inchro excitation of 10 to 115 v. 
ihe unit measures 21-3/4 x 9-3/4 x 
■1-3/4 in.
iTheta Instrument Corp., Dept. ED, 

■0 Victor St., Saddle Brook, N.J.
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Another Industry First
Now, from Westinghouse, comes an entirely 
new line of self-adhering, fully cured tapes for 
class "H” flexible insulation—self-adhering sili
cone rubber-treated glass cloth and tapes.

$ rolling d 
from OOI 

ikes possiH 
close ' 

ie final tn 
emper, a 
accuracy | 
temper.

These new treated tapes, which are available coated 
on one or both sides, are ideal for cables, transformers, 
coils and lead wire because they offer these four 
insulation features:
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Multiplexers
Miniature type

The S series of miniature electro-i» engineer«-
i strip to m ecnamcaJ telemetering multiplex-
cial requi 5 are available in all standard 

annel configurations and sampling
tes for PAM and PDM applica- 
ms. Containing no vacuum tubes, 
e amplifier is stabilized against 

drift during the master pulse 
val bv stabilizing segments on 
mechanical commutator. The 

nmon mode rejection ratio is

1. Lower insulation costs due to absence of inter
leaf and separator.

2. Dielectric strength of tape greater than con
ventional semicured silicone rubber tapes and 
equal to fully cured silicone rubber tapes.

3. Good shelf life (three-month minimum)—this 
eliminates procurement and stocking problems.

4. Self-adhering characteristics enable the tape to 
stay in place with adequate bonding, thus form
ing a homogeneous structure impervious to 
moisture.

These features add up to longer insulation life and 
lower insulation costs for the user. Silicone tapes 
can be ordered in standard width in 36- and 72-yard 
rolls, and on special cores and pad diameters for use 
with cable wrapping machines. Get full details by 
checking Box No. 1 on reply card.

Iter than 100,000:1.
ny, Inc ;8neraj Devices, Inc., Dept. ED, 
iry, coni j gox 253 princeton, N.J.mire r* ’ ’ '

vo» can »i SURE...F.TSWest in chouse
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Fostercast #26 Withstands Severest Tests
Today’s engineers recognize the importance and need 
of good transformer protection. That’s why they 
specify Fostercast # 26—the Westinghouse resin that 
permits cast transformers to withstand even the 
severest flame and moisture tests.

Fostercast #26 resin has passed the flammability 
test # 2021, as well as the thermal shock test, Type C, 
of Military Specification MIL-I-16923. Transformers 
treated with the resin have also passed the humidity 
and flammability tests of MIL-T-27A.

Gelation and curing of the resin can be accom
plished at relatively low temperatures, although best 
results have been obtained at 60° to 80° C. Standard 
casting methods are used.

Design Engineers' Note: Fostercast # 26 resin costs 
substantially less than epexies!

For further information and data, check Box No. 
2 in the coupon below, and mail.

Mail to:

ED 11-9 
MICARTA DIVISION
WESTINGHOUSE ELECTRIC CORPORATION 
MANOR, PA. 
Send Me Information on the Following: 
1 □ Silicone Rubber-Treated Glass Cloth and Tapes 2 □ Fostercast #26 Resin 

Name Title______________________ ,

Company_________________________________________________________________

Address__________________________________________________________________  

City Zone_____State.
j-oeew

WATCH WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS 

CBS TV FRIDAYS
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Now from Sonotone- NEW PRODUCTS

4 Big 
Improvements 
in the quality stereo cartridge

Sonotone 8TA cartridge replaces 
k 8T as industry standard

The new Sonotone 8TA 
1 cartridge gives greater than 

ever stereo performance... 
/ has 4 big extras:

• fuller, smoother frequency response
• higher compliance than ever before
• lighter tracking pressure
• practically eliminates dust pile-up

ONLY 
$|450*

Sonotone 10T unitized stereo at <
lowest price ever

New 10T cartridge sells at record low price of 
$6.45.* And it covers the complete high fidelity 
range. lOT’s unitized construction makes it easi
est to install, easiest to replace. Low price means 
more sales—more profits.

Frequency Response ..

Channel Isolation .
Compliance .............
Tracking Pressure .

Output Voltage ... 
Cartridge Weight .. 
Recommended Load 
Stylus..........................

8TA
. Smooth 20 tc 20,000 cycles. 

Flat to 15,000 with gradual 
rolloff beyond.

. 25 decibels

. 3.0 x 10-6 cm/dyne

. 3-5 grams in professional 
arms
4-6 grams in changers

. 0.3 volt

. 7.5 grams

. 1-5 megohms

. Dual jewel tips, sapphire or 
diamond.

Flat from 20 to 15,000 cycles

18 decibels
1.5 x 10-6 cm/dyne
5-7 grams

0.5 volt
2.8 grams
1-5 megohms
Dual jewel tips, sapphire or 
diamond.

* including mounting brackets

Sonotone makes only 6 basic ceramic cartridge models... 
yet has sold over 9 million units... used in over 662 dif
ferent phonograph models. For finest performance, replace 
worn needles with genuine Sonotone needles.

c
_  ___ a _ ___ q Electronic Applications Division, Dept. CGG-119 n O t n C ® P ELMSFORD, NEW YORK

Leading makers of fine ceramiccartridges, speakers, tape heads, microphones, electronic tubes.
In Canada, contact Atlas Radio Corp., Ltd., Toronto
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Temperature 
Control

For refrigeration or heating equipment

Designed for exterior use to control either re
frigeration or heating equipment, model GWS, 
non-indicating, single-point temperature control, 
is resistant to weather conditions and to shock and 
vibration. Functioning as a limit control, it stops 
the flow of the refrigeration medium or of steam, 
oil, gas or electricity for heating applications. 
Dials can be calibrated or uncalibrated. The unit 
can have a normal sensitivity of 1% of scale range 
or a close sensitivity of 0.5% of scale range.

Partlow Corp., Dept. ED, 530 Campion Rd., 
New Hartford (Utica), N.Y.
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Pulse Transformer

Subminiature

This subminiature pulse transformer, called the 
Micro-Stat, has a hermetically sealed metal casing 
that is 0.57-in. long with a diameter of 0.51 in. It 
is also available with an epoxy casing that is 
0.41-in. long with a diameter of 0.3 in. All appli
cable military specifications are met by the unit 
that comes in over 50 designs. The unit is con
structed on an armite form for precise winding 
geometry to control leakage inductance and dis
tributed capacity. Each unit has a polished gap 
which represents 1/2 mil of effective gap. Im
proved voltage breakdown and insulation resist
ance is claimed through use of core-gapped con
struction.

Pulse Engineering, Inc., Dept. ED, 560 Robert 
Ave., Santa Clara, Calif.

CIRCLE 194 ON READER-SERVICE CARD

WHO 
NEDS 
FEED- 
SACK p

The patented chronometric governor 
of this standard DC Timing Motor is a 
tyrant: without any other circuitry, it 
holds the motor output speed within 
±0.1% while driving charts, cams, 
contacts, actuators or other devices. 
It holds the rate even if output shaft 
load, line voltage, or ambient tem-1 
peratures change. And that’s just 
the standard model of this little 
gem: custom variations can do even 
better, under special conditions. 
The A. W. Haydon Co. knows all about 
timers and timing. If you have a spe 
cific timing problem, you ought to
have our literature. 
Bulletin MO 802 is 
yours for the ask- i 
ing (5800 Series | 
chronometrically 
governed DC Motor.)

V2 
actual 

l size

*
AUfUAYDON 
rWlll compan«
227 North Elm Street, Waterbury 20, Connection
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Maximum Flexibility for Modular and Rack/Panel Applications

/NNON 
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Connectif 
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and Rack/Panel Plug Series. This Series is available in standard, miniature, or subminiature sizes.. .for 
standard or printed circuitry. Up to 180 contacts and a varied combination of contacts for control, audio, 
thermocouple, co-ax, twin-ax, and pneumatic connections. Single or double-gang. With or without shells. 
The Rack/Panel Series ranges from the tiny "D" subminiature to the heavy-duty DPD Rack/Panel Plug. For 
further information on Cannon Modular and Rack/Panel Plugs write for Cannon DP Catalog, Cannon Electric 
Co., 3208 Humboldt St., Los Angeles 31. Please refer to Dept. 438Factories in Los Angeles, Santa Ana, Salem, 
Toronto, London, Paris, Melbourne, Tokyo. Distributors and Representatives in the principal cities of the world.

such popular 
Connector
Miniature 1)

CANNON 
'PLUGS

order uj 
each of : 
Cannon

The assembling of highly-flexible electronic systems and sub
systems into a modular package ... for fast inspection, testing, 
service, and replacement of components ... calls for standard- 
ized-type plugs throughout the system. Reliability and optimum 
flexibility in shell designs and types of layouts are the design 
criteria for the more than 18 different basic Cannon Modular

KO. DPI), DPA.
DPX, etc. Immediate 
shipment at 
factory prices.

ELECTRONICS 
RICKS ROAD, MINEOLA, L. I., N.Y.
Elf 6-6520 TWX G-CY-NY-580 
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NEW PRODUCTS

Blowers
Corrosion-resistant

Gas Triode Indicator
For transistor monitoring

URRE

OLT/

MODEL NO. 7600

MODEL NO. 7500

A t first you may wonder what in blazes 
our friend in armor. Sir Spectrol, is doing 

in a serious magazine like this. 
Well, it’s just a bit of trickery on our part 
to call your attention to Spectrol’s 8 new 

metal multi-turn pots. The first complete line 
anywhere. Also, to remind you 

Spectrol makes many other pots, special 
and standard. There will be more trickery 

with Sir Spectrol in future issues, 
but you can easily see through it 

and there will be plenty of accompanying 
facts, figures, photos and specs.

MOBILE-IZE YOUR 
ELECTRONIC EQUIPMENT

Choose from spectrol’s complete new line 
of METAL Multi-Turn Precision Potentiometers

CIRCLE 201 ON READER-SERVICE CARD

ELECTRONIC DESIGN • November 11

RAT IOFORM ER
Ruggedly built. High input, low 
output impedance extremely bw 
phase shift make the OECO Ratio- 
• ormer a versatile and adaptable 
instrument.

End Calculation and Transcribing Errors
• 0.001% Ratio Accuracy at a 1000:1 step down; 

®thi$ is terminal linearity of 1 part in 10 million.
• Resolution: 1 part in 100 million of input—300 

million discrete steps above and below unity.
• Ratios of 3-to-1 step up to 10"’ step down.

• Direct, in-line readout of numbers on sloping 
panel.

Transformers, synchros, resolvers, computers, and 
meters can be tested on a simple *go/no-go” basis.

DE VIAFORM ER
Direct readout of percent of devi
ation from specified voltage ratio*. 
Used with a ratio standard such as 
the OECO Ratioformer, reduces 
measurement to extremely accurate 
% answer.

This gas triode indicator is a subminiature grid- 
controlled unit designed for transistor monitoring 
service. The 1GT7 with a plug-in KP-145A tube 
can be operated as a conventional thyratron and 
used in relay control circuits. Or it can be applied 
m circuits requiring electrical memory combined 
with visual readout. In typical ac operation the 
anode voltage is 120 v ac, the anode series resist
ance is 120 K, and the grid triggering voltage is 
from 1.5 to —6 v. In typical de operation, the 
anode voltage is 85 ±15 v de, the anode series 
resistance is 120 K, and the grid triggering voltage 
is from 0 to —4.5 v.

Eldema Corp., Dept. ED, 1805 Belcroft Ave., 
El Monte, Calif.
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Series PVC direct-drive, corrosion-resistant 
utility blowers come with 1/3, 3/4, or 1 hp motors 
and capacities of 399 to 2000 cfm. Constructed of 
rigid unplasticized polyvinyl chloride, they can be 
used in such applications as laboratory hood ex
haust systems. They withstand temperatures to 
140 F at the blower inlet.

Industrial Plastic Fabricators, Inc., Dept. ED, 
Endicott St., Norwood, Mass.
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Write for descriptive folder.

SBORNE electronic sales corp
712 S. E. Hawthorne Blvd., Portland 14. Oregon

13105 S. Crenshaw, Hawthorne, California

CIRCLE 200 ON READER-SERVICE CARD

BOOST SPEED and EASE 
of Production Line Testing

PRICE ONLY $54.50 
f o b Glendale Calif



The Metal Pots
Spectrol offers four 3-turn and four 10-tum 
models. All feature anodized aluminum cases 
with 3/16-inch thick walls. These 8 precision 
wire-wound pots absorb no moisture—dissipate 
heat fast and stay dimensionally stable. They 
operate from — 55 "C to -H25*C and with
stand relative humidity of 95%.

You can choose diameters of 7/8, 1, 1-5/16 
and 1-13/16 inches in both 3 and 10-turn 
models. Resistance ranges to 1,000,000 ohms 
with standard linearity tolerances of ±0.25% 
(0.020% on special order). Like Sir Spectrol, 
the new multi-tums will take a respectable jolt. 
They function to 20g vibration from 55 to 
2,000 cps and withstand 30g shocks.

SPECIFICATIONS

MODEL 540 530 580 580 780 790 880 840

No. of coil turns

Diameter (inches max.)

Standard resistance 
range in ohms (±3%)

Special resistance to

Please write for literature, or consult the yellow pages of your 
phone book for your Spectrol engineering sales representative.

SPECTROL ELECTRON I
1704 SOUTH DEL MAR

1% 1%

25- 
125K

250K

10-
36K

75K

25- 
150K

250K

10-
40K

75K

30- 
300K

750K

10- 
90K

240K

50- 
400K

1 meg

SPECIAL POTS
Spectrol can design and deliver the pot you 
need when you need it. Recent custom de
signs include pots for airborne computers, 
pots designed to be immersed in fuel, pots 
for high temperature application, pots with 
non-linear functions, and many others. Let 
us know your requirements.
STANDARD POTS
Popular single and multi-turn models and 
turns counting multi-dials are stocked in 30 
electronics supply houses in the U. S. and 
Canada. Ten resistance ranges from 100 
ohms to 200 k ohms with standard linearity 
tolerances of ±0.3% are available.

CS CORPORATION
AVENUE • SAN GABRIEL, CALIFORNIA

20- 
120K

330K

Terminal Blocks

With many types of terminals

These terminal blocks are supplied with either 
stud or turret terminals or a combination of both, 
as well as with screw type terminals. Possible con
figurations include threaded stud terminals on top 
of block so that two or more leads can be attached 
to a common terminal, and solder turret terminals 
on top of the block. Taper-pin terminals are also 
available. On double-row terminal blocks, a com
bination of terminal types can be used for the two 
rows and bus plates can be supplied to connect 
the two rows at any point between the barriers.

Kulka Electric Corp., Dept. ED, 633-643 S. Ful
ton Ave., Mt. Vernon, N.Y.

CIRCLE 202 ON READER-SERVICE CARD

Microwave Filter

Range is 3000 to 36,000 me
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TRAV

ALLOYS UNLIMITED INC

SOLDERING

’ Mion
UNI INITIO

• iNt

MINIATURE

With Alarm Circuits
SERIES 44-000.00

modern E-T-A circuit breakers!!!

Call or write

CURRENT: 50 milliamp (min) 
to 10 amp (max)

VOLTAGE: 250 V A.C. 65 V D.C.

ASE SIZE: 1.653 x 1.614 x 0.433

I PRODUCTS CO. OF AMERICA

inches

i ET A

incniviAL mnuHLiib

CIRCUIT BREAKER

Ideal as a dependable sensitive protection in 
communication equipment, telephone systems, 
electronic and electrical equipment. Available 
with auxiliary circuits to signal “Make” and 
"Break* position; features manual release for 
occasional disconnection of equipment from line.

Why not replace bothersome fuses with

FREE! NEW 8 PAGE GUIDE
Complete information on solder preforms, their selection 
and use. Technical diagrams. Send for your copy today.

21-0143rd AVENUE, LONG ISLAND CITY 1, N.Y.

CIRCLE 204 ON READER-SERVICE CARD

■ 6284 No. Cicero Avo., Chicago 46, III.
I Telephone: Kildare 5-1554
I CIRCLE 203 ON READER-SERVICE CARD
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Originally designed for C-band operation, this 
microwave filter can operate with any waveguide 
size or at any frequency from 3000 to 36,000 me, 
and with larger or smaller pass and stop bands. 
Typical characteristics at the C-band are: 0.3 db 
maximum insertion loss in the pass band, 1.4 max 
vswr in the pass band, 30 db minimum rejection 
in the stop band, and a power capacity of 0.5 
mw cw.

Litton Industries, Dept. ED, 336 N. Foothill 
Rd., Beverly Hills, Calif.
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NEW PRODUCTS

Wirewound type

PAIRS

-45

Typ

INI

IECTI116

2NI293

0

o2NI29I

0

CBS ELECTRONICS, Semiconductor Operations 
A Division of Columbia Broadcasting System, Inc.

Con 
elirr 
Res 
Imp 
feec

5°C b<
CES =

.CBS, 
2NI292

Potentiometer

Having a 3/4 in. diam, this wirewound poten-
tiometer is especially designed for environmental 
conditions found in military applications. It has 
from 25 to 50,000 ohms resistance. The applicable 
parts of MIL-R-19A, MIL-E-5272A, MIL-R- 
19518, MIL-R-12934B, and NAS 710 are met. The 
unit has sealed-type construction for encapsula
tion.

Maurey Instrument Corp., Dept. ED, 7924 S. 
Exchange Ave., Chicago 17, Ill.
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First of a series of
complementary power transistor lines

NEW 0
CIRCUIT

ECONOMES
THROUGH

COMPLEMENTARY
POWER TRANSISTOR

Wavemeters

Can be read directly to O.OOO1 in.

Complementary pairs of CBS NPN and PNP power transistors 
eliminate input and output transformers in push-pull circuits. 
Resulting advantages are many. Economy. Miniaturization. Im
proved frequency response. Ease of applying negative feed
back. Etc.

CBS 
2N12S3
—il- 

CBS 
2111294

COMPLEMENTARY CLASS P AMPLIFIER

These secondary-standard, broadband wave
meters can be read directly to 0.0001 in. Large 
micrometer heads are used, eliminating the need 
for verniers. The line ranges from 2.6 to 140 kmc 
in 12 models, each covering the entire waveguide 
bandwidth. The units have high Q values, which 
are maintained by the sealed construction and 
inert gas pressurization. Changes in humidity, 
altitude, and barometric pressure are provided 
for. Each unit is individually calibrated and is 
supplied with a calibration chart.

DeMomay-Bonardi, Dept. ED, 780 S. Arroyo 
Parkway, Pasadena, Calif.
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NOTE THE IDENTICAL DATA FOR THESE NPN-PNP PAIRS

NPN 
Type

Max. W. 
Diss.*

Max.
Vcbo t

Max.
VcEst

Min. hre 
(lc=0.5A)

Max. 
Thermal 
Res.°C/W

PNP 
Type

2N326 7 35 35t 30 8 2N1291
2N1292 20 35 30# 30 3 2N1291
2N1294 20 60 45# 30 3 2N1293
2N1296 20 80 60# 30 3 2N1295

2N1299 20 1Ò0 80# 30 3 2N1297

All types have: Max. collector current, 3 amps; storage temperature, —65 to 
-|-85OC. *25°C base mounting temperature. JPolarity: NPN positive, PNP negative. 
flcEs = 1 ma max. #Ices = 10 ma.

A SURVEY of customer applications resulted in this pla 
line of five CBS NPN-PNP pairs that make possible new d( 
economies in complementary circuitry. Mounted in the poj 
TO-3 diamond package, they feature high voltages . . . i 
100 volts, and proven reliability (they exceed the MI 
19500A specification). They offer the first complete line of
plementary power transistors . . . with more coming in fle 
ranges of ratings and packages ... for audio, control, vol 
regulation, servo and computer applications. Check the 
simplicity of the circuit and the abbreviated data for this 
versatile and comprehensive CBS line. Write for complete 
nical Bulletin E-332A.

More reliable products
through Advanced Engineering

CBS1 semiconductor
®

NPN 
Type

2N132 
2N132

2N132
2N133I

2N132!
2N133Î

2N1327 
2N1334

All types

Sales Offices: Lowell, Massachusetts, 900 Chelmsford St., GLenview 4-0446 • Newark, N. J., 32 Green St., MArket 3-5832 • Melrose Park, III., 1990 No. Mannheim 1

EStebrook 9-2100 • Los Angeles. Calif., 2120 S. Garfield Ave., RAymond 3-9081
CIRCLE 209 ON READER-SERVICE CARD
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Pulse Generator

Repetition rate is 2 mc

COMPLEMENTARY CIRCUIT ECONOMIES

with INDUSTRIAL
NPN-PNP
POWER TRANSISTOR
PAIRS

READER-SERVICE CARDCIRCLE 211 ON

2R1322

2N1323

Typical Industrial Complementary Push-Pull Amplifier

INDUSTRIAL NPN-PNP POWER TRANSISTOR PAIRS

neenng

CBSj semiconductors

Mannheirr 5

CBS ELECTRONICS, Semiconductor Operations 
A Division of Columbia Broadcasting System, Inc.

CIRCLE 212 ON READER-SERVICE CARD

Complementary pairs of CBS NPN and PNP power transistors 
eliminate input and output transformers in push-pull circuits. 
Resulting advantages are many: Economy. Miniaturization. 
Improved frequency response. Ease of applying negative 
feedback. Etc.

Enthusiastic acceptance of the diamond-package line 
of CBS NPN-PNP power transistors has disclosed a 
demand for additional pairs in industrial packages. 
These new industrial types make possible the same 
design economies of complementary circuitry. Mounted 
in TO-10 and TO-13 male and female packages, they 
are supplied with solder lugs or flying leads. And they 
feature high voltages (up to 100 volts) and proven 
quality (they exceed the MIL-T-19500A specification). 
The new units add another complete industrial line to 
the growing lines of CBS complementary power tran
sistors for audio, control, voltage-regulation, servo and 
computer applications. Check circuit and abbreviated 
data. Write for complete data sheets: Industrial 
types, Bulletin E-360; diamond types, E-355. Order 
now from your local Manufacturers Warehousing 
Distributor. Watch for a higher power line soon.

tions 

n, Inc

More reliable products
through Advanced Engineering

the MI 
ì line of 
ng in fle 
trol, vol 
?ck the 
, for this 
impiété

The model 3450C pulse generator is con
structed entirely of plug-in wiring modules that 
allow extension to multiple pulse requirements 
and provide maximum accessibility for mainte
nance. Fast rise time pulses at repetition rates to 
2 me are provided. Features include: wide range 
variable pulse delay and duration, high resolution 
controls, and automatic overload protection. The 
output amplitude is stabilized by power regu
lators and pulse output is presented dc coupled 
with base line at chassis ground.

Electro-Pulse, Inc., Dept. ED, 11861 Teale St., 
Culver City, Calif.

Type DFO-12 crystal oscillator is available at 
any frequency from 10 kc to 100 mc and provides 
a stability of 0.001% to 0.0001%, depending on fre
quency. The standard operating temperature 
range is —55 to +75 C; special units for opera
tion to +105 C are available. An input of 20 v or 
more provides an output of 100 mv into a 50-ohm 
load with corresponding power outputs into im
pedances as high as 500 ohms. The current re
quired is 3 to 5 ma. Heater voltage may be dc or 
from 6.3 to 115 v ac with 4 w avg. Encapsulated 
in Silastic, the unit measures 1-1/4 in. diam and 
3-1/2 in. long. It weighs 3-1/2 oz.

Delta-f, Inc., Dept. ED, 113 E. State St., 
Geneva, Ill.

Crystal Oscillator

Stability is 0.001% to
0.0001%

Sale* Offices. Lowell, Mass.. 900 Chelmsford St., GLenview 4-0446 • Newark, N. J., 32 Green St., MArket 3-5832 
Melrose Park, III., 1990 N. Mannheim Rd., EStebrook 9-2100 • Lot Angeles. Calif.. 2120 S. Garfield Ave., RAymond 3 9081
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AH types have: Max. collector current 3 amps storage temperature, —65 to 4-85°C 
•;5°C base mounting temperature. JPolarity. NPN positive, PNP negative.
I ces — 10 ma

NPN 
Type Package

Max.W 
Diss*

Max. 
VcBot

Max 
VcEst

Min. hrE 
(lc=0 5A)

Max. 
Thermal 

Res •’C/W
PNP 
Type

2N1321 Male 20 35 30# 30 3 2N1320
2N1329 Female 2N1328

2N1323 Male 20 60 45# 30 3 2N1322
2N133D Female 2N107B

2N1325
2N1332

Male
Female 20 80 60# 30 3

2N1324
2N1331

2N1327 Male 100 80# 302N1334 Female 20 3 2N1333





ELECTRONICS: In the half century since the invention of the original audion 
tube by De Forest, the art of electronics has expanded to a fourteen billion 
dollar industry that is contributing in hundreds of ways to our knowledge of 
the universe and our understanding of life itself. At Lockheed, for example, 
over half the technical staff is engaged in electronics research and development.

EXPANDING 

THE FRONTIERS OF 

SPACE 

TECHNOLOGY

Significant contributions to the advancement of the state of the art 
in electronics have been made by Lockheed engineers and scientists in 
such areas as: computer development; telemetry; radar and data link; 
transducers and instrumentation; microwave devices; antennas and 
electromagnetic propagation and radiation; ferrite and MASER research; 
solid state electronics, including devices, electrochemistry, infrared 
and optics; and data reduction and analysis.
Over one-fifth of the nation’s missile-borne telemetering equipment was 
produced by Lockheed last year. Its PAM/FM miniaturized system 
provides increased efficiency at one-fourth the weight of FM/FM 
missile-borne systems.
Advanced development work in high-energy batteries and fuel cells has 
resulted in a method for converting chemical energy directly into 
electrical power that promises a fuel utilization of almost 100% and 
an energy conversion efficiency of 70% or better.
Areas of special capability in computer development include the design 
of large scale data handling systems; development of special purpose 
digital computing and analog-digital conversion devices; development of 
high-speed input-output equipment; and advanced research in 
computer technology, pattern recognition, self-organizing machines, 
and information retrieval.
Other major developments are: a digital flight data recorder able to 
record each of 24 channels every few seconds; digital telemetry 
conversion equipment to reduce telemetered test data to plotted form 
rapidly and inexpensively; advancements in the theory of sequential 
machines; and a high-speed digital plotter that can handle some four 
thousand points per second with the finished plot programmed 
into the data tape as a continuous curve.
Lockheed Missiles and Space Division is engaged in all fields of the art — 
from concept to operation. Its programs reach far into the future 
and deal with unknown environments. It is a rewarding future which 
scientists and engineers of outstanding talent and inquiring mind are 
invited to share. Write: Research and Development Staff, Dept. K-21, 
962 W. El Camino Real, Sunnyvale, California. U.S. citizenship required.

Lockheed MISSILES AND SPACE DIVISION
Systems Manager for Navy POLARIS FBM; DISCOVERER, MIDAS and 
SAMOS; Army KINGFISHER; Air Force Q-5 and X-7.
SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 

CAPE CANAVERAL, FLORIDA • ALAMOGORDO, NEW MEXICO • HAWAII



NEW PRODUCTS

FIRST

industrial 
applications

MANUFACTURER 
who sees the solution 

to his problems...

THEN 
exacting 
military 
systems...

NOW

The frame grid is the closest 
approach to the ideal “Phys- 
icist’s grid"—electrical char
acteristics but no physical 
dimensions. It results in: • higher 
transconductance per milliampere 
• tighter Gm and plate current tol
erance • low transit time • low ca
pacitances • lower microphonics • 
rugged construction

AMPEREX FRAME GRID 
The grid-to-cathode spacing toler
ance is determined by the carefully 
controlled diameter of grid support 
rods (centerless ground) and by 
frame crossbraces between these 
rods. Extremely fine grid wire elim
inates the "island effect" usually 
encountered in conventional tubes 
with equally close grid-to-cathode 
spacing Rigid support of fine wires 
reduces mechanical resonance and 
microphonics in the grid
CONVENTIONAL GRID
Grid-to-cathode spacing tolerance 
depends on accuracy of grid dimen
sion, obtained by stretching on a 
mandrel, and on tolerances of holes 
in top and bottom mica rod supports, 
diameter of grid wire must be large 
enough to be self-supporting.

Power Supplies

Provide 110 to 325 v de

The 300 series of transistorized power supplies 
furnishes 110 to 325 v de variable output at 200, 
400, 800, and 1500 ma with 0.1% load and 0.1% line 
regulation. The 200, 400, and 800-ma units re- 
quire only convection cooling and occupy 3-1/2 
in. of panel space. The 1500-ma power supply has 
a 5-1 4 in. panel height and uses forced air cool
ing. Remote programming is provided on all units.

Trygon Electronics, Inc., Dept. ED, Pleasant 
Ave., Roosevelt, L.I., N.Y.
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FRAME 
GRID 

TUBES

DC Signal Sources

For digital programming

STRAPLOCK*
CABLE CLAM Pi

• SAVE TIME
• REDUCE INSTALLATIO >1 

COSTS
• SIMPLIFY ASSEMBLY

Just push Straplocks into place and 
you’re ready to lay cables or wires 
immediately—without time-consum
ing bundling or lacing. Straplocks 
require only a mounting hole for 
fast, easy manual installation, elim
inate “blindspot” problems, quickly 
adjust to various sizes and align per
fectly. They provide an ideal vibra
tion-proof clamp for fastening cables 
or wires to cabinets, panels or sheet 
metal surfaces.

SPECIFIED AS ORIGINAL EQUIPMENT 
IN AUTO INDUSTRY

FOR TV TUNERS 

6ES8 
4ES8 
6ER5 
2ER5 
6DJ8

FOR MILITARY REQUIREMENTS 
ANO

EXACTING INDUSTRIAL APPLICATIONS: 

6688
6688A(mil-e-i/i218)
6922
6922
5847
5842

(MIL-E-1/11M) 

(MIL-E-1/467) 

(MIL-E-1/486)

AVAILABLE FROM AU 
AMPEREX FRANCHISED DISTRIBUTORS

For additional data write to
Semiconductor and Special Tube Division 
Amperex Electronic Corporation
PIO Duffy Ave.,
IncksviUe, Long Island, N. Y.
In Canada:
Rogers Electronic Tubes & Components, 
116 Vanderhoof Avenue, Toronto 17, Ontario

ask Amperex
about applications assistance on frame 
grid tubes for TV and FM tuners, and 
on reliable premium quality (PQ) tubes 
for industrial and military applications
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Ford Motor Company now uses Straplocks for instal
ling electrical cables in new autos and trucks. In 
typical application above, lighting cable is anchored 
quickly and economically. Straplocks resist engine 
heat, oil, grease and battery acid.

Made for digital programming, these de signal 
sources accept input signals from such program 
devices as paper tape recorders and keyboards. 
Typical uses are in automatic checkout equip
ment and precision testing applications. Standard 
units are for three binary-coded decimal digits; 
other codes can be supplied. The three digits 
may be fed serially or simultaneously. External 
contacts must remain closed for 3 sec to register. 
The unit has a clock closure circuit. The output 
voltage stability is 0.052/ under these conditions: 
no load to full load, ±10 deg C temperature 
change, and ± 10% variation in line voltage. Re
covery time for a 20% load change is 100 psec. 
Tlie voltage is adjustable with an accuracy of 
±0.1% and the output ripple is under 0.05%. The 
unit requires 8-3 4 in. of rack space.

Consolidated Avionics Corp., Dept. ED, 880 
Canal St., Stamford, Conn.
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Molded from tough Nylon, Strap
locks resist oils, greases, common 
solvents and severe temperatures 
from —65° to -|-300oF. Absence of 
any metal in their construction and 
mounting requirements assures 
complete insulation. They are espe
cially suited for aircraft, missile, 
automotive and heavy appliance 
applications.

Request literature and technical data.

STRAPLOCK SAMPLE KIT

Prove to yourself how Straplocks 
save time, reduce installation costs. 
Special introductory kit containing 
200 W-l Straplock Cable Clamps 
and handy installation tool costs 
only $4.50. Order today !

WHITSO.inc
•Patented

9326 Byron Street, Schiller Pork, Illinois 
/Chicago Suburb!
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Voltage Divider

OFFICES: NEW YORK • BOSTON • LOS ANGELES • TORONTO

Mercury Relays

Six-decade type
Model VDR-106A six-decade volt

age divider can be set to any one of 
1 000,000 voltage divider ratios from 
0 000001 to 1 with an absolute accu
racy of 0.0002% of the input voltage 
from de to 4(XX) cps. At 10 kc the 
absolute accuracy is better than 
0.0005%. The resolution is 0.0001% 
and the over-all resistance of the 
divider is 10,000 ohms. The rated 
accuracy is maintained from 15 to 
35 C. Suitable for rack mounting, 
the unit measures 19-1/2 x 14 in. A 
unit for bench use is also available.

Julie Research Labs., Inc., Dept. 
ED, 556 W. 168th St., New York 
32, N.Y.
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Two- and three-pole types
These double- and triple-pole 

mercury relays, called Phaertltron, 
have Teflon bearing surfaces, heavy 
tungsten contacts, and mercury-to- 
mercury make and break. The 
plunger units are hermetically- 
sealed in glass. There is no exposed 
arc. Contacts are rated at 35 and 60 
amp at 115 v ac. The triple-pole 
model measures 5-9/16 x 4-3/4 x 
2-5/16 in.; the double-pole model 
is 4-1/8 in. wide.

Mack Electric Devices, Inc., Dept. 
ED, Wyncote, Pa.
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Magnetic Switch
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Has plastic shell
Contained in a plastic shell, type 

MH-2-P magnetic switch is for 
mounting in areas of limited access 
and has a quick disconnect plug. A 
minimum magnetic field transient 
|tin»e of 8 msec is needed to activate 
fIm switch. The operating life is in 
press of 1,000,0(X),000 operations. 
I Post Machinery Co., Dept. ED, 
175 Eliot St., Beverly, Mass.

At the zero second everything must 
function without failure. Andrew 
Heliax cable is used in postassembly 
and preflight checkouts of missile ra
dio frequency systems. The cable forms 
a closed circuit over which interroga
tion and response signals are transmit
ted between checkout equipment and 
airborne radio frequency packages. The 
Heliax cable runs from a mobile trailer 
to connecting points on the missile.

The ruggedness of Heliax makes it 
well suited to this challenging task, 
where its low VSWR, low RF leakage 
and low attenuation give accurate 
measurement of systems performance. 
Flexibility permits the cable to be 
taken down, recoiled and subsequently 
reused many times.

If you require similar characteristics 
in a cable, consider the special advan
tages of Heliax.

Heliax is normally supplied as an 
assembly, complete with end fittings 
factory attached, reducing installation 
labor and improving quality.

Complete uniformity throughout its 
entire length gives Heliax superior 
electrical characteristics.

Heliax is always less difficult, less 
costly to install, easier to handle.

Heliax is available in Vs "size (type 
HO) and 1%" size (type Hl).

WRITE FOR FREE SAMPLE LENGTH

TRANSMISSION LINES



TRANSISTOR LOGIC OF MAXIMU

SPEED

RELIABILITY

CIRCUIT 
SIMPLICITY

Fairchild’s 2N706 provides optimum performance in the most-used logic cir
cuit conf igurations and has a broad current and power range that covers many 
alternate approaches. It is ideally suited for high-density modular equipment 
because of its small size and its high performance in simple, low-power satu
rated circuits. The 10 megapulse speed is conservative, applying specifically 
to saturating logic and a 3 to 5 milliampere current level.

At factory prices 
of course!

Fairchild Silicon Mesa 
NPN and PNP Transistors 

are available from stock 
for same day shipment 

in quantities up to 
1OOO 

pieces per type.

Saturating logic with fewer components 

3 to 5 milliampere current level 
Small JEDEC TO-18 outline

10 megapulse operation saturated
25 megapulse operation nonsaturated 

Guaranteed low storage

CIRCLE 219 ON READER-SERVICE CARD 
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Saturating high-speed silicon logic ends the need to sacrifice one requirement 
in favor of another. The Fairchild 2N706 diffused silicon mesa transistor is as 
fast as the fastest germanium - and in addition has the inherent advantages 
of silicon. This combination fulfills all these logic-circuit design objectives:

Large power reserve: 150 mW dissipation at 
100 C ambient (no heat sink)
300'' C stabilization of all units
Rugged mesa construction

ELECTRONIC DESIGN • November 11, 1959



PEED, RELIABILITY SIMPLICITY
5 m// SECOND PROPAGATION DELAY PER STAGE IN DIRECT COUPLED LOGIC

Delay propagation DCTL stage

20 MEGACYCLE SATURATING FLIP-FLOP CIRCUIT

SCMtCONDUCTOa CORPORATION

CIRCLE 221 ON READER-SERVICE CARD
1959

At factory prices 
of course!

The following 
Fairchild transistors 

are available from stock 
for same day shipment 

in quantities up to 
1OOO 

pieces per type.

RATINGS AND CHARACTERISTICS (25 O-2N706 NPN DIFFUSED SILICON TRANSISTOR

Standard NPN; 2N696,
2N697. High Voltage NPN:

2N699. High Beta NPN:
2N1420. Low Storage NPN. 
2N1252,2N1253. Standard. 
PNP: 2N1131, 2N1132.J^

Mesa:2N706.JT

CIRCLE 220 ON READER-SERVICE CARD
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545 WHISMAN ROAD • MOUNTAIN VIEW, CALIFORNIA
YORKSHIRE 8-8161 • TWX: MOUNTAIN VIEW CAL 122
REGIONAL SALES OFFICES: Philadelphia area: 100 Old York Road, Jenkintown. Pa..
Turner 6-6623 and 6624, TWX: Jenkintown Pa 1056 • Los Angeles area:
8833 Sunset Blvd., Los Angeles 46, Calif., OLeande* 5 6058 and 6059, TWX BV 7085

or specification sheets, write Dept. B-11-n

Symbol Characteristics Rating Min. Typ. Max. Test Conditions

VCBO Collector to base voltage 25 v
VEBO Emitter to base voltage 3 v

Total dissipation, 100° C free air ambient 150 mw
hFE D.C pulse current gain 15 lc=:10mA Vc=10v
VBE(SAT) Base saturation voltage 09 lç=10mA lg = lmA
VCE(SAT) Collector saturation voltage 0.3 0.6 lç=10mA |g=lmA
hfe Small signal current gain at f = 100 me 4 lg= 20mA Vc=10v
COb Collector capacitance (140Kc) 3 5 pf 6 pf |g= 0mA Vc=10v



NEW PRODUCTS

LOW in Weight and Size

LOW in Power Consumption

The stray external magnetic field 47 dbm

ELECTRONIC

Uniform magnetic fields 
Produced in Celco
Precision
Deflection VI
Yokes Ha»-**
Minimize si '
SPOT 
DISTORTION

PiSTOON 
your problem

Recording Systems
Four, six, and eight-channel types

Exclusive Celco core materials make it 
possible to achieve faster recovery times, 
minimum hysteresis, high linearities and 
maximum sensitivities.

Contact Celco Engineering Department for 
a fast solution to all your yoke problems
Celco produces a complete line of stand
ard or special commercial and military 
precision deflection yokes.

STANDARD MAGNETIC
SHIFT REGISTERS 

the way you want them!

Hysteresis Motors
Synchronous

These hysteresis synchronous electric motors are 
for use in ambient temperatures from —32 to 
-j-135 C. The motor-induced flutter will not ex
ceed 0.1 rms at 1200 rpm or 0.15 rms at 360 rpm.

Available in four, six, and eight-channel types 
with a choice of five interchangeable preampli
fiers, these modular graphic recording systems 
produce traces on standard roll chart or Z-fold 
paper. The basic unit consists of the recorder, 
master power panel, power supplies, and driver 
amplifiers; they are contained in a standard 19 in. 
relay rack which is mounted on casters.

Epsco Worchester, Div. of Epsco, Inc., Dept. 
ED, 588 Commonwealth Ave., Boston 15, Mass.

CIRCLE 223 ON READER-SERVICE CARD

Epsco is now volume-producing a complete line of magnetic Shift Registers 
. . . standard off-the-shelf units designed to meet an extensive application 
range.

Featuring extreme reliability under widely variable conditions, the units 
operate at rates up to 250 KC, from —55°C to -|-85OC. The line offers 
very high packaging densities for signal storage and distribution in data 
processing systems. Each is fully compatible with the Epsco family of 
encapsulated Transistorized Digital Logic Circuits.

A new line of Shift Register Printed Circuit Card Assemblies is also available. 
Write for complete technical information.

Epsco, Incorporated, Components Division, SR, 275 Massachusetts Ave., 
Cambridge 39, Mass. UNiversity 4 4950. Typical applications include tape transports, turn

able drives, missile and aircraft instrumentation, 
computer drum drives, viscometers, flow meters, 
and dynamometers.

Telecomputing Corp., Hysyn Electromotive, 
Dept. ED, 915 N. Citrus Ave., Los Angeles 38, 
Calif.

CIRCLE 224 ON READER-SERVICE CARD

Main Plant: MAHWAH, N. J. DAvis 7 1123
• Pacific Division - Cucamonga. Calif. - YUkon 2-2688
■ Central Division, lanesborn. Pa. • ULysses 3-3500
• Southern Division, Miami, Fla; • Wilson 5-2164

CIRCLE 225 ON READER-SERVICE CARD I
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5-WAY RELIABILITY
IN YOUR CIRCUIT DESIGN 

WITH

CAPACITORS

The latest additions to the growing line 
of "Vitramon” Capacitors feature smaller 
mounting area, lower inductance, and more 
versatility of application — plus all the phe
nomenal electrical characteristics for which 
Vitramon" Capacitors are noted — fine 

silver electrodes fused to pure porcelain 
enamel, perfectly bonded to provide stabil
ity, wide temperature range, humidity im
munity, low loss, low noise.

RADIAL SERIES

PARALLEL SERIES

CO AXIAL SERIES

• Thin design — 5/64" to 7/64"
• Versatile mounting — can be 

used axially, radially, or on 
edge

• Ideal for minute circuit assem
blies

• 0.5 to 1200 mmf; 500 to 50 
vdc

• Tiny mounting area — 11/64" x 
9/32"

• Designed for automatic inser
tion

• Packed for cartridge feeding

• Capacitance through 1000 mmf. 
at 100 vdc

Compatible with MIL-C-109508 
Very low inductance 

Flexible leads
Maximum height from mounting f > J
surface 1/4" *0 /
To 1000 mmf at 300 vdc

AXIAL SERIES

• Mounted axially or radially
• 4 case sizes from 3/8" to 

27/32"
• 0 5 to 5600 mmf; 500 to 300 

vdc

AXIAL-RADIAL SERIES

• Extremely rugged
• 4 case sizes from 3/8" to 

29/32"
• 0.5 to 6800 mmf; 500 to 300 

vdc

Incorporated

BOX 544 • BRIDGEPORT 1, CONN.

HERMETIC CONNECTORS.—The DM5600 minia
ture series and the DHO2 AN series have eyelet or 
solder pot contacts fused into a single piece of white 
glass. They stand mechanical shock of 100 g, thermal 
shock from —100 to +500 F, operate at pressures 
to 1000 psi, and have a potential of over 2000 v. 
The DH series mates with MS and MS-E plugs from 
size 10SL to 32 AN; the DM5000 series mates with 
rack and panel, standard, and snap-in contact minia
ture plugs.

The Deutsch Co., Electronic Components Div., 
Dept. ED, Banning, Calif.

CIRCLE 227 ON READER-SERVICE CARD

DRAFTING EQUIPMENT.—Set No. 70,242 in
cludes a French curve, an engineer’s 6-in. scale
master, an architect’s 6-in. scalemaster, a 6-in. slide 
rule, a 30 to 60 deg triangle, a 45 to 90 deg triangle, 
a ruler, a T-square, and protractor calibrated in 
1/2 degrees.

Edmund Scientific Co., Dept. ED, Barrington, N.J.
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ANALOG TO DIGITAL CONVERTER.—Type 161 
provides a punch paper tape processed in binary 
coded decimal form for use with special purpose 
digital computers. It measures from 3 mv to 1000 v 
dc with an accuracy of ±0.05%. Recording speed 
is 10 per sec.

Systron Corp., Dept. ED, 950 Galindo St., Con
cord, Calif.

CIRCLE 229 ON READER-SERVICE CARD

ADHESIVE.—Called Epox-Cement, it cures at room 
temperature and has a bond strength of 3000 lb per 
sq in. on metals, ceramics, plastics, and other mate
rials. It is claimed to have excellent dielectric proper
ties.

G-C Electronics Co., Div. of Textron Inc., Dept. 
ED, 400 S. Wyman St., Rockford, Ill.

CIRCLE 230 ON READER-SERVICE CARD

MOTOR-STARTING CAPACITORS.—Model 5992 
is rated at 1 pf, 400 cps, and operates from —65 to 
+400 F. The unit has a 1-1/4 in. ID with 1/4 to 
3/8 in. thickness, depending on the temperature 
range, and is 1/2 in. long.

Double E Products Co., Dept. ED, 208 Standard 
St., El Segundo, Calif.
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PLUG.—Type PR-300 is for easy insertion and with
drawal in Press-Fit jacks. The in-line plug takes the 
stripped wire end to the tip of the probe where it 
is soldered without interfering with the ready inser
tion or withdrawal.

Sealectro Corp., Dept. ED, 139 Hoyt St., Mama
roneck, N.Y.

CIRCLE 232 ON READER-SERVICE CARD

INSULATION SLEEVE.—Is designed to slip on and 
snap in place to prevent interference of the sleeve 
with the insertion of ground tap leads. This design 
also allows for maximum visibility during insertion.

Amp Inc., Dept. ED, Harrisburg, Pa.
CIRCLE 233 ON READER-SERVICE CARD

MEN

Basically, the rapid advances made 

by Bryant in the field of magnetic 

storage drums are due to the technical 

capability and long experience of 

Bryant’s research, engineering and 

production men. Full details are in 

our new descriptive brochure.

Write for your copy. Bryant Computer 

Products Division, a division of 

Bryant Chucking Grinder Company, 

P. O. Box 620, Springfield, Vermont.

IL 1959 125
: CARD
, 1959

See th* New Bryant Line of Standard Drums at Booth 17, Eastern Joint Computer Conference Dec. 1-3, 19S9. 
CIRCLE 234 ON READER-SERVICE CARDIRCLE 226 ON READER-SERVICE CARD
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NEW PRODUCTS

RF POWER STANDARDS Thermoelectric Transducers

LABORATORY

CIRCLE 236 ON READER-SERVICE CARD

IN INNER SPACE

For airborne applications

car

CIRCLE 237 ON READER-SERVICE CARD
CIRCLE 235 ON READER-SERVICE CARD
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HERMETIC 
SEALING

thermistor, semiconductor

Components and assemblies 
ride high, wide and handsome

ELECTRONIC DESIGN • November 11

iron, platinum

Using a minimum of modular elements and re
placeable, humidityproof sensing elements, these 
transducers have outputs from 0 to 5 v and ranges 
from —320 to -|-1000 F. Fluid-immersion types 
with 4500 psi to 100 F and gas-immersion types 
with 4500 psi at 77 F and 2000 psi at 1200 F are 
available. The sensing elements may be nickel-

For missile, rocket, and other airborne applica
tions, type 500602 PDM telemetering commutator 
is a two-pole 45 break-before-make channel, 20 
rps type. Weighing 1.8 lb, the unit provides 500 
hr noise-free service. One pole is used to sample 
single-ended transducer data of 0 to 30 mv dc or 
0 to 5 v dc signal levels at 900 samples per sec. 
Transducer loading is less than 1 ohm and inter
channel isolation is over 100 meg. The second pole 
is for timing according to IRIG. The sampling sys
tem is enclosed in a hermetically-sealed case. The 
switch withstands 26 g vibration at 20 to 2000 cps.

Instrument Development Labs., Inc., Dept. ED, 
67 Mechanic St., Attleboro, Mass.

oxides. The resistance tolerance is to 0.5%. Mount
ing permits variation in tube length or changing 
the element while the fitting is locked. Solder ter
minals are used.

Arnoux Corp., Dept. ED. 11924 W. Washington 
Blvd., Los Angeles 66, Calif.

Spanking new products off the 
drawing boards hold high promise...until 
their natural enemies "gun them down" 
with destructive environmental forces 
Why not consider hermetic sealing 
-the proven technique that builds 
an impenetrable shield against 
7 major causes of product failure? 
By use of inert gas filling, 
GHS Hermetic Sealing permanently rids 
your components and systems of any of 
the common hazards of corrosion, 
dust, fungus, altitude pressures, etc, 
which can seriously affect their 
rated performances. Let us show you 
how to preserve the quality reputation 
of your products with hermetic sealing.

RE USABLE HERMETIC SEALS
Pressurized GASEALS for 
static sealing assure absolute 
protection against gases and 
liquids under severe conditions 
of temperature and environment.

■ GASEALS
‘H' ‘ “ u't M' "

1 -”1-" ■ ' J J 1 " ■* ' 
Mild*-, Applicator»

WRITE OR CALL TODAY FOR HERMETIC SEALING 
BROCHURE. AND GASEAI. BULLETIN NO 258A

equipment is used to establish a refer
ence standard of RF power to an accuracy of better than 1% 
of absolute.
THE 64IN CALORIMETRIC WATTMETER establishes RF power 
reference of an accuracy of 1% of value read, and is used to 
calibrate other wattmeters. Five power scales, 0-3, 3-10, 10-30, 
30-100, and 100-300 watts, are incorporated in the wattmeters 
for use in the 0-3000 mcs range.
71 IN and 712N FEED-THROUGH WATTMETERS, after comparison 
with the 64IN, can be used continuously as secondary stand
ards and over the same frequency range as covered by the 
primary standard. The MODEL 71 IN is a multirange instru
ment covering power levels from 0 to 300 watts in three ranges, 
0-30, 30-75, and 75-300 watts. MODEL 712N covers power 
levels of 0 to 10 watts in three switch positions, 0-2.5, 2.5-5, 
and 5-10 watts full scale.
636N and 603N RF LOAD RESISTORS absorb incident power 
during measurements. MODEL 636N is rated at 600 watts, 
and MODEL 603N is rated at 20 watts. Both models perform 
satisfactorily over the entire frequency range to 3000 mcs. 
These loads, in conjunction with the MODELS 711N and 
712N Feed-through Wattmeters, form excellent absorption type 
Wattmeters.
152N COAXIAL TUNER is used to decrease to 1.000 the residual 
VSWR in a load. The tuner is rated at 100 watts, and its 
frequency range is 500-4000 mcs.
For more information on Tuner*, Directional Couplers, R. F. Loads, etc., write

185 N. MAIN STREET, BRISTOL, CONN. 
SUBSIDIARY OF

. GENERAL
HERMETIC GHS SEALING corp

J s aJLüTOBI 99 E. HAWTHORNE AVE.
VALLEY STREAM, L.I., N.Y, 
VAIley Stream 5-6363

ELECTRONIC SUB SYSTEMS ■ MEGPOTS ■ GASEALS 
TOGGLE SWITCHES ■ HERMETIC SEALING SERVICES

CIRCLE 238 ON READER-SERVICE CART i
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kEl MATIC CRIMPING TOOL.-Loads 100 or 
Lore contacts, pins or sockets at once. They are 
Lton atically fed, one at a time, into the jaws of 
Le t ol and are fixed to the wire by pressing a 
uttOil.
Th Deutch Co., Electronic Components Div., 

Lpt. ED, Banning, Calif.
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NSULATED SOLDERLESS TERMINALS.—This 
it includes a type 1930 bolt cutter and crimping tool 
us an assortment of terminals.
Vaco Products Co., Dept. ED, 317 E. Ontario St., 

hicago 11, Ill.
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HESSURE CALIBRATOR SYSTEM.—Measures 
id regulates pressure in a reservoir using a fre
gency comparator. The comparator indicates the 
Lgnitude and direction of the difference in fre- 
Lencies. The accuracy is 0.05% full scale.
Wiancko Engineering Co., Dept. ED, 255 Hal- 
kd, Pasadena, Calif.
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IAFTING EQUIPMENT.—Includes a portable 
ifting machine, a holemeter with diameters of 
I to 1/2 in., and a protractor as well as vertical and 
rizontal scales calibrated in 1/32 in. increments, 
e brief case type holder permits drawing in a flat 
sition or, by snapping the case together, provides 
8-deg inclined surface.
Charles W. Thrift Co., Dept. ED, 3312 W. Ver- 
ii Ave., Los Angeles, Calif.
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IAFTING PEN.—Model 3065 has interchangeable 
Int sections that provide these line widths: 00, 0, 
L 2-1/2, 3, and 4. Each point section has its own 
cartridge.

koh-I-Noor Pencil Co., Dept. ED, Bloomsbury,
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RNACE.—Molybdenum heated, permits tempéra
is of 3400 F in a hydrogen atmosphere. Heating 
iontrolled by a saturable reactor and radiation 
Dmeter controls. Cooling is controlled by refrac- 
•lined water-cooled zones. The applications in
Ie aircraft, missile, ceramic, and metallurgical 
«tries.
'• P. Keith Co., Dept. ED, 9128 S. Norwalk 
I., Santa Fe Springs, Calif.
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CONTENTS
Section I: TECHNIQUES
• Survey of Equipment Adaptable to Microminiature 

Circuit Technology
• The Uses of Thin Films in Microminiaturization of 

Electronic Equipment
• The Application of Vacuum Evaporation Techniques to 

Microminiaturization
• Fine-Line Etched Wiring
• Interconnection of Microminiature Electronic Sub

assemblies
Section II: SEMICONDUCTORS
• Two-Dimensional Transistor Packaging
• The Role of Semiconductors in the Army Micromod

ule Program
♦ The Stability of Semiconductors in Microelectronic 

Assemblies
Section III: COMPONENTS
a Layerized High-Dielectric Constant Capacitors
• Miniature Incandescent Indicator Lamps
• Development of Miniature Electric Detonators
• Antenna Miniaturization
• Miniature Microwave Magnetrons
• Explosive Trains for Miniature Electric Initiators
• Progress in the Army Micromodule Program
Section IV: CIRCUITS
• Some Circuit Techniques to Eliminate Large-Volume 

Components: A Literature Survey
• The Design of a Transistor NOR Circuit for Minimum 

Power Dissipation
• Design of a Two-Transistor Binary Counter
• A Family of Standard Transistor Switching Circuits
Section V: MISSILE SYSTEMS
• Study of the Electronic Parts and Assemblies of the 

Hawk, Lacrosse I, and Nike Hercules Missiles
• Shipboard Guided Missile Weapon System Simulators

Section VI: MICROELECTRONICS IN INDUSTRY

MICROMINIATURIZATION ’

Full size; 6’A x 9’A

Now hard bound for permanent addition to your technical book 
shelf. MICROMINIATURIZATION contains the complete pro
ceedings of the “Symposium on Microminiaturization of Electronic 
Assemblies”*. Here is the latest work in the field of microelec
tronics, 21 papers in all, complete with all of the original text, 
charts, tables, and illustrations—plus an editorial analysis and 
commentary by Electronic Designs staff. A valuable reference 
volume and working tool, this is the only collection covering these 
important new developments in the state of the art. Take advan
tage of this offer today—simply fill in the order blank below.

* Sponsored by the Diamond Ordnance Fuze Laboratories

RP.

RNE AVE. 
M.LLNJ 
5-6363 j 
■ GASEALS 
3 SERVICES

CE CARD
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uHOR NUTS.—Self-locking type, have high ten- 
Strength. Type F19270 is made of A286 stainless 
I for use to 1200 F. Type F19271 is made of 
2 s sinless steel for use to 1400 F.
fynir Manufacturing Co., Inc., Dept. ED, Kay- 
I Di Box 2001, Terminal Annex, Los Angeles 
Calif.

CIRCLE 245 ON READER-SERVICE CARD HAYDEN
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Please send ( ) copies of MICROMINIATURIZATION at $11 00 plus 15« postage. (Post-
age paid if cash is received with order.)
NAME______________

ADDRESS___________

CITY  
( ) Check enclosed ) Bill me

ZONE.
) Bill my Compony

.STATE.

BOOK COMPANY, INC. 830 Third Avenue, New York 22, N.Y. PLaza 1-5530
127
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Terminal Boards

Transducer

For radiation tracking

128
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There’s no question about it-if there were a dropout in this 
inch of tape it could cost you plenty. That’s why our custom
ers invariably demand perfection from our EP Audiotape 
—the extra precision magnetic recording tape for computers, 
automation, telemetry and seismography.

Audio Devices’ battery of Automatic Certifiers is one of 
the unique means used to make sure EP Audiotape always 
meets customers specifications. The Automatic Certifier re
cords and plays back every inch of the EP Audiotape under 
test. These tests can be so demanding that if the tape fails to 
reproduce just one test pulse out of the 40 million put on a 
single reel, the entire reel is rejected. There are no if’s, and’s, 
or but’s.

This is just one of many special quality-control opera
tions. From raw material to hermetically sealed containers, 
every reel of EP Audiotape gets individual attention.

For more information write for free Bulletin T112A. 
Write Dept. TD, Audio Devices, Inc., 444 Madison Avenue, 
New York22, N.Y.

Designed for use in computer and data process 
programming and multi-channel communications 
systems, these single row terminal boards have 10 
or 20 feedthrough type taper receptacles with 
single and double1 feedthrough connections. They 
have nesting projections and recesses to aid stack
ing. Elongated holes facilitate mounting and bar
riers across both faces increase creepage path. 
Receptacles are silver-plated and gold-flushed. 
With standard solderless taper pins minimum pull 
out is 14 lb. The molding compound conforms to 
MIL-M-14E. The terminal boards pass the shock 
requirement of MIL-S-901B.

General Products Corp., Dept. ED, Union 
Springs, N.Y.
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GET THIS NEW 
TUBING DATA 
CATALOG . . . FREE!

Type XY20 solid state radiation tracking trans
ducer detects the position of visible to near in
frared light sources. A linear functioning semi
conductor device, this single element detects the 
angular position of the source. Having micro
second response characteristics, it can be used in 
tracking, instrumentation, automatic control, and 
computers. Detection occurs by means of a lateral 
photoeffect in a silicon pn junction.

Electro-Optical Systems, Inc., Dept. ED, 170 
N. Daisy Ave., Pasadena, Calif.
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HERCS YOUR ANSWER
FOR PRECISION TUBING 

AT REGULAR TUBE PRICES
Quality specifications and profit margins 
have you in a squeeze on tubing? Preci
sion Tubing assures you unsurpassed 
quality of temper, straightness, accuracy, 
finish and roundness at regular mill 
prices . . . and test results prove it.

Whatever the type of alloy tubing you 
need from ,010" to 1.125" O.D in cop
per, brass, aluminum, up to %" OD in 
nickel and nickel alloys, Ni-Span "C", 
phosphor-bronze and nickel silver Preci
sion can supply it. Whether you need 
Bourdon, round, rectangular, oval or 
square . . preformed to special shapes 
... or Coaxitube-Precision can supply 
it to your specifications.

For improved quality ot lower costs 
specify Precision Tubing Write for tech
nical data to Dept. 10, Precision Tube 
Company, Inc., North Wales, Pa.

AUDIO DEVICES, INC.
444 Madison Ave., N. Y. 22, N. Y.
In Hollywood: 840 N. Fairfax Ave.
In Chicago 5428 Milwaukee Ave.
Export Dept.: 13 East 40th St., N. Y., 16
Rectifier Division: 620 E Myer Rd., Santa Ana, Calif.

CIRCLE 249 ON READER-SERVICE CARD

recording

the world's
most expensive

PRECISION 
TUBE

C OM PANY
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NEW! CRONAFLEX Drafting Film offers best surface every time
CRONAFLEX* is the only drafting film made entirely by 
Ou Pont. It is an exclusive combination oi a superior surface 
■n Du Pont's unique CRON AR* polyester film base. Du Pont 
makes the surface and the base in one complete process that 
assures you of consistent quality. Every piece of CRONAFLEX 
Drafting Film has been subjected to the most careful super- 
\ ision during its entire manufacturing cycle. The .004" 
thickness of this new drafting film makes it easy to handle 
and to file.

The surface: ideal for pencil . . . erases easily . . . smear- 
resistant. . . clearer than cloth—you get faster print-through 
-peed with greater uniformity . . . accepts ink.

CUPONI

IS ONE COUPON YOU CAN’T TEAR OUT. 
BETTER USE StlSSORS OR A KNIFE.

CRONAFLEX Drafting Film is a product 
of the Photo Products Department, 

E. I. du Pont de Nemours A Co. (Inc.), 
Wilmington 98, Delaware.

Printed in U $ A

you use it
The base: holds size . . . flexible . . . unexcelled strength . . . 
moisture-resistant . . . easy to handle . . . lies flat.

CRONAFLEX Drafting Film is available now in many put- 
ups and sizes ... in either roll or sheet form . . . matted one 
or two sides. For additional information, and the name ol 
your nearest dealer, clip the coupon on the preceding page 
(you’ll never be able to tear it!) and send it in.

E. I. du Pont de Nemours & Co. (Inc.) Photo Products 
Department, Wilmington 98, Delaware. In Canada: Du Pont 
of Canada Limited, Toronto.
*Du Pont roistered trademarks

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY

E. I. du Pont de Nemours & Co. (Inc.) 
Photo Products Department 
2432-A Nemours Building. Wilmington 98, Delaware
Please send me additional information about CRONAFLEX Drafting 
Film and a list of suppliers in my vicinity.

Name

Title 

Company . 

Street______

City_________ Zone State

Telemetering System
Video type

Designed for missile applications, 
model 701 video telemetering sys
tem withstands 40 g shock for 11 
psec in three planes and 45 g accel
eration. It has 525 lines and a 30- 
frame fully interlaced picture. The 
circuitry is transistorized and the 
EIA synchronization is crystal-con
trolled. The entire system occupies 
118.8 cu in. and weighs 5.9 lb.

Lockheed Electronics and Avion
ics Div., Dept. ED, 6201 E. Ran
dolph St., Los Angeles 22, Calif.

CIRCLE 263 ON READER-SERVICE CARD

Micro-Gage
Measures 0.5 micron or less

Designated the Dyna-Micro-Gage, 
this photoelectric instrument is ca
pable of dynamic measurements 
down to 0.5 micron or less. Uses of 
the instrument include continuous 
gaging for diameter of wire and for 
width of sheets, measurement of 
small hole sizes and of variation in 
roundness in wire or thread. It can 
also be used as a strain gage to 
measure very small deflections. The 
output voltage can operate a meter, 
actuate a relay or be recorded to 
give a graphical record of variations.

Lindly & Co., Inc., Dept. ED, 248 
Herricks Rd., Mineola, N.Y.

CIRCLE 264 ON READER-SERVICE CARD

Interference Filters
For ground support equipment

Made for military ground support 
equipment and conforming to MIL- 
F-15733C, these radio interference 
filters are hermetically-sealed and 
have stud type terminals for stand
ard connectors. Ground terminals 
are provided on each side for 
grounding neutral power leads and 
harness shielding. The product line 
includes single and three-phase 120 
and 240 v, 60 and 400 cps units with 
a current rating of 5 to 100 amp. 
Single and dual units for 28 v dc 
power lines are rated at 100 v dc 
and at 5 to 300 amp.

Genistron, Inc., Dept. ED, 2301 
Federal Ave., Los Angeles 64, Calif.

CIRCLE 265 ON READER-SERVICE CARD
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Tension Control
Spools fine gage wire

TESTI
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WHAT THE SCR DOES
The SCR is a miniature semiconductor device that

Function Generator 
Has a 34-chord accuracy

blocks positive forward voltage in its

ELECTRONIC DESIGN • November 11, 1959

Mass production of SCR's is 
now a reality. The experience, 
skill and manufacturing knowhow 
of General Electric’s SCR produc
tion line is your assurance of de
pendable quality-controlled SCR’s 
—an assurance unmatched by any 
other manufacturer.

Operating as an adjustable nonlinear potenti
ometer, the Vemistat-adjustable function genera
tor produces any empirical or mathematical curve 
with a 34-chord accuracy. The function adjusting 
assembly is a 34-pole, 101-position printed circuit 
switch. An integral voltage divider provides volt
ages to the switch positions in 1% increments. The 
34 poles are sliding contacts which are used to 
select the voltage levels to =t0.5% of any desired 
value.

The interpolating unit accepts the selected 
voltages and performs linear interpolation be
tween the voltages appearing at adjacent sliding 
contacts. Applications include ballistic wind com
puters, differential analyzers, air data computers, 
and environmental controllers.

Perkin-Elmer Corp., Dept. ED, Norwalk, Conn.
CIRCLE 268 ON READER-SERVICE CARD

brake. Controllable tension range is 1.5 to 140 g 
with winding speeds to 1000 ft per min for a 
spool with a 2 in. OD. Spool sizes to 4-1/2 in. 
OD can be accommodated. The unit is housed 
in a 12-3/4 x 4-13/16 x 8-11/16 in. anodized 
aluminum cabinet, is rated at 5 to 10 w, and oper
ates from a 115 v ac, 60 cps, single-phase line.

Diehl Manufacturing Co., Dept. ED, Somer
ville, N.J.

CIRCLE 267 ON READER-SERVICE CARD

Called Auto-Tension Control No. 510-A-116, 
this unit spools and unspools fine gage wire and 
provides automatic control of tension. It is used 
for wire in the winding of electron tube grids, 
resistors, solenoids, potentiometers, and trans
formers.

Superior d-c motor operation from an a-c source. Eliminates motor 
generator sets, tubes or magnetic amplifiers to provide controlled 
d-c Replaces mechanical speed and direction changers.

Superior a-c generation from a variable d-c source. First really 
practical method of using static inverters with ratings of several 
kilowatts.

Simpler conversion to high frequency. SCR converters are small 
and efficient. Extends use of high frequency power where desirable, 
as in fluorescent lighting systems.

Pulse modulators. Compact, yet rugged replacement for hydrogen 
thyratrons in radar and beacon modulators.

D-c regulation. Control large blocks of voltage with small losses 
by pulse width modulation. Eliminate bulky rheostats and adjustable 
d-c generators.

Other applications: Battery charging regulator, transient voltage 
protection, dynamic braking, constant current supply, static switching, 
regulated power supply, d-c to d-c conversion, temperature control.

conducting state. However, by applying a small signal 
to the gate terminal it switches rapidly to a conduct
ing state and acts like a single junction silicon recti
fier. It is completely static, arcless and fast. It is 
almost 100% efficient. It contains no mechanisms sub
ject to wear. As a result, the SCR can switch and con
trol power either faster, more safely, less expensively 
or more reliably than the many devices it replaces: 
circuit breaker, relay, thyratron, magnetic amplifier, 
rotating amplifier and many others. Among the many 
hundreds of circuit designs are these:

——Generi Electric Semiconductor News
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C35A
100
I'd
70

C35H
250

175

C35U
25
35
17 5

’S
6 5

C35F
r0
75
35

C35A
ICC

6.5

CJ5G

225
I Cj

C35B
200
300
140

C35C
30u
4 10
210

C35F

6 5

C35H
250

55

C35O
406 volts
50C volts
.90 volts

C35D
4f. volts

4.0 ma

5 watts
0 5 watts
2 amperes

• 0 volts
— 65°C to 4150’C

TESTS AND FIELD REPORTS PROVE RELIABILITY

0.86 volts (Full Cycle Average)
25 ma

3 volts

Continuous Peak Inverse Voltage (PIV)
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec ) 
RMS Voltage (Vrm$), Sinusoidal 
Average Forward Current (If) 
Peak One Cyclo Surge Current (Iw'gs)

Average Gate Power 
Peak Gate Current (Ig) 
Peak Gate Voltage (Vg) (forward)

CHARACTERISTICS (At Maximum Ratings) 
Minimum Forward Breakover Voltage (V»o) 
Maximum Reverse (l»> or Forward (Is) Leakage Current (Full Cycle Average)

C ÍCI5 77? ON PFADER-SERVICF CARD

C35G
i 0

6.5

C35C
300

5.0

C35B
2C

oO

CIRCLE 269 ON READER-SERVICE CARD
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silicon controlled rectifier
Prices again reduced, new circuits developed, 

customer designs move into manufacturing stage
Prices again have been reduced an average of twenty per
cent on I .eneral Electric’s Silicon Controlled Rectifier, pro
viding greater values to users. These new prices have been 
made possible through expanding production and lower 
manufacturing costs.

GENERAL ELECTRIC 
CONTROLLED RECTIFIER PRICE TREND

Reliability of General Electric SCR s has been steadily im-
proved over two years of manufacturing experience. Typical 
test results point to the reliability achieved lo date.

MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Lood)

Peak Gate Power

Storage Temperature
Operating Temperature

Maximum Forward Voltage 1 Vf avg) 
Maximum Gate Current To Fire (Igf)
Maximum Gate Voltage To Fire (Vgf) 
Typical Gate Current To Fire (Igf)

98% survival after 1000 hours of storage at 125°.
97% survival after 1000 hours of operation at maximum 

ratings at 125°C.
No thermal fatigue failures after 30,000 cycles from 

20°C to 135°C and return.
Less than one percent failures experienced by customers 

(many of which were traced to misapplication).

Tape Reader
Reads to 48 lines simultaneously

For standard 1-in. 5 to 8-hole paper or Mylar 
tapes, the series TR tape block reader can read a 
fixed block of information of up to 48 lines or 
384 bits simultaneously. Output terminals are 
available for all bits through special alloy triple
wire brush contacts. The device is useful for 
numerically controlled systems, automatic pro
gramming, and automatic testing.

Wang Laboratories, Ine., Dept. ED, 12 Huron 
Dr., Natick, Mass.

CIRCLE 270 ON READER-SERVICE CARD

SCR NOW BEING USED BY MANY COMPANIES
The evaluation stage is passing rapidly into the application 
stage. Many products incorporating the SCR are being mar
keted. for the applications are proved, circuits refined and 
quantity production is a reality. These are just a few of the 
many cases where an SCR is now doing a job more effici
ently, less expensively, faster or more reliably than previous 
designs:

Power supplies incorporating transient voltage protec
tion (for computers).

Radar modulator. ■
Static switch to replace mechanical relay for aircraft.
Three phase inverter.
Stage lighting lamp dimming.
Regulated power supply.
Battery charging regulator.
Constant current supply for a magnetic yoke.

SEND FOR DESIGN INFORMATION
Detailed application notes and article reprints are available 
for the guidance of designers. Your General Electric Semi
conductor Sales Representative will be pleased to provide 
you with complete details. Or write to Section S23109,
Semiconductor Products Dept., General Electric Company,
Electronics Park, Syracuse, New York. Many local G-E
Semiconductor Distributors also stock General Electric SCR
units for fast delivery at factory-low prices.

Up to 16 amperes
150 amperes

— 65*C to +125°C

10 ma at 4* 1 5 volts (Gate to Cathode Voltog*}

C-35 S«ri*s—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes.
ZJ-50 Series—a high-current series now in development, and available on a prototype-sample basis.

Semiconductor Products Department

November 11, 1959

Resistors
Molded-carbon deposited type

Type CPM molded-carbon deposited resistors 
are encapsulated in moisture and heat resistant 
plastic. Called Carbomold, they are supplied in 
ranges of 10 ohms to 5 meg in the 0.5-w size, 10 
ohms to 10 meg in the 1-w size, and 30 ohms to 
20 meg in the 2-w size. Tolerance is ±1%. De
signed for full load at 70 C and derated to zero
at 150 C, they exceed the insulation resistance re-
quirements of MIL-R-1059C.

Aerovox Corp., H-Q Div., Dept. ED, Olean,

Spectrum Analyzers
Range is I to 200 cps

These real-time spectrum analyzers, called
Simoramic, synthesize the equivalent of thousands
of bandpass filters by means of a single delay line
in a closed loop. The frequency location, impul
sive response, and gain of all the synthesized filters
are determined by the same network elements
in the closed loop. The outputs are presented
sequentially. Model 4A covers the band of 1 to
200 cps with about 1 cps resolution.

Federal Scientific Corp., Dept. ED, 615 W. 131
St., New York 27, N.Y.
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Tension Control
Spools fine gage wire

TEST
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Function Generator
Has a 34-chord accuracy

ELECTRONIC DESIGN • November ll, 1959

Mass production of SCR's is 
now a reality. The experience, 
skill and manufacturing knowhow 
of General Electric’s SCR produc
tion line is your assurance of de
pendable quality-controlled SCR’s 
—an assurance unmatched by any 
other manufacturer.controls, a sensing device, and an automatic 

brake. Controllable tension range is 1.5 to 140 g 
with winding speeds to 1000 ft per min for a 
spool with a 2 in. OD. Spool sizes to 4-1/2 in. 
OD can be accommodated. The unit is housed 
in a 12-3/4 x 4-13/16 x 8-11/16 in. anodized 
aluminum cabinet, is rated at 5 to 10 w, and oper
ates from a 115 v ac, 60 cps, single-phase Jine.

Diehl Manufacturing Co., Dept. ED, Somer
ville, N.J.

CIRCLE 267 ON READER-SERVICE CARD

Operating as an adjustable nonlinear potenti
ometer, the Vemistat-adjustable function genera
tor produces any empirical or mathematical curve 
with a 34-chord accuracy. The function adjusting 
assembly is a 34-pole, 101-position printed circuit 
switch. An integral voltage divider provides volt
ages to the switch positions in 1% increments. The 
34 poles are sliding contacts which are used to 
select the voltage levels to ±0.5% of any desired 
value.

The interpolating unit accepts the selected 
voltages and performs linear interpolation be
tween the voltages appearing at adjacent sliding 
contacts. Applications include ballistic wind com
puters, differential analyzers, air data computers, 
and environmental controllers.

Perkin-Elmer Corp., Dept. ED, Norwalk, Conn.
CIRCLE 268 ON READER-SERVICE CARD

The unit is comprised of

Superior d-c motor operation from an a-c source. Eliminates mo*or 
generator sets, tubes or magnetic amplifier* to provide controlled 
d-c Replace* mechanical speed and direction changers.

Superior a-c generation from a variable d-c source. First really 
practical method of using static inverters with rating* of several 
kilowatts.

Simpler conversion to high frequency. SCR converters are small 
and efficient. Extends use of high frequency power where desirable, 
a* in fluorescent lighting system*.

Pulse modulators. Compact, yet rugged replacement for hydrogen 
thyratrons in radar and beacon modulators.

D-c regulation. Control large blocks of voltage with small losses 
by pulse width modulation. Eliminate bulky rheostat* and adjustable 
d-c generators.

Other applications: Battery charging regulator, transient voltage 
protection, dynamic braking, constant current supply, static switching, 
regulated power supply, d-c to d-c conversion, temperature control.

Called Auto-Tension Control No. 510-A-l 16, 
this unit spools and unspools fine gage wire and 
provides automatic control of tension. It is used 
for wire in the winding of electron tube grids, 
resistors, solenoids, potentiometers, and trans
formers.

blocks positive forward voltage in its “off" or non
conducting state. However, by applying a small signal 
to the gate terminal it switches rapidly to a conduct
ing state and acts like a single junction silicon recti
fier. Il is completely static, arcless and fast. It is 
almost 100% efficient. It contains no mechanisms sub
ject to wear. As a result, the SCR can switch and con
trol power either faster, more safely. less expensively 
or more reliably than the many devices it replaces: 
circuit breaker, relay, thyratron, magnetic amplifier, 
rotating amplifier and many others. Among the many 
hundreds of circuit designs are these:

General Electric Semiconductor News
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C35A
100
1'0
Í0

C35B
2CÛ
300
140

C35H
. ••
1 J
175

C35U

6 5

C35F
'0

35

C35A
100

6.5

C35G
150
225
•Oj

C35C
3C5
409
210

C35U
?..
35
17 5

C3sr
50

6 5

C35D
4C'j volts

4 0 ma

C35D
40 j volts
5')0 volts
.$0 volts

Up to 16 amperes

5 watts
’’ 5 watts
2 amperes

( .86 voli» (Full Cycle Average)
25 ma

3 volt»

GENERAL ELECTRIC

Continuous Peak Inverse Voltage (PIV)
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) 
RMS Voltage (Vrms), Sinusoidal 
Average Forward Current (If) 
Peak One Cycle Surge Current (Lu^e)

Average Gate Power 
Peak Gate Current (Ig) 
Peak Gate Voltage (Vg) (forward)

CHARACTERISTICS (Af Maximum Ratings) 
Minimum Forward Breakover Voltage (Vio) 
Maximum Reverse (Ir) or Forward (1$) Leakage Current (Full Cycle Average)

CIRCLE 772 ON READER-SERVICE CARD

CIRCLE 269 ON READER-SERVICE CARD

C35C
301

50

C35G
■ jO

6.5

C35H
250

5.5

C35B
.cc

6.0

N.Y.
CIRCLE 271 ON READER-SERVICE CARD
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silicon controlled rectifier
Prices again reduced, new circuits developed, 

customer designs move into manufacturing stage
Prices again have been reduced an average of twenty per
cent on (»eneral Electric’» Silicon Controlled Rectifier, pro
viding greater values to users. These new prices have been 
made possible through expanding production and lower 
manufacturing costs.

i96019591958

CONTROLLED RECTIFIER PRICE TREND

98% survival after 1000 hours of storage at 125°.
97% survival after 1000 hours of operation at maximum 

ratings at 125°C.
No thermal fatigue failures after 30,000 cycles from 

20°C to 135°C and return.
Less than one percent failures experienced by customers 

(many of which were traced to misapplication).

Tape Reader
Reads to 48 lines simultaneously

For standard 1-in. 5 to 8-hole paper or Mylar 
tapes, the series TR tape block reader can read a 
fixed block of information of up to 48 lines or 
384 bits simultaneously. Output terminals are 
available for all bits through special alloy triple
wire brush contacts. The device is useful for 
numerically controlled systems, automatic pro
gramming, and automatic testing.

Wang Laboratories, Inc., Dept. ED, 12 Huron 
Dr., Natick, Mass.

CIRCLE 270 ON READER-SERVICE CARD

TESTS AND FIELD REPORTS PROVE RELIABILITY

Reliability of General Electric SCR s has been steadily im-
proved over two years of manufacturing experience. Typical 
test results point to the reliability achieved to date.

MAXIMUM ALLOWABLE RATINGS fRetistiv* or Inductive Load}

Peak Gate Power

Storage Temperature
Operating Temperature

Maximum Forward Voltage (Vf avg) 
Maximum Gate Current To Fire (Igf)
Maximum Gate Voltage To Fire (Vgf) 
Typical Gate Current To Fire (Igf)

SCR NOW BEING USED BY MANY COMPANIES
The evaluation stage is passing rapidly into the application 
stage. Many products incorporating the SCR are being mar
keted. for the applications are proved, circuits refined and 
quantity production is a reality. These are just a few of the 
many cases where an SCR is now doing a job more effici
ently, less expensively, faster or more reliably than previous 
designs:

Power supplies incorporating transient voltage protec
tion (for computers).

Radar modulator. -
Static switch to replace mechanical relay for aircraft.
Three phase inverter.
Stage lighting lamp dimming.
Regulated power supply.
lottery charging regulator.
Constant current supply for a magnetic yoke.

SEND FOR DESIGN INFORMATION
Itetailed application notes and article reprints are available
for the guidance of designers. Your General Electric Semi-
conductor Sales Representative will be pleased to provide 
you with complete details. Or write to Section S23109,
Semiconductor Products Dept., General Electric Company,
Electronics Park, Syracuse, New York. Many local G-E
Semiconductor Distributors also stock General Electric SCR
units for fast delivery at factory-low prices.

150 amperes

10 volts
— 65°C to + 1503C
-65°C tr + 125°C

10 ma at +1 5 volts (Gale to Cathode Voltone!

C-35 Saries—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes.
Z)-50 Series—a high-current series now in development, and available on a prototype-sample basis.

GENERAL ELECTRIC
Semiconductor Products Department

E-ECTRONIC DESIGN • November 11, 1959

Resistors
Molded-carbon deposited type

Type CPM molded-carbon deposited resistors 
are encapsulated in moisture and heat resistant 
plastic. Called Carbomold, they are supplied in 
ranges of 10 ohms to 5 meg in thé 0.5-w size, 10 
ohms to 10 meg in the 1-w size, and 30 ohms to
20 meg in the 2-w size. Tolerance is ±1%. De-
signed tor full load at 70 C and derated to zero
at 150 C, they exceed the insulation resistance re-
quirements of MIL-R-1059C.

Aerovox Corp., H-Q Div., Dept. ED, Olean,

Spectrum Analyzers
Range is 1 to 200 cps

These real-time spectrum analyzers, called
Simoramic, synthesize the equivalent of thousands
of bandpass filters by means of a single delay line
in a closed loop. The frequency location, impul
sive response, and gain of all the synthesized filters
are determined by the same network elements
in the closed loop. The outputs are presented
sequentially. Model 4A covers the band of 1 to
200 cps with about 1 cps resolution.

Federal Scientific Corp., Dept. ED, 615 W. 131
St., New York 27, N.Y.
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VIDEO MONITORS.—Have a resolution of 600 
lines, 2% max nonlinearity, and an 8-mc frequency 
response. The modules are plug-in type and the 
aluminized picture tube has a noriglare face plate. 
The following picture tube sizes are available: type 
V-36 is 14 in., V-96 is 17 in., V-98 is 21 in., and 
V-92 is 24 in. They may be either cabinet or rack 
design.

Foto-Video Labs., Inc., Dept. ED, 36 Commerce 
Rd., Cedar Grove, N. J.

CIRCLE 279 ON READER-SERVICE CARD

ELECTRONIC ASSEMBLY AND MAINTENANCE 
TOOLS.—Set 5343-ET-B has special alloy steel tools 
that are heat treated. Screwdrivers for compact as
semblies, pliers, diagonal cutters, drivers, and a pen
cil-type soldering iron are included in this set of 
43 tools.

Snap-on Tools Corp., Dept. ED, 28th Ave., Keno
sha, Wis.

CIRCLE 278 ON READER-SERVICE CARD

Sketch shows new Bishop facilities adjacent to the present 
tube null in East Whiteland Township, west of Paoli, 
Penna.—completing the first stage in Bishop’s long range 
expansion program. This two-story structure will contain 
over 165.000 square feet of floor space. Bishop platinum 
mechanical manufacturing operations also move to the 
East Whiteland plant.

CIRCLE 726 ON READER-SERVICE CARD
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INSULATED SOLDERLESS TERMINALS.—In 
eluded in this line are 13 ring tongue terminals witl 
hole diameters from 9/64 to 13/32 in., five spadi 
tongue terminals with hole diameters from 9/64 t< 
13/64 in, and three butt connectors for wire size 
22-16, 16-14, and 12-10 gages. They are color-code« 
lor size.

Vaco Products Co., Dept. ED, 317 E. Ontario St 
Chicago 11, Ill.

CIRCLE 274 ON READER-SERVICE CARD

FASTENERS.—One-piece, right-angle, type are 
available in many configurations for lengths to 3 in. 
of instrument panels, shock-mounting of equipment 
in 0.02-in. increments. For such uses as attachment 
in package containers, tubing and wiring harnesses,, 
they have been vibration tested to 43 g with ampli
tudes to 0.375 in., and at frequencies to 80 cps.

Western Sky Industries, Dept. ED, 21301 Cloud 
Way, Hayward, Calif.

CIRCLE 275 ON READER-SERVICE CARD

ALUMINUM NUTS.-Are self-locking type and 
have a stainless steel wire form. They meet the re
quirements of MIL-C-25027 for 550 F operation.

Waltham Precision Instrument Co., Dept. EI), 
221 Crescent St., Waltham 54, Mass.

CIRCLE 276 ON READER-SERVICE CARD
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BISHOP NOW DRAWING 
.002’ WALL TANTALUM TUBING
Tantalum tubing with paper-thin wall thicknesses is now 
being supplied by Bishop on special order. Sizes range from 
.062 in. Ol) x .002 in. wall to 1.5 in. OD x .125 in. wall. 
Columbium (niobium) tubing down to .002 in. wall has been 
produced and is also available. Can tubing of these "exotic” 
metals be the answer to any of your design problems? Check 
with Bishop . . . use the coupon.

CIRCLE 727 ON READER-SERVICE CARD

THIS IS THE BISHOP LINE
Products of all the Platinum Metals.. 
Small diameter Stainless Steel, 
nickel and special alloy tubing

LATITUDE COUNTER.—Reads directly in degrees 
and minutes. The characters are 0 125 x 0.075 in. 
and are furnished in standard or fluorescent enamels. 
The unit measures 1.725 x 0.5 x 0 75 in. The ball
bearing mounted shaft may be operated at 500 rpm 
constant or up to 1500 rpm intermittent. Mil specs 
for aircraft are met.

Veeder-Root Inc., Dept. ED, Hartford 2, Conn.
CIRCLE 277 ON READER-SERVICE CARD

GOLD-CLAD STAINLESS TUBING
CURBS CORROSION IN REACTOR
Photo pictures insertion of gold-clad stainless steel heat 
exchanger into gold-clad power reactor at AEC’s Los Alamos 
Scientific Laboratory. Completely successful in recent opera
tional tests, the unique reactor is designed to produce super
heated steam in a single pass. This is the second experimental 
reactor using uranyl phosphate fuel—the first unit failed 
because of excessive corrosion in the heat exchanger. Gold- 
cladding now protects all structural parts in contact with the 
extremely corrosive solution.

Will clad metals solve your corrosion problems? Investi
gate the Bishop line of clad metals. Bishop was the first 
company to successfully produce gold-clad stainless tubing 
. . . coupon brings data. Use it.

CIRCLE 725 ON READER-SERVICE CARD

Tubular Products NEWS



Variable Resistors
Wirewound

Leak Detector

P*B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR

OR LE 283 ON READER-SERVICE CARD>

IN CANADA: POTTER A BRUMFIELD CANADA LTD., GUELPH, ONTARIO

KB LATCHING RELAY con
sists of two KA Relays, forming 
a mechanical latching relay, 
featuring a large number of 
contact arrangements.

silicon 
resist- 
10 pa. 
below

0.005 pa. Like relay contacts, the 
transistors can switch current in 
both directions. They are used in 
choppers, demodulators, bilateral ap
plica ions, and conventional switch
ing ( ircuits.

Ci vstalonics, Inc., Dept. ED, 249 
hftl St., Cambridge, Mass.
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What do your relays cost installed? Initial cost is 
never the whole story.

Our KA Relays are engineered for modem pro
duction methods. They’re available with printed 
circuit, taper tab, quick-disconnect or hook solder 
terminals . . . are simple, economical to install. This 
fact, combined with low original cost, keeps your 
total cost down.

Another source for savings! All standard KA ac 
relays bear U/L and Canadian Standard Association 
seals of approval.

Write or call for more information or see the 
complete P&B catalog in Sweet’s Product Design File.

7 iese preset wirewound variable 
resitors have a resistance range of 
1/2 to 5000 ohms and measure 3M 
in. in diameter. Positive contact with 
the resistance winding at every 
X)int of rotation is provided by a 
spring contactor. Continuous con
tact between contactor, rotor, and 
cover is also provided. Rotational 
torque is 2 to 8 oz-in., stop torque 
is 12 lb-in., and the angle of rota
tion is 240 ±5 deg without fixed 
resistor stop. Type 110 has straight 
or snap-in mounting tabs and ter
minals for printed circuits and type 
112 has a flange type cover for eye
let or rivet mounting.

Chicago Telephone Supply Corp., 
Dept. ED, Elkhart, Ind.

CIRCLE 280 ON READER-SERVICE CARD

These symmetrical pnp 
transistors have a saturation 
ance of less than 5 ohms at 
Leakage currents are held

Detects 1 x 10"n cc per sec
Model 700A leak detector is sen

sitive to a leak rate of 1 x 10~13 cc 
of air per sec. The attenuation set
tings are 1, 3, 10, 30, 100, 300, and 
1000. The required input is 115 v, 
60 cps, single-phase. Model 700B 
includes a pumping system in addi
tion to the basic instrument. The 
over-all dimensions of these units 
are 52 x 45-1/2 x 25-1/2 in.

Crosby-Teletronics Corp., Vac
uum Research Div., Dept. ED, 54 
Kinkel St., Westbury 4, L.L, N.Y.
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Silicon Transistors
Saturation resistance under 

5 ohms at 10 iia

KA ENGINEERING DATA
GENERAL:

T
 Insulation Resistance: 100 megohms min.

Breakdown Voltage: 1500 V. rms between 
all elements.

__  K P I Temperature Range:
=t1J a =!- -55° C. to +85° C. DC
¡^T] ~ -55°C. to+70°C. AC

Weight: 2.0 oz».
— Pull-In: DC 75% of nominal voltage.

f AC 78% of nominal voltage.
Terminals: Taper tabs.

___________ Printed circuit.
__________ Quick-disconnect.

Pierced solder lug».
Enclosures: Du»t Cover

(max. 55‘ C. ambient for AC relays)
• (max. 70° C. ambient for DC relays)
= ' — CONTACTS:
3 Arrangements: 3 Form C (3PDT) max.
_ Material: Movable— Vi silver; stationary—

wide silver overlay.
Load: 5 amp» @ 115 V. AC 60 cp» res.

Ir COILS:
Resistance: 16,500 ohms max.

_____ r Power: 1.2 watt» (DC). 2 volt amps (AC) 
Duty: Continuous AC or DC (DC coils will 

stand 4.5 watt» at 25 C.)



NEW PRODUCTSDESIGN IDEAS FOR ELECTRONIC ENGINEERS:

How to improve servo performance 
with Vernistat* a. c. potentiometers
Typical example shows how 
they increase servo reliability 
and accuracy, reduce system 

complexity and cost

Servos which utilize resistance potenti
ometers must also include several other 
components to achieve high accuracy. In 
addition, these components may increase 
cost, create added problems in design, 
and add an element of unreliability.
FOR EXAMPLE, a simple follow-up servo:

CONVENTIONAL FOLLOW-UP SERVO

Here, to position a remote shaft in ac
cordance with the position of the input 
shaft, resistance potentiometers and 
summing resistor networks are used. 
This requires an accurate center-tapped 
voltage source, so that the two potenti
ometers will be excited by equal voltages 
of opposite phase. When the shafts of the 
two potentiometers correspond, the input 
to the amplifier will be zero.
THIS TYPE OF CIRCUIT has inherent dif
ficulties:
1) With usual high potentiometer im
pedances, pickup from stray electro
static fields may necessitate shielding of 
the remote signal leads. Shielding and 
its capacitance increases phase shift.
2) In the summing resistor network, half 
of the error voltage appears across each 
resistor, so that only half of the error 
voltage appears at the amplifier input. 
This means a loss of gain of one-half, 
which must be made up by the amplifier. 
3) To achieve terminal linearity and re
sulting servo accuracy, it is often 
necessary to end-trinj conventional 
potentiometers.
CONTRAST THIS CIRCUIT WITH one 
which includes the Vernistat a.c. Poten
tiometer — a fundamentally new, com
pact device which combines several 
desirable features not available in stand
ard potentiometers.

PRECISION
TEST
RECEIVER

Neon Indicator Unit
Mounts in 3/8-in. hole

This low-voltage neon indicator unit generates 
its own ignition voltage from any applied de volt
age of four or more volts. It mounts in a 3/8-in. 
hole and is available in a variety of lens shapes 
and colors. Called a Tec-Lite, and designated the 
LVN-Series, it may be operated directly from 
the source voltage. Or it may be additionally con
trolled by a low voltage, high impedance input 
signal. It is designed for portable, battery-oper
ated equipment.

Transistor Electronics Corp., Dept. ED, 3357 
Republic Ave., Minneapolis 26, Minn.
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VERNISTAT FOLLOW-UP SERVO

Here, a null transformer provides gain 
and transmits the error signal directly 
to the amplifier. Because of this, the 
amplifier gain requirements are reduced. 
The error signal is zero when the two 
Vernistat shafts correspond.
IN THE VERNISTAT CIRCUIT, all signals 
are transmitted over low impedance 
leads. This reduces the circuit’s suscepti
bility to pickup and quadrature due to 
stray capacity. This is particularly im
portant in high gain servo systems.
FEWER COMPONENTS ARE NEEDED 
with the Vernistat approach, and this 
reduces the system’s complexity. Sum
ming resistors are not necessary. Where 
conventional potentiometers must be 
eno^rimmed to achieve terminal line
arity, the Vernistat inherently provides 
terminal linearity by means of its design.

Circulator Tee
Frequency range is 9 to 9.16 kmc

IN SOLVING DESIGN PROBLEMS like 
these, the Vernistat a.c. Potentiometer 
offers such major features as: low out
put impedance (as low as 45 ohms) 
with high input impedance (as high as 
200,000 ohms) — high resolution (up to 
0.004%) —low phase shift (as low as 
0.2 minutes) —and high terminal line
arity (to 0.01%). Vernistat a.c. Poten
tiometers meet the requirements of MIL 
E 005272-B, and will operate at 125°C 
without derating.
WRITE TODAY for full description and 
specifications on Vernistat a.c. Potenti
ometers, Adjustable Function Genera
tors, and Variable Ratio Transformers.

*vemistat®-a design concept that unites in one compact device 
the best features of the W

precision autotransformer and the
multiturn potentiometer

.vernistat
IJ---------------------------
* division

765 Main Ave., Norwalk, Conn.

Perkin-Elmer
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For missile applications, transponders, beacons, 
and other airborne radar systems, model 380864- 
1A three-port circulator tee has a frequency range 
of 9 to 9.16 kmc with isolation at 16 db min. The 
insertion loss from the transmitter to the antenna 
is 0.4 db max, and from the antenna to the re
ceiver, 0.2 db max. The input vswr is 1.5 max, 
peak power is 50 kw, and average power is 50 w.

Kearfott Co. Inc., Microwave Div., Dept. ED, 
14844 Oxnard St., Van Nuys, Calif.
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Picture Tube
Needs no safety plate

Type 23KP4 square-cornered picture tube 
needs no safety plate, and has 114 deg deflection 
using standard 110 deg sweep components. The 
tube is 23 in. wide and uses a dark safety glass, 
called Ultra-Vision,, which increases picture con
trast and cuts reflected light.

General Elèctric Co., TV Receiver Dept., Dept. 
ED, Electronics Park, Syracuse, N.Y.
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ELECTRONIC

Sensitive Detection of 
Microwave Energy

The AIL Type 130 Precision 
Test Receiver (30 and 60 Me 
standard units available) is a 
versatile instrument combin
ing a high gain, low-noise 
figure receiver and a second
ary standard of attenuation. 
It can be used wherever ac
curate measurements of the 
differences of r-f and i-f 
power levels are required. A 
few typical applications are: 
noise - figure measurement, 
measuring characteristics of 
directional couplers, calibra
tion of r-f attenuators and 
measurement of selectivity 
characteristics.

Detailed literature is avail
able on request.

A I R B O R N E 
fO INSTRUMENTS 
WF LABORATORY
1345 NEW YORK AVENUE
HUNTINGTON STATION, L. I., N. V 

A DIVISION OF CUTLER-HAMMER, INC
MIS SIL
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Space wagons 
with nuclear horses

MISSILE AND SPACE SYSTEMS ■

ELI CTRONIC DESIGN

Space exploration will really come of age when manned rockets can leave 
earth, accomplish their missions and return without disposing of parts of 
themselves en route. This breakthrough depends on the rapid development 
of both nuclear rocket engines and the space vehicles capable of using 
them. Douglas is putting forth a major research effort in the area of manned 
nuclear space ships. Every environmental, propulsion, guidance and struc
tural problem is being thoroughly explored. Results are so promising that 
even if the nuclear engine breakthrough comes within the next five years, 
Douglas will be ready to produce the vehicles to utilize this tremendous new 
source of space power! Douglas is seeking qualified scientists and engineers 
for this and other vital programs.
Elmer Wheaton, Engineering Vice President, Missiles and Space Systems, 
goes over new space objectives that will be made possible by nuclear 
propulsion with Arthur E. Raymond, Senior AC

Engineering Vice President of W U w LAO
MILITARY AIRCRAFT ■ DC-8 JETLINERS ■ CARGO TRANSPORTS ■ AIRCOMB ■ GROUND SUPPORT EQUIPMENT

Give your career 
extra propulsion, tool

DOUGLAS AIRCRAFT COMPANY
MISSILES AND SPACE SYSTEMS

has immediate openings 
in the following fields—

Electrical and Electronics:
Control System Analysis 4 Design 
Antenna & Radome Design
Radar System Analysis and Design 
Instrumentation
Equipment Installation 
Test Procedures
Logic Design
Power System Design

Mechanical Engineering —
Analysis and Design of the following:

Servo Units
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies

Aeronautical Engineering:
Aerodynamic Design
Advanced Aerodynamic Study
Aerodynamic Heating
Structural Analysis
Strength Testing
Dynamic Analysis of Flutter 

and Vibration
Aeroelasticity
Design of Complex Structure 
Trajectory Analysis
Space Mechanics
Welding
Metallurgy

Physics and Mathematics:
Experimental Thermodynamics 
General Advanced Analysis in 

all fields
Computer Application Analysis
Computer Programming and

Analysis
Mathematical Analysis

For full Information 
write to:
Mr. C. C. LaVene
Box 601-E
Douglas Aircraft Company, Inc.
Santa Monica, Calif.
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NEW PRODUCTSFAIRCHILD TA-400

SMALLEST EVER MADE
high shock and vibration resistance...
0.5% accuracy... self-torquing for system testing.*
This hermetically sealed linear accelerometer for missile and air
craft applications has an extremely sensitive differential trans
former pick-off. It will measure accelerations from V4g to 50g. 
Viscous fluid damping is provided over a wide temperature range. 
*The pick-off is wired with additional taps to allow a DC or AC 
excitation (Filterable from pick-off excitation) to be superimposed. 
This torques the restrained pendulum in either direction from null.

Wire Tubing

For high temperature use

This aluminized, silicone-rubber impregnated 
glass cloth, called Zippertubing, is for use on 
wires and cables in high temperature areas. It 
has good chemical resistance and can be used on 
aircraft cables which are in contact with hy
draulic fluids such as Skydrol. It is designed for 
easy installation.

Zippertubing Co., Dept. ED, 752 S. San Pedro 
St., Los Angeles 14, Calif.
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Servo Amplifier

Operates de plus 2 and 3-phase motors

a LOU It’s truly remarkable. Mac Thi 
connector conforms to the highes

* standards under —■
— MAC Conformity' That's what's ear, 

ing our society alive' What ba
• decadence can ensue whe
• every man wears the same t/ei

drives the same car

LOU —the most rigid tests ever devised, 
and it's capable of withstanding 
specified test voltage of Table 1

-ffilltGHILD 
CONTROLS CORPORATION ; 
'•components division • 

' 225 Park Ave. ; 6111 E. Washington Blvd. * 
Hicksville, L. I., N V. Los Angeles, Cal. •

• GYROS
PKSSUM 

TRANSDUCERS
potentiometers

ACCEKROMfTERS

A Subsidiary of Fairchild Camera and Inatrument Corporation

Writs
Dspt 35ED

Null
Accuracy

Range
Undamped 
natural frequency 
output

%* Length 
Diameter

General Characteristics
±¥<g to ±50g

10 175 cpt
Differential Transformer 6 volts 
into a 10K load. 400 cps phase 
sensitive
15 to 50 MV
including linearity, hysteresis, 
and repeatability after light tap
ping—0.5% of full scale to half 
scale.

136
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SILK 
grade 
boror 
tais I 
lifetir 
are a

Gr
N. Cl

SILK 
ing aj 
to 20 
Mil s

Rh 
Moflí

guishable from his neighbor'

LOU —and again while undergoing the 
50.000 feet —

MAC and sacrifices hts soul to
conform to The Organization 
Idea1 What's become of the 
individualists, the bohemians, 
the pure literati and true 
mtelhgen tsia 3 ’

Designed to respond to 400 cps control signals 
obtained from synchro, induction-potentiometer, 
or resistance-potentiometer follow ups, model 
D-3320 servo amplifier operates de, two-phase, 
and three-phase motors. The temperature range 
is —65 to ¿-160 F. Positioning time is as low as 
5 sec from travel stop-to-stop. The unit with
stands 10 g vibration at frequencies to 2000 cps 
and 15 g shock. Solid state electronics are used. 
The unit is adaptable to aircraft, missile, ord
nance, marine, and industrial applications.

Hoover Electric Co., Dept. ED, Hanger Two, 
Port Columbus Airport, Columbus 19, Ohio.
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Wire Cutter

Automatic

For short run productions, model AB-4 wire 
cutter can be operated by inexperienced person
nel. Wire may be cut in lengths from 2-1/2 to 25 
in. The counter, which determines the number of 
pieces to be cut, may be set from 0 to 500. Hook
up wire and sleeving is cut at the rate of 1000 
ft per hr.

Electronic Industries, Dept. ED, 2624 Perliter 
St., N. Las Vegas, Nev.
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ELECTRONIC

LOU —altitude test Did you dig the 
legs on that blond at the 1 ftth’

(AMPHENOL
As advertised on page 16. - ' / 

Fast delivery at factory prices from

i EJ ELECTRONICS E
j «o herricks ’OAO mineóla, liny E 
V PIONEER •-■■EO. TWX O-CY-NY-MOU ■
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SILICON MON OCR Y ST ALS .—Semiconductor
grade, are doped to customer specifications. The 
boron level is less than 1 /2 ppb. Undoped monocrys
tals have resistivities of 800 ohm-cm or higher and 
lifetimes in excess of 200 psec. Polycrystalline rods 
are also available.

Grace Electronic Chemicals, Inc., Dept. ED, 101 
X. Charles St., Baltimore 1, Md.
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SILICON DIODES.—For very fast computer switch
ing applications, types RD2121 and RD2124 recover 
to 200 K in 0.2 usee. Typical capacitance is 1.5 uuf. 
Mil specs are met.

Rheem Semiconductor Corp., Dept. ED, 327 
Moffett Blvd., Mountain View, Calif.
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JAR BATHS.—Called Magni-Whirl, are for ASTM 
kinematic viscosity tests and general laboratory use. 
Automatic pulsation of the agitator plate maintains 
temperatures constant to ±0.1 deg C. The tempera
ture range can be 70 C or to 100 C. The design 
allows for full visibility.

Blue M Electric Co., Dept. ED, 138th and Chat
ham St., Blue Island, Ill.
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SOLDERING TIP CLEANER.—Type 149 has 
brushes treated to withstand heat. Certified not to 
cause corrosion of solder joints, it is used in labora
tories, industrial applications, and workshops.

Dickinson’s Electronics, Dept. ED, Sacramento 24, 
Calif.
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SHIPPING CONTAINER.—Gives complete protec
tion to electronic equipment and conforms to the Air 
Transportation Association category 1 standards. 
They are made in customer-specified sizes and are 
re-usable.

William Bal Corp., Dept. ED, 947 Newark Ave., 
Elizabeth, N. J.
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LAMP SHIELDS.—Spring-type brass, cadmium- 
plated, they fit directly on the glass part of the T-3 
1/4 lamp. They come in straight or flared design.

Amatom Electronic Hardware Co., Inc., Dept. ED, 
88 Drake Ave., New Rochelle, N. Y.
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BATTERY CHARGE CONTROL.—Type MP-3 auto
matically controls the battery charging equipment as 
it brings the battery to a full state of charge, and 
then automatically terminates the charge. Designed 
to control both regular daily charges and weekly 
equalizing charges, it requires no attendance or re- 
se ting. For controlling modified-constant potential 
battery charging, units are available for 6- to 60-cell 
batteries. Dimensions are 6-1/4 x 8-1/8 x 4-1/8 in.

The Electric Storage Battery Co., Exide Div., 
D pt. ED, Rising Sun and Adams Aves., Philadelphia 
2C, Pa.
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reads easily,
1

at a glance

HOURS

V»
MODEL OKI_ _ _ _ _ _ _

_ _ _ _ _ _ _ VOLTS_ _ _ C’
UDE H U S A. Á

k 0021 M

This new General Electric Type KT time meter measures 
operating time of any electrical equipment, speeds routine 
checking with "at-a-g lance” readability. Big numbers are 
more than twice the size of ordinary meter digits. New low 
cost, too—in square, round, portable and sealed models. 
Totally enclosed construction means extra years of depend
able operation. Increased operating temperature range 
(minus 67F to plus 150F) extends meter life, reduces mainte
nance. What’s more, a new sixth digit—standard on all 
G-E models—offers more accurate range of measurement at 
no extra cast! Pass on these important benefits to your 
customers with time meters from the complete KT line. 
Also, specify G.E.’s Type TSA interval or process timers 
for dependable service on your automatic time-control ap
plications. New BIG LOOK panel meters are available, too! 
For the full story on any of these instruments, contact your 
nearby G-E Apparatus Sales Office; or, write to Section 
593-306, General Electric Co., Schenectady 5, N. Y. In 
Canada, contact Canadian General Electric Company 
Limited, 940 Lansdowne Avenue, Toronto 4, Ontario.

Other General Electric Instruments for Original Equipment Manufacturers
—Switchboard instruments; inking, inkless, switchboard and portable 
recorders; testing instruments; speed-measuring systems.

INSTRUMENT DEPARTMENT

GENERAL ELECTRIC
CIRCLE 301 ON READER-SERVICE CARD
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Another FIRST fromNEW PRODUCTS

now available from G-L

Laminations

STI

ci

CIRCLE 302 ON READER-SERVICE CARD

138 ELECTRONIC ME

from G-L.
Transformer Laminations have the su

tooling and precision stamping assure you
of the highest quality.

shop is set up to do rapid prototype work.
Your inquiries are invited. Write, wire or

TB-104, will be mailed upon request.
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are available.
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CIRCLE 303 ON READER-SERVICE CARD

TYPE DSD-3
DUAL SPEED DRIVE
Accuracy 12 min*, of arc

TYPE DSD-2
DUAL SPEED DRIVE . . .
Accuracy 6 mint, of arc

TYPE PDW-1 PRECISION
Accuracy 1 min. of arc

For vacuum tubes

that have made

2921 Admiral Wilton Blvd., Camden 5, N. J.
Phono WOodlawn 6-2780

PRECISION DRIVE 
UNITS

USAF

Write for full details

LABORATORIES INC
Subsidiary of Technology Instrument Corp
530 AAA IN STREET. ACTON, AAASS.

COLONIAL 3 7756
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fit Potentiometer
Resistance range is 10 ohms to 100 K

Model 224 Trimpot potentiometer has a resist
ance range of 10 ohms to 100 K, a temperature
range of —65 to -f-175 C, and a power rating
1 w at 70 C. The resolution is as low as 0.17%.
Three terminal configurations are available: in-
sulated stranded leads, solder lugs, and printed
circuit pins. The unit weighs 0.1 oz and measures

HIGH PERMEABILITY 0.19 x 1.25 x 0.32 in. It meets MIL-STD-202A.

nickel alloy

plus the QUALITY,
UNIFORMITY and SERVICE

G-L TAPE WOUND CORES
a standard in the industry

High permeability magnetic laminations,
made to the most exacting standards
in the industry, can now be obtained

perior characteristics and uniformity-of*
product associated with G-L magnetic tape
wound cores. Controlled production tech
niques, careful selection of material, expert

Magnetic Head Laminations are the
result of improvements made by G-L on

Boums, Inc., Dept. ED, P.O. Box 2112. River-
side, Calif.

Frequency Signal
Source

Delivers 40 to 4000 cps

For aircraft, missile, and ground control equip-
ment, model MJXO frequency signal source de-
livers from 400 to 4000 cps. The unit is available
with accuracies of ±0.05%, ±0.02%, and ±0.01%
for continuous operation from —55 to 4-85 C.
Operating from a 28 v dc, 20 ma, it furnishes a
0.23 rms min sine wave into equal or more than 2

NEW PACKAGED

Now, for the first time you can obtain
precision drive units complete in one
package. ALT Drives save time, trouble
and money — eliminate the need of pro-
curing and assembling separate indica-
tors, dials, knobs, gears, etc. And, with
ALI Precision Drive Units you know
you have a unit that will do the required
job without a possibility of error. Use
them with rotary components such as
resolvers, syncros, potentiometers, in
ductors, capacitors, tuning coils, etc.

KQUHi£ NO

^ditioNai p

DRIVE, WORM . .

A worm gear, shaft positioner for accu-
rate repeatable positioning and indicai-
ing. Features: no backlash, compact
design, long life, rugged construction.
Mechanism utilizes a 180-1 ratio allow-
ing direct dial readings of 1 minute of
arc. Has hairline indicator, large en
graved dials.

< UNITS

33.
normal processing techniques to provide
laminations with minimum burrs, improved
stacking factors, reduced head dimensions.
Special Shapes are available from G-L
for special applications. Our own tool and die

call. Send us prints on your current require-
ments for an immediate quotation. Our
illustrated magnetic laminations folder,

61
Tolotypo TWX 761, Camden, Now Jersey

K load, or 6 v peak-to-peak min clipped sine wave
into equal or more than 7.5 K load. The unit is
potted in silicone rubber and is hermetically
sealed. Variations in waveform, output, and input

Philamon Laboratories, Inc., Dept. ED, 90
Hopper St., Westbury, N.Y.

Active Cathode Alloy

Type X-3012 active cathode alloy is available
in the form of seamless, Weldrawn, disc, lock-
seam, and lapseam cathodes for vacuum tube.
Having a high emission rate and a low sublima
tion rate, this material is made by adding 0.1%
zirconium and 2% tungsten to the nickel base.
Cathodes made from it can be fired at 700 C
without undue softening.

Superior Tube Co., Dept. ED, 1521 German
town Ave., Norristown, Pa.

A precision gear reducer for highly-accurate
repeatable positioning and indicating. Inner
dial for coarse positioning, outer dial for fine
positioning plus in-line input and output
shafts and the availability of a wide range of
ratios through 72-1. No backlash.

J rrpfs

An economical precision gear reducer tor
Features: nopositioning and indicating.

backlash, in-line input and output shafts.
compact design. Like Type DSD-2, it has 
inner dial for coarse positioning, outer dial
for fine positioning.

ACTON
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If noise annoys you

FORCE IT DOWN WITH

tput

inmg

TWX 942BRowning 2 3000
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improvement is obtained by 
RF match, adjusting local 
injection for lowest noise fij 
the IF matching transferor 
timum IF impedance

nn
>ne

rate 
finer

Ireland 
/or op- 
of the
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previously required for low-noise fig
ure performance.

HOW TO GET BEST RESULTS
In receivers designed for 1N21C or 
1N21E diodes, maximum noise figure

CLINCH NUTS.—Types NKCFM are 
u ed in miniature components in air- 
c aft, missiles, and industrial applica
tions. They are effective to 350 F. The 
integral nylon cap seals pressures to 
80 psi past the bolt threads. The in
stallation may be by hand or by using 
a riveting or spinning technique. 
Shank lengths are 0.04 to 0.06 in. and 
minimum thickness is 0 03 in. Avail
able in thread sizes 4-40 through 10
32, they are made of steel, cadmium 
plated, and stainless steel, plain finish. 
They meet AN-N-10 and MIL-N- 
25027 requirements.

Elastic Stop Nut Corp, of America, 
Dept. ED, 2330 Vauxhall Rd., Union,

1N21F. For minimum receiver noise 
the'lN21F should be matched into a 
low noise IF preamplifier using WE 
5842 triodes or similar tubes.

AVAILABLE NOW in production quan
tities. Write or call for data and prices.

FREQUENCY CALIBRATOR.—For 
fm-fm telemetering systems model 520 
has a calibration time of 30 sec per 
channel. External metering is pro
vided and operation may be effected 
by inexperienced personnel.

Fenske, Fedrick & Miller, Inc., 
Dept. ED, 12820 Panama St., Los 
Angeles 66. Calif.
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CASES.—For housing components or 
assemblies which must be easily ac
cessible, three sizes of Minislides are 
available. They are made of alumi
num.

Bud Radio, Inc., Dept. ED, 2118 
E. 55th St., Cleveland 3, Ohio.
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SILICON DIODES.—Types RD1356 
through RD1359 have a resistance to 
50,000 meg at 25 C. Forward con
ductance is 100 ma at -|-1 v and 
breakdown voltages range is to 200 v. 
Mil requirements are met.

Rheem Semiconductor Corp., Dept. 
ED, 327 Moffett Blvd., Mountain 
View, Calif.

CIRCLE 313 ON READER-SERVICE CARD

STRAIGHTENER AND ORDENTER. 
—Type H-100 straightens diode leads 
and feeds packages into test equip
ment, taping machines, and marking 
machines. Typical operating speed is 
3600 diodes per hr. Power required is 
115 v ac.

Carman Labs., Inc., Dept. ED, 10 
Carman Rd., Bedford, Mass.
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MICROWAVE
ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS

V IRE STRIPPERS.—Called Luco, 
t ey can strip plastic, polyethylene in
sulation, and Teflon. Several models 
a e available for either hand or foot 
p dal operation. The model LT 4 can

be modified for solenoid operation, 
mounted on work tables.

Electronic Applications, Inc., Dept. 
ED, 194 Richmond Hill Ave., Stam
ford, Conn.

CIRCLE 311 ON READER-SERVICE CARD

CASES.—Designed for installation of 
more components than is possible with 
other cases of the same size, they have 
both snap lock and screw type fasten
ing and are made of steel or alumi
num. Called Miniboxes, they come in 
18 sizes.

Bud Radio, Inc., Dept. ED, 2118 
E 55th St., Cleveland 3, Ohio.
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UP TO A FULL DB BETTER THAN 1 NHE’s
Used in conjunction with a 30 me IF of 
1.5 db noise contribution, these typical 
noise figures are attained in receivers 
operating from 300 to 4000 me ... up 
to 1 db less than Microwave’s famous 
low-noise E-series diodes! The 1N21F 
diodes are directly interchangeable 
with other diodes of the 1N21 series.

WIDE APPLICATION
A major application is as a low- 
noise mixer diode following a low 
noise parametric amplifier in the 100 
to 3000 me range. Others include: 
UHF scatter, TV, telemetering, mi
crowave links, radio navigation and 
astronomy, long range radar, and com
munications receivers.

COST REDUCTIONS
A significant cost reduction in UHF 
receiver RF front ends is possible by 
substituting this diode for the RF 
vacuum tube preamps, associated 
power supplies and other accessories

RECORDING THERMOMETER.— 
Uses a dry stylus and will record in 
any position. Temperature ranges are 
-4-20 to 4-220 F or -40 to 4-160 F; 
time ranges are either 24 hr or 7 days. 
The unit weighs 14 oz and measures 
3-15/16 x 2-7/8 x 3-3/8 in.

Pacific Transducer Corp., Dept. ED, 
11836 W. Pico Blvd., Los Angeles 64, 
Calif. *
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GRID.—For drafting printed circuits, 
has a tolerance of ±0.001 in. over a 
36-in. dimension. The material used 
is Mylar.

Flexigraph Co., Inc., Dept. ED, 998 
Farmington Ave., W. Hartford, Conn.

CIRCLE 481 ON READER-SERVICE CARD *

WIRE STRIPPER.—Strips wire larger 
than No. 12 AWG and smaller than 
No. 36 AWG as well as coaxial cable. 
Called model F, it can be used with 
Teflon, vinyl, nylon, mylar, rayon, and 
polyethylene.

Western Electronic Products Co., 
Dept. ED, 655 Colman St., Altadena, 
Calif.
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>. . and get typical receiver 
noise figures of 5.5 to 6.0 db



FOR MAXIMUM 
MINIATURIZATION 
& LOWER COST...

NEW PRODUCTS

Phase Shifter
Produces 90 deg phase shift

NEW FROM NARDA

Versatile 
Co-Netlc and 
Netic Magnetic 
Shielding Foils

'its positioning components closely without interference from damaging 
- , • etic fields making possible compact and less costly systems

How Co-Netic and Netic foils lower 
your magnetic shielding costs:

Cuts readily to any shape with 
urdinary scissors.

Wraps easily.

1) You use less shielding ma
terial because (a) foil thick
ness is only .004" and (b) 
foils cut easily to exact shape 
required, minimizing waste. 
2) Odd shaped and hard-to- 
get-at components are easily 
shielded, saving valuable 
time and eliminating tooling 
costs and inflexibility of rigid 
metals.

Model 400 phase shift unit produces a 90 deg 
phase shift with a precision of 0.05 deg. The unit 
has a low phase gradient with respect to fre
quency, unity gain, low output impedance, and 
stable operation. Calibration adjustments are 
provided for. For operation at 400 cps, the unit 
has applications in tachometer testing, generating 
two-phase signals, and phase angle generation. It 
can be supplied in either full panel or half-panel 
sizes.

Dytronics, Dept. ED, P.O. Box 3676, Columbus 
14, Ohio.
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Thermostat
Rated at 5.5 amp on 110 to 120 v ac

Model
10001

High Power $4700.

MICROWAVE 
MODULATOR

accepts over 40 magnetrons I

4. C

5. h

6. C

asily fastens to walls for 
shielding entire rooms.

These foils are non-shock 
sensitive, non - retentive, re
quire no periodic annealing. 
They effectively shield elec
trostatic and magnetic fields 
over a wide range of intensi
ties. Both foils available from 
stock in any desired length in 
various widths.

Co-Netic & Netic foils are 
successfully solving many 
types of magnetic shielding 
problems in numerous critical 
satellite, missile, magnetic 
tape and other military, air
borne, electronic and labora
tory applications. These foils 
can help you solve your mag
netic shielding problems.

MAGNETIC SHIELD DIVISION PERFECTION MICA CO.
1322 Xo. EKton Urnut- • Chicago 22. Illinois
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140

Type B thermostat operates on the principle of 
current flowing through the bimetal and generat
ing heat which actuates the bimetal, breaking the 
circuit. As the device cools, the bimetal returns to 
the normal position and recloses the contacts. The 
blade and bimetal are supplied to give any de
sired performance. The unit is normally rated at 
5.5 amp on 110 to 120 v ac. Both screw and quick 
disconnect terminals are standard; other types are 
available on special order. Adjustable and non- 
adjustable types can be furnished.

Clark and Bobertz, Inc., Hickok-Donnelley 
Div., Dept. ED, 1900 Euclid Ave., Cleveland 15, 
Ohio.
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Here’s the first of a series of new products from Narda’s 
recently-established High Power Electronics Division! A high 
power Microwave Modulator that permits installation inside the 
unit of any of more than 40 magnetrons! Complete, compact 
and self-contained, it accepts magnetrons covering 3,200 me 
to 35,000 me, with peak outputs from 6 KW to 120 KW. Model 
10001 features a completely interlocked circuit, with all high 
voltage leads and connections internal, for maximum safety; 
solid state high voltage bridge rectifiers for longer life and 
reduced heat output (prolonging life of other components, 
too); and built-in meters and viewing connectors for all princi
pal parameters.

Other features are shown below. For complete specs and a list 
of at least 40 magnetrons suitable for use with the 10001, write 
Narda’s High Power Electronics Division (HPED) at Dept. ED-7.

SPECIFICATIONS
High voltage supply: Continuously variable from 0 to 4 KV at 
100 ma; Pulse power: 18 KV at 20 amps max.; Magnetron 
filament supply: Cont. variable from 0 to 13 volts at 3 A; Rep. 
rate generator range: Cont. variable from 180 to 3000 pps; 
Pulse width: 1 microsecond at 70% points, rise time 0.15 
microseconds, max. slope 5% (other pulse widths available); 
Size: 38" h, 22" w, 18" d. Weight: 150 lbs.

Complete 1959 catalog available on request.

microwave 
the lidi (Id corporation

HIGH POWER ELECTRONICS DIVISION
118 160 HERRICKS ROAD. MINEOLA, L. I, N Y • PIONEER 6 4650
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SIX VSWR AMPLIFIER FEATURES 
... available only from NARDA

1. Battery-operated

(rechargeable nickel-cadmium).

2. Completely transistorized 

for low current drain.

3. Independent of line voltage 

variations.

4. Complete bolometer protection 

during switching.

5. Most compact unit available.

6. Completely portable.

Model 441B-*225

narda

HMI

microwRv« 
corporal»

GAINEXPAND

NOMMAI

VSWR AMPLIFIER
NADDA MODEL 4418

CtYSTAl

battery
CHECK CHARGING

LOW 
aolomih.

c*
INPUT

SILICON MESA TRANSISTORS.—Are npn, dou
ble-diffused type with a switching time of 25 mpsec. 
Saturation resistance is 5 ohms. They conform to Mil 
specs and to JEDEC TO-5.

Rheem Semiconductor Corp., Dept. ED, 327 
Moffett Blvd., Mountain View, Calif.
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NAME PLATES.—Are made from color-fast, ano
dized aluminum. They can be used for marking and 
decorating electrical equipment such as relays, trans
formers, regulators, and dial faces. Wiring and cir
cuit diagrams can also be placed on them. They are 
custom-made in all sizes, designs, and in one or more 
colors. The name plates can be supplied with various 
types of adhesives and are resistant to organic sol
vents and extreme weather conditions.

Allied Decals, Inc., Dept. ED, 8100-35 Hough 
Ave., Cleveland, Ohio.
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MILLIWATTMETER.—Type U-381 is a portable, 
resistive film, bolometer wattmeter for the measure
ment of microwave power. It measures power in the 
1 to 100 mw range with an accuracy of ±3% over the 
frequency band of 12 to 18 kmc. The unit has ter
minals provided for calibrating it against dc power. 
A micrometer adjustment permits a short-circuiting 
termination to be set for a vswr near unity at any 
frequency within the specified range.

Wayne Kerr Corp., Dept. ED, 1633 Race St., 
Philadelphia 3, Pa.
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Now you can get a completely portable battery- 
operated VSWR Amplifier offering complete protec
tion against bolometer burnout at the same time!

Narda’s Model 441B is supplied with nickel-cadmium 
batteries, providing complete freedom from line 
voltage deviations. Batteries recharge automatically 
when unit is plugged in; provision is built-in to show 
state of battery charge. A special protective circuit 

FEATURES:
• SENSITIVITY: 0.1 microvolts at 200 ohms for full scale.

* FREQUENCY: 1,000 cps ± 1% (plug-in frequency networks available for 3154,000 cps and broad-band applications)

• BANDWIDTH: 25-30 cps

• RANGE: 72 db (60 db in 10 db steps, 11 db continuous)

• ACCURACY: ± 0.1 db per step • ± 0.2 db maximum cumulative • meter linearity: 1% of full scale

the narda corporation
118 160 HERRICKS ROAD, MINEOLA. L. I., N. Y. • PIONEER 6 4650

permits switching and connect-disconnect with no 
danger of bolometer burnout. Provision is made for 
both crystals and high and low current bolometers.

Full sensitivity is provided over both normal and 
expanded scales; eliminates switching attenuation 
range. Other features are shown on this page; for 
complete information and a free copy of our latest 
catalog, write to us at: Department ED-10.

TRAVELING WAVE TUBE.-Designed for micro
wave relay service. These tubes are available in 
models which cover frequency bands spanning 800 
to 4800 mc.

International Telephone and Telegraph Co., Dept. 
ED, 67 Broad St., New York 4, N. Y.
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STEPPING RELAY.—Operates at a step rate of 8 
per sec. It is a 12-position unit. Three of these relays 
have operated for more than 60 million revolutions 
with no indication of impending failure in life tests.

International Telephone and Telegraph Corp., 
Dept. ED, 67 Broad St., New York 4, N. Y.
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DPDT CHOPPER.—Model C1430-1 is a 9-pin plug
in unit with make-before-break-after action. Excita
tion frequency is 260 to 440 cps. The unit operates 
in temperatures from —65 to +125 C and will take 
30 g of shock. The case measures 1/4 x 1-3/8 in. 
Model Cl430 is a 9-pin general purpose unit that 
also has an excitation frequency of 360 to 440 cps. 
Other specifications are the same as for the C1430-1.

The Bristol Co., Aircraft Equipment Div., Dept. 
ED, Waterbury 20, Conn.

CIRCLE 325 ON READER-SERVICE CARD
CIRCLE 319 ON READER-SERVICE CARD
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NEW PRODUCTS

Wavemeters
met

AMPEX
turning point

CIRCLE 327 ON READER-SERVICE CARD

Provides 60 to 4000 cps

AMPEX STANDARD TAPE LENGTHS (flit)
BASE THICKNESS (mils!

HOOVER
ELECTRONICS COMPANY

CIRCLE 328 ON READER-SERVICE CARD
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Field Liaison Engineers 
Los Angeles, California

For complete specificationt 
additional tape literature, wr

DEEP THOUGHTS FROM DEEP DOMES / NO. 2 OF A SERIES
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110 WEST TIMONIUM ROAD • TIMONIUM, MARYLAND

Count Vladimir Butts Binswinger (1745-1810), inventor of the 
mnemonic alarm clock, said it:“AH progress comes from man’s 
desire to live beyond his income.” A shocking thought, which 
devotees of Poor Richard’s Almanac will indignantly reject with 
a frisson of well-bred horror.

We at hoover electronics think Vladimir had something. 
Who doesn’t want something better, even if it costs the earth 
with a platinum fence around it? The hopeful note in all this 
(optimists that we are) is that hoover is constantly trying to 
provide the ultimate ... at the reasonable price. And (nobody’ll 
say it if we don’t) with fair success, too.

A fair example, to put it modestly, is the gismo shown below, 
which considerately lets existing FM/FM telemetering systems 
now in use at missile bases “live beyond their income’’ on a 
Scot’s purse.

REEL 
DIAMETER

1800
3600
7200

Model TFGX frequency generator, incorporat
ing a tuning fork oscillator, provides from 60 to 
4000 cps and a variety of output waveforms and 
voltages. It operates from 28 v de to furnish 6 v 
peak-to-peak square wave or pulse into equal or 
more than 7.5 K load, or alternately a 1 rms fil
tered sine wave into equal or more than 10 K 
with less than 1% distortion. Binary frequency 
dividers offer lower frequencies with over-all 
accuracy and stability ranges from 0.001% to 
0.05%. The unit is potted in silicone rubber and 
hermetically sealed.

Phila’mon Laboratories, Inc., Dept. ED, 90 
Hopper St., Westbury, N.Y.

1-1/1 
reinfc 
stack, 
stroke

provi 
terist 
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Magnetic recording has reach 
the point where a better tape, I 
itself, can significantly improv 
the performance of your equi] 
ment. Anticipating this, Amp« 
has developed its Instrument! 
tion Tape to assure the highei 
capability that the state of tf 
art requires.

Precision tape reliability comi 
principally from the propertii 
of its coating. And Ampex con 
bines oxide preparation and car 
ful coating techniques with tli 
exclusive Ferro-Sheen process 
produce the smoothest, most c 
hesive, most uniform of precisid 

tapes. The result is measurab 
higher signal-to-noise ratios, ai 
much less tape wear.

This, with its squared-up hyste 
esis curve, makes Ampex Instr 
mentation Tape ideal for all n 
cording systems: direct, FM-ca 
rier, PDM, and NRZ-digital.

Ampex Instrumentation Tape 
available on hubs, NAB-type d 
die-cast magnesium - alloy Pred 

sion Reels. Widths of 
and 1" are standard on eithj 
Mylar* or acetate base, in thefd 

lowing lengths, reel diameten 
and base thicknesses:

AMPEX 
MAGNETIC TAPI 
934 CHARTER STREET, REDWOOD CITY, CM

This Mixer Amplifier, no bigger than a baby’s hand, is a 
part ol the HOOVER Vermtel system, which improves 
accuracy of FM/FM telemetering systems by a whole 
order of magnitude, prolonging their lives in as human
itarian an effort as ever came nut of a supposedly 
soulless corporation. Ask us for spec sheets.

able I 
tent t 
Units

netii 
60 c 
nent 
Acci

This series of absorption wavemeters offers the 
following frequency ranges: model RDW-5R, 1 
to 2 kmc; model RDW-6R, 2 to 4 kmc; and model 
RDW-7R, 4 to 8 kmc. All models have a built-in 
crystal detector and a micrometer movement 
which is readable to 0.0001 in. The off-resonance 
insertion loss is less than 1 db and the insertion 
loss at resonance is about 2 db. The vswr is below 
1.5; the loaded Q is greater than 2000. Each unit 
is furnished with a calibrated chart activated to 
0.1%. Electrical foreshortening results in a maxi
mum length of 14 in. for the largest unit.

Radar Design Corp., Dept. ED, Pickard Drive, 
Syracuse 11, N.Y.
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Microammeter

Range is 0 to 50 |xa
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This recording type dc microam
meter has a range of 0 to 50 pa 
with an input resistance of about 
200 ohms. Ranges of 0 to 10, 50 and 
200 mv dc are also included. A mag
netic amplifier, powered by 120 v, 
60 cps, is combined with a perma
nent-magnet moving-coil movement. 
Accuracy is within 2% of full scale. 
The instrument can be used in se
ries with or as a substitute for in
dicating instruments that give only 
instantaneous readings. Chart speeds 
are 3/4 in. per hr through 12 in. 
per min. Portable or mounting ty pe 
models with motor or spring driven 
chart drives are offered.

Esterline-Angus Co., Dept. ED, 
Indianapolis 6, Ind.
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Solenoids

Coils are encapsulated

Series 801 double-T solenoids 
have a layer of epoxy resin for pro
tection from moisture, water, ma
chine oils, diluted acids, and harm
ful alkalies. The double-T design 
provides almost level pull charac
teristics throughout the plunger 
stroke. As the plunger decreases, 
the gap in the frame is bridged by 
the extra T-section on the plunger, 
providing additional pull and pre
venting a drop in power. Type 801 
has a maximum stroke of 5/8 in., a 
formed pull-bar, and a 1/2-in. stack. 
Type 812 has a maximum stroke of 
1-1/16 in., a straight pull-bar with 
reinforced slugs, and a 3/4 or 1-in. 
stack. Type 821 has a maximum 
stroke of 1-3/8 in., a formed pull
bar, and a 1-in. stack. Each is avail
able for either constant or intermit
tent duty at 110 or 220 v, 60 cps. 
Uri its for dc may be ordered.

Controls Co. of America, Indus
trial and Commercial Controls Div., 

pt. ED, 9555 Soreng Ave., Schil
ler Park, Ill.
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SYNTHETIC
SAPPHIRE
FOR
HELIX

Department

The bifilar helix and electron gun 
structure of this backward wave 
oscillator tube are supported by 
sapphire rods The tube was de
veloped and built at the Electronics 
Research Laboratory, Stanford 
University, and operates from 500 
to 1000 megacycles at 100 watts

Single crystal synthetic sapphire rods are being 
used as support members for TWT helices and elec
tron gun structures.

Sapphire offers flexural strength at elevated tem
peratures, excellent dielectric properties, small
diameter rigidity, strength at elevated temperatures, 
low-loss characteristics, zero porosity, and economy

In addition to rods, single crystal sapphire is avail
able in the form of windows and domes for micro
wave and infra-red systems. Special sapphire shapes 
for custom applications can be obtained

Other single crystals, such as ruby and doped 
titania for maser amplifiers are available. LINDE also 
supplies single crystal yttrium iron garnet, for solid 
state devices

For further data, write to Linde Company, Division 
of Union Carbide Corporation, 30 East 42nd Street, 
New York 17, N. Y. In Canada- Linde Company, 
Division of Union Carbide Canada Limited. Address

SUPPORTS ,** *

UNION 
CARBIDE

Linde" and 'Union Carbide are registered 
trade marks of Union Carbide Corporation



NEW PRODUCTS
CHEMICALS

Counter
Has selectable digital time base

FLUOROCHEMICALS, STABLE BELOW a

sor

Mir

Polar cold! “Hot Spot” heat! To meet environmental and 
operational extremes like these, the RCA high-output 
transmitting tube shown above, needed a coolant superior 
to water. That coolant is FC 75, an inert fluid, one of the 
3M Fluorochemicals. RCA found that FC 75 safely cooled 
tubes with plate dissipations in the order of 1,000 watts 
per sq. cm., and permitted essentially the same power 
output to be obtained at temperatures below 32° F. as that 
obtained with water cooling at temperatures above 32° F. 
The most stable fluid ever offered to electronics, FC 75 
properties make it excel as a coolant and insulating fluid.

It has high dielectric strength, high heat transfer capability, 
is self-healing. It has wide liquid range with a pour point 
of — 148°F. and low viscosity. It is thermally stable in 
excess of 800°F. As an evaporative coolant it is all these: 
nonexplosive, nonflammable, nontoxic, odorless, non- 
corrosive. Check the other properties at the right—then 
investigate FC 75, as well as other 3M Chemicals for the 
electronics industry: KEL-F® Molding Powders, KEL-F® 
Dispersions, KEL-F® Elastomers, Cardolite® NC 513, 
KEL-F® Oils, Waxes and Greases, Acids and Alkanes.

I tn 
inti
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DC Motors
Have constant speed

Equipped with a highly variable counting in
terval, model 5311 counter provides indications 
of flow, pressure, and speed in units such as psi, 
rpm, and gal per sec. The counting interval may 
be varied in steps of 10 |.isec from 10 psec to 1 
sec. The frequency counting range is 10 cps to 
200 kc. The counter makes period measurements 
by timing the duration of 1 to 100,000 cycles in 
10-psec units. It is possible to produce a percent
age indication of deviation from any given fre
quency by timing the number of input cycles. 
The internal time standard has a stability of 3 
parts in 107 per day at a constant temperature. 
The ambient temperature range is —5 to +150 F.

Beckman Instruments, Inc., Berkeley Div., 
Dept. ED, 2200 Wright Ave., Richmond 3, Calif.
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These constant speed de motors are for such 
uses as controlling circuits from a battery. With 
operating voltages from 3 to 110 v de and from 
0.06 to 2 w input power, up to 150 oz-in. of 
torque can be produced at 1 rpm. Speeds from 
900 rpm to 1 revolution in 24 hr can be provided. 
Severe environmental conditions, including vibra
tion, gravity, and temperature, are provided for.

Amglo Corp., Dept. ED, 4325 N. Ravenswood 
Ave., Chicago 13, Ill.
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Corp., Dept. ED, 3445 Howard St., Skokie,
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145
9

Creative 
Manufacturing 
and Development 
In Aircraft Safety

I 4 CHEMICAL DIVISION, MANUFACTURERS OF:
Acids • Resins • Elastomers • Plastics • 

Oils, Waxes and Greases • Dispersion 

Coatings • Functional Fluorochem

icals * Inert Liquids and Surfactants

For free literature, write on your com
pany letterhead, specifying product 
interest to 3M 
Chemical Divi
sion, Dept. KAP- 
119, St. Paul 6, 
Minn.

POTTING COMPOUND—For power transformers, 
the B-1317 material has a coefficient of shrinkage 
of 0.0002 in. per in. It offers adhesion to metal and 
a +265 F cold flow resistance. Good pour charac
teristics are obtained at +330 to +350 C.

Biwax
Ill.
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PACIFIC SCIENTIFIC COMPANY
P.O. Box 22019, Los Angeles 22, California 

San Francisco • Seattle 
Arlington, Toxas • San Diego 

Ragrasontativos: Eastern U.$.-Aaro Eng. Co. 
Canada-Garrett Mfg. Corp.
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PRECISION
LINEAR

RSACCELEROMET
For High Response Systems... Serios 4204

... Series 4201

Highly Accurate ... Series 4202
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stage. ,

CIRCLE 335 ON READER-SERVICE CARD

Torrance, Calif.
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COATING.—For spray coating of metal parts to pro-
vide anti-stick properties or for corrosion resistance
or electrical insulation. The coating is made from
Teflon and Kel-F. Custom coatings of from one to 20
mils in thickness can be applied to specification.

R. S. Hughes Co., Inc., Dept ED, 4515 Alger St,
Los Angeles 39, Calif.

INSERT.—Meets fastener requirements in el ac tre nie
equipment. The SI 10 insert requires hole drilling
only and can be used in open or blind applications.
The insert provides load bearing, wear resistant, self-
locking threads for holes in materials such as plate or
cast aluminum, magnesium and cast iron. It can be
used to temperatures as high as 450 F.

Rivet Tool Co., Dept. ED, 2600 W. 247th St.,

CRADLE HEAD.—Permits tilting and panning tele
vision cameras by remote control. This makes pos
sible positioning of cameras in inaccessible and

JM FLUOROCHEMICAL FC 75POUTS at-148°F.
It has a wide liquid range of — 148°F.
to 212°F. at atmospheric pressure,
with low viscosity. In addition, it
offers these useful properties: high
dielectric strength of 37KV ; self-
healing, maintaining dielectric strength
after repeated high voltage arcing.
Compatible with most materials used
in high temperature equipment. Ther-
mally stable in excess of 800°F., it pre-
vents development of hot spots in
equipment. Prevents sludge formation
due to hydrolysis or oxidation.

dangerous locations. The control cradle head is
powered by two separate motors which tilt the
camera 30 deg up and 38 deg down and rotate it
370 deg. They are housed in soundproof housings for
silent operation. Manual operation is also possible.

Houston Fearless Corp., Dept. ED, 11849 W.
Olympic Blvd., Los Angeles 64, Calif.

PROTECTIVE COMPOUND.-For protecting elec-
tric motor stator windings against moisture, dirt.
abrasives, chemicals and other contaminants. Called
Hysol 10-55, it is a two-component system which is
mixed 1 to 1 by volume. The usual curing oven tem
peratures are used for preheating the motor and for
curing the compound.

Houghton Laboratories Inc., Dept. ED, Olean,
N. Y.
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For accurate, reliable acceleration measurement...

are rugged
and right!
Pacific’s family of accelerometers arc 
designed, developed and tested to meet
almost any acceleration measurement
requirement. Their custom design pro-
vides excellent reliability and accuracy
for many critical applications — com
bining features of lightness with high
precision characteristics.
To save you time and money, many of 
Pacific’s accelerometers can be incorpo-
rated into your own designs at an early

Each of the basic models illustrated at
the right is representative of a series of
similar units which vary only in output
characteristics. They are available and
were developed to satisfy a special re-

Linear accelerometer provides extreme
sensitivity, large output AC signal.
Maintains a high natural frequency and
low cross talk. Temperature compensated
fluid damping provides exceptional
dynamic characteristics without heater.

Unique torsion-bar suspension gives very
low hysteresis with exceptionally
rugged, long life. Single or dual pot 
and/or switch pick-off provides versatility.
Automatic caging mechanism.
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POWER SUPPLIES.—Chopper stabilization is now 
available as an optional accessory on Regatron power 
supplies. The chopper stabilizer raises the stability 
and regulation fixtures for the Regatron units by a 
factor of from 10 to 50.

Electronic Measurements Co. Inc., Dept. ED, 
Eatontown, N. J.
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quirement but can now be considered as 
standard production items... completely 
tooled, qualified, proved in actual use 
... ready for immediate order.
For complete information on a Pacific 
accelerometer designed to your own re
quirements ... or on a modification of 
these units, WRITE TODAY. The engi
neering skill and creative ability of 
Pacific Scientific are at your service.

Light and little

This miniature 
accelerometer is a 
versatile, high production 
Instrument with unusual 
flexibility of design 
and performance 
characteristics. Main
tains accurate signals 
thru long service life. 
Potentiometer pick-off.



4 ways to use

General Electric Glow Lamps 
as Circuit Components

NEW PRODUCTS

Wirewound Potentiometer

Rating is 4 w at 40 C

G-E G-E 
NE-96 NE-97

1. As a MEMORY DEVICE, because 
of the differential between starting and 
operating voltages. Both the General 
Electric NE-96 and NE-97 are well suited 
for switching circuits and counters where 
they can function as transfer elements and 
as indicators of state or sequence.

PULSE

O---------------------------------------J
G-E Glow Lamp used in 

Memory Circuit

G-E 
NE-76

G-E 
NE-81

2. As a VOLTAGE INDICATOR, 
because of their critical starting voltage. 
The G-E NE-76 and the NE-81 are stabi
lized and selected for close tolerance on 
starting voltage. Both find use in gating 
circuits, logic matrices, switching circuits 
or as an indicator of input or output levels.

O------------------- 1
G-E Glow Lamps as 

Multiple Voltage Indicators

Type 45 wirewound potentiometer has a power 
rating of 4 w at 40 c, derated to zero at 135 C. 
The unit has a 1-1/8 in. diam. The resistance 
range is from 1 ohm to 10 K, linear; resistance 
tolerances are ±10% or closer. It is available with 
one tap at 50% ±2% resistance, at any position 
electrically. Series 45M, made to meet Mil specs, 
can also be supplied. Mechanical and electrical 
rotation is 300 deg, 280 deg effective. Torque is 
1.2 to 6 oz-in.

Clarostat Manufacturing Co., Inc., Dept. ED, 
Dover, N.H.
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TODAY-
he can escape

I
G-E 

NE-68
G-E 

NE-80

3. As a VOLTAGE REGULATOR, 
because of their constant operating voltage 
range. The General Electric NE-68 and 
its “first cousin”, the G-E NE-80 (closer 
tolerance), function effectively wherever 
voltage regulation is required. (Glow 
Lamps for higher current applications are 
also available.)

+ O

Signal Generator

Covers 150 to 280 me

G-E 
NE-77

4. As a TRIGGERED SWITCH.
A low current signal applied to the trigger 
(third electrode) starts this lamp, per
mitting conductance of peak current surges 
up to 100 m.a. in the power circuit. It can 
be used in counting circuits or as a control 
device with photocells, thermostats or 
moisture sensors in trigger circuit.

O------------------ ------------------

G-E Glow Lamp used as a 
Voltage Regulator

PULSE

O----------------------------- 1------

G-E NE-77 in a Trigger Circuit

Choose the General Electric Glow Lamp best for your circuit requirements. For 
further information, write for “Glow Lamps as Circuit Control Components”. 
General Electric Co., Miniature Lamp Dept. M-909, Nela Park, Cleveland 12, Ohio.

GENERAL ELECTRIC

Designed for telemetry applications, model 100 
TM fm signal generator has a total range of 150 
to 280 me. It can be used with beating units to 
provide lower carrier frequencies. Its 300-kc de
viation permits direct sweeping of if stages. 
Spurious outputs are harmonics of the oscillator 
only. The unit conforms to JCEC specs and meets 
all telemetry requirements for carrier frequency, 
deviation, and modulating frequency. It occupies 
10-1/2 in. of panel space.

Waltham Electronics Corp., Dept. ED, 
Waltham, Mass.
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Rheumatic
Heart Disease

Tommy hod an attack of rheu
matic fever, frequent forerunner 
of rheumatic heart disease. For
tunately for him, his heart was 
not damaged.

Rheumatic fever, usually pre
ceded by a "strep" infection, 
often strikes the same victim 
more than once. With each at
tack comes a new danger of 
heart damage.

Tommy's parents no longer 
live in fear of rheumatic heart 
disease, however. Through 
research, medical science has 
developed new methods of con
trolling "strep" infection and 
preventing recurrences of rheu
matic fever.

For more facts about preven
tion, see your physician or ask 
your Heart Association.

For more research progress 
against the heart diseases . . .

Give

HEART XT FUND
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SMALLEST

CARCINOTRONS
band sole tuning

diameter diameter

LITTON INDUSTRIES Electron Tube D

Sanborn

IRCLE 346 ON READER-SERVICE CARD >

Industrial Div.

Oscillograph 
Recording System 

.Has eight channels

These versatile tubes are not just drawingboard products — 
you can order them now.
Write concerning voltage-tuned power oscillators of what
ever nature to Litton Industries, Electron Tube Division, 
Office E23, 960 Industrial Road, San Carlos, California. 
Your request for our Carcinotron Catalog or for answers 
to your specific questions will be honored promptly.

BARRATRON TRANSMITTING TUBES • MAGNETRONS • KLYSTRONS • TRAVELING WAVE TUBES • BACKWARD WAVE 
OSCILLATORS • CARCINOTRONS • GAS DISCHARGE TUBES • NOISE SOURCES • CROSSED-FIELD AMPLIFIERS • HIGH 
DEFINITION CRT • DIRECT S KITING CRT • STORAGE TUBES • MICROWAVE FILTERS • DUPLEXERS • TH TUBES

I ?pt. ED, 175 Wyman St., Waltham
5 , Mass.
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Model 958-1500 direct wiring 
oscillograph recording system ac
cepts up to eight floating or 
grounded inputs. It has a maximum 
sensitivity of 10 pv per chart divi
sion. All circuitry is transistorized 
and features include up to eight 
channels of amplification, and a 
common power supply. Plug-in 
printed circuit units are used and 
the system can be adapted for use 
w ith other readout devices. The sys- 
t< m has a linearity of ±0.4%. Fre
quency response is from 0 to 100 cps 
w । thin 3 db at 10 divisions peak-to
p ak amplitude. There is a choice 
o eight switch-selected sensitivities. 
Tie enclosed galvanometers have 
v< locity feedback damping.

output mates UG45/U co-ax output mates DR-19 wave guide

Recording System
For use with computers

This recording system, called 
Dacom, reads magnetic tape from 
a computer and records characters 
on microfilm. The unit operates at 
16,500 characters per sec. As many 
as 66 lines of 130 characters can ap
pear as a page; these are micro
filmed at more than 2 frames per sec. 
A roll of 1000 ft of 16-mm film con
tains die decoded information from 
more than 35 reels of 2400-ft mag
netic tape.

Eastman Kodak Co., Dept. ED, 
343 State St., Rochester 4, N.Y.
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The notable suitability of these carcinotrons is not limited 
to ECM. You can also consider them for other military 
applications such as drivers for communications links—in 
fact, wherever medium-power tubes with extremely rapid 
tuning and low tuning power are required.
Because of their mechanical and electrical compatibility 
the eight tubes in the family are interchangeable, as shown.

Though it has just recently made its debut into the high 
society of Litton microwave tubes, this carcinotron (our 
model L-3298) has already been commended by the mili
tary for its exceptionally clean design. Every engineer 
concerned with upgrading the performance of ECM equip
ment will surely find much of interest in this medium-power 
tube, with which Litton takes a major stride toward truly 
simultaneous noise-jamming capability by affording faster 
tuning rates than any previously attainable.
The Litton family of eight electrically-coinpatible carcino
trons is the first to incorporate the critical capability of 
wide band sole tuning without frequency or power holes 
when the tube is operated into as much as a l.5-to-l 
mismatch. Litton carcinotrons are the first to use wider- 
than-normal-band RF output couplers, minimizing many 
system components such as antennae, waveguide plumbing, 
and load isolators.
We cite these firsts not for glory’s sake, but rather for their 
meaningful contribution to more efficient system design, 
smaller size and lighter weight.

CAPABILITY
THAT CAN CHANGE
YOUR 
PLANNING
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For automated production testing

anti-corona

tolerance

PHONE JACK POLLARD NOW
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Flame-proof, semi-flexible

CIRCLE 349 ON READER-SERVICE CARD

has

operation.
Associated Research, Inc., Dept. ED, 3777 W.
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A SUBSIDIARY OF

Chesterland 17, Ohio
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anginoaring and
production ftKil'iUn to
NHmuroctvr» nknt for

apocnlc applicationt
Your inquiría* ara invitad

HI-G THE COMPLETE LINE OF ROTARY BALANCEO RELAYA

SM TYPESSL TYPESSAB TYPES

3
■MMÎM W*

relay

NEW DIRECT-READING NEW PRODUCTS SILICONE
TRANSISTOR TEST SET 

MEASURES
ß in ranges of 0 to 30/100/300

[J11 I 0.5 to 20 K at 1 KC

0 to 50 microamperes

L 0 to 3/10/30 milliamperes

Quickly and accurately the new 
Metronix Model 545-B Transistor Test
Set measures all the essential parameters
of transistor performance and gives a
direct presentation of the test data.

This versatile instrument can be oper-
ated either on its own 5.2-voIt collector
voltage supply or on any externally sup-
plied potential up to 50 volts DC . . 
can accommodate a wide test frequency
range of from 200 cps to 50 kc . .
an output jack to permit oscilloscope dis
play of AC collector waveforms. And it’s 
fully protected against meter overload.

Price $225.00, f.o.b. factory.
Call or writ* for Specification Shoot No. 545-B

ASSEMBLY PRODUCTS, INC

designed especially for ,

The rotary balanced armature design of Hi G relays
assures efficient operation of these important

components even under severe vibration and shock
up to 20 or 30G out to 2000 cps. By design,

very little momentum is built up in moving parts.
For more complete information on the complete line
of Hi G relays, send for New 1959 Hi G CATALOG

Hi-G onora

Epoxy Resin

Type XR-5019 Scotchcast semi-flexible epoxy
resin meets and exceeds the flammability and
thermal shock requirements of MIL-I-16923C
and MIL-T-27A. It is a two part, thermosetting
resin with a mixed pot life of 3 or 4 days at room
temperature. The initial viscosity is 100 cps at
/6 C, and the moisture absorption is 0.76% after
240 hr immersion. The electrical strength is 600
v per mil in 50-mil thickness. The dielectric con-
stant is 7.24 at 1000 cps, —130 C. The dissipa-
tion factor is 0.199. Three cure cycles are recom
mended: 120 C for 2 to 3 hr, 95 C for 8 to 12
hr, and 75 C for 16 to 24 hr.

Minnesota Mining and Manufacturing Co.,
Dept. ED, 900 Bush Ave., St. Paul 6, Minn.

High Voltage Tester

VIBRATION

111
BRADLEY FIELD/WINDSOR LOCKS, CONN

Model 8514 high voltage tester, called Hypot,
provides sensing and control circuits for auto
mated production testing of motors, controls, ca-
pacitors, and transformers. It also makes break-
down tests of insulation in controls, cables, bush
ings, and other components. The unit has an auto-
matic rate of rise on high voltage de test potential
and an adjustable automatic shutoff of voltage
and leakage current meter. The timer shunts the
leakage current microammeter for 0 to 5 min
while capacitance loads draw to 10 ma for rapid
charging. The unit provides automatic shorting of
internal and external circuits upon release of high
potential test voltage. A selector switch may be
set for manual, semi-automatic, or fully automatic

Belmont Ave., Chicago 18, Ill.

TUBE CA

II ALTITUDEHI TEMPERATURE II VOLTAGE

This is a new series of Tube Cap Connectors
using special silicone components for high
reliability applications. They provide the
highest degree of resistance to temperature
extremes and are virtually unaffected by
ozone and corona. The excellent dielectric
characteristics make them ideal for high
voltage. Skirts and sealed in leads guard
against flashover at high altitudes. Addi-
tional features include anti-corona cup and 
long-life spring contacts.

Clip this out —keep handy for part numbers
and specs on connectors below for either y»
or %" top caps. Prefix 90 for %"; 91 for
H". Lead wire 18" long from center of cap
or length to your specs.

»90 or 91SCCSL beryllium copper
contact, cadmium plated nests in
anti-corona cup. Silicone rubber
insulation throughout.

»90 or 91SCCRSL beryllium cop-
per contact, cadmium plated nests
in anti-corona cup. Silicone rub-
ber insulation throughout. Takes
up to one watt resistor — specify
value and tolerance.

»90 or 91SCCDSL beryllium cop-
per contact, cadmium plated nests
in anti-corona cup. Skirt clings to
tube — guards against flash-over
Silicone rubber insulation through-

»90 or 91SCCDRSL beryllium cop-
per contact, cadmium plated en
closed in anti-corona cup. Skirt
clings to tube — helps suppress
corona—guards against arc-over. 
Takes up to one watt resistor.
Specify value and tolerance.

»90 or 91CCSTLRL beryllium
, cadmium

cup. Glass-filled silicone in
sulation on cap; silicone rub-
ber on lead. Long skirt for 
arc-over. Takes up to 2 watt 
resistor. Specify value and

Besides new silicone types — Alden provides a 
complete series of connectors for W, and X»” 
cap in your choice of phenolic, mica, polyethylene, 
nylon and Kel-F. Complete hi-voitage cable assembles
are available using Alden hi-voltage disconnects
and tube cap connectors.

TELL US ABOUT YOUR CONNECTING PROBLEM.
FOR PROMPT RECOMMENDATIONS —WRITE OR

ALDEN PRODUCTS CO
11139 North Main Street, Brockton 64, Mass.
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Speaking of longevity...
M.R.C. offers a new series of Solid State 
Pulse Modulators for timing circuits, 
search radar, airborne radar and missile 
guidance.

One outstanding member of this group is 
the Model MP505 Airborne Pulse Mod
ulator. This unit is used as a pulse modu
lator for high power missile beacons. 
Using only 250 watts of power, this effi-

cient unit provides 15K.V pulses into a 
MA206 magnetron load. The pulse width 
is .25 microseconds at a repetition rate 
of 2000 pps.

The MP505 is hermetically sealed and 
weighs less than 7.5 lbs. Solid state- 
magnetic pulse generator systems are 
available in ranges from .1 to 10 mega
watts, with repetition rates as high as 
10,000 pps.
For complete information on the entire 
pul er series, write for Data File MP 1100.

© 
m/qnetic research corp.

Pacing the Industry in Astro-Magnetics 
3I'O WEST EL SEGUNDO BOULEVARD 

HAWTHORNE. CALIFORNIA
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STOP CLOCKS.—Designed for ac and dc operation, 
the clocks measure time intervals over wide voltage 
and ambient temperature variations. The digital ac 
stop clocks may be used for 60 and 400 cps opera
tion. The digital dc stop clocks are used for 20 to 
30 v operation. Electrical reset permits local or re
mote control or automatic operation where succes
sive time intervals must be measured. Series numbers 
for the ac units are L15100 and L15200. Series num
ber for the dc units is L15300.

The A. W. Haydon Co., Dept ED, Waterbury 20, 
Conn.
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ETCHANT.—Provides a method for bonding Teflon 
to itself and to other materials. Called Tetra-Etch, it 
is an activated form of sodium in solution. It reacts 
with Teflon to form a carbonaceous film on the 
treated surface which serves as a means of anchor
ing adhesives. The compound has proved compatible 
with a variety of adhesives, including epoxies, phenol 
formaldehydes, and most of the rubber and silicone 
types.

W. L. Gore & Associates, Inc., Dept. ED, 487 
Papermill Road, Newark, Del.
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SCREW COVER PULL BOXES.-For wiring in
stallation, these units are available in two types. Type 
FC is for flush installations and type SC is for sur
face mounting. They are available in standard sizes 
ranging from 4 x 4 x 4 in. to 24 x 24 x 6 in. They 
are formed of heavy gage one-piece sheet steel 
with all corners folded in and welded. All standard 
stock boxes are furnished with or without standard 
knockouts. Standard finish is a corrosion-resistant 
gray baked enamel.

Keystone Manufacturing Co., Dept. ED, Warren, 
Mich.
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MIXER-PREAMPLIFIER.—This line of matched 
mixer-preamplifier units covers the 8.5 to 9.6 kmc 
range. It has a minimum gain of 25 db, a maximum 
noise figure of 7.5 db and a 50-ohm if output at 
30 or 60 mc. Model MMX-2 is available with or 
without an integral variable attenuator in the LO 
arm.

Lei, Inc., Dept. ED, 380 Oak St., Copiague, L. I., 
N. Y.
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FASTENER.—Self-retained type, eliminates the pos
sibility of screws falling into electronic circuitry. It 
mates with any standard internally threaded member 
and can be adjusted to panel thickness over an 1/8 
in. range. No special tools are required for installa
tion.

Illinois Tool Works, Calinoy Div., Dept. ED,
12917 Cerise Ave., Hawthorne, Calif.
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Number One ol a simple series on symbology...

The Sign 
of the 
Kame

In the Japanese Shinto 
religion the sign of

Kame (the Tortoise)

is the symbol of 
longevity. On the 

contemporary scene, the letters 
M.R.C. also mean longevity... 
longevity guaranteed by 
creative design 

and precision manufacturing.
The all-new, wide band 

D.C. Amplifier 
fulfills a critical need of missile

and aircraft design engineers for a stable, 
drift-free and multipurpose amplifier with a 

wide range of response. The M.R.C. D.C. Amplifier 
utilizes static, magnetic modulation instead of 

the usual electro-mechanical chopper. This results 
in an inherently rugged design.

SPECIFICATIONS

Input (nominal).................0 to 5 millivolts D.C.
Output...........................................0 to 5 V D.C.
Excitation................ 28 V D.C. (unregulated)
Linearity....................................................± 1 %
Total Gain............................................... 0-1000
Pass Band............................ flat beyond 100 cps
Gain Stability & Zero Drift........ better than 1 %
For additional information on M.R.C.’s com
plete line of magnetic and transistor amplifiers, 
write for Data File MA-1000.

MAGNETIC RESEARCH CORPORATION 
Pacing the Industry in Astro-Magnetics

3 180 WEST EL SEGUNDO BOULEVARD. HAWTHORNE. CALIFORNIA 
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Sweep Generators
Output is from 20 to 1000 me

Zone___ State

Now you can record test data on-the-spot. In both lab and field you 
get accuracies equal to or better than big, rack mounted units. Just pick 
up and move a multi-channel (up to 14) PI recorder/reproducer as 
you would any other item of test equipment.
Instead of 1,000-lb. cabinets, requiring 1000 watts, you’re working 
with recorders 10 times smaller and lighter, using 250 watts or less.
In the field, you get laboratory performance under the most difficult 
environments. PI fits many places where 19-inch racks won’t go. One 
man can carry a rugged PI recorder to virtually any test site.
How did PI put precision in a small package? By combining transistor
ized electronics with unique stacked reel tape magazines. PI recorders 
use standard tapes and heads, are compatible in every way with standard 
recording practices and other recording equipment.
KEY SPECIFICATIONS (Model PS-20’7 Series unit)
FM SYSTEM: Frequency response ±1/2 db 0-10 kc, S/N ratio 43 db, better than 
1.5% total harmonic distortion, less than 2% drift 40° to 120°F., linearity 1%. 
DIRECT SYSTEM: Response ±3 db 50-100,000 cps.
POWER: 115 vac, 48-62 cps or 24 vdc.
FLUTTER: Less than 0.1% rms de to 300 cps or .5% peak-to-peak at 30 ips.
PS-207 shown contains electronics for 7 record/reproduce channels.

After you note these key specs, may we suggest you call your PI 
representative to arrange a demonstration? If you are uncertain who 
he is, please write direct. Address Dept. 1911.

Precision Is Portable

PRECISION INSTRUMENT COMPANY
1011 COMMERCIAL STREET • SAN CARLOS, CALIFORNIA • PHONE: LYTELL 1-4441

• Absolute Chemical 
Purity

• Extreme Heat 
Resistance

• Thermal Shock 
Resistance

• Chemical Inertness
• Outstanding Electrical 

Properties
• Full Range Radiant 

Energy Transmission
In laboratories and other 
applications where critical 
requirements must be met, 
there is no room for second 
best. Vitreosil possesses 
properties of greatest value 
for: ultra-violet applica
tions, metallurgical investi
gations, chemical research, 
photochemistry, spectrosco
py, and many uses in phys
ical, optical and electrical 
research as well as prod
uct operations.

Vitreosil is available in an 
unusually wide variety of 
types and sizes—Or, we'll 
be happy to fabricate to 
your specifications. Write 
us about your requirements 

today. For your conven

ience, use the coupon be

low. See our ad in Chemical 

Engineering Catalog.
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Audio-Video Amplifier
Range is to 20 me

Called the Transifier, this transistorized, wide
band, audio-video amplifier has a gain that is 3 
db down at 20 me in the 10 db position. The gain 
is down 3 db at 15 me in the 20 db position. A 
voltage amplification of 30 and 100 is realized 
when two are used in series. The input impedance 
in the 10 db position is 15 ppf and 20,000 ohms; 
output impedance is about 75 ohms. In the 20 db 
position, the inherent noise is less than 10 mv. 
The maximum voltage output is 0.2 v rms in the 
10 db position and 0.3 v in the 20 db position. 
The gain, in the 10 db position is no more than 
3 db down at 15 cycles and, in the 20 db position, 
no more than 3 db^down at 20 cycles. Dimensions 
are 2.25 x 1.15 x 4.5 in., and the weight is 15 oz.

Kay Electric Co., Dept. ED, Maple Ave., Pine 
Brook, N.J.

CIRCLE 361 ON READER-SERVICE CARD

Model SP-103, SP-104, SP-105 and SP-106 cover 
center-frequency ranges of 20 to 100 me, 100 to 
250 me, 250 to 500 me and 500 to 1000 me, re
spectively. Sweep widths are variable from near 
zero to over 20% of the center frequency. The two 
low frequency units use inductively tuned oscil
lators. The other two are designed with cavity- 
tuned oscillator circuits. All oscillators produce the 
specified output of over 15 v rms into 50 ohms, 
which is equivalent to 4 to 5 w. The output is held 
constant within ±5% over the maximum sweep 
width by use of age circuits controlling the oscil
lator’s B-f- voltage. For load isolation, a 3 db pad 
is provided between the oscillator and the ouput 
jack. There is a vernier attenuator with a range 
of about 0 to 10 db. Display linearity is better 
than 1.2 to 1. Source vswr for the instruments is 
normally below 1.3 to 1.

Telonic Industries, Inc., Dept. ED, Beech 
Grove, Ind.

CIRCLE 360 ON READER-SERVICE CARD

recorder
anywhere

THERMAL AMERICAN 
FUSED QUARTZ CO., INC 

18-20 Salem Street, 
K Dover, New Jersey
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CONSIDERi an
Covers 7 to 10 kmc

Lockheed for electronic ceramics

Look to Lockheed for LEADership in Electronics

LOCKHEED ELECTRONICS & AVIONICS DIVISION
CARD Requirements exist for staff and supervisory engineers

General Electric Co., Receiving 
Tube Dept., Dept. ED, Owensboro,

The research, development and manufacture of miniature 
electronic ceramic components is centered in the new Elec
tronic Ceramics Laboratory at Lockheed Electronics and 
Avionics Division (lead) .

This facility is fully able to provide electronic ceramics to 
meet your particular specifications: memory cores, a whole 
family of square loop cores to suit computer and shift register 
applications: multi-aperture devices (mad), Cavitron equip
ment for the volume production of any geometry of mad; 
recording heads, of very dense materials with high flux

density ground to a micro-finish; carnets, poly-crystalline 
yttrium-iron garnets with minimum line width and loss 
tangent; alumina substrates, of high mechanical strength, high 
electrical resistivity and low dielectric loss; cup cores, in any 
size to specified inductance and minimum temperature coef
ficient; high “q” materials, for use as inductors, tuning slugs, 
transformers—frequency ranges from 1 to 50 megacycles.

What are your requirements? Write... Marketing Branch, 
6201E. Randolph Street, Los Angeles 22, California. Telephone 
OVerbrook 5-7070.

Products shown are 
twice actual size

For hi-fi equipment in the 20 to 
30 w range, type 7355 octal-based 
beam pentode incorporates a five- 
ply bonded plate metal. With 18 w 
plate dissipation per tube, a pair of 
tubes is rated to deliver 28.5 w with 
2S harmonic distortion without 
feedback in a class ABI push-pull 
hi-fi amplifier. The maximum rat
ings include: plate, 440 v; screen, 
400 v; screen dissipation, 2.5 w con
tinuous and 5 w on speech and 
music peaks; and cathode current, 
100 ma. The 6.3 heater draws 0.8 
amp. In typical single-ended class 
Al amplifier sendee at 250 plate v, 
transconductance is 7600 pmhos and 
maximum signal power output is

» to 
frite 
enfs 
ven-

Model RDC-710 cross-guide cou
pler, having one arm terminated in 
L matched load, provides 20 and 
Hl db coupling with a frequency 
Sensitivity of 1 db over the range of 
b to 10 kmc. The average coupling 
p a nominal ±0.5 db, directivity is 
[18 db min. and vswr is 1.05 max. 
[The unit is also available with a 
four b flange replacing the matched 
load Applications include scaling 
pigh power to the level of ordinary 
|nsb iments.
I R dar Design Corp., Dept. ED, 
pick ird Drive, Syracuse 11, N.Y.
I Cl CLE 364 ON READER-SERVICE CARD

CIRCLE 365 ON READER-SERVICE CARD >

Hi-Fi Tube
For 20 to 30 w range

+f- ■'ii

INC



NEW PRODUCTS

REGATRON POWER SUPPLY
DOES THE WORK OF 3
ORDINARY POWER SUPPLIES

This accelerometer sensitivity standardizer,

from even
facts that can save their lives.

CIRCLE 366 ON READER-SERVICE CARD
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Vibration 
Instrument
For testing 

accelerometers

siens
G el

DON’T 
EVEN 

MENTION 
THAT 

WORD!

NEVER FELT 
BETTER!

Checkups help to detect cancer 
in its “silent” stage before you 
notice any symptom.

^7 Fear keeps 
some people 

learning cancer

COSTS
TOO
MUCH!

Dollars you spend 
for the protection 
of your health can 
mean years of life.

MANUFACTURER required three different regulated voltages. 
The voltages, which were to be used alternately, could be furnished by three 
separate power supplies or by a single power supply and a voltage divider. 
But, three power supplies were expensive. On the other hand, a voltage 
divider meant a loss of power and regulation plus the expense of high
wattage components.

Snap Action Switches 
Come in three types

HOW 
ABOUT 
YOU?

Do you know that many cance 3 
can be cured if detected earl; ? 
That an annual health checki p 
is your best protection again t 
cancer?

Are you giving yourself th s 
big advantage? Or are you 
taking chances with your life 
because of foolish attitudes 
about cancer like these?

(Model 212AM. 
0-100 V de, 0-100 ma, 

$129.00 unmetered)

LHE SOLUTION: Three 1-watt resistors and a *Regatron Program
mable Power Supply. An exclusive programming feature permits changing 
output voltage by shunting two terminals with a resistor. For each 1000 
ohms, the Regatron delivers one volt... at rated current and regulation.

IN THE PROBLEM quoted here, the required voltages were 14.5, 
28. and 45 V de. The three resistors were 14.5K, 28K, and 45K. Regatron 
Programmable Power Supplies are available in many ranges up to 600 V de 
and 3 amperes. Bulletin 765A tells more about how Programmable Regatrons 
solve d-c problems. Write for your copy.

TRANSISTOR TYPES

These three types of snap action switches have 
molded phenolic cases, brass switch blades, and 
1/4-in. terminals with holes for soldering. Type 
750-150 pin plunger switch is suited to applica
tions requiring limited overtravel where the ac
tuating device can be accurately controlled. It is 
designed for limit, safety interlocking, and con
trol switch requirements. Types 750-250 and 750
251 lever action switches have a maximum travel 
of 1/4 and 3/4 in., respectively. Panel mounting 
type 750-350 is for use where the actuating mo
tion cannot be accurately controlled. The switches 
have the following ratings: 15 amp, 125 v ac; 10 
amp, 250 v ac; and 1/2 hp, 125 to 250 v ac.

Controls Co. of America, Industrial and Com
mercial Controls Div., Dept. ED, 9555 Soreng 
Ave., Schiller Park, Ill.

CIRCLE 368 ON READER-SERVICE CARD
CIRCLE 248 ON READER-SERVICE CARD *
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called Dial-a-gain, converts all accelerometer sen
sitivities to 1 v per g to allow direct reading of 
acceleration on any vtvm. The unit includes a 
cathode follower input and a precision amplifier 
with a continuously variable gain control dial, 
calibrated directly in accelerometer sensitivities.

Unholtz-Dickie Corp., Dept. ED, 2994 Whitney 
Ave., Hamden 18, Conn.

CIRCLE 367 ON READER-SERVICE CARD

Millions of Americans have 
made an annual checkup a 
habit... for life. How about 
you?
AMERICAN CANCER SOCIETY

COMPANY, INCORPORATED 
EATONTOWN • NEW JERSEY

I. Modulation input provided for measurement of transistor parameters by small signal method.

* Registered U.S. Patent Office. U.S. Patents Issued and Pending.

MODEL 
NUMBER

OUTPUT REGULATION MAXI
MUM 

RIPPLE 
IN MV

Valla «a Currant

UNE 
10S—12S VAC 

»0—40CP5

NO LOAD 
TO 

PULL LOAD

% V % V

212A1 0—100 V DC 0—100 MA 0 15 0.05 01 005 Vi

2 212A< EQUIVALENT TO TWO MODEL 212A1. OUTPUTS MAY BE USED IN SERIES,
PARALLEL, OR INDEPENDENTLY

224A' 0—100 V DC 0—200 MA 0.15 0.05 0.1 0.05 1

220A 0—50 VDC O- -509 MA 0.1 0.05 0.1 C ”15 1

22IA 0—100 V DC O-500 MA 0 1 0.05 0.1 0 05 1

213A 0--50 V DC 0—1 AMP 0.1 0.05 0.1 0.05 1

214A 0- '00 V 0<" G— t AMP 0.1 0.05 0.1 0.05 1

215A 0-50 V CC 0—3 AMP 0.1 0.05 c 1 005 1

218A 0-100 V CC O—3 AMP 0.1 0.05 0.1 0.05 1
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RC-RL Curves and Nomograms
irou

consuming.

«•er

Fig. lb

arc tan w Rs (

0,5 0.6

arc tan(-) ORRa w C.

( Continued on page 154)

Fig. 1. Simple RC and RL circuits. 
Subscripts shown apply through
out article.

simplify the designei

tion 
can

Calculating transfer functions for even 
simple RC and RL circuits can be time-

cer 
ires.

Donald Moffat
Motorola, Inc.

Western Military Electronics Center
Phoenix, Ariz.

Fij. 2. Universal curve for the four single-section configurations shown in Fig. 1. Plus and minus 
signs on abscissa indicate the direction of phase shift (Abbreviations in abscissa: S, series element; 
G element to ground; Plus, e0 leads ei; minus, e<, lags ej.
< CIRCLE 248 ON READER-SERVICE CARD
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arc tan uR'C,

task, Mr. Moffat has analyzed many of the 
most common circuits and here presents 
their transfer functions, curves and nomo
grams. Some discussion is included on the 
effects of loading, so that exact equations 
can be used where approximations are not 
valid.

In Part I an analysis of single sections is 
made. Part II, in a future issue of ELEC
TRONIC DESIGN, will discuss phase 
manipulation in single sections. Part III 
will analyze multiple sections and discuss 
the optimum number of sections for 
achieving a desired phase shift. RC dif
ferentiation, with nomograms, will be 
covered in the same part.

EOUR COMMON RC-RL circuits of interest 
1 are shown in Fig. 1. If loading is negligible, 
the transfer functions for the circuits are:

Fig. la
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Nickelectric News ELECTRONIC DESIGN DATA
(Continued from page 153)

DEVELOPMENTS LN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS
Fig. Id

6
New! Spaced-lamination 
"A” Nickel transducer!

eo j ^Rg

Og

K, 

arc tan ,. i
& Lg

R,2

%E
5(

4!

4C

...Proclaimed to be first magnetostrictive 
ultrasonic generator able to compete with
electrostrictive units on cost

Works after impact! This klystron dropped 158 
miles in a Viking rocket — was recovered after 
impact in operating condition) Nickel alloy ma
terials contribute to rugged performance of this 
and other klystrons made by Varian Associates, 
611 Hansen Way, Palo Alto, Calif.

Klystron drops 
158 miles 

...still works!
Palo Alto, Cal. This Varian V-55 
klystron has soared up 158 miles in a 
Viking missile — dropped to earth. Re
covered after impact, it still works!

Rugged klystrons like this don’t just 
happen. They’re designed and built for 
top performance under extreme shock, 
severe G-loads, supersonic vibration. 
Nickel alloy materials do much to over
come these problems and provide re
liability.

Take weld splash particles, for in
stance — the very smallest particles, 
bounced around in missile klystrons by 
heavy forces, can cause a misguided 
missile. Fortunately, the Nickel-to - 
Nickel spot welds in this klystron’s 
electron gun are consistently free from 
weld splashes. In addition, the oxida
tion resistance of Electronic Grade “A” 
Nickel improves parts cleanliness and 
insures better welds. What’s more, the 
ductility of Electronic Grade “A” 
Nickel lends itself to the deep-drawing 
of the precise contours that focus kly
stron electron beams.
Pertinent literature: Bulletin T-15 — 
“Engineering Properties of Nickel.” 
(Circle R.S. # 563 )

Spaced Electronic Grade "A" Nickel lamina
tions lower cost in this ultrasonic transducer, 
match performance of similar piezoelectric trans
ducers. Maker, Westinghouse Electric Corpora
tion, states that the laminations are easily 
formed, annealed, brazed.

Booklet — "Nickel Alloys for Electronic 
Uses" gives you latest facts on 17 freely 
available nickel alloys useful in the 
electronics industry . . . facts on physi
cal and chemical properties, typical 
applications. Ask us for your copy. On 
specific metal problems, write to us at 
Huntington Alloy Products Division.

TV camera tube "sees" 
belter than you!

. . . helped by 

200 nickel-containing parts 

Harrison, N. J. This RCA image or
thicon camera tube has a spectral re
sponse better than that of the human 
eye! To help convert what it “sees” 
into an electrical signal for transmis
sion, approximately 200 nickel-contain- 
ing parts are used in its electron gun, 
target and electron-multiplier.

Electronic Grade “A” N ickel cathodes 
improve emission, provide ample sup
port strength and conductivity, plus 
good outgassing properties. In produc
tion, Electronic Grade “A” Nickel is 
easily drawn, welded, brazed . . . and it 
promotes cleanliness.

Inconel* nickel-chromium alloy is 
used for some parts of this tube be
cause of its high hot-strength (strength 
retained up to 2000°F). Additional

HUNTINGTON ALLOY PRODUCTS DIVISION 
Th« International Nickel Company, Inc.

. . .‘"Much more rugged,” says maker

Baltimore, Md. Greater shock resis
tance and easier cooling that permits 
higher power loadings are features 
claimed for a unique new ultrasonic 
transducer now in production by West
inghouse Electric Corporation. Trans
ducer is designed specifically for ultra
sonic agitation of cleaning solutions, 
electroplating solutions and similar 
liquids having an acoustic impedance 
near that of water.

Spaced Electronic Grade “A” Nickel 
laminations (see illustration) reduce 
transducer cost to a level comparable 
to that of piezoelectric units. At the 
same time, this spaced construction 
(1) strengthens the device, (2) allows 
higher power loadings by speeding heat 
dissipation to circulating coolant.

According to Westinghouse engi
neers, Electronic Grade “A” Nickel im
proves transducer lamination produc
tion in 3 ways —(1 ) it’s easily stamped, 
punched, formed to desired shape (2) 
the laminations don’t warp in anneal
ing (3) laminations are readily brazed 
to the mounting plate.
Pertinent literature : “Design of Nickel 
Magnetostrictive Transducers.” 
(Circle R.S. # 564 >

factors in the selection of Inconel alloy 
are its non-magnetic properties and its 
oxidation resistance.
Pertinent literature: “Nickel Alloys for 
Electronic Uses.” (Circle R.S. # 565 )

Better vision with Nickel. This famous 5820 
image orthicon sees better than the human eye. 
Made by Radio Corporation of America, Electron 
Tube Division, Harrison, N. J. *Inco trademark67 Wall Street New York 5, N. Y.

INCO. ALLOY PRODUCTS
CIRCLE 563 THROUGH 565 ON READER-SERVICE CARD

154

Because these four simple circuits are so cod - 
monly used in all frequency bands, a universal 
curve is given in Fig. 2, where attenuation is 
expressed in decibels. The abscissa is normalized 
impedance ratio and is written in four ways; the 
applicable one can be determined by comparing 
the subscripts with those of Fig. 1. Whenever 
possible, the subscript s will be used to designale 
an element that is in series with the signal, and g 
will go with an element that is grounded. Plus 
and minus signs on the abscissa of Fig. 2 indicate 
the direction of phase shift.

Loading

The circuit of Fig. la is often seen in inter
stage coupling, with the output going to a tube. 
Under certain conditions there will then be a 
shunt capacitance across Rg that cannot be 
neglected. The equivalent circuit then is like that 
in Fig. 3a.

Analysis of this circuit shows that except at 
de, there will always be more attenuation than 
there was with no loading. The fractional amount 
of difference—error—is

0 = 1-
1 + I/o,2 Rg^ C.2

(1 + G/C.)2 + 1/w2 Rg2 C?
(5)

Note that error is not constant, but is a function 
of both capacitance ratio and frequency, with any 
particular capacitance ratio having increasing 
error with increasing frequency. Eq. 5 is plotted 

(Continued on page 156)
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Fig. 3. Equivalent cir-
eQ cuits of Fig. 1, given (a)

" * shunt capacitance across
Rg, (b) resistive loading
and Ie) shunt capaci
tance across R,.
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Fig. 4. Plot of error in circuit of Fig. 3(a). Error is a function of both capacitance ratio and 
frequency. Abscissa is normalized impedance ratio, and the parameter is capacitance ratio.
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Nomogram of R8Ca = RgC0. Both scales correspond to both sides of the equation.
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Capacities range from 100 to 6000 watts; 
operating altitudes extend to 100,000 
feet. Some units, of the “boil-off’ type, 
perform almost without regard for ex
tremes in altitude and temperature.

Call on Eastern for imaginative solu
tions to all avionic cooling problems 
. . . and write for new Bulletin 360.

TEMPERATURE CONTROL 
EXPERIENCE

REFRIGERATION
COOLING

Sensitive aircraft and missile components and 
systems often require temperature control 
within close limits — while ambient temper
atures fluctuate widely. Eastern refrigera
tion-type cooling systems are ideal for such 
conditions.

Designed for the strictest military require
ments, these vapor-cycle closed-system 
packages are built around a highly efficient 
compressor powered by a special 400-cycle 
motor. Unique condensing and special 
cooling methods are called upon to meet 
the most unusual operating requirements, 
the most demanding specifications.

other refrigeration units for aircraft and missile electronics

IOMSRS OF

EASTERN 
INDUSTRIES 
INCORPORATED 
100 SKIFF STREET 
HAMDEN 14, CONN.

CIRCLE 413 ON READER-SERVICE CARD



with just a turn of the wire sensi

stitui

Mien

A GREAT HELP TO ENGINEERS
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The nomogram is a convenient too) to work out 
Eq. 0. Note that no subscripts are used on the 
nomogram: both scales correspond to both sides 
of the equation. First use the RgC, time constant 
and draw a line through the proper values on the 
R and C scales. Next use the point where this line 
crosses the Turning Scale as a pivot about which 
to rotate a straight edge. Every combination of 
R and C that the straight edge joins is a valid 
combination of Rt and Ca to compensate Rg and Co.

The range of the scales can be extended by 
multiplying either of both scales by any order of 
magnitude before drawing the first line. After the 
first line is drawn, the scales can be changed for 
the second time by multiplying the R scale by any 
power of ten, and the C scale by the reciprocal of 
the same power of ten.

modi 
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HEINEMANN ELECTRIC COMPANY
•56 Plurn Street, Trenton 2, N. J.

in Fig. 4, where the abscissa is again normalize 
impedance ratio, and the parameter is capacitan 
ratio.

paran 
a slid 
acteri 
“Wav 

and S

ELECTRONIC DESIGN • November 11, 1959

standi 
agains 
may I 
Vo f 
sea cl 
Bn ok

Simple ampere-turns ot the overload coil accurately 
determine the current rating of a Heinemann Hy
draulic-Magnetic Circuit Breaker.

For this reason, Heinemann circuit breakers offer 
you tremendous flexibility in specifying overload and 
short circuit protection for your products. They are 
available with tiny ratings down to ten milliamperes; 
or higher ratings, up to 100 amperes. Included are 
odd and fractional ratings such as 0.20, 23 or 18.7 
amperes.

In any rating, you have the choice of at least four

propa 
sectio 
covenBreaker Engineering Guide” is a valuable aid to anyone 

applying protection to electrical or electronic equipment 

Atk for Bulletin 201.

sent 
nren

Nomogram
To reduce the high-frequency discrimination < f 

capacitive loading, the series resistor can be 
shunted with a capacitor, as in Fig. 3c. For b» t 
results, the time constants are made equal:

Error is now a function of both resistance ratio 
and frequency, decreasing with increasing fre
quency. When Ro is much larger than R„ Eq. 7 
approaches zero and Eq. 2 can be used with 
negligible error. By using resistance ratio as the 
parameter, the designer ran use Fig. 4 to evaluate 
Eq. 7

Part II of this series will discuss manipulation 
of the phase response of a single section. Three 
nomograms will be included to find 0««», a value 
of capacitance to place at a given frequency 
and to select^valuesjo locate the phase maximum 
at any given frequency for another circuit. ■ ■

different time-delay characteristics ... or instantaneous 
trip. And Heinemann ratings are stable ratings . . . 
remain constant through any ambient temperature 
range.

With Heinemann, you can match protection pre
cisely to the safe operating limits of any equipment.

Resistive Error
The circuit of Fig. lb is not subject to error 

through capacitive loading, because any shunt 
capacitance can be simply added to Cg. The circuit 
might, however, have undesirable resistive load
ing—such as a grid return resistor. In the region 
above tens of megacycles, the tube itself may 
present a resistive input as low as 1000 ohms.

The resultant equivalent circuit is shown in 
Fig. 3b, and the error is given by

ELECTRONIC DESIGN DATA
( Continued from page 154}

HEINEMANN
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NEW LITERATURE
Analog To Digital Processor 415

Details of MicroSadic, a high-speed analog to 
digital processor are presented in this illustrated, 
four-page bulletin, No. 3004. The machine ac
quires, digitizes, and stores data at a maximum 
rate of 10,000 samples per second. Operations, 
design details, and specifications are given. Con
solidated Electrodynamics Corp., 360 Sierra 
Madre Villa, Pasadena, Calif.

Amplifier Measurements

This booklet, entitled “Standard Methods of 
Measurement for Amplifiers” is the second of a 
series designed to establish comprehensive meas
urement standards for high fidelity components. 
The standard defines terms and test conditions 
and lists tests and ratings for amplifier output, 
sensitivity, frequency response, distortion, hum 
and noise, and damping factor. Send $1.00 to In
stitute of High Fidelity Manufacturers, 125 E. 
23rd St., New York, N.Y.

Digital Subsystems 417

Functionally packaged digital subsystems are 
described in this four-page, illustrated folder. The 
folder describes the versatility of the units as 
elements of digital subsystems. Included are 
photographs and specifications of available digital 
modules, such as a: forward-backward counter, 
bistable multivibrator, exclusive OR gate, AND 
gate, Schmitt trigger, and monostable multivibra
tor. Servomechanisms, Inc., 12500 Aviation Blvd., 
Hawthorne, Calif.

Microwave Measurements 418

Measurement of impedance and its associated 
parameters in waveguide systems through use of 
a sliding termination with specific reflection char
acteristics is discussed in this report entitled 
“Waveguide Sliding Shorts, Sliding Terminations, 
and Standard Mismatches.” Use of sliding shorts 
for precision measurement of impedance (rcat- 
tering matrix), insertion loss, attenuation and 
propagation constants, dielectric constant, slotted 
section curves, wavelength, and frequency are also 
covered. The article covers ways in which stand
ard mismatches can be employed as reference 
standards of reflection—and therefore, vswr— 
against which various microwave test components 
ma y be calibrated. Photographs are included in 
Vo 6, No. 2 of “PRD Reports.” Polytechnic Re
sea ch & Development Co., Inc., 202 Tillary St., 
Bn oklyn 1, N.Y.
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PRECISION FORK UNIT
TYPE 50

Size 1” dia. x 3%" H.* Wght., 4 oz. 
Frequencies: 240 to 1000 cycles 
A rnpipQ *

Type 50 (±.02% at —65' to 85'C)
Type R50 (±.002% at 15' to 35’C) 

Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 
Output, approx. 5V into 200,000 ohms

PRECISION FORK UNIT
TYPE 2003

Size 1W dia. x W H* Wght. 8 oz.
Frequencies: 200 to 4000 cycles
Accuracies

Type 2003 (±.02% at —65' to 85'C)
Type R2003 (±.002% at 15' to 35°C)
Type W2003 (±.005% at —65“ to 85'C)

Double triode and 5 pigtail parts required
Input and output same as Type 50, above

FREQUENCY STANDARD z
TYPE 2007-6

TRANSISTORIZED, Silicon Typ^ 

Size 1W dia. x 3W H. Wght. 7 ozs.
Frequencies: 400 — 500 or 1000 cycles 
A nnn *

2007-6 (± .02% at —50° to +85°C) 
R2007-6 (±.002% at 4-15* to +35’0 

W2007-6 (±.005% at —65’ to +125’0 
Input: 10 to 30 Volts, D. C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms

FREQUENCY STANDARD
TYPE’ 2001-2

Size 3%” xW x 6” H., Wght. 26 oz..
Frequencies: 200 to 3000 cycles
Accuracy: ±.001% at 20’ to 30’C

Output: 5V. at 250,000 ohms
Input: Heater voltage, 6.3-12-28

B voltage, 100 to 300 V., at 5 to 10 ma.

ACCESSORY UNITS 
for TYPE 2001-2

I L—For low frequencies
L multi-vibrator type, 40-200 cy.

D—For low frequencies 
counter type, 40-200 cy.

H—For high freqs, up to 20 KC.
M—Power Amplifier, 2W output.
P—Power supply.

♦3 %* high 
400 -1000 cy.

FREQUENCY STANDARD
TYPE 50L

Size 3 %” x 4%" x 5W High 
Weight, 2 lbs.

Frequencies: 50, 60, 75 or 100 cycles
Accuracies:—

Type 50L (±.02% at —65' to 85'C)
Type R50L (±.002% at 15' to 35’C)

Output, 3V into 200,000 ohms
Input, 150. to 300V, B (6V at .6 amps.)

FREQUENCY STANDARD
TYPE 2005

•3#" hi^ 
400 to 500 cy. 

optional

Size, 8” x 8” x7W High 
Weight, 14 lbs.

Frequencies: 50 to 400 cycles 
(Specify)

Accuracy: ±.001% from 20“ to 30“C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles)

FREQUENCY 
STANDARD
TYPE 2121A

Size 
8%” x 19" panel 
Weight, 25 lbs. 

Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
±.001% from 20' to 30“C
Input, 115V (50 to 400 cycles)

FREQUENCY _ —
STANDARD ■

TYPE 211 IC ■ 3«
Size, with cover ** •
10” x 17” x 9” H. ■ Hjggsi "¡¡2

Panel model
10” x 19” x 8 % " H. W

Weight, 25 lbs.
Frequencies: 50 to 1000 cycles
Accuracy: (±.002% at 15’ to 35‘C)
Output: 115V, 75W. Input: 115V, 50 to 75 cycles.

^This organization makes frequency standards'^- 

within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern, 
ment departments, armed forces—where maxi-

WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER

American Time Products, Inc
Telephone: PLaza 7-1430 gabier 580 Fifth Ave, New York 36, N.Y.

Timing Systems
CIRCLE 419 ON READER-SERVICE CARD
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FROM

GET DUAL POSITION OPERATION FOR

150 v/inch

EDGERTON, GERMESHAUSEN & GRIER, INC

158

Input Impedance 
Writing Speed

Vertical (TW) 
.054 v/trace width 
0.002 inch 
27 v/inch (nominal)
DC to greater than 3,000 me 
(—3db at approx 2,000 me) 
50 or 100 ohms 
3x 10" trace widths/sec.

Horizontal
0.30 v/trace widthSensibility

Nominal Spot Size (trace width) 
Deflection
Frequency Response

The EG&G Milli-Mike Oscilloscope—one of a family of millimicrosecond instruments— 

is now being used to solve problems in measurement of high speed semiconductors, 

decay times of scintillators, discontinuities in transmission lines and as a synchro

scope in high resolution radar systems. For information on this and other millimicro

second pulse techniques, write to Application Engineering Group.

Now two operators can use the same EG&G Type 2236A Milli-Mike Oscilloscope at 

the same time. It’s like getting two oscilloscopes—(EG&G Oscilloscopes)—for the 

price of one!

This replacement characteristics and 
guide for semiconductor diodes contains 
complete data on the firm’s diodes as well 
as replacement information on all EIA 
registered diodes. A digital automatic 
tester and classifier is also described in 
the 12-page brochure. Sylvania Electric 
Products Inc., 1100 Main St., Buffalo 9, 
N.Y.

mete 
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sugg' 
factu
Mass

<cnp 
circu 
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eludí

Typical display of re
covery time of two diodes 
tested simultaneously.

Capacitors 4^3
Bulletin GEA-7008, four pages, pto- 

vides detailed information on wet-type, 
sintered porous-anode tantalum capaci
tors used where extremely high capaci
tance values are required in the smallest 
possible space. The bulletin explains 
performance characteristics and advan
tages of the units and includes four tables, 
five graphs, outline drawings and com
plete ratings and dimensions. Actual size 
photographs are included. General Elec
tric Co., Schenectady 5, N.Y.

The 48-page, 1959-60 general catalog 
includes complete technical data on a 
broad range of pulse instrumentation, in
cluding general purpose pulse generators, 
word generators, time delay generators 
and electronic counters. Factors in in
strument selection and application are 
covered in the catalog. Photographs of 
the equipment are provided. Electro
Pulse, Inc., 11861 Teale St., Culver City, 
Calif.

CIRCLE 425 ON READER-SERVICE CARD
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QUALITY CONTROL TESTING OF FAST 
RECOVERY DIODES WITH THE 

EG&G MILLI-MIKE OSCILLOSCOPE

Accelerometers 424
Accelerometer methods and techniques 

are described in this 20-page, illustrated 
manual “Series 2200 Accelerometers.” 
Application information, mounting tech
niques, fixtures, and use of piezoelectric 
accelerometers for shock measurements 
are included in this booklet. Endevco 
Corp., 161 E. California Blvd., Pasadena. 
Calif.

160 BROOKLINE AVENUE, BOSTON 15, MASS. 1622 SOUTH '‘A” STREET, LAS VEGAS, NEV.
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CutLt» HAMM««
CUTLER'HAMMER

TO SET- A
DEPRfSS W
BRONZE POINTER

Cutler-Hummer Int., Milwaukee, Wis. • Oinuon Airborne Instruments Laboratory. • SuMiiiri Cutler-Hammer International, C. A.
4»o<>«rei Canadian Cutler Hammer Ltd , Cutter Hammei Mexicana. S A Intercontinental Electronics Corporation

1-minute timer adjustable in 1 second 
intervals—0 to 60 seconds. 3-minute 
timer adjustable in 3 second intervals— 
0 to 180 seconds. 5-minute timer adjust
able in 5 second intervals—0 to 300 
seconds

No guesswork . . . exact time interval set 
by positioning bronze pointer

Sweep-second pointer provides visual 
count-down during timing operation 

Automatic reset returns pointer to start 
position after each cycle

Models interchangeable without disturb
ing mounting base or wiring

Rugged timing mechanism guarantees 
accurate, trouble-free performance
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Service, 2500 Fullerton Road, Fullerton. 
Calif.

An inquiry on your company letterhead will 
make available to you a Glennite Experimenter’s 
Kit for $14 95. For those engineers who have had 
some experience with thermistors, comprehensive 
kits are available for $49.95. For complete infor
mation, write directly to Gulton Industries, Inc.

Temperature changes can seriously affect tachometer output in aircraft 
and guided missile servo control systems. For example, errors in excess 
of 2% over an extended temperature range are not uncommon on uncom
pensated tachometers.

Manufacturers have discovered recently that they are able, with the 
aid of Glennite Thermistors, to reduce this error to within .4% over a 
range of -50 to +105’C.

A simple thermistor-resistor network makes this possible. A ther
mistor is a temperature sensitive resistor with a high negative coeffi
cient of resistance. When properly shunted,its negative coefficient com
pensates for the coefficient of the tachometer—usually about .05% per *C.

Inserted in series with the tachometer output, this network effec
tively combats temperature changes; provides a relatively constant 
tachometer output over the full temperature range.

Tachometer compensation is only one of many interesting applica
tions for Glennite Thermistors. Other uses include time delay, tempera
ture control, liquid measurement, fire control, etc.

Glennite wafer, bead and rod thermistors are available in a variety 
of resistance values, temperature coefficients and sizes to help you 
evaluate circuit problems. They may be obtained from your local dis
tributor, or from Gulton Industries in bulk quantities.

Test Your Ideas With 
A Glennite Experimenter’s 

Thermistor Kit

MATERIALS & CERAMICS DIVISION, Metuchen, New Jersey

Gulton Industries, Inc.
In Canada: Titania Electric Corp, of Canada Ltd., Gananoque, Ont.

Custom Made 
Thermistors 
To Your 
Specifications
Gulton will supply therm
istors to your specifica
tions with resistance 
values from 1 ohm to 10 
megohms and tempera
ture coefficients of 
resistance to -6.8% per 
degree C Temperature 
range: -60° to +500’C.

How to enforce the speed limit 
in tachometer control systems

This brochure describes the Miniaturi
zation Awards Competition now in prog
ress. The Award is presented annually to 
the individual or organization judged to 
have the greatest contribution to the field 
of miniaturization. The Award for 1959 
will be presented in the Spring of 1960. 
Deadline for receiving entries is January 
20, 1960. Sponsor for the Awards is 
Miniature Precision Bearings, Inc., Min
iaturization Awards Committee, Box 604, 
Precision Park, Keene, N.H.

This 20-page illustrated bulletin de- 
scr bes the NLS series 30 digital volt
meters. Complete specifications, operating 
instructions, information on input and 
output accessories, and complete wiring 
diagrams to convert the instruments into 
data logging and measurements systems 
are included. Non-Linear Systems, Inc., 
Del Mar, Calif.

Detailed information is given in this 
120-page catalog on slotted lines and 
tapered reducers, automatic impedance 
plotters, coaxial switches, transmission 
line hybrids, instrument loads, adjustable 
matching networks and impedance stand
ard lines. In addition to technical de
scriptions, pictures, outline dimensions, 
circuit diagrams, and electrical and me
chanical characteristics, the catalog in
cludes a summary of data on transmission 
line connectors, complete price lists and 
suggestions for ordering. Alford Manu
facturing Co., 299 Atlantic Ave., Boston, 
Mass.

The Fall issue of Helinews, eight pages, 
provides information on the firm’s all
metal single-turn potentiometers, cermet 
trimming potentiometers, and includes 
test reports on ac voltmeters. Also men
tioned is the technical information avail
able from the firm. A zany glossary of 
German missile terms is given. Beckman

for all your
clip, block and
HARNESS STRAP 
needs!
ADEL offers the widest variety of LINE 
SUPPORTS in the World... 19,000 different 
types and sizes for safe, vibration-free, 
positive support in all types of aircraft, 
missiles, rockets, ordnance, automotive and 
original equipment of all kinds.
SAFETY... FLEXIBILITY ... DURABILITY... 
ECONOMY... SERVICE FITTED ... SERVICE 
TESTED ... SERVICE APPROVED
Illustrated are but a few of the World’s most 
complete line of Line Supports that meet 
or exceed all applicable specifications and/ 
or requirements. Whatever the application — 
STANDARDIZE ON ADEL-the leader in 
completeness of line, service and reliability.

r— - I nlv I precision— a Pflll II PRODUCTS
SPECIFICATIONS ARE AVAILABLE TO AIRCRAFT, 
MISSILE ANO ORIGINAL EQUIPMENT MANUFAC- 

gMHHMMMFT TURERS . . WHAT ARE YOUR REQUIREMENTS?
Direcl mq j nes W nunbngt n Division 

«Hi 1444 Washington Ave . Huntington 4 W v
* 1 DISTRICT OFFICES: Burbank • Mineola

: ' * ~~ ’ “ --------” ” — Dayton • Wichita • Dallas • Toronto
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all applications

accurate answer to...

PILOT AND FULL PRODUCTION
Each of 12 kit models available in 5 different case designs

IN THE MAKING

U nlted
*DuPont Trademark
IM.M.&M. Trademark

cuits from 1 mc to 1000 mc. Constructed

CIRCLE 436 ON READER-SERVICE CARD
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Wr/te or order direct from

THE DIFFERENCE IS

Good quality fluorocarbon parts require special processing techniques.
This is why Garlock’s United States Gasket Plastics Division is called
upon so often to fabricate parts of fluorocarbon plastics. They have the
personnel, the facilities, and unequalled experience in handling Teflon

and Kel-f. They specialize in precision molding and machining where
close tolerances, intricate shapes, delicate wall sections, inserts, molding
around metal, and threaded parts are involved.

If you have a difficult fluorocarbon problem, why not send it to your
local Garlock office for quotation? Guarantee yourself the best in parts,
methods, and price.

For Prompt Service, contact one of our 26 sales 
offices and warehouses throughout the U. S and
Canada, or write The Garlock Packing Com-

S tates pany, Palmyra, New York.

Gasket

Indicators and Controls 433 Resistors

A line of indicators and controllers is 
described in 10-page bulletin GEZ-2898. 
Instruments discussed are a dc millivolt
meter, bridge-type controllers, tempera
ture scanner systems, and saturable 
reactor control systems. Typical measure
ment applications, principles of operation, 
control forms, and electrical specifications 
are given. General Electric Co., Schenec
tady 5, N.Y.

Magnetic Components

Magnetic Components for Computers,
Business Machines and Electronic Sys
tems, 16 pages, describes the basic oper
ating mechanism of magnetic cores used 
in logic, shift registers, and magnetic 
memories. Included is a section describing 
their use in typical applications such as 
computers, business machines, and data 
handling systems. Magnetics Research
Co., Inc., 255 Grove St., White Plains, N.Y.

time saving

JAMES 02450 KIT
A unique kit of 12 trans-
formers gives 96 different
designs covering 93% of

November 11, 1959

4 5

The 1959-60 edition of the firm’s ci a- 
log covers their complete line of resisti s. 
Complete specifications on the units a id 
other pertinent data are included. Tech- 
Ohm Resistor Corp., 36-ll-33rd St., Lo ig 
Island City 6, N.Y.

Slide Rule

This reactance computer slide rule per
mits designers to determine the resonant 
frequency of a circuit knowing inductance 
and capacitance. Or they can select vari
ous inductances and capacitances for a 
desired frequency. The slide rule also has 
provisions for computing inductive and 
capacitive reactances as well as induct- 
anees and capacitances of resonant cir- 

of plastic, the slide rule is 9.5 in. long
Send $1.00 to JFD Electronics Corp., 
6101 Sixteenth Ave., Brooklyn 4, N.Y.
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STURGES BATTERY

Full Scale Amplitude to• EXTENDED FREQUENCY RANGE

Differential and

7 Fottler Road

1959

Bush Terminal Building No. 4 • 28-34 35th Street, Brooklyn 32, New York

Multi-Channel Systems Are Also Available 
Write for Complete Information

• From 2 volt basic components for laboratory use 
to high voltage applications required in electronics, 
sound recording, photographic, electrical instrument 
and television lighting fields, Sturges nonspill storage 
batteries have exceptionally high output.
• Uniformly high voltage is maintained throughout 
discharge period.
• Nonspill structural features limit emission of corrosive 
acid spray during charging.
• Transparent molded plastic case allows visual inspection 
of condition and electrolytic level.

have been included as part of the calcu
lator. Send $1.00 to Motorola, Inc., Dept. 
ED, Semiconductor Products Div., 5005 
E. McDowell Rd., Phoenix, Ariz.

♦ INTERCHANGEABLE PLUG-IN PREAMPLIFIERS — Low, Medium, 
High Gain DC; AC; Chopper; Carrier and Servo

STURGKS^BATTfRilS

MASSA METERITE
Model BSA 200 

sic System Assembly 
with Preamplifiers

Applications and circuit design notes for 
silicon trigistors appear in this 16-page 
booklet. Operation, trigistor biasing, a one 
shot multivibrator, a memory circuit, and 
a flip flop binary counter are discussed 
with the aid of diagrams. Solid State 
Products, Inc., 1 Pingree St., Salem. Mass.

SPECIAL PURPOSE BATTERIES 
CAN BE TAILORED TO FILL 

YOUR INDIVIDUAL SPECIFICATIONS

A three-channel amplifier designed for 
driving recording oscillographs from low- 
level accelerometer signals is described in 
this two-page, illustrated bulletin. Fea
tures, operating specifications, operating 
curves, and circuit description are in
cluded. Columbia Research Labs, Mac- 
Dade Blvd. & Bullens Lane, Woodlyn,

Ceramic Capacitors 437

his two-page bulletin describes the 
VK line ot ceramic capacitors. These 
miniature units operate at 200 v dc and 
to 150 C without derating. Electrical and 
physical characteristics of the capacitors 
an described with accompanying charts 
ami drawings that cover capacity values 
to 10.000 p|if. The line is also offered 
without cases for complete circuit assem- 
bh encapsulation. Vitramon Inc., Box 
UI, Bridgeport 1, Conn.

• TRANSISTORIZED DRIVER AMPLIFIERS 
Single Ended

• LIGHTWEIGHT —- Approximately 35 lbs.

CIRCLE 440 ON READER-SERVICE CARD
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Zener Diode Slide Rule
This slide rule is designed to simplify 

the calculations that are necessary to de
sign Zener diode circuits. Among the cal
culations that can be made are: value of 
the ballast resistor; maximum Zener dis
sipation; required thermal dissipator or 
heat sink area; and change in regulated 
voltage with ambient temperature. The 
various scales eliminate the need for 
using several curves. Design information 
such as basic regulator circuit, various 
relationships, and tabular design data

100 cps. Reduced Amplitudes to 200 cps available
• RECTILINEAR MOTION — Free of Curvilinear Distortion
• 6 CHART SPEEDS — Covering the Range .5 to 200 mm/$ec
• INK OR ELECTRIC WRITING — Ink, using hermetically sealed 

disposable ink cartridges. Electric, using auxiliary power 
supply and electric styli

—HINGHAM, MASSACHUSRTTS 
CIRCLE 441 ON READER-SERVICE CARD
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HABT:

"DIAMOND H”

SERIES P
Relays

FOR ELECTRONIC AND 
COMMUNICATIONS APPLICATIONS

Engineered to provide extremely fast action with high 
sensitivity, freedom from bounce and excellent stability, 
“Diamond H” Series P Polarized Relays give consistent 
performance with low distortion. Under some condi
tions they will handle over 1,000 pulses per second.

Magnetically latched SPDT, with two independent 
coils, Series P Relays are available with various coil 
resistances from 10 to 4,000 ohms each coil. Contact 
ratings will vary with switching speeds desired, but 
range from 60 milliamperes to 2 amperes.

Extremely compact, to save space and weight, they 
fit standard octal sockets. Their impact and vibration 
resistance is excellent for relays of this type, thanks 
to extra-rugged construction.

“Diamond H” engineers are prepared to work out a 
variation to meet your specific requirements. Write or 
phone us your needs.

THE 
TT MANUFACTURING
XIjRLJX JL company

210 Bartholomew Ave., Hartford, Conn. 
Phone Jackson 5-3491

Zener Diode Handbook
The basic theory, design characteristics 

and applications for Zener (voltage limit
ing) diodes are covered in this 130-page 
manual. Chapter headings include: Char
acteristics of Silicon Zener Diodes, De
sign Considerations, Regulated Power 
Supplies, Surge Protection, AC and DC 
Amplifiers, Temperature Compensation 
and Impedance Cancellation, New Ap
proaches in Zener Diode Applications, 
and Specifications and Testing Methods. 
How the Zener diode can be used as a 
coupling device in ac to de amplifiers and 
as a biasing element is discussed fully. 
The book contains numerous schematic 
drawings, tables and curves, all based on 
actual circuits that were designed and 
tested. References that have appeared in 
previous literature have been checked 
and incorporated into the manual. Send 
$1.00 to Motorola, Inc., Semiconductor 
Products Div., Dept. ED, 5005 E. Mc
Dowell Rd., Phoenix, Ariz.

Silver-Zinc Batteries
The performance features of second in 

(rechargeable) silver-zinc batteries foi 
electronic equipment, underwater appa 
ratus, and industrial communications sys
tems are explained in this four-page tro 
chure. Battery discharge cycle capability 
shelf life, reliability, weight, and outpui 
factors are covered in specification chart! 
and dimensional tables. Photographs ol 
various models are included. Cook Bat 
teries, Subsidiary of Telecomputing Corp. 
3850 Olive St., Denver 7, Colo.

Video Transformation Tube
The firm’s video transformation

444
tube

which accepts a radar (rho-theta) signa 
and converts it to a television (rectilinear 
display, is described in this illustrated 
four-page catalog. Characteristics anc 
diagrams for the reading gun and the 
writing gun are included. Intercontinenta 
Electronics Corp., Mineola, N.Y.

NICK

YOUR 
PROBLEMS

Our’^ombination" of qualify products AND 
competent service assures you a quick knockout 
of your precious metals electroplating problems.

mí Technic,nc”
P.O.BOX 965 PROVIDENCE, R. I.

7001 NO.CLARK ST. CHICAGO 26 ILL.

Write,wire, 
phone or TWX 
for information
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448Voltage Regulators

449Coil Form Chart

RA4B RE6B RB7A

447
444 decade counters are

positive component
20,00t

15,000 ohms at

Actuating coif

CApital 6-400014 Maple Avenue, Pine Brook, N J
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Decade Counters

Modular plug-in

300 v
40 amps
28 vdc-25amps
50 G
30 G from
10 to 2000 cps

26.5 vdc

TRANSISTORIZED WIDE-BAND 
AUDIO-VIDEO AMPLIFIER TO 20 MC

HIGH 
VOLTAGE

Cat. No. 1020-A

n tube 
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ilnu i’l 
•It <i.

ds ant 
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MINIMUM
SIZE

HIGH 
CURRENTfoiods, resistive component

JENNINGS RADIO MANUFACTURING CORPORATION
970 McLaughlin ave., p. o. box 1278 san jose 8, calif.

25 kv
15 kv
35 kv
25 amps
9 amps

26.5 vdc

D> signed for use os a wide-band audio video am
plifier, the Ttansifiet provides 10 db or 20 db gam 
in low level circuits, from audio to 20 me It can 
be used to replace full-size, noisy, narrow-band 
decade amplifiers, and when two are used in series, 
voltage amplification of 30 and 100 will be provided.

The Transifier may be used as a line amplifier 
for telemetering audio-video, as a pre-amp for wide
band oscillmcopes, hi-fi audio and ultra-sonic am
plifiers, and in the laboratory for amplification of 
weak heterodyned signals and to amplify audio hum 
noise as an aid in tracina its source.

The unit includes a feed-back amplifier for stable 
operation which is compensated for unit of high 
frequency gain. Mercury batteries provide constant 
voltage output throughout their life.

CIRCLE 451 ON READER-SERVICE CARD
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4kv
2.5 kv 

6kv
6 amps 
3 amps

26.5 vdc 
1% inch

RE6B (SPDT)
Rated operating voltage de or 60 cycle 

16 me
Peak test voltage.............................
Continuous rms current de or 60 cycle 

16 me
Actuating coil.................................
RB7A (2PDT)
Rated operating voltage de or 60 cycle 

16 me
Peak test voltage de or 60 cycle . .
Continuous rms current de or 60 cycle 

16 me
Actuating coil.................................
Overall length.................................
RA4B (4PDT)
Rated operating voltage................
Continuous rms current.................
Interrupting rating (100,000 ops) . .
Shock .............................................
Vibration.........................................

Radio Remote Control Units 450

This data sheet provides specifications, 
applications and a description o£ radio 
remote control units. Diagrams of the 
transmitter and receiver are included. 
Regent Electronics Manufacturing Co., 
15321 Rayen St., Sepulveda, Calif.

Features of automatic voltage regu
lators of the instantaneous electronic 
transistorized series are covered in this 
eight-page bulletin. In addition to dimen
sional diagrams, photos of the various 
types also appear. The Superior Electric 
Co., 83 Laurel St., Bristol, Conn.

Jennings vacuum relays are unequalled for solving difficult 
problems of antenna switching, pulse forming networks, or 
similar rf and de circuits where reliability is of utmost impor
tance.

' High insulation resistance
- Very low contact resistance

. ■ Minimum size
— > Permanently clean contacts

■ > High voltage and current ratings

And where will you find a relay that embodies all these desir
able characteristics? Examine the ratings achieved by these 
typical Jennings vacuum relays and see how well they meet 
the requirements of many specialized applications.

Pulse Transformer Parameters 446

Bulletins PT-204, PT-205, and PT-206, 
each four pages, discuss blocking oscil
lator applications, interstage coupling ap
plications, and specific applications where 
transformer parameters are known, hi 
each bulletin a section is devoted to the 
characteristics of the pulse transformer 
which distinguish it from other circuit 
elements. An illustrated waveform of a 
typical pulse transformer output pulse 
showing two cases of damping is in
cluded. Transformer parameters are indi
cated on the waveform. Technitrol Engi
neering Co., 1952 E. Allegheny Ave., 
Philadelphia, Pa.

SPECIFICATIONS 
Frequency Response and Gain:

a. 10 db position, no more than 3 db 
down uf 15 cycles and 20 me.

b. 2t db position, no more than 3 db 
down st 20 cycles and 15 me.

Input Impedance: 10 db position, ca

featured in bulletin 826A, 12 pages. Each 
of the ten counters in the line is illus
trated with photographs, outline draw
ings, and circuit diagrams. Circuits show
ing the units operating as variable scale 
and preset counters are mcluded. Bur
roughs Corp., Electronic Tube Div., 
Plainfield, N.J.

Improved, New

KAY Transifier

Information on ceramic, phenolic, 
shielded, and printed circuit coil forms is 
given on this 22 x 34 in. reference chart. 
Military specs and materials for coil forms 
are included; scale drawings give dimen
sions. Cambridge Thermionic Corp., 445 
Concord Ave., Cambridge 38, Mass.

Output Impedance: 75 ohms, 'pprox> 
mately.

Inherent Noise Less than 10 microvolts 
referred to shorted input in 20 db 
position.

Maximum Output Voltage; 0.2 V. 
rms, 10 db position; 0.3 V. rms, 20 
db position.

Battery Life: Approximately 1000 hours 
with mercury cells, B-hour days.

Dimensions: 2'/4" x l’/4" x W-
Weight: 14 oz
Price: $95.00 f.o.b. factory.

• SMALL SIZE • LONG LIFE
PLUG-IN CONNECTION • BATTERY OPERATED

JENNINGS VACUUM RELAYS
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accurate readings 
are a must!

Transfer Switches 454
Relay control features of automatic 

transfer switches are discussed in four- 
page bulletin 07500-G. A narrow control 
center model is illustrated. Specifications 
and schematic diagrams also appear. Lake 
Shore Electric Corp., 205 Willis St., Bed
ford, Ohio.

Graphite Properties 455

Semiconductor Graphites 456
Graphite usage in semiconductor pro 

duction is the subject of illustrated cata 
log SC-659. Sections cover unique semi
conductor graphites, specialized graphite 
machining problems, methods of graphite 
quality control, means of planning, sched
uling and expediting orders, typical physi 
cal properties of various grades of graph 
ite, stock sizes and prices. United Carbon 
Products Co., P. O. Box 747, Bay City, 
Mich.
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FOR ACCURATE
READING... INSTANTLY!

“Graphite—How It Compares with 
Metals, Ceramics,” is a four-page reprint 
of an article presented before the Electro
chemical Society. Comparative data on 
electrical resistivity, tensile strength and 
modulus, strength-to-weight ratio and 
thermal conductivity are shown graphi
cally. One table relates the properties of 
graphite with its industrial uses and its 
applications in the nuclear and missile 
fields. Another table lists the coefficients 
of thermal expansion. Speer Carbon Co., 
St. Marys, Pa.

Hook-on Volt Ammeter 457
Descriptions, specifications and con

struction details of pocket-size, hook-on 
volt ammeters for testing ac voltages is 
given in Bulletin GEA-6292C, four pages. 
The bulletin lists applications, current 
ranges, accuracy percentage and operat
ing instructions. Photographs are in
cluded. General Electric Co., Schenec
tady 5, N.Y.

I Tim
B 

Luid 
It ich 
lard
on 
men 
desi 
Circi 
of sj 
as g 
Tem 
Hick

Borg Microdials provide fast, accurate dial readings at a 

glance. The inline digital presentation of these dials permits 

maximum reading speed even under forced fast reading con

ditions. Settings are made ¡ust as easy ... just as quick.

Finger-tip brake locks settings in place. Available 

in three-digit ten-turn, four-digit hundred

turn and five-digit thousand-turn 

models. Also available are con-

centric scale dials for devices of

ten turns or less. Get the com-

plete Microdial story from Borg today.

MILLER
Subminiature R. F. chokes

— smallest chokes available
These units have a 50 ma current rating, and 
an inductance range of 100 uh to 10 mh. 
Ratings are conservative, with a wide safety 
factor. Miller chokes can be encapsulated to 
meet military specifications.

OHMS
Part No. L ± 5% 0 @ F FO ± 18% Dimensions

70F104AI 100 uh 50 @ 790 Kc 4.40 Mc 6.70 %4 X V,
70F154AI 150 uh 55 @ 790 Kc 3.60 Mc 8.20 %4 X %
70F224AI 220 uh 57 @ 790 Kc 3.00 Mc 10.0 %4 X >/4
70F334AI 330 uh 59 @ 790 Kc 2.50 Mc 12.8 ¥32 X >/4
70F474AI 470 uh 59 @ 790 Kc 2.30 Mc 15.0 ¥ï2 X y4
70F684AI 680 uh 55 @ 790 Kc 2.03 Mc 18.0 "Ä4X 'A
70F824AI 820 uh 53 @ 790 Kc 1.93 Mc 20.0 "/*4X y<
70F103AI 1.00 mh 50 @ 790 Kc 1.76 Mc 21.5 "/Lx y.
70F153AI 1.50 mh 50 @ 250 Kc 1.38 Mc 32.0 •%4 x y.
70F223AI 2.20 mh 50 @ 250 Kc 1.08 Mc 41.0 ^x y.
70F333AI 3.30 mh 70 @ 250 Kc 1.05 Mc 43.0 '¥*4 X 3/a
70F473AI 4.70 mh 68 @ 250 Kc 930 Kc 52.0 •%4 X 3/a
70F683AI 6.80 mh 64 @ 250 Kc 750 Kc 66.0 ¥32 X 3/g
70F823AI 8.20 mh 60 @ 250 Kc 720 Kc 73.0 !%4X%
70F102AI 10.0 mh 60 @ 250 Kc 690 Kc 84.0 ¥l* x 3/,

BORG EQUIPMENT DIVISION
AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN

WR/TE FOR CATALOG BED-A90

MICROPOTS • MICRODIALS • INSTRUMENT MOTORS • FREQUENCY STANDARDS 
CIRCLE 453 ON READER-SERVICE CARD

164

Send for the MILLER industrial catalog
It lists over 1300 chokes, filters, transformers and coils, available for 
immediate delivery. Includes 260 new coil items —many conforming to 
military specifications. Request Miller Catalog No. 60.

QUALIT J.W. MILLER COMPANY
5917 S. Main St., Loa Angelas 3, Calif.

IE( T
CIRCLE 458 ON READER-SERVICE CARD

ELECTRONIC DESIGN • November ll, 1959



Microwave Components 459
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Time Delay Relays 460
462Precision Potentiometers
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for industrial control

POUNDS AIR/HOUR

Modine Manufacturing Company
T1403

165
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tells you how to order 
(from stock) standardized

TRANSISTOR 
COOLERS

THIS CURVE shows the thermal resistance of 
a standard Modine forced air-flow transistor 
cooler able to accommodate as many as three 
semi-conductors. New Bulletin ID-159 con
tains similar curves plus tables and examples. 
This comprehensive data makes it easy to de
termine the performance under various condi
tions of any one of the seven forced air-flow 
and natural convection coolers Modine carries 
in stock. For your copy, write direct.

This catalog discusses box type and 
rotary trimmers, panel controls, precision 
servo type potentiometers, non-standard 
function pots, special non-linear pots, 
pressure and displacement transducers, 
unitized clutch modules with syncros, 
servo motors, spring returns, brakes, com
mutator switches, magnetic clutches and 
single or multiturn potentiometers. Tech
nology Instalment Corp., 531 Main St., 
Acton, Mass.

Bulletin 5903, eight pages, describes 
and illustrates time delay relays. Manu
facturing and assembly processes, stand
ard and special type specifications, data 
on sizes, available mounting arrange
ments, weights and terminal styles, and a 
description of circuit design are included. 
Circuit application notes and a discussion 
of special types available for accuracies 
as good as 0.01 per cent also appear. 
Tempo Instrument Inc., P. O. Box 338, 
Hicksville, N.Y.

Inertial Guidance Platform 461

This eight-page bulletin illustrates and 
describes a gimbal platfonn which oper
ates from —55 to 4-100 C. In addition to 
a description of the platform and associ
ated electronic components, dip brazing 
fabrication features, configuration details 
of nine platform versions, and applica
tion information are included. General 
Electric Co., 600 Main St, Johnson City,

Resonance isolators, circulators, switches, 
tee circulators, phase shifters, and modu
lators are discussed in “Microwave Fer
rite Components,' a four-page catalog. 
Subgroups of coax and test equipment 
isolators, high power, miniature and mi
crowave relay isolators, faraday rotators 
and differential phase shift circulators 
are also included. Ferrotec, Inc., 217 Cali
fornia St., Newton, Mass.

® 160F DeKoven Ave., Racine, Wisconsin
CIRCLE 463 ON READER-SERVICE CARD 
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STRUTHERS-DUNN
a World’s largest selection of relay types

. STRUTH1RS-DUNN, Inc., Pitman, N. J.

, — . Sales Engineering effices in: Atlanta • Boston • Buffalo • Charlotte
/ ) ) ) J Chicago • Cincinnati • Cleveland • Dallas • Dayton • Detroit

Kansas City • Los Angeles • Montreal • New Orleans • New 
_______________ A York • Pittsburgh • St. Louis • San Francisco • Seattle • Toronto

CIRCLE 464 ON READER-SERVICE CARD

219 Frame Relays, using heavy duty 12-pin plugs and 
sturdy industrial-type phenolic sockets, are Dunco’s 
answer to the need for industrial control relays that 
are large enough, but not too large; fully dependable, 
but moderately priced. Designed for long, reliable 
contact life on relaying loads, they have proved out
standingly successful on laboratory-type ’‘tail chas
ing” circuits and on machine control installations.

Dunco 219 Frame Relays have 10-ampere current 
carrying parts; 150-volt electrical spacings of 
over surface and through air; and withstand 
1500-volt dielectric test. Three standard contact 
arrangements available at minimum prices facilitate 
control circuitry standardization and simplify field 
maintenance replacement problems.
Write Today for Dunco Engineering Bulletin 2219.

Member, National Assn, of Relay Manufacturers

&tt/lC0'S answer to the 
problem of "over-rela 
industrial controls!
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NEW LITERATURE

Microwave Tubes 466

Principal electrical characteristics for 
22 klystron tubes and nine planar triodes 
are listed in this four-page catalog. Tube 
applications include microwave commu
nication transmitters and receivers, test 
equipment, beacons,.and missiles. Fre
quency coverage of the klystron line is 
500 to 7500 mc, with cw output power 
ranging from 20 mw to 2 w. The klys
trons are divided into five basic outline 
styles, each illustrated by a proportion
ally scaled photograph. Rocket planar 
triodes are designed for oscillator or am
plifier applications and are available in 
either pulsed or cw versions with a fre
quency coverage from 500 to 3300 mc. 
The catalog lists amplification factors as 
high as 90, and peak power outputs to 
200 w for oscillator operation. Sylvania 
Electric Products Inc., Central Advertis
ing Distribution Dept., 1100 Main St., 
Buffalo, N.Y.

Magnetic Tape 467

Magnetic tape for digital and analog 
recording is described in this four-page, 
illustrated bulletin. Information includes 
performance qualities of the new tape, 
production techniques, and specifications. 
Photographs are included in bulletin 
1619. Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, Pasadena, 
Calif.

Tape Tension Gage 468

Type 5-050 dynamic tape tension gage 
for magnetic tape recorder/reproducers 
is described in bulletin 1621. The gage 
permits accurate tension measurement 
and adjustment to be made quickly and 
easily on fixed or mobile tape transports. 
Consolidated Electrodynamics Corp., 360 
Sierra Madre Villa, Pasadena, Calif.

Leading electron tube manufacturers now rely on isotopic ionization 
sources from U. S. Radium to insure quick start-up and maintain firing 
stability.

U. S. Radium now offers plated electrodes and radium foil in required 
configurations for incorporation in electron tube envelope design. Use of 
such isotopes as Ni61 eliminates problems associated with improper firing 
due to prolonged storage or extreme environmental conditions.

U. S. Radium's plated electrodes and foil elements are easily installed, 
eliminating the cumbersome, inaccurate and hazardous methods asso
ciated with the evaporation of radioactive solutions within a tube.

Investigate isotope sources for your tube ^7**^
ionization problems. Write Department Dll.

UNITED STATES RADIUM CORPORATION
MORRISTOWN, NJ. Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 

I Port Credit, Ont, Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland.
CIRCLE 465 ON READER-SERVICE CARD

METAU SHIELDSILVER SKIN

03909500S09&

Enlarged section of Elasta 
damn's inner cartridge

AUGAT S REVOLUTIONARY

ELASTACLAMP*
The answer to more effective 
cooling of subminiature tubes!

AUGAT BROS., INC.
‘Trademark 31 Perry Avenue • Attleboro, Mass.

Heat-dissipating subminiature tube shield with elastic thermal conductor

Resilien* elastomer will com 
pletely conform to pronounced 
irregularities of glass surface 
thus reducing dangerous hot 
soots.
Tubes protected from severe 
shock and vibration by rubber
like elastomer which cushions 
glass. Enlarged section conventional

. heat dissipating tube shield.
For additional information write for bulletin No. 559.

CIRCLE 469 ON READER-SERVICE CARD
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Automatic Test Equipment 470

471

semiconductorstion temperatures

E-158

£•105E-107

E-12;E-I 03

E-105

2XE-109

You bet, M.C, only 1 VU by 6’/a inchestThey're sure compact, K.C

NEW REEVES-HOFFMAN TRANSISTOR OSCILLATORS

167

Our design and engineering group will welcome an 
opportunity to work on your microwave problems.

WRITE FOR 
BULLETIN RH-OS.

Northwest Area Office 
530 University Avenue 
Palo Alto. CaliforniaRINCIPAv’

E CARD

within design conditions. Diagrams and 
photos illustrate the units. Modine Manu
facturing Co., Racine, Wis.

TO SERVE YOUR 
EXACT NEED...

HIGH POWER 
LOW POWER 
BROAD BAND 

LOW INSERTION LOSS 
HIGH ISOLATION

SMALL SIZE 
LIGHTWEIGHT

Added to the broad range of current Ferrite Isola
tors is an intensive program to conduct research 
and development in advanced ferrite devices for 
the frequency bands proposed for space naviga
tion and communication.

South Central Office 
6211 Denton Drive 
Dallas, Texas

READER-SERVICE CARD

New Reeves-Hoffman oscillators are transistorized for com
pactness and crystal controlled for unerring accuracy. Each 
oscillator is produced and tested with exacting care by skilled 
craftsmen using the most modern equipment and facilities 
available. Reeves-Hoffman will manufacture these units in 
volume to your specifications.

DIVISION OF DYNAMICS CORPORATION OF AMERICA
CARLISLE, PENNSYLVANIA

CIRCLE 474 ON READER-SERVICE CARD

£-109

E-I 03 -

Coolers 473

Tables and performance curves in this 
eight-page bulletin aid the engineer in se
lecting coolers that will maintain junc-

Illustrated catalog EN-S2, 52 pages, 
covers thermocouples and thermocouple 
components and accessories. It describes 
standard assemblies in protecting tubes 
and wells for general applications, spe
cialized thermocouples and assemblies 
for laboratory and industrial applications, 
and a line of bare and insulated thermo
couple wires, ceramic insulators, metal 
and ceramic protecting tubes, wells, and 
terminal heads. Leeds & Northrup Co., 
4934 Stenton Ave., Philadelphia 44, Pa.
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Cathode-Ray Tubes 472

Information on over 75 types of stand
ard (JEDEC registered) cathode-ray 
tubes is tabulated in this short-form cata
log. Sections discuss the latest crt’s suit
able for new equipment designs, replace
ment tubes, special design services, 
screens, and accessories for crt’s. Physical 
and electrical parameters are tabulated 
for such ert categories as electrostatic de
flection and electrostatic focus, magnetic 
deflection and electostatic focus, and mag
netic deflection and magnetic focus. Al
len B. Du Mont Labs, Inc., Electronic 
Tube Div., Clifton, N.J.

The firm's preprogrammed automatic 
test system which employs only solid
state devices in computer circuit modules 
is discussed in this 24-page, illustrated 
booklet. Features, objectives, applications, 
and a general description of the system 
appear. Stromberg-Carlson, Electronics 
Div., 1400 N. Goodman St., Rochester 3, 
N.Y.

FERRITE ISOLATORS

TODAY

TOMORROW!!

KEARFOTT COMPANY INC. 
A Subsidiary of General 

Precision Equipment Corporation 
Microwave Division 
14844 Oxnard Street 
Van Nuys, California

TYPICAL SPECIFICATIONS

MODEL FREQ. RANGE ISOLATION INSERTION LOSS V. S. W. R.

W568-3A-2 12.5 18.0 KMC 20 DB Min. 1.0 DB MAX 1.15 MAX

W 177-1 K-l 9.5 KMC ±100 MC 25 DH Min. .7 DB MAX 1.15 MAX

W-277-3A-3 5.2-5 9 KMC 17 DB Min. 1.0 DB MAX 1.15 MAX

W 859-11 A-l 930 ±60 MC 25 DB Min. 2.0 DB MAX 1.25 MAX

W-668-1A-2 8.5 -9.6 KMC 10 DB Min. 0.4 DB MAX 1.10 MAX

Midwest Office 
23 W. Calendar Ave. 
La Grange, III.

K 
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Controlled Rectifier Power Supply Is Short
Circuit Protected

DESIGNING AN all solid-state power supply 
that is light, rugged and delivers high power 

per pound, is problem enough. Short-circuit pro
tecting the power supply where no fuses are al
lowed is quite another thing. Here is a circuit, 
Fig. 1, based on a silicon controlled rectifier that 
accomplishes the job.

The Silicon controlled rectifier SCR is con
nected in series with the input power and the 
load in a half-wave configuration. A full wave 
configuration may be obtained very simply by 
adding one SCR and a properly rated center tap 
transformer. For simplicity, only the half wave 
circuit is discussed here.

A fast-response magnetic trigger operating on 
the reset principle (Avion Model 408 or equal) is 
used to control the firing angle of the SCR during 
normal operation.

Short circuit protection is provided through a silicon 
controlled rectifier in this all-solid state power supply 
circuit.

An isolation transformer TI is connected across 
the input. This transformer steps down (or, when 
a low-voltage supply is involved, steps up) the 
voltage level, to provide a proper supply to the 
reactor Ll. The phasing of the transformer Tl 
outputs is important and is indicated by dots.

During the first half cycle of supply frequency, 
when the anode of SCR1 is positive, rectifier CR1 
is forward-biased and will allow current to flow 
into the gate G of the SCR. The angle at which 
this current will flow into the gate is determined 
by the saturation level of the reactor Ll.

Rectifier CR2 insures that during the first half 
cycle, no current will flow into the control wind
ing #2 of Ll. Winding #1 of the trigger reactor 
Ll is the gate winding through which the current 
for the gate-cathode junction of the SCR flows.

Rectifiers CR3 and SCR2 form part of the short 
circuit protection network.

Normal Control

During normal operation, proportional control 
of the output is achieved by varying the control 
signal, or the impedance in the control circuit. 
This control may be implemented by various 
means. Some are listed below:
1. Potentiometer for manual control
2. Transistor or SCR
3. Ac signal from synchros in phase opposition 
to voltage of Tl winding #3
4. Half-wave variable signals buck-impedance 
of CR3, through forward biasing, to a very low 
value. Rectifier CR3, thus biased, will pass the 
current necessary to reset the reactor core to cut 
off.

A current transformer (CT) is connected in 
series with the load. The secondary of the CT is 
in series with a Zener diode and a gate cathode 
junction of SCR2. An over-current adjusting rheo
stat is connected across the current transformer 
CT.

Under normal conditions the secondary current 
flowing out of the CT can flow only through the 
rheostat. The voltage developed across the rheo
stat is lower than the breakdown voltage of the 

Zener diode. SCR2 remains open, and does not 
allow current from the auxiliary dc supply to 
flow through it, diode CR3 and a limiting resistor, 
to ground.

As soon as the load current exceeds a predeter
mined level, the secondary voltage drop across 
the CT exceeds the Zener voltage and triggers 
SCR2; SCR2 fires and allows the auxiliary supply 
to forward-bias CR3.

Full reset current now flows through CR3 and 
winding #2 of Ll is subjected to full reset voltage. 
Ll and SCR1 cut off and the loading winding #3 
voltage.

The firing angle of SCR1 is determined by the 
firing angle of Ll. When all the voltage is ab
sorbed by winding #1 of the reactor Ll, no out
put, except for very low exciting current, appears 
across the gate-cathode junction of the SCR. The 
amount of volt-second absorbed by the windings 
#1 oi Ll is determined by the voltage which is 
applied to winding #2 during the second half 
cycle of the supply frequency. If no voltage at 
all is applied to winding #2, then winding #1 
allows load current to flow during the third half 
cycle, due to self-saturation. However if the full 
voltage is impressed on winding #2 during the 
second half cycle, no output current will flow 
during the following half cycle in the gate wind
ing #1. Partial control voltage will allow firing 
of the SCR.

Short Circuit Protection

In order to cut off SCR1, then, the output of Ll 
must also be cut off. One obvious way to achieve 
this is to allow the full voltage, induced in wind
ing #3 of Tl, to be impressed on winding #2 of 
Ll. This is accomplished by reducing the current 
falls to zero. No telegraphing of SCR2 occurs be
cause once it is triggered it remains “on” due to 
the holding current supplied by the auxiliary 
supply. Resetting the supply to normal operation 
again is accomplished by opening and closing the 
switch SW.

Baruch Berman, Avion Division ACF, Paramus, 
NJ.
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never-fail” performance in electronic, missile, and aircraft applications
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For “never-fail” reliability... highest resistance 
to shock and vibration...significant reduction 
in size and weight... look to Balanced-Armature 
Relays from Leach.

These patented Balanced-Armature Relays 
can solve critical circuit control problems in 
5-, 10- and 15-amp applications requiring 2, 
4 or 6 poles. They are rectified for AC opera
tion and meet or exceed military specifications 
MIL-R-25018, MIL-R-5757C, MIL-R-6106C 
(including the minimum current test require
ments.) And I.each relays offer outstanding 
environmental characteristics:

flow 
vind- 
firing

»ears
The

Leach relays can be tested to specific customer 
requirements-up to 100% of the total produc
tion run-in the Leach Production Reliability 
Center, the only reliability testing laboratory 
of its kind in the industry.

L each “know-how” results from 40 years of 
designing and manufacturing for electronics 
— 30 of these years spent in relay specializa
tion. Today, many Leach designs are consid
ered standard industry configurations. The 
Balanced-Armature senes alone includes over 
4,000 variations of 20 basic hermetically sealed, 
contaminant-free relays... standard designs 
and Magnetic Latch types... all available in a 
wide variety of mountings and terminals... a 
relay for nearly every electronic, missile, and 
aircraft application where components must 
not fail.

Write today for the new Leach Balanced
Armature Relays brochure containing specifica
tions, typical ratings, and other information on 
these unusually reliable relays ! Or contact your 
nearest Leach sales representative to discuss your 
specific relay requirements.

ue to 
ciliary 
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ig the
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hieve 
wind- 
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irrent

DISTRICT OFFICES AND FIELD REPRESENTATIVES IN PRINCIPAL CITIES OF U S AND CANADA • EXPORT LEACH CORP , INTERNATIONAL DIVISION 
CIRCLE 530 ON READER-SERVICE CARD

ross
gers

LOOK TO LEACH
RELAY DIVISION...LEACH CORPORATION

Ambient Temperature

Shock .
Vibration

Range . 
Acceleration 
Altitude . .

70 C. to 4-125 C. 
.... 15 G’s 
100.000 feet 4-

............................50 G’s 
15 G's to 2000 cps
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Schematic diagram of a simple staircase generator.
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Just what you’re looking for!

Slide-Rule Solution

from 0.15 to 1000 Mh!

MINIATURIZATION WITHOUT LOSS OF STABILITY! Jeffers 
MINI-STAB inductors give you both stability and miniaturization.

Miniaturization is achieved through more efficient use of coil 
winding space.
Stability comes from using an open magnetic circuit as obtained 
with a conventional powdered iron coil form.

JEFFERS

MINIature! STABle!

PACK OVER 60 TIMES MORE INDUCTANCE IN THE SAME SPACE!
THE MOST IMPORTANT ADVANCE IN DECADES! Now-in miniature 
size—you can get maximum inductance to 1000 Aih (more than 60 times the 15 
ph previously available). The revolutionary MINI-STAB line supplements 
the Jeffers Type 101 Inductor line to provide you with stable inductance values

COLOR-CODING and DIMENSIONS
2nd Digit
1st Digit

16 1 64

Multiplier

fill 1

L ± 116 1 64
- . 3

Leads No 22 Tinned Copper (¡6 1 ig

TYPICAL CHARACTERISTICS OF INDUCTOR DESIGNS BASED ON 1000 UH VALUE

PART 
NUMBER

INDUCTANCE 
(Microhenries)

MEAS. 
FREQ. 
(MC)

Q 
MIN.

SRF 
MIN. 
(MC)

D.C. RES. 
MAX. at 25 C 

(OHMS)

CURRENT 
RATING 

(MA)
COLOR-CODING

1st 2nd 3rd

1311-1 18 ± 10% 2.5 50 25 1.8 315 BRN GRY BLK
1311-2 22 ± 10% 2.5 50 24 2.0 300 RED RED BLK
1311-3 27 ± 10% 2.5 50 20 2.8 255 RED VLT BLK
1321-1 33 ± 10% 2.5 50 19 2.5 270 ORG ORG BLK
1321-2 39 ± 10% 2.5 50 18 3.0 245 ORG WHT BLK
1321-3 47 ± 10% 2.5 50 17 3.5 225 YEL VLT BLK
1321-4 56 ± 10% 2.5 50 15 4.2 205 GRN BLU 8LK
1321-5 68 ± 10% 2.5 50 14 5.0 190 BLU GRY BLK
1321-6 82 ± 10% 2.5 50 12 5.5 180 GRY RED BLK
1321-7 100 ± 10% 2.5 50 11 6.0 170 BRN BLK BRN
1321-8 120 ± 10% 0.79 50 9.0 7.0 160 BRN RED BRN
1321-9 150 ± 10% 0.79 50 8.6 8.0 150 BRN GRN BRN
1321-10 180 ± 10% 0.79 50 8.0 9.0 140 BRN GRY BRN
1321-11 220 ± 10% 0.79 50 6.6 10.0 130 RED RED BRN
1331-1 270 ± 10% 0.79 45 4.0 6.8 165 RED VLT RRN
1331-2 330 ± 10% 0.79 45 3.6 7.4 155 ORG ORG BRN
1331-3 390 ± 10% 0.79 45 3.4 10.6 130 ORG WHT BRN
1331-4 470 ± 10% 0.79 45 3.1 11.5 125 YEL VLT BRN
1331-5 560 ± 10% 0.79 55 2.9 15.2 110 GRN BLU BRN
1331-6 680 ± 10% 0.79 50 2.6 17.0 105 BLU GRY BRN
1331-7 820 ± 10% 0.79 50 2.4 19.0 100 GRY RED BRN
1331-8 1000 ± 10% 0.79 45 2.2 21.3 90 BRN BLK RED

•UTILIZING CLOSED MAGNETIC CIRCUITS SUCH AS TOROIDS. CUP-CORES. ETC.

INDUCTOR 
CHARACTERISTICS

JEFFERS 
MINI-STAB 

DESIGN

CONVENTIONAL DESIGNS

MINIATURIZED*
NON 

MINIATURIZED
MINIATURIZATION 

(WT. IN GRAMS) 1.0 0.5 to 2 2 to 10
STABILITY OF INDUCTANCE 

WITH TEMP. -55 to + 125‘C + 2% ± 10% ±2%
WITH APPLIED CURRENT 

(ZERO to 90 MAI - 1% - 30% NIL
WITH APPLIED VOLTAGE 

(TEST OR SIGNAL) GOOD POOR GOOD

The MINI-STAB design is in contrast to conven
tional inductor designs in which miniaturization is 
usually achieved at the sacrifice of stability (i.e., 
inductor designs of the closed magnetic circuit type 
such as toroids, cup cores, etc., tend to be inherently 
unstable). A comparison of these inductor character
istics is presented in the chart at the left.

The quantity 1 -f- j (f/f0) | can pop up in de
sign work so often that a short-cut solution in 
decibels would be a boon. Here is a simple slide 
rule solution that yields the answer in db quickly 
and with reasonable accuracy.

To evaluate 1 -I- j (f/f0) in db on the slide 
rule, just follow these four steps:

1. Set f on the D scale opposite f0 on the C 
scale. Read on the A scale opposite the B 
index.

2. Mentally add 1 to that value and set the 
hairline to (f/fo)2 + 1 on the A scale.

3. Multiply this value by itself, i.e., set the B 
index to (f/f0)2 + 1 on the A scale and move the 
hairline to the same quantity on the B scale.

4. Look under the hairline on the L scale for 
the answer. If (f/fo) is less than 3, read the answer 
in db directly. If (f/f0) is between 3 and 10, add 
10 db to the value on the L scale. (Ignore the 
decimal point for these readings.) If (f/f0) is 
greater than 10, | 1 + j (f/fo) I = f/fo

For example, find 1 -J- j (4/5) |. Setting 4 on 
D opposite 5 on C gives 0.64 on A opposite the B 
index. Set the B index to 1 + 0.64 = 1.64 on A, 
and then move the hairline to 1.64 on B. Read 
2.15 db as the answer on L.

Jesse Roth, Sr. Engineer, Avion Div., ACF, 
Paramus, NJ.

A Simple Staircase Wave Generator

A staircase generator having good stability and 
a wide operating range may be constructed as 
shown in the circuit diagram. Transistor Qi oper
ates as a free-running oscillator generating nega
tive pulses across R^. These pulses produce cur
rent pulses from the collector of Q2 which charge

Rl 
350a

R3 R4.
47K 5Oa

03 
2N49I

MINI-STAB Inductors can be furnished as being capable of 
meeting requirements of MIL-C-15305A. (Details on request.)

JEFFERS ELECTRONICS DIVISION
SPEER CARBON COMPANY 

Du Bois, Pennsylvania 
CIRCLE 531 ON READER-SERVICE CARD
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c pacitor C2 in steps. When the voltage across C2 
reaches the peak point voltage of ()3, this tran
sistor fires and discharges C2.

Resistor R2 determines the frequency of oscilla
tion of Qi and thus determines the period of the 
individual step without affecting the number of 
steps per cycle. The setting of R4 determines the 
amplitude of the collector current pulse from Q2 
and thus determines the number of steps per cycle 
w ithout affecting the period of the individual step. 
The waveforms show operation at two different 
settings of R4 which give four steps per cycle and 
18 steps per cycle.

This circuit can easily be adapted to operate 
as a wide range frequency divider by cascading 
stages similar to the stage formed by Ç2 and Ç>3.

T. P. Sylvan, Application Engineer, General 
Electric Co., Syracuse, N.Y.

FROM GENERAL INSTRUMENT CORPORATION

HIGH
RELIABILITY

FOR PENNIES!

and 
1 as 
per- 
ega- 
cur- 
arge

IRCASE 
TPUT

Tvpical output waveforms. Vertical scale is two 
veils per division. Horizontal scale is one millisecond 
pt division (right to left).

SELENIUM DIODES

1XH - Half wave - 50 PIV, 12.5 Ma 
2XH - Half wave - 100 PIV, 12.5 Ma 
4XH - Half wave - 200 PIV, 12.5 Ma 
5XH - Half wave - 250 PIV, 12.5 Ma 
8XH - Half wave - 400 PIV, 12.5 Ma

Also available as doubler, center tap, 4-way bridge and special circuits.

RADIO RECEPTOR COMPANY. INC
Subsidiary of General Instrument Corporation
240 Wythe Avenue, Brooklyn 11, N.Y.
General Inatrument Corporation include* F W. Sickle* Diriiioo, 
Automatic Manufacturing Diviiion. Radio Receptor Co., Inc., 
Micamold Electronic* Manufacturing Corporation and
Harri* Traniducer Corporation (Subtidiariet)
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Zener Diode Expands 
Telemetering Monitor Scale

The circuit used for monitoring, via telemetry, 
the B+ voltage of the tracking beacon in the 
X-7A RJTV (Ram Jet Test Vehicle) is shown in 
Fig. 1. This circuit provided a check of the B-f- 
voltage to the beacon and in addition was an indi
cation of beacon triggering.

VNT= 150 V
VT = 145 V

Here's

data 

on the

al El 
to r

HREE 
r. 11 
IIGH

FROM 400a

POWER SUPPLY

TO THYRATRON 
(TRACK. BEACON)

VNT = NON-TRIGGERING 
VOLTAGE

VT = TRIGGERING VOLTAGE

95K
TO TELEMETERING 

------ ► TRANSMITTER 
|2K---- (I 87V-1.81 V)

Fig. 1. Small voltage change in B-{- telemetry circuit 
left room for doubt.

VNT = 150 V

VT ï 145 V

FROM 400a 120V ZENER

POWER SUPPLY

TO THYRATRON f To TELEMETERING
TO THYRATRON 1------- ►TRANSMITTER

(TRACK, BEACON I (209v.| 75vl

172

DIAL HEAD AGASTA 
time / delay / relays

These relays have recently been re-designed—improved 
performance and appearance. So you’ll want up-to-di 
specs.

This free folder gives complete details on all models, 
it you’ll find operating specs, timing ranges, contact ।

PEED 
200 r 
REQI
OLT/pacities, dimensions, diagrams of contact and termii qr u 

arrangements, and data on mounting and installati
accessories.

For your copy, write: Dept. A :34-1124

AGA

•stem

ELASTIC STOP NUT CORPORATION OF AMERI , r

A Waters APW^ Sealed Potentiometer is 
¿1 La so watertight and so heat resistant that 
■ ■ it operates reliably even in boiling 
■ ■ water! The APW}£ is completely unaf- 
'11 fected by humidity and water vapor, the 

AP® two common causes of potentiometer 
i/2" dia. failures in aircraft and missiles, where 

pressure and altitude changes allow 
equipment “to breathe”. Naturally, the water
tight construction of the APW’ 2 also seals out dust 
and other minute particles which might cause 
failure. Meets MIL-E-5272A immersion specifi
cations by means of a double “O” ring shaft seal. 
The glass-to-metal terminal board is solder- 
sealed to the case. Available with 125°C or 150°C 
construction, mechanical rotation stops, special 
winding angles, values to 100K and tighter 
linearity tolerances. Can be supplied with op
tional split bushings and various shaft lengths. 
(Waters WPWJ2 Sealed Potentiometer features 
the same construction as the APW>£, but with a 
servo face.) Write for Bulletin APW-359.

Fig. 2. Zener diode in circuit increase output range to 
transmitter from 0.06 v to 0.34 v.

The difficulty encountered in the circuit of 
Fig. 1 was that the voltage change from trigger 
to no-trigger, when divided down for telemeter
ing, was so small that the beacon’s state of opera
tion was often questionable.

Fig. 2 shows the change that was incorporated 
in the telemetering monitor circuit which clearly 
defines the trigger/no-trigger state of the beacon. 
The zener diode provides a constant 120 v drop 
so that the voltage divider now reflects the change 
of 25 to 30 v. The change to telemetry transmitter 
is now 0.34 v instead of 0.06 v as in Fig. 1.

P. A. Walter and R. U. Moody, Lockheed 
Aircraft Corp., Missile & Space Division, Van 
Nuys, Calif.

Elizabeth, New Jersey
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EÇOENCn 
CIRCUIT

Custom HYSPERSYN* 
motors...a major advance 
in hysteresis-synchronous
motors! PATENT PENDING, TRADEM*"'

ALDA'

MANUFACTURING, INC 
WAYLAND, MASS.

POTENTIOMETERS 

SLUG TUNED COIL FORMS 

RF COILS 

CHOKES

POT HOOK® PANEL MOUNTS 

TORQUE WATCH® GAUGES 

C’TROL METER/CONTROLLER 

INSTRUMENTS

100 pps Pulse Train 
Synched From 10 pps Source

A need existed to provide a system which gen- 
eiates a 100 pps synchronized pulse train from a 
10 pps source. The system must be reliable and

Bekey Hyspersyn motors combine the desirable feature! 
of the hysteresis motor, the induction motor and the DC- 
excited synchronous motor. The result is a unique motoi 
with high starting torque, excellent damping character 
istics and up to 80% efficient. The Hyspersyn can b 
built to sizes from 1/100th to 1 horsepower; to operatf
on any frequency, voltage, or speed; 
in any ambient; and can be built to 
any shape.

Bekey specializes in custom rotat
ing equipment. No requirement is too 
specialized or too small. For answers 
to specific questions write to:

BEKEY 
CUSTOM 
MOTORS

Bekey Electric Dit 
Genisco, 

2233 Federal Avenue 
Los Angeles 64. Calif

The Ne 
eratinç 
up this 
on o v 
New Ji 
out—d 
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nisms, 
poiif;o: 
Writ I 
Poss bl
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ADVANCE PULSES
GUIDES
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)THER ACHIEVEMENT IN OPERATIONAL PIGITAL BY NEWTON

ring shaft sealmeans of a double

LOAD

► US
TRAOEMA»1

CIRCLE 538 ON READER-SERVICE CARD

COUNTER 
DRIVER

The entire potentiometer passes Liquid 
Immersion Tests per MIL E-5272A, par. 
and, excluding the shaft, passes the

Waters APHJ^ hermetically sealed 
precision potentiometer, in addition to 
maintaining the hermetic seal behind 
the panel, is itself tightly sealed against 
outside atmosphere and salt spray by

TORE.
TAL 'ATA

POLARITY 
RELAY

t«ppin<j <uoto>

SYLVANIA 
6910

lOpps
OUTPUT

APH'/2 
'/r dia.

IQUENCING 
aucun

NEWDTCON 
RECE'VE.

10 pps 
MASTER

models, 
contact i 
d termii

np, ,, I

Up

r<qiux»d it abort»At wav 
to nuil w

ULTIMATE IN RELIABILITY, 
NON-VOLATILE, INDESTRUCTIBLE

DIGITAL 
WK. ' JLãtJA

• feature 
the DC 

ue motet 
haracter 
q can be 
) operati 

CEY 
JTOM

MONO-STABLE
MULTI

10 msec

MONO-STABLE 
MULTI 
10 m sec

MANCHESTER, CONNECTICUT

al Electric offers a wide variety of Selsyns and Syn- 
to meet industry and Navy BuOrd specifications:

HREE FRAME SIZES — BuOrd Sizes 1 and 5 and a 
nailer G-E 15.

100 pps pulse train output is generated in this syn 
chronized, fail-safe circuit.

POTENTIOMETERS 
SLUG TUNED COIL FORMS 

RF COILS 
CHOKES 

POT HOOK® PANEL MOUNTS 
TORQUE WATCH® GAUGES 

CTROL METER/CONTROLLER 
INSTRUMENTS

programming stored servo action

Mass Spectrometer Test with leak rate less than 
10-7CC/sec. N.T.P. Pre-tinned, it can be easily 
soldered into the panel. Its terminal lugs are 
installed with a glass to metal seal, and are 
positioned for easy wiring. The brass case is 
plated in conformance with military require
ments. Waters APHJ^ HT Potentiometer also has 
high temperature operating characteristics. It 
derates to zero watts at 150°C; % watts may be 
safely dissipated at 125°C. Available .with me
chanical rotation stops, special winding angles, 
resistance values to 100K ohms and tighter 
linearity tolerances. Write for Bulletin APH.

SELSYNS and SYNCHROS
High-accuracy types for precise remote 

control applications

UGH ACCURACY—Ranging from ±1.5 degrees down 
j ±0.3 degrees, depending on model selected.
PEEDS—Models for operating up to 300, 1000, and 
200 rpm.

The Newton Programmer is a remote shaft positioning system op- 
eiating from • t ored digital data. Newton-made component« make 
up t s system which requires no tubes cr transistors, performs 
ra a wide range of D.C. Voltages. The "key" component is the 
New Ucon—essentially a decimal counter with electrical read
out-designed to form a positioning loop from a pure decimal 
numoer input Applications include programming of servomecha- 
ni»ni3. missile control -ystems machine tools or any remote shaft 
posi1 ining application
Writ for complete data, stating your particular requirements H 
Poss ble.
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REQUENCY—Both 60 and 400 cycle represented.
OLTAGES—115 Volt Primary and others available.

NEWTON 
PROGRAMMER.

Waters 
has an 
airtight 

case!

also remain in absolute synchronization, with the 
source pulse becoming every tenth output pulse. 
Fail-safe properties must be incorporated in the 
system so that the output pulses cease if the 
source pulses are interrupted.

The solution utilizes the decade properties of a 
cold cathode glow transfer counting tube, Sylvania 
6910. With the glow normally at cathode “zero,” 
the master pulse advances the count to cathode 
“one.” When the glow arrives at cathode “one,” 
monostable multivibrator (MMV)-A is triggered 
which advances the glow’ to cathode “two” after 
a 10 ms delay. When the glow arrives at cathode 
“two,” a positive transient is developed, trigger
ing MMV-B which advances the glow to cathode 
“three” after another 10 ms delay.

This cycle continues until the glow reaches 
cathode “zero” where it remains until another 
master pulse arrives. The staggered arrangement 
of the MMV’s is used to reduce the individual 
duty cycle to approximately 50%.

The system parameters can be modified to 
generate 1000 pps from a 100 pps source. The 
fill-in generators can be cascaded if desired. 
The counter driver and MMV’s are transistorized. 
Circuit details may be obtained by contacting 
the authors.

Jack Star and Edgar H. Fischer, Applied Physics 
Lab, J.H.U., Silver Springs, Md.

11 OR USE in torque transmission and voltage control 
nstallati ,stems.

TOPS

Mi I' 
era! i/er-e

FREE BULLETIN! For more information, write 
for publication GEA-6675, to Section 634
24, General Electric Co., Schenectady, N.Y.

MANUFACTURING, INC 
WAYLAND, MASS.
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• OTHER NON-FERROUS

half-round•quart
Pratista! gauges from Mi fo .002, Close tolerances heW.

10 V lOOOpf

,0 cps
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2N3O1

0- 25 V

50pf FOR FASTER
ASSEMBLY!2N30I

IN9I

KESTER
SOLDERFORMS
KESTER SOLDER COMPANY

Anoheii
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TRIAD
F-40X

OVER 60 YEARS’ EXPERIENCE IN 
SOLDER AND FLUX MANUFACTURING

0-500ma
(OR 0-1 amp 

INTERMITI

WRITE TODAY for sample assortment and 
full details on KESTER SOLDERFORMS.

taf.
round •

Two inexpensive transistors and a diode from the 
basis of this power supply.

Write for Catalog &AE-16.
? ELECTRONICS COMPANY
535 Avenue A. Bayonne. New Jersey

Consider WIRE and the importance of its function 
in your product. Whether a highly engineered appiè- 
cation or a simple stapling purpose, your choice of 
tho propor alloy or composition, temper and typo 
of wiro could mean success or failure during crucial

FOR 

CERAMIC-TO-METAL 

BRAZING
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phosphor bromo

Now, from Airflyte Electronics, comes light
weight, miniature switching commutators 
featuring low noise, low torque, long life and 
angular accuracy of 10 minutes of arc. Available 
either motor driven or hand detented, they meet 
MIL Specs. 5400 and 5272.
Ideal for programing, data processing, selecting, 
telemetering, high-speed sampling, analog
digital conversion, sync, drives, multi-pole and 
multi-throw switches and sinusoidal switches.

Power Supply Delivers 
Low, High I, Low Cost

This circuit fulfills the need for a high-current 
low-output impedance supply over an adjustable 
voltage range with a minimum of complexity and 
cost. The regulator is composed of two inexpensive 
power transistors and one 1N91 diode.

A 0-25-v adjustment over a 0-1/2-amp current 
output is featured. Output impedance varies from 
0.5 ohm to —2 ohms. Ripple voltage is 100 mv 
p-p maximum over the entire output voltage and 
current range.

The regulator is conventional except for the

One way to speed up production is to 
use solder that’s prefabricated to the 
job . .. the right size, shape, alloy and 
flux. KESTER SOLDERFORMS are 
doing a big job in reducing labor and 
material costs in electronic and other 
applications . . . will greatly speed up 
production for you.• Triggers up to 50 programmed functions.

• Period Variable from 0.1 to 1 second — Pulse 
Width Variable from 25 to 100 milliseconds.
• Handles more current than units three 

times its size.
• Built to operate on 18 to 32 volts DC 

at 60 ma.
• Completely potted for contamination- 

free operation,
• Withstands Vibration from 5 to 

2,000 cps and Shock of 50 G’s for 
11 milliseconds.

Complete Specifications available from

TIMECH CORPORATION
Specialists in Miniaturization

13866 SATICOY STREET —VAN NUYS, CALIFORNIA 

TRiangle: 3-3651

Send for descriptive folder.

LIÎTU FALLS ALLOYS
INC oiroi ATIO 

tit CaMwaM Avmmm • Paianan 1, N 1

negative current feedback effect from the de 
output ground return. Instead of returning to 
ground directly, load current lowers the bias on 
Q2 by increasing the forward drop on the emitter 
diode. This in turn lowers the bias on QI, main
taining the load current constant. A number of 
diodes may be tried to get the correct “over
compounding’’ to balance out the inherent regu
lation.

Charles T. Gage, Sigma Instruments, Inc., South 
Braintree 80, Mass.

new MINIATURE 
SWITCHING COMMUTATORS

BERYLLIUM 
COPPER 

stivalate •

SARKES TARZIAN 
M500 lamp

SPRING WIRE-WIRE FOR INSTRUMENTS 
ELECTRONICS-STRAND FOR WIRE ROPE AND 

•RAIDED APPLICATIONS-MANDREL WIRE 

WIRE FOR FORMS —RIVETS (■■M
STAPLING I I

2 Tn. 200n
-WV—f-------►

t plnted TITANIUM WIRt

NEW TIMECH TRANSISTORIZED TIMER

Actual

HANDLES 25 AMPS, 32 VOLTS INDUCTIVE

Model 
TMC-PG-I
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These leads adjustable 
to many applications

Bridge “T” coupling circuit allows mixing without 
locking.

Manufacturers of eyeleting machinery, 
special hoppers and feeding devices
132 LAFAYETTE STREET, NEW YORK 13, N.Y.

2/ftr 
1/2 IT R 
4 C2 IT

2030 Colorado Ave. 
Santa Monica 

California

Mix Two Oscillators 
Without Lock

Jack Brotzman, Naval Research Lab., Washing
ton 25, D.C.

Part of the secret’s in Segal’s 
unique anvil tool holder and 
spring loaded work tabla 
(shown at left) which allow 
the eyelet to pass through 
the assembly before staking 
or flaring. Avoids loose set* 
tings, compensates for mate
rial variations, too.

There’s a Segal ma* 
chine for every eye* 
leting application. 
Tell us about yours 
and we'll gladly look 
into it without obliga- 

!■ tion. And write today 
■■ for new bulletin ED-11

this Edward Segal 
automatic machine 

feeds, inserts and 
flares with utmost 

reliability!
Here's another reason why engineers 
specify Weepot... every Handley 
Potentiometer wound to 
.000003" accuracy

When no winding machine wai available to 
meet Handley's manufacturing standards, 
Handley developed its own winding ma
chines so that Handley potentiometers may 
be wound to .000003, using wire as small 
as .0045 in diameter. Winding lengths are 
maintained at ±3 millionths of an inch per 
1000 turns.

ent and
t L m.-:

The outputs of two free-running-sine wave 
oscillators whose frequencies were only slightly 
different, had to be mixed without allowing them 
to lock together. The solution was provided by a 
parallel “T” circuit between the two oscillators.

The output is taken from R\ and fed to a high 
impedance circuit. The values of the components 
are chosen so that there is zero transfer for one of 
the frequencies. This circuit was used in a beat 
frequency metal detector operating at about 3 me.

The formulas for the circuit are as follows:

CIRCLE 671 ON READER-SERVICE CARD
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fastening problems. They snap into place 
easily, lock tight when the screw is driven.

FASTEN
A DIVISION OF ILLINOIS TOOL WORKS 

195 Algonquin Road, Des Plaines, Illinois
In Canada: SHAKEPROOF/FASTEX 

Division of Canada Illinois Tools Ltd, 
Don Mills. Ontario

CIRCLE 670 ON READER-SERVICE

RATIC

Write for more information — 
(or check the reader service card)

The metal clad Handley Wee Pot offers many * 
unusual design features including a different 
configuration and long leads, many methods of 
mounting, high friction loading for minimum 
back lash, extreme accuracy, low impedance, and 
the Wee Pot can be sealed to meet MH F 5272A 
Inductive reactance is not measurable under 
900 KC. Exceeds NAS 710 for impedance 
Other characteristics make the Wee Pot worth 
considering for your next design

GET THE FACTS 
SEND FOR THIS 

TIMELY BOOKLET!

PLASTI-GROMMETS
CUTS FASTENING COSTS engineers 

specify...

You’re looking 
at just one 
reason why
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INPUT

IOOK
coe:

Fig. 2. Modified circuit transfers the bias resistor load 
to emitter circuit and almost doubles input impedance.

NEXT 
STAGE 
LOADING 
150 On.

Completely illustrated, with detailed 
drawings, specifications and prices.

Acid resistant. . • 
Need no insulation 
Can't rust. .. 
Can't corrode • • •

Can Tiny Bearings 
Protect 
Themselves?

CUT ASSEMBLY TIME

2-56, 4-40, 6-32, 8-32, 10-32 and Y4-20 
in stock. Actual production samples 
will give you the whole story. Write 
on your letterhead.

Increase Input Impedance 
Of Emitter Follower

GEARS • SHAFTS* COLLARS* CLUTCHES • 
BEARINGS* COUPLINGS • DIFFERENTIALS 
• SPEED REDUCERS and many other Pre
cision Engineered Parts & Components.
Send for your copy of thi» new, 

enlarged catalog, today.

5703-05 Northwest Hwy. * Chicago 46. Ill

Certainly they can. 
Carefully armored 
against dirt and dust, 
MPB shielded bearings 
are ideal in applications 
where contamination is 
o problem. Also, they 
simplify handling and 
assembling by retaining 
lubricants. For more 
facts write to Mf't4, Inc., 
911 Precision Park, 
Keene, N. H.

Simplify Conversion From 
Binary to Decimal Numbers

A binary number such as HOI 10110 may be 
converted to a decimal by adding the radix 2 
raised to the proper power for each 1 in the

Fig. I. Conventional emitter follower circuit parallels 
bias impedance with base impedance.

In this case the input impedance is the 47.3 K 
of the emitter follower base in parallel with the 
50 K bias resistor impedance or 24.2 K.

The circuit of Fig. 2 transfers the bias resistor 
load to the emitter and raises the input impedance 
to 41 K.

The input device sees the 10 K resistor increased 
by a factor of 1/1 — A, where A, = the voltage 
gain of the emitter follower from base to emitter.

James G. Barr, The Martin Co., Denver 1, Colo.
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IPS® MASTER CATALOG*20 

Lists over 10,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK!

Brady Pressure-Sensitive, All-Temperature Wire 
Markers for small gage wires are exactly %" long 
to fit wires under o.d. They cut your small 
gage wire marking costs in half because:

I. They cost half the price of Standard Markers, and
2 They go on the wire twice as fast.

You can’t drop Brady Wire Markers — they stick 
to your finger from Card to wire. * Stick and stay 
stuck — at temperatures to 300° F.! Choose from 
over 3,000 different stock markers—both Standard 
and Small Gage Size. Stocked by Brady Distributors 
in all principal cities. Specials made to order. Write 
for big new bulletin and free testing samples today'. 
* Remember, too, Brady makes the only marker that can be 
machine applied.

W. H CO , 787 West Glendale Ave., Milwaukee 9, Wis.
Manufacturers of Quality Pressure Sensitive Industrial Tape Products, 
Self-Bonding Nameplates, Automatic Machines for Dispensing 
Labels, Nameplates, Masks and Tape • Est 1914 ,

CIRCLE 526 ON READER-SERVICE CARD

An emitter follower such as might be used for 
the input stage of an amplifier often has its input 
impedance lowered by the loading effect of the 
bias resistors. A typical case is that shown 
in Fig. 1.

Helps you perform miracles in miniaturization
CIRCLE 527 ON READER-SERVICE CARD

176

.rdkL» DESIGN CORP. 
Subsidiary of BENRUS WATCH COMPANY, lnc.|

477 Atlantic Ave., East Rockaway, L.I., N Y

Now MARK- wires



ADVANCED TECHNIQUES

SECOND GENERATION VEHICLES

256. For coefficient gives 176; and for

LORD CAPABILITIES

Table of Values for Radix 16

READER-SERVICE CARD542 ON

have been utilized on many successful 
projects involving all types of mounting

were used to develop special elasto 
meric mounting system for

are introducing extremely 
sophisticated require-

magnetron on Bomarc. Surface-to-air environment of this Mach 2.5 
missile requires isotropic performance, excellent damping and high natural 
frequency (above 60 c.p.s.). Lightweight suspension isolates magne
tron from extreme disturbances including shock, high-frequency vibration, 
random excitations and sustained accelerations to I0G.

vibration/shock/noise

If your space age project requires reliability protection, utilize the 

capabilities available at Lord—specialists in vibration/shock/noise 
control. Contact the nearest Lord Field Office or the Home 
Office, Erie, Pa.

systems: center-of-gravity, rectilinear, focalized, high-returnability, 
active, integrated. Rigorous specifications have included protection against 
in-flight, storage and transport environments, broad temperature con
ditions from -65° to + 500°F, “white noise”, I00G shock loads, broad 
frequency spectrums, 25G superimposed sustained accelerations, 
random excitations and rotational inputs.

ments for shock and vibration protection. Utilizing experience gained on 
Atlas, Titan, Hawk, Jupiter, Tatos and Bomarc, Lord is now 
developing high-performance mounting systems for such advanced proj
ects as Minuteman and Mercury. Selection of Lord to custom design, 
test and manufacture mounting systems for these projects reflects Lord's 
outstanding capabilities for reliability protection.

ATLANTA, GEORGIA •CEdar 7 9247 
BOSTON. MASS. • HAncock 6-9135 
CHICAGO. ILL Michigan 2-6010 
DALLAS. TEXAS - Riverside 1 3392 
DAYTON. OHIO • BAIdwin 4 0351 
DETROIT. MICH. - Diamond 1 4340

KANSAS CITY. MO • WE st port 1-0138 
LOS ANGELES. CAL. ■ Hollywood 4 7593 
NEW YORK. N Y. - Circle 7 3326 
PHILADELPHIA, PA • PEnnypacker 5 3559 
SAN FRANCISCO. CAL. EXbrook 7 6280 
WINTER PARK. FLA Midway 7 5501
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coefficient 6, 16° gives 6. 256, 176, and 6 are added 
to give the answer 438.

Robert Banow, Ford Instrument Co., Bldg. 2, 
Division of Sperry Rand Corp., Long Island 
City, N.Y.

I l»in ry number. In this case it would be 28+27+ 
|2424+22+21 or 256+128+32+16+44-2 which 
I totals 438.

This method is long and tedious, and becomes 
mu< h worse as the binary numbers become longer. 
fh< method presented here was tried and found 
to save considerable time in repetitious mental 
conversions. The method involves the use of a 
hexi-decimal system, which is a system using 
radix 16.

The binary number is broken into groups of 
four starting from the right so the above number 
would be 0001 1011 0110. The groups of four are 

! then the coefficients of 16 raised to the appropriate 
power. The coefficients are evaluated by the 
ordinary method, mentioned above, for evaluating 
a binary number. However, this is a very simple 
mental calculation since the number must be 
between zero and fifteen. After some use, the 
values of the groups would be automatically 
recognized without calculation.

These coefficients are usually called 0,1,2,3,4.5» 
6,7,8,9,u,v,w,x,y,z, in order that only one char
acter be used to represent one coefficient. The use 
of 12 instead of w, for example, might be mistaken 
to be 1,2. To simplify the completion of the cal
culation, the accompanying table gives the values 
of the coefficient times 16 to various powers.

To find the answer to the problem, we see that 
there are three groups of four, representing Ki2, 
161, and 16°. The coefficient of the first group is 1. 
Looking at the table on the horizontal line corre
sponding to coefficient 1, it is seen that 162 gives

CJperattonal missile environments and extremely accurate con 
trol equipment demand advanced techniques in vibration ¡shock I 
noise control. Pioneered hy Lord, these techniques are applied to 
mounting system projects on a great variety of equipment.

■ O "In Canada — Railway & Power Engineering Corporation Limited"
If LORD MANUFACTURING COMPANY • ERIE, PA
CIRCLE 543 ON READER-SERVICE CARDIRCLE

COEFF. 16° 161 I61 163 16«

1 1 16 256 4096 65,536
2 2 32 512 8192 131,072
3 3 48 768 12288 196,608

4 4 64 1024 16384 262,144
5 5 80 1280 20480 327,680
6 6 96 1536 24576 393,216

7 7 112 1792 28672 458,752
8 8 128 2048 32768 524,288
9 9 144 2204 36864 589,824

(10) u 10 160 2560 40960 655,360
( 1) V 11 176 2816 45056 720,896
( 2) w 12 192 3072 49152 786,432

( 3) x 13 208 3328 53248 851,968
¡ 4) y 14 224 3584 57344 917,504
(15) z 15 240 3840 61440 983,040



Where only the best is good enough 
. . . you’ll see PATENTS

Generation of Electrical Fields

Patent No. 2,881,335. Bernard Vonnegut.
(Assigned to Arthur D. Little, Inc.)

A self regenerating means to produce 
separate dense charge formations is ap-
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plicable to the creation and control of 
thunderstorms. Likewise it is possible by 
this means to transport particles to ar^as 
inaccessible by spraying, brushing or roll
ing.

Initially, a positive voltage is applied 
to plate 30 to cause a corona discharge 
from point 25. Negative ions moving to
wards plate 30 will become attached to 
cloud particles and the moving air will 
cause the negatively charged particles to 
accumulate at the top of cloud plume 21. 
As a result, point 21 will discharge and 
the moving air will assist the accumula
tion of positively charged particles in 
plume 20. With sufficient charge piled up 
in plume 20, the discharge from point 25 
is self-exciting and the potential differ
ence between the clouds builds up suf
ficiently to produce lightning across the 
clouds.
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electronic instruments
In basic electronic instruments for lab or test work, less than the 
best may be a dangerously bad bargain. Unexpected limitations — 
of reliability, range, precision — can throw out weeks of work on 
today’s jobs, and can make tomorrow’s tougher jobs untouchable. 
The best instrument of its type is probably a bit more expensive, 
but it’s worth buying . . . because you can believe in it today, and 
will rely on it tomorrow. An example is the Krohn-Hite Model 
440-A wide range push-button oscillator illustrated here.
Exactly because K-H instruments are good enough even for tomor
row’s most critical work, they are increasingly chosen today where 
true reliability and precision are needed.
Oscillators — .001 cps to 520 kc, dial or push-button tuning, less 
than 0.1% distortion, sine wave and square wave outputs.
Power Supplies — zero to 600 volts dc, zero current to 1 ampere, 
regulation .001%, ripple less than 100 /¿v, internal impedance 
0.1 ohm to 100 kc.
Power Amplifiers — 10 to 50 watts, dc to 1 mc, transformer 
or direct coupled, 0.005% distortion.
Tunable Electronic Filters — variable from .01 cps to 200 kc, band 
pass, band rejection and servo types.

Write for your free copy of the new Krohn-Hite Catalog

CORPORATION
580 Massachusetts Avenue, 

Cambridge 39, Mass.
CIRCLE 544 ON READER-SERVICE CARD

ALLOY

Potentiometers wound with our
#479 Platinum Alloy Wire 

have exceptionally low noise 
level, even after extended 

periods of shelf life ...

They can be depended upon for 
excellent wear characteristics.

SIGMUND COHN CORP.
121 SOUTH COLUMBUS AVENUF 

MOUNT VERNON, N Y

CIRCLE 545 ON READER SERVICE CARD
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Deviation Oscillator

patmt No. 2,898,554. Gale W. ('rampton. 
(Assigned to Victor Adding Machine Co.) 

Inputs A and B set the voltage on the 
control grid of a 6AS6 pentode phantas
tron and thereby determine the rundown 
time.

Initially capacitor 30 is charged to line

voltage with the tube cut off. The capaci
tor discharges until control grid and plate 
voltages are equal at which time the pen
tode is cut off. The capacitor again 
charges to line voltage and the cycle re
peats according to the voltage between 
the two inputs.

INPUT A

BLANK/Nd

INPUT- B

OUTPUT

The 6845/TE-59 ii limitar in e/ec- 
tricot and mechanical characleriifict 
to the 6116 but may be operated 
under pu lied condition» with mini
mum frequency modulation.

The 6940 TE-58 it identical to 
the 61)6, but hot tpecial character- 
ittici limiting tpectrum width and 
tpectrum continuity under advert, 
load conditiont.

The 6116/TE-39 ruggedized Reflex 
Klyitron thermally tunei a band of 8500 
to 9660 MC by meant of a diode within 
the vacuum envelope. Tuning tpeed over 
the required frequency range it 0.7 
tecondt min. to 3.0 tecondt max.

BENDIX RUGGEDIZED REFLEX 
KLYSTRONS 

WITH THERMAL TUNING

1959

EVERY YEAR MORE
AND MORE ENGINEERS
SPECIFY SUN QUALITY METERS

And — there is a reason. They know that SUN Electrical Indicating 
Instruments are noted for their high degree of Accuracy — Depend
ability — Superior Design and Workmanship. Sun meter quality has 
been proven through years of trouble free service in Sun’s famous 
automotive test equipment under the most severe shop conditions 
in all parts of the world.
In SUN’s complete line, you’ll find meters to meet your most exacting 
requirements. Write for a free catalog Today!

ELECTRIC CORPORATION

The 6116/TE-39 Klystron tube com
bines ruggedized construction and 
thermal tuning. The combination pro
vides a desirable tube for use in air
borne radar and similar applications. 
Ruggedization makes possible a fre
quency jitter of less than + 1.3 MC 
. . . at vibration levels up to 10 G at 
50 cps. T hermal tuning provides a 
twofold advantage. It permits tuning 
the tube over its entire operating fre
quency remotely without mechani
cal means—and the tube can be

repeatedly cycled throughout 
tuning range without damage 
deterioration.

its 
or

These Reflex Klystrons are but one 
example of how Bendix Red Bank 
technology can help you meet spe
cialized tube needs. For information 
on these tubes . . . and on backward
wave oscillators and traveling-wave 
tubes . . . write red bank division, 
BENDIX AVIATION CORPORATION, 

EATONTOWN, NEW JERSEY.

West Coast Sales & Service: 117 E. Providencia Ave., Burbank, Calif.
Export Sales & Service: Bendix International Division, 205 E. 42nd St, New York 17, N.Y.

Canadian Distributor: Computing Devices of Canada, Ltd., P.O. Box 508, Ottawa 4, Ontario

Division
HARLIM ANO AVONDALE • CHICAGO M, ILLINOIS, U.S.A.

INSTRUMENT DIVISION
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NEW BEDFORD, MASS.
CIRCLE 552 ON READER-SERVICE CARD
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LIFE
Life expectancy of
10 years or longer!

QUALITY
Premium materials and precisely 

controlled manufacturing processes!

computer grade and telephone type

ELECTROLYTICS
Available now from Aerovox... two types of long-life, high-quality electrolytic capacitors 
precisely engineered and manufactured for high reliability applications in telephone 
networks and computers. These units have a useful life expectancy of greater than 10 
years when operated within ratings. Operating life will be further improved when 
ambient temperature is below 65°C. Units are rated for operation at temperatures from 
-20°C. to + 85°C. Precisely controlled manufacturing techniques and use of highest 
purity materials assure this outstanding high reliability.

TYPE TAF - features popular “twist-prong” mounting ears and pillar type mounting ter
minals. Bossed terminals and special vent construction are molded in can cover. All units 
coated with corrosion-resistant paint. Available in voltage ratings from 6 to 450 VDC and in 
a wide range of capacitance values including dual and triple sections.
TYPE QE - manufactured in drawn aluminum cases in four diameters and one standard 
4V2" height. Available in a wide range of capacitance values at voltage ratings from 6 to 450 
VDC. Screw type terminals for bus bar connections. Ideal for ganging units in banks.
Write, wire or call today for complete technical literature on these units and quota
tions on any required quantities ...

AEROVOX CORPORATION

180
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PATENTS
Synchronizing Signal Generator

Patent No. 2,884,561. Harold E. Beste.
(Assigned to Allen B. 
Inc.)

A single-sheet beam 
generate the standard 

Du Mont Labs.,

tube is used to 
television timing

pulses. Electrons ’emitted from an axial 
cathode are caused to rotate at 15,750 
cps so as to impinge upon electrodes 
which are properly shaped, sized and 
located to produce the H, serrated, and 
equalizing pulses.

Sheet 9a rotates the strike anode 10 
once during 5 psec (H-scan period). Sheet 
9b hits anodes 12 and 14 each revolution; 
the dwell time per anode is 2.54 psec 
(equalizing pulse period). Sheet 9c hits 
anodes 16 and 18 once per revolution 
dwelling on each anode 24.75 psec (ser
rated pulse time.) The requisite gaps in 
the train of synchronizing pulses are ob
tained by gating control grids 22a, 22b 
and 22c. Initiation of the pulse series is 
prescribed by the narrow 31,500 cps 
pulses produced when the sheets impinge 
on wire loop 26.

SOLUTION

II 
the 
to s 
app

UiOULiEu ulfidd 
BUT DOESN’T AFFECT 

AUTRONEX GOLD PLATE!
Autronex® Gold Plated transistor 
headers were suspended in C.P.—4 
solution (nitric, acetic and hydrofluoric 
with bromine) for several hours . . . 
the header’s glass seals dissolved, the 
Gold Plate remained intact.
This dramatic experiment, carried out 
by one of the country’s prominent 
manufacturers of semiconductor prod
ucts, demonstrates some of the 
superior metallurgical properties of 
electroplate produced with the 
AUTRONEX ACID GOLD PLAT
ING PROCESS*—for all industrial 
applications.
The simple to prepare bath is mildly 
acidic (pH 3.5—4.5), operates at room

which are mirror-bright in any thick
ness. AUTRONEX electroplates also 
offer approximately 75% greater re
sistance to abrasive wear over con
ventional Gold plate.
For complete details on uses, bath 
preparation, equipment required, etc., 
ask for #EG-1.

♦Patented

AUTRONEX EASILY PASSES ALL RIGID 
PERFORMANCE ACCEPTANCE TESTS

• SALT-SPRAY TEST
• MANDREL-BEND TEST
• BOILING WATER TEST

temperature, and produces deposits
PRECIOUS METALS DIVISION

SEL-REX CORPORATION 
NUTLEV IO, NEW JERSEY

Manufacturors of Exclusive Precious Motois Processus, Metallic Power Hoctlfiort, Airborno 
Power Equipment, liquid Clarificatlon Filters, Motoi Finishing Equipment ond Supplies . —



Boil

NOW for the first time!
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Binary Half Adder

patent No. 2,901,602. Elmer L. Younker.
(Assigned to Bell Telephone Labs, Inc.)

Ihe logical circuit produces two out- 
puts—a “sum” when the inputs are ap
plied separately and a “carry” when the 
pulses are applied simultaneously.

Initially pentode 17 is conducting on 
the screen with zero plate 35 current due 
to suppressor 16 cut off. A positive pulse 
applied to the suppressor causes the plate

to conduct the “sum” output. By contrast, 
if the positive pulses are applied simul
taneously to the suppressor and the 
cathode, the suppressor-to-cathode volt
age does not change and plate conduc
tion is zero.

Note, however, that the simultaneous 
application of the positive pulses to in
puts 10 and 11 causes diode 19 to cut off 
and a “carry” pulse is available at ter
minal 23.

INPUTS

NN 
^20

¿0
ni/®

36^

35

dS^-^CARRY

KING*SIZE
AMAZING NEW SUBMERSIBLE

^—39

Standard Aluminum 
INSTRUMENT 

CASES

Only TA offers you:
it New extra-deep, submersible design! 
it Choice of 120 basic typer, and sizes! 
it Tailored cases at off-the-shelf prices!
it Special shock-mounted reinforced aluminum construction! 
it 4-week delivery on prototypes!

TA’s new King-Size line includes cases up to 30" high-yet prices are comparable 
to those of standard-depth containers.
You simply choose from the many standard lid sizes, specify the depth and acces
sories (latches, handles, pressure relief valves, etc.) and TA does the rest. In fact 
TA even furnishes you free vellums and templates so you can design your instru
ments to these standard sizes and save yourself costly tooling charges.

Write for TA Engineering Manual 402G. Free —(no obligation). 
Get the TA King-Size sfory today.

TD Mfg. Corp. 4607 Alger Street • Los Angeles 39, Calif.
r (or call CH 5-3748)

TWX 9863 Glendale, Calif. • WUX CAT Los Angeles, Calif.

yjw/LIMK'h
A DIGEST OF NEW DEVELOPMENTS 

IN ELECTRONICS AND AUTOMATION

PUBLISHED BY ROME CABLE CORPORATION, ROME, N. Y.
PIONEERS IN INSTRUMENTATION CABLE ENGINEERING

GLEAM IN ELECTRONIC EYE. There’s more than one way to distinguish male 
from female, but the Army’s newly developed ultra-sensitive radar system 
is certainly the most up to date! It’s so sensitive it can spot even the slightest 
movement behind enemy lines—and distinguish between a walking man and 
woman! The blips provide the tip-off: a woman walks differently than a man 
and produces a different wave on the radar. This ground-to-ground system 
operates in fog or darkness, enabling the Army to detect moving targets at 
long range. Vehicles can be spotted 10 miles away and, in tests under ideal 
conditions, a walking soldier has been spotted 15 miles away.

WATCH OUT FOR THE MOHOLE! Watch for a new geophysical race between 
American and Soviet scientists: drilling through the earth’s crust and the 
mantle around the earth’s core. A variety of electronic instrumentation will 
be used in the drilling of a “Mohole”—so named because the boundary be
tween crust and core mantle is called the Mohrovicic Discontinuity. Ameri
can scientists propose to go down 18,000 feet below the ocean floor to measure 
a number of physical and chemical properties, including density, radioac
tivity, elasticity, magnetism, electrical properties, thermal gradient, porosity, 
permeability, and pressure. Existing instrumentation can be used if the hole 
is not smaller than 4 inches in diameter. Steps are being taken to develop a 
satisfactory low-frequency seismometer.

WHAT’S NEW IN INSTRUMENTATION CABLE? This 8-page illustrated bulletin 
discusses cable insulation and jacketing material and lists typical multi
conductor cable constructions available for use with telemetering equipment, 
data recording equipment, circuit control testing and electronic computers. 
Every design engineer working with electrical cable should have a copy. To 
obtain your free copy, write to Impulse, c/o Rome Cable Corporation, Dept. 
1111, Rome, New York.

REAL-LIFE FLYING SAUCERS. Plans have already been made for saucer-like 
platforms to be stationed miles above the earth, powered by microwave energy 
beamed from the earth to the sky. A new scientific breakthrough—the de
velopment of a high-frequency, high-power microwave tube—makes this proj
ect feasible. Ergo, a previous engineering vice becomes a virtue: in communi
cations, generated heat must be kept to a minimum; on the platform, the 
more heat generated, the more propulsion power is made available. It may 
not be long before there will be no question as to the authenticity of reported 
“flying saucers.”

CABLEMAN'S CORNER. An important phase in multi-conductor cable manu
facture is the manner and equipment used to “cable,” or “twist,” the various 
components together. The end use of the cable becomes an important factor 
in the assembly of a cable. Where flexibility is important, the length of lay, 
direction of lay, and the internal components all play important roles. Where 
connector fittings are employed, the sequential arrangement of the compo
nents may be important. Because of differing machine capabilities, even the 
selection of the specific piece of equipment for assembling your cable becomes 
important. To obtain the best results, consult a cable specialist—a man fa
miliar with all the aspects of cable manufacture—your Rome Cable salesman.

These news items represent a digest of information found in many of the publica
tions and periodicals of the electronics industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each can 
be found in the original source material. Sources will be forwarded on request. ©
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Clock Pulse Circuit For Transistor
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LEADERS IN CREATIVE TAPE APPLICATIONS”
CIRCLE 558 ON READER-SERVICE CARD
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PRINTED PANEL CIRCUIT PADS

stock. Available in black, black and white, or red 
(24 to 48 hour service.)

PRECISION DIE CUT MASKS

CHART & GRAPH TAPES

TOLERANCE WIDTHS—PRODUCTION ROLLS

ELECTRONIC DESIGN

See your R&D metamorphose into

Guidance System contracts require 
that we add to our staff. If you have 
3 to 5 years of experience, you 
probably qualify for a position 
responsibility. Inquire today of Mr.
C. T. Petrie, Manager, Research &
Engineering Staff,

LITTON INDUSTRIES Electronic Equipments Division
Beverly Hills, California

Please write direct to advertiser mentioning ELECTRONIC DESIGN

Attach Leads to Ultra-Fine Magnet wire?
and Economically

Send for samples illustrating how Deluxe Coils 
advanced engineering and manufacturing know-how can 
supply miniaturized coils (48-56 gauge wire) w/fh leads
Cut your scrap and termination problems

Flip-Flop

Patent No. 2,898,479. Melvin R. Elroy.
[Assigned to Hughes Aircraft Co.)

An improved transistor flip-flop circuit
reduces the required clock pulse pover
and allows the application of relative^
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For the design or production engineer, here are exciting, 
innumerable applications of precision die-cut, 
pressure sensitive tapes, which do away with ink. Whether 
you need fast master layouts, want to reduce drafting 
time or make fast prototypes—here are proved in 
operation clean die-cuts, and connector strips.
NEVER, BUT NEVER, HAS A ROLL BEEN
RETURNED Check your special needs and order today.

Just remove pad from liner—no dispenser needed.
Pull down liner exposing die cut for easy pick off. 
You name the design—circle, multi circle, elbow,
teardrop, fillet adapter and other standard forms.
(Or forms made to your specifications). Every
die-cut shape is clean and sharp-tolerance plus or
minus .002 . . . 1,000 die cut pads per roll;
assortable to make quantity. Hundreds of dies in

Actually cut labor costs 300-500%
Available either in individual pieces with 
Butter-Fli’ backing or in roll form with pull down 

liner for easy pick-off. Just two simple steps;
remove backing from mask—apply to work area 
Any shape—any size—any amount. Every die cut 
shape is clean and sharp. Choose from 300
different tapes or specify your own design. 
(24 to 48 hour service.)

UMm?1/32 to 6' width rolls. Pressure sensitive
adhesive backing for easy application. Available
in 14 colors. (24 to 48 hour service.)

Over 300 different pressure sensitive tapes always 
in stock. SPECIAL TOLERANCE PRODUCTION

(24 to 48 hour service.)

PRODUCTS CO
4932 Disston Street, Phila., 35, Pa.

WIDTHS FROM 020 AND UP. Full length rolls— 
60 yards • 72 yards, etc. Guaranteed tolerances.

Mfrs, of the most
complete tape specialty » < w 
line for industry.

November 11, 1959



It Makes You Stop and Think

I cil :uit 

po »ver

lops re

uiie only about 200 ma of clock trigger
ing current. An npn transistor flip-flop 
obeys the illustrated truth table as the 
cloc k pulses shift the common emitter 
voltage from —1.5 v to 0.5 v.

Assume, as shown, that the ] input is 
at 1 v and the K input is held at — 1 v; 
transistor 4 conducts while transistor 2 is 
cut off. Now, let the clock pulse shift the 
common emitter (terminal 7) potential to 
4-0.5 v.

Transistor 2 remains cut off but the 
emitter 6—base 10 voltage is sufficient to 
cut off transistor 4. A pulse couples back 
through capacitor 34 to flip transistor 2 to 
conduction. It is obvious that when both 
J and K inputs are simultaneously at 
4-1 v, the flip-flop will be insensitive to 
the clock pulses and no change will occur.

Microwave Switching Device

Patent No. 2,900,568. Dudley N. Brew
ster. (Assigned to Sylvania Electric Prod
ucts, Inc.)

A high-power discharge in a resonant 
TR device ordinarily causes sputtered 
metal to deposit on the iris or window. 
This tends to short-circuit the window, 
detune the cavity or make the window 
opaque to microwave transmission.

Invention lies in providing projecting 
ridges, 16a and 16b, of dielectric along 
the edges of the window adjacent to the 
area of sealing to the metal. Deposition 
of metal on the window is transparent to 
electromagnetic energy passage.

r—
18 —

1959

E

Everywhere you turn, you see more and more Prodelin equipment 
being used for RF transmission. Coaxial cable, transmission line, 
connectors, antennas, and complete systems are all in heavy demand 
because of Prodelin’s superior specs and performance . . . better price 
and delivery. Review your own needs and you’ll see that Prodelin 
can do the job better for you!

¿7“ x Q a
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AUTOMATIC
SIOÌ 
CES

various models 
to choose from 

vacuum tube or
transistorized

precision GO..NO-GO

voltage

a/ products:

«gaggi.

------------- -----------------------------------

SEMI-FLEXIBLE ALUMINUM 
COAXIAL CABLE A CONNECTORS

Whether your problem is weight, at
tenuation or power, Prodelin Spir-O- 
line does the job better. With Spir- 
O-line, you increase your system and 
aircraft range by reducing attenua
tion and weight. W Spir-O-line 
weighs only 12 Ibs./lOO ft. . . . 
handles 400 watts average power 
with a loss of only 4 DB/100 ft. at 
2 KMC. %" Spir-O-line weighs 34 
Ibs./lOO ft. . . . handles 1 KW aver
age power at 2 KMC. with a loss of 
only 2 DB/100 ft.

(PATENTS PENDING)

—rwUwi Series 800 — - 
RIGID COAXIAL TRANSMISSION LINE

Ready to meet all demands, Prodelin 
rigid line is now available in Stand
ard EIA copper, EIA lightweight alum
inum and in aluminum with the new 
Spir-O-lok connectors. All lines fea
ture the electrically transparent com
pensated pin supporting structure. 
This field proven feature allows peak 
powers which approach theoretrical 
values. The 3*/s" line can handle, at 
atmospheric pressures, peak powers 
of up to 3 megawatts with no addi
tional pressurization.

New 4Ve" line can handle 50 KW 
average power at 250 MCS, for great 
savings through less weight and 
smaller line size.

APPLICATIONS:
Automatic

Go... No-Go
Testing

Automatic
Decision
Making

Automatic
Checkout
Circuits

Automatic
Control

Automatic
Voltage 
Calibration

Comparative

MICROWAVE ANTENNAS

Ii III II 
model 3T

To complement its already famous 
line of microwave antennas, Prodelin 
makes available its unique antenna 
package for 6 and 7 KMC. The 
package incorporates Spir-O-line semi
flexible coaxial cable and Spir-O-lok 
connectors for low loss and easy in
stallation. Available in 4, 6, 8 and 
10 ft. antenna sizes the system is 
particularly recommended for use in 
passive reflector systems or on other 
short runs. The new system greatly 
reduces engineering time and com
ponent expense.

imKl MOBILE ANTENNAS

Prodelin’s new series of VHF an
tennas include the ground plane, the 
unity gain coax, and the Omni-6. The 
Omni-6 is a collinear gain antenna 
designed to meet the need for a 
6 DB gain antenna with a minimum 
of cost and wind loading. All an
tennas are corrosion resistant and 
terminate in type "N” connectors. 
All are capable of withstanding 100 
MPH winds while giving superior 
performance. All connectors are pro
tected by a metallic shield from in
stallation damage and weather.

Send today for full performance data 
and specifications on the Prodelin line

MORE SfNSITIVf A PRECISI 
THAN METER RELAYS

sensitivity—better than 1 millivolt

Prodelin stocks component parts, supporting 
hardware, and accessories for all lines. /

307 Bergen Avenue • Kearny, N J. 
Dept. ED-11Repeatability of trip point-hetter than SO microvolts 

Output-relay contacts for external connections

write for free Engineering Guide to Dept. j
CIRCLE 559 ON READER-SERVICE CARD

San Diego 
Phoenix •

MAYOWELL & HARTZELL, INC.
San Francisco

Portland Seattle
Los Angeles
• Spokane
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Human Engineering
out a survey, it would be impossible to

A. Ford, U. S. Navy Electronics Labora-
tory, San Diego, California NEL Report
761, OTS Publication, PB 151291, Dis
tributed by U. S. Dept, of Commerce,
Office of Technical Services, 119 pp, $2.75

Bioelectronics represents a union of
electronics with physiology and psychol
ogy, for the purpose ol measuring the
electrical changes associated with the
bodily functions of human beings. At its
present stage, bioelectronics does offer
great promise in human engineering. Dr.
A. M. Small, Sr., formerly Head of the
Human Factors Division, U. S. Navy Elec
tronics Laboratory, saw the possibility of
applying bioelectronics to several NEL
problems. Dr. Small also saw that, with-

know whether the new projects w< uld
overlap work being done elsewhere, md
it might even be impossible to emphasize
the safe bioelectrical techniques and avoid
the unsafe ones. He therefore assigned
the writer of this book the task of making
a survey of 614 studies covered in the
book. These 614 were selected from al
most 800 studies by eliminating those
which were obviously only slightly sig-

The presentation takes the form of an
annotated description of work cited by
author, title, and location. To secure
complete data on work elsewhere, even
form of research communication, informal
as well as formal, has been considered
and is listed herein. The papers include

N ENJOY the CONVENIENCE
of these EASILY MOUNTED

An extremely versatile high precision DC measuring instrument, the
new Hallamore Potentiometric Voltmeter, Model 0181, offers important
advantages for application both in the laboratory and in systems cah-
bration. It mav be used as a null detector, quasi-deflection potenti-
ometer, or galvanometer. Instrument may be removed from portable
case for standard rack mounting. Galvanometer demounts from unit
for separate use when required. Direct readout is provided on 6 decade
switch dials, as well as on the galvanometer. Operating range...0—10
VDC, Accuracy... ± 0.025%, ± 3microvolts. This exclusive Hallamore
development affords high stability and resolution... operates from con
ventional power sources... will stabilize within 15 minutes. For detailed
information concerning specifications, applications, and early delivery,
write Hallamore Electronics Company, 714 N. Brookhurst St., Anaheim,
California. Phone PR 4-1010: a division of The Siegler Corporation.

HALLAMORE
Engineers with an interest in the design of high precision electronic
equipment, send resume c/o O. M. Snow, Engineering Recruitment.

CONVERTS

CABIN ET/CONSOLE

• Mount at any desired height on
standard-tapped front mounting rail

Standard units 217i" wide—
available in 2-, 3- or more section
widths with continuous surface

RACK CABINET

Mounts on our standard relay rack cabinets. Slope
front heights: 12’4", 14", 17'/a" — angled 15° from
vertical. Writing surface depths: 12!4", 14", 17’/a".

CONSERVES PANEL SPACE
For Console or Cabinet—requires only 3'/a" of
valuable panel space. Depth: 15%" or 18%".

Flush-mounted writing surface in choice of aluminum,
Formica, steel • Standard construction spot-welded
steel—aluminum available • Gray hammertone baked
enamel standard finish —MIL available.

Write for compioto data

Western Devices, Inc for VENTILATED RELAY RACK CABINETS
CONTROL CONSOLES, BLOWERS, CHASSIS,
‘CHASSIS-TRAK’*, RELATED COMPONENTS
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FIRST Airborne Atomic Frequency Standard

Uses HERMES CRYSTAL FILTER

9192 631 440 Me21.8872186 Me
SYNTHESIZER

tions,

aevb

jlfilWr

Dept75 Cambridge Parkway

CIRCLE 567 ON READER-SERVICE CARD
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A limited number of opportunities is available to experienced 
circuit designers. Send Resume to Dr. D. I. Kosowsky.

e new name for HYCON EASTERN, INC. is

Included here are

The National Company’s Atomichron is the world’s most accu
rate and stable instrument of its kind. It compares the precise 
unvarying resonance of the cesium atom which occurs at exactly 
9192.631840 Me with the ouput of a Crystal Oscillator. One of the 
critical problems in the development of the Atomichron was the 
elimination of spurious responses which occurred while generating 
the cesium frequency hy a complex synthesis technique. The use of a 
Hermes Crystal Filter, Model 66IB, between the Synthesizer and the 
Multiplier (see block diagram above) removed all spurious responses 
and allowed exactly 21.8872186 Me to pass to the Multiplier.

Hermes Crystal Filters were selected for this critical application 
because of their sharp frequency characteristics, small size, and 
excellent performance over a wide range of severe environmental 
conditions. Close cooperation between the Engineering Departments 
of the two companies contributed to the rapid development of this 
new frequency standard. Hermes Crystal Filter’s characteristics, 
Model 661B. include: Center Frequency: 21.8872186 Me; Band
width at 6db: 6Kc; Bandwidth at 60db: 15 Kc: Insertion Loss: 3dh 
max; Temperature Range: —55 ’C to 4-85°C.

Whether your selectivity problems arc in transmission or recep
tion. AM or FM, mobile or fixed equipment, you can call on Hermes 
engineering specialists to assist you in the design of your circuitry 
and in the selection of filter characteristics best suited to your needs. 
Write for Crystal Filter Bulletin.

FREQUENCY 
MULTIPLIER

CONTROL 
CIRCUIT

HERMES 
CRYSTAL 

FILTER

5 Me 
CRYSTAL 

OSCILLATOR

HERMES CRYSTAL FILTER 
Model 661B measures 
long x 1 wide x V/jj high.

* NATIONAL'S 
AIRBORNE ATOMICHRON

their properties, production, price, appli
cations and selection. Sixty plastics pro
ducing companies contribute articles de
scribing their own materials. These 
materials include the seven new primary 
plastics of 1958.

The book also describes the significant 
recent improvements in established plas
tics, and the 100 most important patents 
issued in the plastics field for 1958. 4n 
“Introduction to Polypropylene” explains 
Professor Natta’s work and the earlier 
German development of stereospecific 
catalysts. The? book also gives complete 
information about polypropylene and 
polycarbonate. A section on graft copoly
mers describes the use of that technique 
in modifying plastics properties.

This book is a unique approach to plas
tics that concerns itself almost exclusively 
with latest developments. It contains the 
first and only survey of federal-sponsored 
research in plastics, and was made by 
James Kanegis of the Department of 
Commerce. It continues the practical 
presentation begun in the author’s fa
mous “Concise Guide to Plastics.”

ALPHA WIRE CORPORATION. 200 Varick Street, New York 14, N. Y 
CIRCLE 566 ON READER-SERVICE CARD
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un lublished doctoral and masters dis
sertations and, in some cases, even in
fo) nal mimeographed notes of a research 
worker sent to his colieages in other 
places. Sometimes the citation is that of a 
progress report on a military contract, or 
the abstract of a proposed paper to be 
read before a scientific meeting.

The information has been collected by 
reading original reports, insofar as possi
ble, which has been facilitated by cor
respondence with the authors and direc
tors of bioelectronic research in other 
places. Many of these men provided 
copies of hard-to-get reports and memo
randa not listed in any library. In a few 
instances it has been necessary to use 
abstracts of work written by other re
viewers, but usually only in minor cita-

Source Book of the New Plastics

Herbert R. Simonds, Reinhold Publish
ing Corp., 430 Park Ave., New York 22, 
SY., 362 pp, $10.00

COMPLETE LINE

ALPHLEX

Write tor free ALPHLEX* catalog

Cable • ALPHLEX " 1ub'nR

ALPHLEX* tubing is available 
for IMMEDIATE DELIVERY from your local 

Alpha Wire electronic parts distributor

High Temperature Fiberglass Sleeving 
Teflon Tubing

Plastic Tubing
Plastic Zipper Tubing
Silicone Rubber Fiberglass Tubing
Silicone Impregnated Fiberglass Sleeving 
Plastic Impregnated Fiberglass Sleeving



EDDYSTONE Receivers have die cast frames and turrets, condensers 
milled from solid, silky fly-wheel tuning with no backlash. Sensitivity, 
selectivity and image rejection are controlled and guaranteed. These pre
cise laboratory instruments monitor telemetering, aircraft and mobile 
radio. They have been chosen for tracking “Explorer” and "Discoverer” 
Satellites.

19165 Me 
Model 77OR
150-500 Me 
Model 77OU

EDDYSTONE
TUNES 19-500 Me.

★ Continuous coverage in 6 bands
★ Receive FM or AM
★ Continuous duty cycle
it Accurate freq. cal. 34 foot vernier

Exclusive U.S. Sales A Service:

it 2.5 and 600 0 outputs, with muting 
it Effective noise limiter
•k IF and AF gain controls
it Table-top or rack mounting

BOOKS
Video Speed Servicing

Samuel L. Marshall, Howard W. Sanis 
& Co. Inc., and the Bobbs-Merrill Co. 
Inc., Indianapolis, Ind., 160 pp, $2.95

This book contains a compilation of 
the troubles and repair procedures in 
specific TV receivers. It includes com
mon breakdowns, troubles that cause 
unusual symptoms, and circuit changes 
that provide improved performance. 
Background material has been obtained 
directly from the manufacturers, from 
field service engineers, and from highly- 
skilled technicians. The book pinpoints 
the faults and describes in simplified de
tail the symptoms and the necessary re
pairs—the primary objective being the 
saving of your valuable time in diagnos
ing the trouble and making the repair.

The servicing information is presented 
in a straightforward and easy-to-follow 
manner. Accompanying each item is a 
simplified diagram of the section affected, 
to help the service technician identify 
and locate the defective component. A 

complete index of receiver chassis and! 
models is provided, and a logical me hodl ar 
of identifying and classifying rec dvcrl & 
troubles is used. I .I »1 

I 30

Relays
Collection of Papers given at the Set nfj 
National Conference on Electro-Magi 1^1 
Relays, 1959, reprinted by Pottc ¿J 

Brumfield, Division of American Mai 
& Foundry Co., Princeton, Ind., 134 pp]

I ch<
Thirty-three papers are reprinted m| 

this book. The subjects covered fall into| inc 
these categories: contacts, environments,! of 
general design, operating characteristics! ma 
specifications, testing, and testing equip! ma 
ment. Most of the papers discuss topic! me 
that interest designers of relays. But there] ser 
are papers covering areas that would also] ma 
interest relay users. These areas include] sup 
how to specify relays realistically, factor! car 
that affect the selection of contacts, n] ical 
lays vs. semiconductors as switching de! 1 
vices, understanding relay pull-in, and] tog 
effects of shunting circuits on relay opera! var 
tion. ] mg

111 CEDAR LANE • ENGLEWOOD, NEW JERSEY 
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for maximum reliability •

PREVENT I 
THERMAL : 
RUNAWAY

Prevent excessive heat from 
causing “thermal runaway” in 

power diodes by maintaining 
collector junction temperatures 

at, or below, levels recommended 
by manufacturers, through the 

use of new Birtcher Diode 
Radiators. Cooling by conduction, 

convection and radiation, 
Birtcher Diode Radiators are 

inexpensive and easy to install In 
new or existing equipment 

To fit all popularly used 
power diodes.

I
with NEW

BIRTCHER

DIODE
RADIATORS

FOR CATALOG
and 
tett data write:

Bx I Blrtcher Cooling ond retention do- 
I vices ore not cold through distrib

utors. They ore available only from 
......... I Tho Blrtcher Corporation ana their 

sales representatives.

THE BIRTCHER CORPORATION 
industrial division

4371 Valley Blvd. Loe Angeles 82, California 
Sales engineering representatives in principal cities.

ON READER-SERVICE CARD

NOT IF YOU USE...

PROXMELT®
CASTING AND ENCAPSULATING COMPOSITIONS

Excellent strength and electrical properties 
—permanently fusible and soluble—avail
able in two types.
1. Proxmelt compositions that are adherent 

and removable by fusion or solvents.
2. Proxmelt formulas that are non-adherent 

and may be “peeled” off easily.

WRITE OR PHONE FOR
—FREE INFORMATION

CHICAGO 32 • Virginia 7 4800

^«ODUCTS. PAOLI, PENNA. • Niagara 4-4141

CIRCLE 569 CIRCLE 570 ON READER-SERVICE CARD
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J'his publication surveys and compares 
thi characteristics of continuous traces, 
dotted traces, and printed characters pro
duced by inking, incision, impression, in
dentation, deposition, heat, light, electric 
discharge, electron beam, magnetism,

4 ACTUAL SIZE—INSTALLED

CAMLOC low cost ¡light wei

Camloc's new small, lightweight 5F Series features 
high strength-weight ratio plus the quick-operating 
advantages of a ’/4-turn fastener...in a size and 
weight that offers new design possibilities to orig
inal equipment manufacturers! Particularly adapt
able to thin materials and miniaturized equipment 
like airborne electronics, small electro-mechanical 
and computing devices and communications com
ponents. Ideal for attaching lightweight components 
in "packaged" equipment or for holding access 
panels on everything from washing machines to 
radar units.

Offered in many 
different head style* 
Complete specifica* 
tion« will be sent ta 
you on request.

Set -nth 
ïagnetic 
)tte b 
J at line

FEATURES: Exclusive Orthonull balancing mechanism — 
CRL dial automatically adjusts DQ dial — no electrical 
interdependence. Self-contained — battery-operated — 
transistorized null detector and 1-kc generator — meter 

indication for both d-c and a c measurements — 
..................-x headphones unnecessary.

Descriptive and reference materials are 
included on three physical components 
of the recording system—the reservoir of 
material or energy', the marking point or 
matrix positioned by the measuring ele
ment, and the chart surface which pre
senes the record. Recorders are used for 
many purposes, but most frequently to 
supervise industrial processes and to 
carry out mechanical, electrical, and chem
ical testing of materials and products.

This survey was undertaken to bring 
together available information on the 
various methods and problems of record
ing scientific and technical data. The sur-

isis and 
me hod 

rec aver

WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANOELES. CAL.
FORT WORTH OFFICE: 25OS W. BERRY ST, FORT WORTH, TEXAS

CIRCLE 572 ON READER-SERVICE CARD
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CAMLOC FASTENER CORPORATION
61 Spring Valley Road, Paramus, N. J.

INCREASED RANGES:
R: 1 mu to 10 Mu 
L: 1 ><h to 1,000 h 
C. 1 M^f to 1,000 uf 
D: 0.001 to 50 at 1 kc 
Q 0 02 to 1,000 at 1 kc

BASIC ACCURACY:
l%for R.L.C. 5% for D4Q

vey covers some of the physical principles 
either currently or potentially available 
for recording variable measurands in 
laboratory experimentation or industrial 
production.

Many recording principles have found 
practical application in commercially 
available recorders, and both illustrations 
and performance information have there
fore been drawn largely from manufac
turers’ literature. Information obtained 
from commercial sources has been care
fully reviewed, but no test program was 
carried out to verify performance claims. 
The omission of any method or device 
does not imply that it is considered un
suitable or unsatisfactory'. Conversely, 
inclusion of descriptive material on any 
proprietary instrument, product or proc
ess does not constitute endorsement.

This first volume deals with marking 
methods and recording surfaces. Work 
under way in the reviewing of recorder 
actuating mechanisms, special recording 
problems, and data presentation may re
sult in the issuance of a later report on 
these aspects of recording systems and 
marking methods.

Biuad Avenue al Linden Ridgefield. N. J NEW YORK AREA 1000 N Seward St. LOS ANOELES J« 
8055 13th St. Silver Sprint Mo WASHINGTON D C. 1150 York Road. Abington. Pa PHKADELPHIA 
H86L01 Altos Ave Los Altos Cahf SAN FRANCISCO 6605 W North Ave Oak Park. Ill CHICAGO

In CANADA: 99 Floral Parkway TORONTO IS

CIRCLE 571 ON READER-SERVICE CARD
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Recorder Survey: Recording Surfaces 
and Marking Methods

Gt orgc Keinath, U. S. Government Print- 
inf. Office, Washington 25, D.C., 41 pp.

senes



RUSSIAN TRANSLATIONS
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structed as to shield the collec

ter field.

L. I. Andreeva

lector.

coaxial line with slots in the outer con-

to the inner conductor.

ELECTRONIC DESIGN

which the collector is used in the form of a

J. George Adasnko

Multichannel Electron Multipliers
B. M. Stepanov

ATTEMPTS to obtain higher pulsed 
currents from electron multipliers by 

coaxial collector is illustrated in Fig. 2,

“forcing” the power supply to the output 
and again in Fig. 4.

stages date back some time.1»2 Coaxial 
Fig. 2 shows that this coaxial-collector

photocells3 and electron multipliers with 
construction provides good shielding be
tween the collector field and the fields of

coaxial collectors4 have yielded pulsed 
output currents of several amperes with 

the output emitters. This construction

a time resolution of up to 2 x 10-9 second.
makes it possible to exclude the influence

Unlike these single-channel systems, the 
multichannel electron multipliers de
scribed here yield pulse outputs of up to 
seven amps, with a time resolution of up 
to 2.5 x IO-9 sec and a gain of 108 to 109.
They can have from two to eight channels 
operating in parallel into one coaxial col

Fig. 1 shows a four-channel electron- Fig. 3. A two-channel electron multiplier in

optical system based on this principle. Fig. 2. The electron optics of the 75-ohm coaxial line which serves

Each channel has a ten-stage electron as the collector for the electron multiplier of Fig. 1. capacitor operating directly into a coax line

multiplier with trough-like emitters. The 
collector is a short segment of 75 ohm 

ductor to permit passage of the electrons

The electron optics of the input to the

Fig. 4. The collector in this
electron multiplier is so con-

tor field from the output emit-

Fig. 1. (right) A four-channel elec-
tron-optical electron multiplier.

November 11, 1959
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on the electron-optical properties of the 
output emitters of the change in collector 
voltage during the instant of the current

)lier in 
n of a 
ix line.

This W ACEPOI designed for conservative operation to lb5°C, 
typifies ACEPOTS utmost reliability throughout full temperature 
cycling.

Acetol® Aeeohm®

Hector 
ng be- 
dds of 
uction 
luence

Fig. 5. Another type of two-
channel electron-optical system.

Fig. 3 shows a two-channel electron 
multiplier in which the collector forms a 
capacitor that operates directly into the 
coaxial line. In this case too, the collector 
is so constructed as to shield the collector 
field from the output-emitter fields. This 
aspect is shown more clearly in Fig. 4.

In all systems, the output terminal of 
the coaxial collector is a coaxial metal- 
glass seal, permitting broadband transi
tion to an ordinary 75 ohm coaxial cable 
through a special coaxial plug. The entire 
collector cable system has a flat frequency 
haracteristic up to 109 cps.
The fact that several parallel channels 

eed a common collector makes it possible 
o use large emitter surfaces and still keep 
he entire device relatively small.

To permit registration of X-rays, a cop- 
oer-beryllium cathode is used. This 
athode, only 20 mm thick, has a quan-

ELECTRONIC DESIGN • November 

tum yield from 2.5 x 10-3 to 1.5 x 10~3 
electrons/quantum for X-rays of energies 
from 0.5 to 1.3 Mev. One of the variants 
of the cathode electron-optical system, 
with two channels, is shown in Fig. 5.

The insulating material used for the 
electron-optical systems of multichannel 
electron multipliers is synthetic mica. It 
has good vacuum properties and is easily 
machined. Before assembly, the synthetic 
mica should be degassed in vacuum at 
450 C. ■ ■

This article was translated from the 
Russian journal Radio Engineering and 
Electronics of July 1959.

At 25°, almost any pot can be a hero! But push them right on up 
to their ambient limits —• and design begins to tell. I he test-bench 
engineers wi11 tell you that ACEPOTS have an endearing habit 
of running with 25°C-reIiability at 165°C? That s why they rc 
specified when high temperature operation is important.

References
1. R. F. Post and N. S. Schiren, Physical Re
view, 1950, Vol. 78, pp 80, 81.
2. A. Lunly, Physical Review, 1950, Vol. 80, 
p 477.
3. W. C. Hall, B. M. Norton, J. W, Keller, 
and S. H- Liebson, Nucleonics, 1953, Vol. 11, 
No. 1, p 49.
4. J. D. Shipmen, M. R. McCraven, IRE Trans
actions Nuclear Science, 1956, Vol. S-3, No. 1, 
p 10.
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I lere arc ACEPOTS' special design features, a molded insulating 
bond between contact and shaft to eliminate any play or change 
in wiper pressure; an improved higher tempera
ture-resistant winding card, which never changes 
shape with heat; superior insulation between case 
and resistance clement; and chemical and thermal 
stabilizing procedures at high temperature prior to 
final sealing which cure all elements. Which is 
why, simply, at high temperature — ACEPOTS 
work. See your ACErep and try them for yourself!

Acepot®

ELECTRONICS ASSOCIATES, INC.
99 Dover Street, Somerville 44, Mom.

SOmerMt * 5130 TMX SMVl 111 Wert. Union WUX



NOW IN PRODUCTION :

। • ■ -- -- 1
Microwave Component News

11 Trom SYLVANIA 11
GERMAN ABSTRACTS

E. Brenne

Widest Range of Backward-Wave Oscillators 
With Frequencies to 75 kmc

Frequency

Fig. 1. Semiconduclor plate in a coordinate system.

Actual length 10 Vs»"

Sylvania now offers the widest range of 
production backward-wave oscillators, fea
turing 3 rugged types at K-band and above.

Greatly simplified power supply design 
is made possible through use of the PM- 
1757 and PM-6902 since their design per
mits grounding of either cathode or helix. 
These two BWO’s have the following ad
vantages:

Grounded cathode
Rugged metal-ceramic construction
Permanent magnet focusing
Suitable for airborne applications
Rated for CW or pulse applications

For other requirements, Sylvania has clas
sified tubes available at frequencies other 
than those shown.

PM-1779 PM-1757 PM-6902 BW-623 6496 7096 6699

Frequency 
range, kmc 63-75 27-41 18-27 4-8 2-4 2-4 1-2

Power 
output, mw 3 5 10 15-135 20-700 100 20-700

vSYLVANIAGENERAL

SVSTtM

Subsidiary of

GENERAL TELEPHONE & ELECTRONICS

Sylvania Electric Products Inc., 
Special Tube Operations

500 Evelyn Ave., Mountain View, Calif.
CIRCLE 574 ON READER-SERVICE CARD
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POWER TRANSISTORS

me) Dependence

fem

MOTORS, KOKOMO, INDIANA

ratio

(left), (b) Phase
CIRCLE 575 ON READER-SERVICE CARD

HIGH POWER—The conservatively rated 15 ampere stud-mount series leads the 
field with improved collector to emitter voltages, low saturation resistances, and diode 
voltage ratings measured at 85 C The IAN 2N174, MIL T 19500/ 13A. and the commercial 

2N174 are leaders in the switching versions ot this series Headed by the 2N1100 and 
including the new 2N1412, other transistors in the Delco Radio high power family have 

equally impressive performance characteristics.

Newark, New Jersey 
1 180 Raymond Boulevard 
Tel: Mitchell 2-6165

Write today for engineering data or 
personal applications assistance in get
ting these readily available, proved 
transistors to work in your most exact
ing requirements.

Santa Monica, California 
726 Santa Monica Boulevard 
Tel: Exbrook 3*1465

Chicago, Illinois 
5750 West 51st Street 
Tel: Portsmouth 7-3500

Fig. 2
b/2D (i

MINIATURIZED MIGHT— 
The new 2N1172 

is a mighty mite 
tor a wide variety 
of usages where 
the modified JEDEC 
30 package, on a 
functioning minia
ture diamond base, 
permits dissipation 

up to two watts at 70°C

DELCO

RADIO

b/21), 1) = ì/(irpo 8f)

with square root of frequency) (a) Amplitude

ELECTRONIC DESIGN • November 11, 1959

MEDIUM POWER—The new 5 ampere series in the JEDEC TU3casein 
eludes the 2N1168 and 2N392 for high power gain in low distor
tion linear applications. The 2N1011 (MIL-T 19500/67 SigC), 
2N1159, and 2N1160 for higher voltage switching applica
tions complete this series. • The luw diude leakage 
2N553 series also in the JEDEC T03 case, is rated 
up to 4 amperes. Usage of this series is growing rapidly 
in a variety of applications —especially in regulators The 
2N297A (MIL T 19500,36A Sig.C) and the 2N665 (MIL-T 
19500 53A Sig.C) are pioduced from this type, making with the above a 
comprehensive line for military applications.

Delco Radio has a complete line of 
germanium power transistors

Unsurpassed Performance, Widest Applications, 
Military Types

IF IT IS assumed, for an infinite semiconductor 
■plate with geometry as shown in Fig. 1, that the 
magnetic field has only as — component which 
does not vary with z then the Hall voltage ampli
tude, 7*, increases with frequency over its dc 
value Vo according to the equation

DIVISION OF GENERAL
BRANCH OFFICES

b/2D—►
Dependence of Hall voltage on

DELCO RADIO



LIGHTWEI RECHARGEABLE GERMAN ABSTRACTSLIFE

tanh a tan a

FIELD COI

FERRITE

ECONOMICALRUGGED
Fig. 3. Hall generator embedded in ferrite.

YARDNEY YARDNEY QuasilogarithmiSILCAD
BATTERIES BATTERIES

converters for such airplane and

numerous commercial 20k

200k 100k22k

470 56k

SYSTEM SYSTEM

i8mp

OA 161
14.5ms

ELECTRONIC192

Nothing to add, nothing to fix. With the 
compact, powerful, rechargeable SIL
CAD you can forget about maintenance!

CONTROL CURRENT 
ELECTRODE

CONTROL CURRENT 
ELECTRODE

In addition, the Hall voltage leads the impressed 
magnetic field by the phase angle given by

COMPENSATION
COIL \

08V
10 ps

A CIRCUIT which employs seven transistors, 
Fig. 1, has been developed for unambiguous 

quasilogarithmic pulse indication of pulse repeti
tion rates up to 7 kc. The circuit consists of a cas
cade of three multivibrators whose mean output 
voltage approximates the logarithm of the pulse 
count but which has ambiguity when the time 
between pulses exceeds the relaxation time of the

For this reason — and many others — 
design engineers in military and com
mercial fields have turned to the rugged, 
lightweight, economical YARDNEY SIL
CAD to meet the demands of today’s 
portable electronics — receivers, trans
mitters, computers, transverters, con
verters, solid state inverters, and all 
portable electronics... heavy-duty light
ing, internal and ground support APU 
replacements, marine equipment, page
call systems, stand-by power... portable 
medical equipment. ..

You’ll use and reuse your YARDNEY 
SILCAD over 2,000 to 3,000 partial cy
cles ... 300 to 500 complete discharges. 
Here is true year-in, year-out economy!

DESIGN • November 11, 1959

YARDNEY 
ELECTRIC 
CORP.

helicopter applications as engine start
ing, emergency lighting, power and 
communications ... for portable ground
power. . . and 
applications.

Only %, the size, % the weight of ordinary 
nickelcadmium and lead-acid batteries 
.. .yet rugged enough for the most ad
verse conditions !

This is one reason industry is now de
signing with the long-life, maintenance- 
free YARDNEY SILCAD — economical, 
compact, rechargeable power for mis
siles, rockets, satellites and drones . . . 
for guidance, control, telemetering, 
storing energy supplied by solar energy

YARDNEY 
ELECTRIC 
CORP.

YARDNEY 
ELECTRIC 
CORP.

"Pioneers in Compact Power'® 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 

Patents granted and pending.

"Pioneers in Compact Power” ® 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK

Patents granted and pending.
(C) 1959 by Yardney Electric Corp.

"Pioneers in Compact Power” ® 
40-50 LEONARD STREET. NEW YORK 13, NEW YORK

. Patents granted and pending.
(.C) 1959 by Yardney Electric Corp.
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This, among other factors, explains 
why the long-life, maintentance-free 
YARDNEY SILCAD is being used more 
and more in military and commercial 
fields —as a compact, lightweight and 
rugged power source in portable TV and 
radio and tape recorders ... in radio
controlled models... in electric cars and 
trucks ... in photographic equipment 
such as lighting, photoflash and camera 
drives. ..

.. T 7 OC 602

Circuit of

MAINTENANCE 
\ FREE

YARDNEY 
SILCAD SILCAD 

BATTERIES

7 FERR'TE

SEMICONDUCTOR .



3 good ways to make de measurements

COIL

Eqs. 1 and 2 are illustrated in Fig. 2.
In order to realize the assumptions regarding 

the space distribution of the magnetic field, it is 
necessary to embed the semiconductor plate in a 
material with high permeability, e.g. a ferrite, as 
shown in Fig. 3. The remaining airgap must be 
small compared to d. If this condition is not ful
filled, the calculated frequency dependence of the 
Hall voltage does not occur and a substantially 
frequency-independent amplitude is observed.

A detailed description of the experimental pro
cedure and results, as well as a discussion of eddy 
current losses and their relation to control power, 
is included in the original paper.

Abstracted from an article by F. Kuhrt, H.-J. 
Lippmann and K. Wiehl, Archiv der Elektrischen 
Uebertragung, Vol. 13, No. 8, Aug. 1959, pp 341- 
347.

KEITHLEY ELECTROMETERS have up to 
64 voltage, resistance and current ranges

X Model 61OA, 64 ranges

The line-operated 610A is a refinement of the popular 610, covering 
virtually every de laboratory test. It measures nine voltage ranges from 
0.01 to 100 volts full scale with 2% accuracy, current from three am
peres to 1 x 10~13 ampere full scale, and resistance from 10 ohms to 
1014 ohms full scale. The 610A also serves as a useful de pre-amplifier 
with precise gains to 1000 and outputs for driving scopes and recorders. 
Input resistance is variable from one ohm to over 1014 ohms. The 
instrument checks its own resistance standards. Zero drift is within 
two millivolts per hour. $48o.oo

mii'ulse Indicator
ors, 
□us 
eti- 
:as- 
put 
ilse 
me 
the

monostable circuits.
An analysis of errors in the new circuit shows 

that the indication differences between statistical 
and equal pulse distribution gives less than one 
per cent error at pulse repetition rates of 700 cps.

Abstracted from an article by T. Friese, Elek
tronische Rundschau, Vol. 13, No. 8, August 1959, 
pp 283-285.

60mV'0CmA

,20k

3.2 p

47k

imp

22k 
rs 100 22k

1 *2* 145ms t a3” 0145ms

-o - 4 .8 v
-o - 16V
-o- 72V

Model 6OOA, 54 ranges

This portable instrument is a battery-operated counterpart of the 610A. 
Its ranges cover 10 mv to 10 volts, 3 amperes to 10~13 ampere, and 104 
to 1013 ohms full scale. Like the 610A, it has selectable input resistance, 
a de to 100 cps bandwidth, and output sufficient to drive recorders 
directly. Battery life is 500 hours; condition may be checked on the 
panel meter. saso.oo

Three accessory probes and test 
measurements and extend voltage 
10 kv (Model 600A).

shield are available to facilitate, 
ranges to 30 kv (Model 610A) or

Model 603, differential Input

This instrument is a wide-band de amplifier, with 
an extremely high input impedance, high voltage 
and current sensitivity, and a remote differential 
input. Its separate input head permits measure
ments up to 24 feet from the amplifier. The 603 has 
nine ranges from 2.5 to 1000 mv, with precise 
gains up to 4000, and a 10-volt output at 10 ma. 
Bandwidth is de to 10 kc on the 2.5 mv range, ris
ing to 30 kc on the 1000 mv range. $6so.oo

KEITHLEY INSTRUMENTS, INC.
12415 EUCLID AVENUE • CLEVELAND 6. OHIO
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The strong SCOTCH No. 27 Glass Cloth Electrical GERMAN ABSTRACTS

Tape in this mercury lamp stabilizer

transformer coil costs 12 cents.

Cross-Modulati oi 
Frequenc

DOTH ANALYTICAL and experimental inves- 
■^tigation of the behavior of high-frequency 
transistor circuits show that such circuits are 
generally more sensitive to cross-modulation than 
comparable electron tube circuits. For this reason.

Vj mV 

6

It insures trouble-free operation under V ¡ - t < /f ) for
Vce--SV; a< 80

lOk/l.Sk

rugged conditions for a minimum of 20 years.
ImV; *70ke; m 

420 ke 
100*/.

sig ■ 0

Annual insulation cost: 6/109! 6 e IO2 2 4 s • io3

Fig. 1. Influence of source output impedance Ri on 
the effective value of interfering voltage to produce 
one percent cross-modulation.

Can you afford less than the best? Get

Scotch
BRAND

Electrical Tapes

An Organic 
Nonlinear 
Dielectric

For complete information on “Scotch” Brand No. 27 Glass Cloth Electrical 
Tape, write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. EAC-119.

M-NESOTA M1NING AND M*NUFACTURING COMPANY

...WHERE RESEARCH IS THE KEY TO TOMORROW

LANESTEROL is an organic substance whose 
dielectric constant exhibits a marked depend

ence on field strength. Using a metallized, 
Lanesterol impregnated paper capacitor in a 
bridge at 800 C, it is found that the momentary 
super-position of a de potential results in a 
momentary decrease of capacitance. The original

CIRCLE 657 ON READER-SERVICE CARD
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capacitance value is restored after removal of the 
de component.

The dependence of dielectric constant on field 
strength has the form

• Full Scale Range: To 400 dr 
grees/sec.

Threshold-Resolution: Less than 
0 01 degrees/sec.

special transistor circuits in which cross-modula
tion is minimized must be developed.

The cross-modulation factor K is defined as

When the chips are down and im
mediate action is a must, the new Honey
well Miniature Rate Gyros, T ype M-100, 
are always ready. I he typical damping 
of 0.6 at — 65°F is obtained without bene
fit of heat from the spin motor, and is held 
virtually constant up to a temperature of

Honeywell Miniature Rate Gyro 
Type M 100 

shown actual size

where m, is the amplitude modulation index of 
the interfering signal, F,- is its amplitude, m, is 
the modulation index of the signal proper and the 
parameters a and c are defined from the assumed 
input voltage-output current equation

i = /o + av + bv2 + cy3 + . . .
For unmodulated signals, the cross modulation 

index mk is defined as

+ 250°F. The gyro spin motor, requiring only 15 seconds run-up time, 
will operate on one (split), two, or three phase power, and is isolated 
from ground.

Other features of the Type M-100 include: unique quadrilever 
spring construction to produce greater shock and vibration capabilities 
than a comparable torsion bar gyro; elimination of one gimbal bearing 
for lower threshold; maintenance of preload throughout severe environ
mental conditions through exclusive spin motor construction.

Type M-100 is specifically designed for autopilot damping, radar 
antenna stabilization, and fire control applications. Its small size, high 
performance, and ruggedness suit it particularly for advanced military 
aircraft and guided missile applications. Write for Bulletin M-100 to 
Minneapolis-Honeywell, Boston Division, 40 Life Street, Boston 35, Mass.

where, for the impregnated paper, a typical value 
of b is 1.90.

Unfortunately (from the point of view of ca
pacitor applications) the superposition of long 
time constant voltages results in time—and tem
perature—dependent decreases in capacitance 
which persist after discharge.

Detailed experimental results are cited in the 
»riginal paper.

Abstracted from an article by G. Helwig Zeit- 
chrift fuer Angewandte Physik, Vol. 11, No. 7, 
luly 1959, pp 255-259.

For very small emitter current, the effective 
interfering voltage which produced one per cent 
cross modulation corresponds to about 0.1 v 
(Fr = kT/e) when the interfering signal is 100 
per cent modulated. With increasing emitter cur
rent, the effective value of F, needed for mk = one 
per cent increases, as shown in Fig. 1, at a rate 
depending on source resistance.

Abstracted from an article by H. Lotsch, Elek
tronische Rundschau, Vol. IS, No. 8, August 1958, 
pp 290-294-

• Damping- 0.4 to 0.6 from —65 F 
to +250°F

• Vibration: 20 G to 2000 cps

• Weight: Less than 6.0 ounces

• Linearity: Less than 0 1 % of full 
scale to 7] range, less than 2 % 
to full range

• Shock and Linear Acceleration to 
150G
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Tunnel Diode Oscillator

Works At 3010 Mc,

Uses Lumped Parameter Design

fggggEE1

MISSILE
CIRCUITRY

IË1 tÖSÜ 
âü* Sêái)

A problem in management organixation, 
engineering coordination, and produc

tion skill................

Problems:
1 82 Kits of Parts, too few
1 for production tooling,

too many 
means.
39 printed 
kit
31 different 
figurations.

for hand

boards per

circuit con-

4 Close mechanical toler
ances.

5 Duo-metal electroplat
ing, gold and solder.

0 Running changes.

Solutions:
1 A separate precision cir- 
• cuit organization.

2 Close customer liaison.

_ Personnel and know-how 3 geared to military qual
ity requirements.

4 Outstanding plant and 
equipment.

5 Large tooling and pro
duction resources.

6 High production momen
tum.

METHODE
has the same solutions for YOU . . . 
for further information address: 

____________MILITARY CONTRACTS 
x COORDINATOR

THODE
7447 W. Wilson Ave., Chicago 31,111.

THE USE of the negative-resistance diode, also 
called the Esaki or tunnel diode, in very high 

frequency oscillator circuits using wave guides 
and cavities as tuned elements has met with dif
ficulties as a result of so-called parasitic oscilla
tions that arise from having to drive the circuit 
from a very low impedance dc source. A different 
design approach, based on lumped-parameter 
principles, which is free from this type of biasing 
problem, is described here. It has produced oscil
lators that operate well into the microwave re
gion (3000 mc) where it has not previously been 
thought profitable to use only lumped-parameter 
elements. (A more recent model has a fundamen
tal frequency of oscillation of 4020 mc.)

The structure used in these oscillators (shown 
schematically in Fig. 1) consists of a highly doped 
n-type germanium wafer, about 2 mils thick, 
which is soldered to a 3-mil nickel mounting tab 
that serves as one electrode of the circuit. Two 
tin impurity dots, one doped with gallium, the 
other with arsenic, are alloyed to the n-type wafer 
in close proximity to each other. The SnGa dot 
forms a recrystallized p region which makes an 
abrupt junction with the heavily doped n mate
rial. This produces a negative resistance of the 
Esaki type when a forward bias in the region of 
50 to 350 mv is applied. The SnAs dot forms an 
ohmic contact to the n-type wafer. If the resist-

ance between the SnAs dot and the mounting tab 
is smaller than the absolute value of the negative 
resistance of the Esaki diode, then the system 
oscillates at a very high frequency when a short
ing bar, which acts as the second electrode of the 
circuit, is connected as shown. A biasing current

D.C. BIAS 
SUPPLY

NICKEL SHORTING BAR

Ge
RESISTOR

Fig. 1. Schematic cross section of the semiconductor 
microwave oscillator. Shaded area is heavily doped 
n-type germanium wafer.

3-MIL NICKEL MOUNTING TAB

ESAKI 
IODE

—f—
2 MILS

w
I BIAS

Fig. 2. Simplified equivalent circuit of the microwave 
tunnel diode oscillator.

Fig. 3. Two views of the microwave oscillator mounted 
on conventional header.
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UNIVERSAL COUNTER-TIMER

the new CMC 226B

0«
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then flows through the resistive part of the circuit 
of sufficient magnitude to produce a dc voltage 
across the tunnel diode, making it behave as a 
negative resistance.

The oscillator frequency is increased as the di
mensions of the dots and their spacing decrease. 
1 he frequency of such an oscillator structure can 
be increased by etching away the shaded areas of 
the Ge wafer. This etching procedure has the 
effect of reducing the area of the tunnel diode 
junction, hence also its capacitance. Etching also 
isolates the bias resistance part of the circuit from 
the diode part and suggests the simplified equiva
lent lumped-parameter circuit of Fig. 2. Here the 
diode part of the circuit is represented by a nega
tive resistance —RE shunted by a capacitance CE. 
The bulk resistance of the diode is not explicitly 
represented in this simplification. The bias resis
tor, which is concentrated under the SnAs dot, is 
represented by R and the loop inductance of the 
circuit is represented by L. A necessary condition 
for oscillation is that:

was electrolytically etched in dilute KOH. This 
etching action concentrates the removal of ger
manium in the vicinity of the junction so that the 
junction capacitance is mainly affected while the 
loop inductance is essentially unchanged. This 
condition will not hold if the etching is continued 
to the point where the germanium becomes a 
very thin pedestal and contributes to the total 
loop inductance. Assuming that the junction is uni
form over its area, and that area is proportional 
to the square of the measured diameter, then 
tl ese results strongly suggest that for this oscil
lator, in the frequency range indicated, the fre
quency is very nearly inversely proportional to 
tl e square root of the junction capacitance.

Experiments show that the frequency generally 
d creases slightly as the forward dc bias is in
ci ased. For a ty pical oscillator operating at 2200 
n •, the frequency decreased approximately 30 mc

12970 Bradley Avenue • Sylmar, California
Phone: EMpire 7-2161

ENGINEERED FOR THE USER
CMC’s new universal counter-timer is human engineered 
to eliminate costly “cockpit trouble.” Take a look, at the 
clean, functional lines.
And inside, this tastefully styled instrument uses modular 
circuitry to simplify maintenance and cut weight. Nine tubes 
have been eliminated, lowering power drain and operating 
temperature and increasing reliability. Weight is only 40 lbs.
TECHNICALLY SPEAKING
Direct reading. 0 to 1.2 me Time interval. 1 microsecond 
to 1 million seconds. Period, 0 microsecond to 1 million 
seconds. Stability of 2 parts in 10", with an option of 5 
parts in IO\ Sensitivity 0.1 volt rms.
Three input channels. Automatic decimal point indication. 
Reads directly in kilocycles, cycles, or microseconds.
Three independent, continuously adjustable trigger level con
trols for full rated sensitivity at any voltage level between 
— 150 and 4-300 volts.

Oscilloscope marker signal to speed start and stop trigger 
level adjustment for TIM of complex waveforms; trigger 
level adjustment for amplitude discrimination in frequency 
and period measurement. Drives the CMC fast printer and 
most other types of printers and data handling equipment.
DO ALL THESE JOBS PRECISELY
DO THEM EVERY TIME
Measure frequency, time interval, period, phase shift, fre
quency ratio, rpm, flow, velocity, and many other basic 
physical quantities.
NOW THE PRICE
$1100 fob Sylmar. California. Rack mount $10 extra. 220 kc 
Model 225C with similar specifications, $840 fob Sylmar.
WANT MORE DATA?
Your nearby CMC engineering representative will be happy 
to arrange a demonstration and provide you with complete 
technical information. Or you may write Department 1911.

R < | —Re |

Experimentally, the frequency of a given oscil
lator increases as the diameter of the tunnel diode 
junction area is decreased. Table 1 show’s the re
sults of measurements for one oscillator.

The resistor portion of the germanium was cov
ered with stop-off wave, and for each successive 
measurement shown in Table 1, the diode portion

Table 1. Frequency vs Tunnel Diode Junction Area

Frequency 
in Mc

Diameter of Esaki diode 
junction in mils

¡490 3.5
1850 2.9
2240 2.4
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from one source

WHEELOCK tween the center

SIGNALS

plug-in,rangements

CONTACTS: DPDT CONTACTS: SPDT CONTACTS: DPDT CONTACTS: 4PDT CONTACTS: DPDT

CONTACT RATING: 2 AMPERES CONTACT RATING: 2 AMPERES CONTACT RATING: 5 AMPERESCONTACT RATING: 2 AMPERES CONTACT RATING: 20 AMPERES

COIL VOLTAGE (MAX.) COIL VOLTAGE (MAX.):

SPECIFIED SPECIFIED 230 VOLTS230 VOLTSSPECIFIED

DC COIL RESISTANCE: 5K SENSITIVITY 2.7 WATTSDC COIL RESISTANCE: 8K SENSITIVITY: 0.125 WATTSDC COIL RESISTANCE. 12K

SENSITIVITY. 0.350 WATTS COIL DISSIPATION: 3.3 WATTSCOIL DISSIPATION: 3 WATTS

COIL DISSIPATION: 1.1 WATTS COIL DISSIPATION: 2 WATTS COIL DISSIPATION: 1 WATT

WEIGHT: 0 4 OZ.

am

ON

LON© BRANCH, N. J
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printed circuit or soldered 
lead connections. Designed 
to MIL-R-5757C and MIL-R- 
25018.

SENSITIVITY: .080 WATTS SENSITIVITY: .020 WATTS

COIL VOLTAGE: MAY BE

November 11, 1959

which is soldered to the base

COIL VOLTAGE: MAY BE

MULTIPLE ARM GENERAL 
PURPOSE RELAYS, Series 
10, 20: Balanced armature, 
superior shock and vibration 
resistance. Available her
metically sealed. As keying 
relay will respond faithfully 
to DC impulses up to 50 
Rer second. Long life and 

igh operating stability.

COIL VOLTAGE: MAY BE

CRYSTAL CASE RELAY, Series 
165: The microminiature 
concept for airborne appli
cations demanding the ulti
mate in small size, li«?ht 
weight. Contact life 100,000 
operations minimum at rated 
load and temperature range 
(—65°C. to +125°C.) Her
metically sealed, rugged and 
reliable, the Series 165 is 
available in a variety of 
terminal and mounting ar-

CATALOQ LITERATURE

MINIATURE SENSITIVE RE
LAYS, Series 100, 105, 106: 
Ideal for navigation, radar, 
telemetry and communica
tions. Can function in dry 
circuit applications. Hermet
ically sealed with high 
shock, vibration and tem
perature immunity. Meets 
MIL-R-5757C

Fig. 4. Photomicrograph of the oscillator. The tunnel 
diode is the thin pedestal on the right. The narrowest 
dimension is about 1 mil.

TUBULAR RELAYS, Series 
120, 121, 123: For military, 
airborne and missile appli
cations. High immunity to 
shock, vibration and tem
perature cycling. Hermetic
ally sealed, dropout at up 
to 50% of pull-in current. 
Available in lengths down 
to 1 inch.

GENERAL PURPOSE INDUS
TRIAL RELAY, Series 130, 
140 Extremely versatile 
and conservatively rated. 
Contact life runs to millions 
of operations. Supplied with 
screw connections or plug
in base, with or without 
DPDT auxiliary contacts (5 
amperes rating), with or 
without dust cover. Meets 
U. L. requirements.

ONE OR MORE OF THESE 
RELAYS WILL BE MAILED 
UPON REQUEST. LETTERHEA'* 
INQUIRIES ON SPECIAL RE
LAY PROBLEMS ARE INVITED

of the header and one of the two outer pins which 
support the shorting bar. The frequency was es
sentially unaffected by the lengths and positions 
of the leads to the external de bias supply—if the 
resistance in the supply loop is high compared to 
the resistance of the germanium resistor in the 
oscillator structure. Since these resistors have 
typical values of about 50 milliohms, the power 
supply impedance will be sufficiently high if it is 
one ohm, a condition easily achieved in practice.

The frequency is measured by placing a small 
length of wire, which serves as a pick-up antenna, 
near the oscillator and mixing the pick-up signal 
with that of a known oscillator, then detecting the 
difference frequency on a General Radio if ampli
fier and detector. The use of this type of loose 
coupling prevents the generation of spurious sig
nals produced by interactions of the strong local 
oscillator signal with the nonlinearities of the 
Esaki diode structure, which otherwise makes the 
determination of the true fundamental frequency 
difficult.

Other methods of detecting the oscillations have 
included strongly coupling the output into a co
axial line that is directly connected to a receiving 
system. The lack of influence of the power supply

as the voltage was increased by 30 mv. This d > 
crease in frequency is consistent with increase n 
capacitance to be expected with increasing f< - 
ward bias. But the change in negative resistan* e 
with bias, which is not accurately known for the e 
units, can also have an effect. The range of ft - 
ward bias voltage (normally about 0.1 v) ov r 
which the oscillations are sustained is so small, 
and the experimental error of measurement so 
large, that the exact functional relationship be
tween frequency and bias cannot be easily de
duced from measurements made thus far.

For convenience of making electrical connec
tions to the oscillator structure, the units were 
mounted on conventional 3-pin circular transistor 
headers (Fig. 3). The de bias was applied be-
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wires on frequency may be attributed to the fact 
that the header leads are of much greater in
ductance than the loop inductance of the oscil
lator structure itself, and hence they act as rf 
< hokes. The dimensions of the critical portions of 
the oscillator arc small compared to the wave
length of the oscillations even at S-band frequen
cies.

Fig. 1 is a photomicrograph of an oscillator 
which oscillated at a fundamental frequency of 
3010 me. The significant features shown corre
spond to those in the schematic cross-section of 
Fig. 1, the tunnel diode portion being the right 
pedestal and the germanium resistor the thicker 
pedestal on the left. The p-n junction is almost 
coincident with the bottom edge of the tin dot, 
and its diameter in this unit is about 1 mil. The 
capacitance per unit area for p-n junctions formed 
by the same alloying techniques on the same 
n-type crystal wafer used in constructing the oscil
lator units has been found to be 3 pf per cm2, so 
that the capacitance for this diode is about 20 ppf. 
To produce resonance at 3000 me would require 
an inductance of 0.15 mph, a value reasonable to 
expect for the loop inductance of the oscillator 
structure. An estimate of the peak current of the 
tunnel diode p-n junction, based on measure
ments of the peak current per unit area of units 
similarly fabricated, is about 10 ma. Considering 
that the negative resistance region is thus limited 
to a few milliamperes of current and 100 mv of 
voltage, the rf power output of this oscillator is, 
at most, a few tens of microwatts. It is believed, 
however, that improved fabrication techniques 
will allow higher powers in future models. The 
arsenic concentration in the n-type crystal was 
measured to be 1.4 x 1019 atoms per cc.

Abstracted from an article by R. F. Rutz in the 
“IBM Journal,” October, 1959.
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For 
Performance 

and 
Precision...

Auto radio controls for instance. We 
make dozens of different designs espe
cially for auto radios: single and dual 
concentric types . . . combination 
multi-position tone control switch and 
volume controls . . . extended bushing 
models for dashboard mounting . . . 
special low-end taper controls for tran
sistor circuits. Line switches can be 
extra long life rotary design with 
"floating” contacts . . . push-pull 
switch that ends "hunting” for correct 
volume setting.

Switching Circuits: 

Measuring 

Recovery Time

bun"el
owes!

These are all part of a broad line of long 
life, low noise Mallory controls for 
radio, television, instruments plus the 
whole range of entertainment, indus
trial and military electronics. Write or 
call us for a consultation.

Mallory Controls Company 
Frankfort, Indiana

a division of

A SEMICONDUCTOR diode, when switched 
from forward current conduction to a reverse 

h as condition, will briefly allow an appreciable 
amount of current to pass in the reverse direction 
(saown in Fig. 1). The phenomena of “charge stor
age”—more specifically, “minority carrier storage”— 
c; uses this effect.

A number of test circuits have been proposed 
fc r predicting the probable performance of a par-
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See Mallory for Controls
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Fig. 1. Basic switching circuit.
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CORPORATION
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Electronic Engineering With a Dimension for the Future
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IDEAL 
SWITCHING

SV-3-^ 
MERCURY 
SWITCH
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A simplified schematic of an early standard test 
circuit, the JAN-256, is shown in Fig. 2. In this

- vie 
i/2 6DJ8 

IOK

SOUARE WAVE DIODE UNDER
GENERATOR (6)---- »HI---------L ’^T

. . . Only as precise as experience tells us. And ex
perience with Cubic digital instrumentation and 
with run-of-the-market instruments tells you 
clearly where to find the precision you need.

Under the revealing lens of a microscope, the 
micrometer we accept as a definitively precise in
strument shows surface flaws that cause us to 
wonder. We know, however, that we CAN de
pend on its vernier scale. So, too, can you depend 
on the Cubic line of high-performance, precision 
digital instruments built with your requirements 
in mind — not bargain-basement instruments of 
minimum specifications, spasmodic performance 
and intermittent accuracy.

Cubic offers the precision and dependability of 
consistently superior digital instruments for lab
oratory, process control, minute measurement, 
automatic operation ... for your every need in 
fine instrumentation.

Four and five-digit Cubic DC Voltmeters com
bined with the Control Unit provide instrumenta
tion for bench-top use or for simple insertion into

|l/2 6BK7A OR EQUIVALENT 

TO OSCILLOSCOPE

ticular diode in a given switching circuit. Some 
of them are described and illustrated here.

circuit, forward bias is supplied by the ¿-150 v 
plate supply. The diode is switched off by the 
external square wave generator. And the time re
quired for the initial diode reverse current to decay

elaborate systems. The Cubic AC Converter ex
pands a systems capability for rapid, accurate 
measurement of AC voltages, with automatic or 
manual ranging models available. Cubic’s years 
ahead design also extends into its superior line 
of four and five-digit Ohmmeters ... and systems 
capabilities are further expanded with Cubic 
Scanners, Printer Controls, Ratiometers and DC 
Pre-Amplifiers. Monitoring, control, check-out, in
spection, calibration, research and development 
are among the many large and small-scale appli
cations possible with Cubic digital systems . . . 
together with Cubic advantages such as accuracy, 
speed, clear readout, unit construction and simple 
routine maintenance.

The skill and experience responsible for the 
superiority of Cubic’s Space Age electronic track
ing systems are also important components of 
Cubic digital instruments . . . yours for an easier 
job — done faster, better and with greater assur-

Fig. 2. The JAN-256 Test Circuit.
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Manufacturers of precision electrical indicating instruments for over 20 yearsREVERSE

MODEL 131 rugged MULTIMETER. AN

Fig. 5. Tektronix plug-in test circuit
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DIOOE r 
UNDER i 
TEST J

SQUARE 
WAVE 

,f NE RATOS

ized. Withstands shock, vibrs 
tion and temperature extremes. 
Meets MIL-M-10304 specs 
Square case.

type for data link or analog ap
plication. Hermetically sealed 
and gas tilled Four simultane
ous readouts.

•DIODE 
UNDER 
r - "I TEST

MODEL 100. I* round Meets 
MIL-M-3823 watertight specs 
Externa) pivot D’Arsonval 
movement Wide range of re
sistances and scales available

scale, ranges: 100-800 UA.DC; 1-800 MA. DC; 1-800
V, DC; 50 MV basic movements for DC Ammeters 

with externa] multipliers, calibration: Magnetic or

non-magnetic. Internal Zero Adjuster. (Note: This 
meter is available with optional face plate and hex nut 
for front mounting...see illustrations.)

And like all DeJUR panel instruments, the micro
miniature series uses gasket sealed scale window and 
terminals, miniaturized external pivot D’Arsonval 
movement and high flux density Alnico magnet. Look 
into DeJUR’s meter line today by writing for com
plete specs on standard and special units for commer
cial and military applications.

on the new Series SC-030 —accuracy

Fig 3. The standard circuit proposed by the Electronic 
Industries Association.

ELAPSED TIME INDICA
TORS. 1H*. 2%*. 3%" 
Rfgliteri l/in minute or 1/10 
hour increment« to 9999.9. 
Hour «tep» to 99999. Self
starting, 110-125VAC, 60 cycles.

CARD

allow reasonable supply voltages, and prevent over 
driving the oscilloscope input stages during the 

(Continued on p. 202)

Now you can stop worrying about meter weight and 
size limitations in missiles, aircraft, computers, com
munication and other electronic equipment. DeJUR 
precision panel instruments give you big-meter sensi
tivity and accuracy in rugged, sealed units in ex
tremely small sizes. For example, check these features

to the specified value is measured by observing 
the voltage drop across Rl. Since it is usually neces
sary to measure the time required for the diode to 
reach a high reverse impedance (small reverse cur-

+ 150 V
Fig. 4. The modified

You’re 
always ____

OedUR
ELECTRONIC COMPONENTS

negativeA-Tx 
PULSE J U

TGEN

ELECTRONIC SALES DIVISION 
DeJUR-AM8CO CORPORATION 

46-01 NORTHERN BLVD 
LONG ISLAND CITY 1, N.Y.
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reference diode’

If it’s a TEFLON* product
R/M HAS IT OR
CAN MAKE IT! ■ww

DIODE
50Xk

TESTI»
50 n.

GEN

MM
Abrasive and Diamond Wheels Fig. 6. Stromberg-Carlson test circuitBrake Blocks
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Clean precision 
parts more safely

Industrial Rubber 
■ Brake Ltnings 
• Bowling Balls

New Freon* solvents 
by Du Pont minimize 

cleaning hazards

DIGEST
forward current pulse,

The Most “Accurate” Tester

Better Things *or Better Living 
... through Chemistry

READER-SERVICE CARD

That's why you can depend on Ray- 
bestos-Manhattan to supply all your 
“Teflon” needs—stock items such as 
sheets, tubes, thin wall tubing, tape, 
rods and bondable “Teflon"—or custom 
fabricated parts or components made 
to your specifications.

R/M-one of the largest processors 
of “Teflon” powder—has been promi
nent in “Teflon” development from its 
introduction Because of this long ex
perience, R/M can provide you with

New “Freon” solvents by Du Pont de
grease sensitive mechanical and elec
tronic assemblies without damage to 
delicate parts. Since no inhibitors are 
needed, no residue is left on the parts, 
and “Freon” solvents can be recovered 
and reused without reinhibiting. Write 
for free “Freon” solvents booklet. E. I 
du Pont de Nemours & Co. (Inc.), 
“Freon” Products Division 5411, Wil
mington 98, Delaware.
♦ Freon is Du Pont's registered trademark for its 
fluorinated hydrocarbon solvents.

FREE BOOKLET! 
No obligation — write 
for booklet which tells 
how new “Freon” sol
vents by Du Pont mini
mize cleaning hazards.

CIRCLE 596 ON

placed across Rl to clamp the drop across Rl to 
a low’ value.

Since the JAN-256 circuit uses a semiconductor 
clamp, there is some question about the circuit’s 
accuracy. An alternative circuit is that described in 
ETA SP590 as Method I (Fig. 3). Up to the point 
marked (/), this is the old IBM “Y’ circuit. The 
cathode follower has been added because of diffi
culties found in trying to correlate readings made 
by different users and manufacturers. For example, 
minor differences in the length of the cable con
necting the tester to the oscilloscope caused sig
nificant differences in recovery time measurements.

Sintered Metal Products 4» Rubber Covered Equipment

Probably the most “accurate' recovery time 
tester is the Bureau of Standards circuit, which 
has been modified (Pacific Semiconductors, Inc.) 
as show n in a simplified schematic (Fig. 4). This cir
cuit avoids the problems associated with the use of 
clamping diodes by reversing the diode so that the 
forward pulse drives the triode into cut-off. There 
are, unfortunately, other problems with this circuit.

The most serious criticism of the circuit arrange
ments already described is that the diodes are 
tested under very specific conditions of forward 
bias, reverse bias and load resistance. Figs. 4 and 5 
show’ two attempts to devise circuits that will meas
ure a property of the diode, independent of the 
external circuit parameters. Fig. 5 shows the Tek
tronix circuit. It allows measurement of the charge* 
stored in the diode as a function of the forward 
current. This quantity, coulombs per ma, appears,
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competent guidance in applying the 
unique properties of “Teflon” to your 
electronic design problems. And R/M's 
ample plant facilities assure you of the 
most suitable method of fabrication
extruding, molding or machining—to 
meet your particular design and quan
tity requirements.

Contact your nearest R/M district 
office whenever a question concerning 
“Teflon” arises. And write now for 
helpful descriptive literature.

•A Du Pont trademark

RAYBESTOS-MANHATTAN, INC., Engineered Piastres • Asbestos Textiles • Mechanical Packings

• Low toxicity—“Freon” solvents are odorless 
and much less toxic than ordinary solvents 
—vapors won’t cause nausea or headaches.

• Won’t burn or explode—Underwriters’ Lab
oratories report “Freon”solvents non-explo
sive, non-combust ible and non-tlammable.

• Non-corrosive — “Freon” solvents remain 
neutral through repeated degreasing use 
without the need of inhibitors.

• Negligible effects on plastics, elastomers, in
sulation and color codes — “Freon” solvents 
remove oil and grease with minimum swell
ing of plastics or rubber and without craz
ing < r softening paint, wire coatings or in
sulation.

• Leaves no residue—“Freon” so’vents evapo
rate completely, leave no deposit.

Clutch Facings ■ Laundry Pads and Covers • Industrial Adhesives
CIRCLE 595 ON READER-SERVICE CARD

RAYBESTOS-MANHATTAN, INC.
PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF.

Contact your nearest R/M district office listed below for more information or 
write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa

BIRMINGHAM 1 • CHICAGO 31 • CLEVELAND 16 • DALLAS 26 • DENVER 16 • DETROIT 2 • HOUSTON I 
LOS ANGELES 58 • MINNEAPOLIS 16 • NEW ORLEANS 17 • PASSAIC • PHILADELPHIA 3 
PITTSBURGH 22 • SAN FRANCISCO 5 • SEATTLE 4 • PETERBOROUGH. ONTARIO, CANADA



HELI-COIL INSERT

TERM.
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How To Specify Relays
the unit. Heli-Coil Screw-LOCK Inserts

Realistically

are

rite

TITLE

South Control Offiving
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PULSE 
GEN

SWEEP 
CAL.

SWEEP 
INT

LOCKING 
COIL

50-Fv 
»(4 FT)

50^. 
(IOFT,

50^- 
(35 FT) 

DELAY

GENERAL 
PRECISION 

COMPANY

Principle of Heli-Coil Screw. 
LOCK Insert locking center coil 
grips internally, holds screw 
firmly

Electronic control devices for aircraft and missiles, 
like this angle of attack vane transducer made by 
U. S. SCIENCE CORPORATION, LOS ANGELES, 
CALIF., have to withstand severe vibration, impact, 
corrosion and temperature change. They must be 
made of light materials and still have strong threads 
— able to hold fasteners tightly and stand frequent 
assembly and disassembly.

U. S. SCIENCE insures rock-solid screw assemblies 
by protecting vital tapped holes with one-piece

Heli-Coil® Screw-lock Inserts* lock screwt against impact 
and vibration and permanently protect critical tapped 
holes in this transducer assembly.Floated Rate

Integrating Gyros

• permit repeated disassembly and 
reassembly

• can be used in standard proportion 
bosses without need for redesign

• save assembly time, space, weight 
and cost

X ¿ARFOTT COMPANY. INC.. LITTLE FALLS. N. J.
A subsidiary of Gunarat Precision Equipment Corporation 
ales and Engineering Offices 1500 Main Ave., Clifton, N. J

• positively lock fasteners against loos
ening under impact and vibration

• prevent thread wear, stripping, corro
sion, galling and seizing

• eliminate lock nuts, lock wiring, 
other supplementary locking devicesA REALISTIC re-evaluation of his relay appli

cation may allow the designer to use exist
ing relays with subsequent cost-saving and often 
immediate delivery’. Points to keep in mind during 
re-evaluation are:

Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su
perior to any comparably
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy
ros are ruggedly designed 
and completely adaptable 
to production methods. Per
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions.

TYPICAL 
CHARACTERISTICS

Mass Unbalance:
Along Input Axis.-1.0’/ hr 

maximum untrimmed
Standard Deviation (short term): 

Azimuth Position: 0.05°/hr 
Vertical Position: 0 03°/hr

Drift Rate Due to Anisoelasticity 
Steady Acceleration:

.015°/hr./g2 maximum 
Vibratory Acceleration:

.008°/hr./g2 maximum 
Damping:

Ratio of input angle to 
output angle is 0 2

Characteristic Time:
.0035 seconds or less

Weight: 0.7 lbs.
Warm-Up Time:

10 minutes from -60’F 
Life.- 1000 hours minimum

V«it Coai' Office 253 N Viñedo Avenue, Pasadena, Calif.
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internal-locking Heli-Coil Screw-LOCK Inserts. These precision formed, 
stainless steel wire inserts eliminate thread wear, lock screws securely — 
without resort to clumsy, external lock nuts and lock wiring.

Simple Installation Procedure
U. S. SCIENCE finds it easy to install Heli-Coil Screw-LOCK Inserts. 
Drilled holes are tapped with p Heli-Coil tap and the Inserts wound in with 
a prewinder inserting tool. Conventional screws are used in assembling

HELI-COIL CORPORATION, 407 Shelter Rock Lane, Danbury, Connecticut
Send complete design data on Heli-Coil Screw-LOCK Inserts

Fig. 7. Edgerton, Germeshausen and Grier test circuit, 

the characteristics of some of the newer milli
microsecond diodes Since the forward currents 
used in testing these diodes are usually small, 
clamping is not necessary. Stray capacitances and 
bandwidth consideration are important.

Abstracted from an article by W. Macdonald in 
Semiconductor Product Application News, Sep
tember-October, 1959, published by Hoffman 
Electronics Corp., Semiconductor Div.

under certain circumstances, to be a "constant” for 
a particular diode, allowing fairly good prediction 
of diode performance in almost any circuit. The 
circuit in Fig. 6 (Stromberg-Carlson) shows a 
bridge type measurement of this quantity. Here R 
and C are adjusted until the output (B) appears 
like the input (A). The values of R and C then 
give a measure of the equivalent capacity and se
ries resistance of the diode.

The circuit in Fig. 7 is an example of the com
plications that arise when attempting to measure

NAME__

FIRM____

ADDRESS.

CITY____

Critical Electronic Controls Get 
Internal-Locking, Protective Threads

‘ ' Hico-a- 
pao FT.)

TE^M I

.ZONE_____ STATE.

Vibration

The vibration resistance of a relay is most im
portant in its effect on size, weight and cost. The 
average magnetic relay has a fundamental reso
nant frequency in the range of 200 to 500 cps. 
Vibration specifications below 200 cycles tend to 
minimize cost and facilitate delivery. Vibration

50^ I2O>v TW 
(IOFT1 (10FT) HELIX

with mm450^
-T(IO FT) 
50-^-
,(5FT)

100-^ 
(10 FT)

• meet government specs for locking torque and vibration 

A »Patented

BA HELI-COIL CORPOHATIOH
▼ DANBURY. CONNECTICUT

BASIC 1^1 
BUILDING BLOCKS
FROM KEARFOTT



LABORATORY ACCURACY ■ MILITARY RUGGEDNESS

Shock And Acceleration

INDUCTANCE

All other 0.5%

CIRCLE 604 ON READER-SERVICE CARD
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0.001 to 1.0 at 1 KC
0.02 tc lOCè at 1 KC

2 uh
10%

For complete technical 
specifications write . . .

INTERNAL OSCILLATOR FREQUENCY.... 1 KC

Provision for external 
extension

The following hypothetical case illustrates an 
extreme condition frequently occurring among 
relay users: Circuit designer A requires a relay 
capable of performing 50,000 sw itching operations 
maximum for a particular application. He re
quests components engineer B to write a specifi
cation for this relay allowing a safety factor of 
100% for a total of 100,000 operations. Purchasing 
agent C receives the subsequent specification and 
is advised to procure the relay with a little safety 
factor,” say 100%. Relay manufacturer D receives 
an inquiry about the availability’ of this relay and 
discovers that his standard in-stock item, type X, 
with a selling price of Y dollars, would meet all 
requirements except for life which is rated for 
50,000 operations 1 probably with the usual 100% 
safety factor). Therefore, the relay would “have to 
be redesigned." Purchasing agent C then is ad
vised that the relay he wants can be made but at

D FACTOR

Q FACTOR

RESISTANCE 
CAPACITANCE 
INDUCTANCE

IMPEDANCE BRIDGE

CIRCLE 605 ON READER-SERVICE CARD
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; (5 %+0.0025)

(5% +0.0025) 
(5%+0.015 ) 
(5%+:* 055 )

to 10 hy 
at 100 hy 
at 1000 hy

Small size and producibility do not go hand in 
hand. The smaller the relay, the more difficult it 
becomes to manufacture on a mass production 
basis. Inquiries for size reduction of the crystal 
can’ size relay have been received and turned 
down for one reason: the required practical opti
cal instruments necessary to produce these smaller 
units on a production basis are not available.

0.35% 
0.2%
0.15%

The Model ZB-1 provides for measurement of 
AC and DC resistance, inductance and storage factor, capaci
tance and dissipation factor. It is a laboratory instrument in 
accuracy, range and versatility in addition to being compact, 
portable and ruggedly constructed. It meets all the require
ments of the Military Impedance Bridge Model AN/URM-90.

0.001 ohm to 11 megohms A-C or D-C (8 ranges)
1 uuf to 1100 uf (7 ranges)
1 uh to 1100 h (7 ranges)

100 uh and below 
10 h and above

All other

★ Capacitance 

and Dissipation Factor

Specifications sometimes call for shock and ac
celeration requirements in which the g level is far 
greater than 20 or 30 g. A relay which will with
stand 20 g of vibration will withstand the same 
order of magnitude for acceleration and usually 
three or four times this g value for shock. Serious 
consideration should be given to determine the 
necessity of meeting extreme g values. If these 
high values are satisfied, there is a possibility that 
other environmental features will suffer. Realistic 
requirements will result in minimum weight and 
size.

INTERNAL D-C SUPPLY
INTERNAL DETECTOR 
POWER LINE ..................
DIMENSIONS ..................
WEIGHT ..........-..............
ACCESSORIES SUPPLIED

CAPACITANCE 100 uuf and below ±2 uuf
100 uuf range (above 

100 uuf) ±2%

RESISTANCE 0.1 ohm range 
100 K "hm range 
All other

★ Inductance 

and Storage 

Factor

DIGEST
resistance at the resonant frequency and above 
presents a design problem. Relays meeting these 
vibration categories can and are being produced 
today but at slower rates and higher costs.

Basically, the vibration resistance of a relay may 
be increased by either decreasing the mass or 
strengthening the component parts. Decreasing 
the mass results in smaller and lighter units which 
are more difficult to produce. Strengthening the 
parts introduces a weight penalty. The approach 
to this dilemma is to recognize the existence of 
these resonances and investigate the need for vi
bration resistance at these frequencies.

I 10 V at 250 ma (D-C Low) 
12LU V at 10 ma. (D-C High) 
Response flat or selective at 1 KC; sensitivity control provided 
115 volts, 50-1000 cycles, 18 watts.
IOV4" x IPA" x 11V4" overall with cover.
21 lbs.
Set of red and black test leads (19" long) with 2 alligator clips.

★ AC and DC 

Resistance

POWER

Industrial

Instruments

Industrial Instruments: 
89 COMMERCE ROAD, CEDAR GROVE, N. J

available in 30 standard
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers.

Precisely Regulated for

Missile Testing and

General Use

CHRISTIE 
ELECTRIC CORP.

3410 W 67th Street 
Los Angeles 43. Calif.
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Electrohydrau/ic 
Servo Valve
Kearfott’s unique approach 
to electrohydraulic feed
back amplification design 
has resulted in a high- 
performance miniature 
servo valve with just two 
moving parts. Ideally 
suited to missile, aircraft 
and industrial applications, 
these anti - clogging, 
2-stage, 4-way selector 
valves provide high fre
quency response and 
proved reliability even 
with highly contaminated 
fluids and under conditions 
of extreme temperature.

TYPICAL 
CHARACTERISTICS

Quiescent Flow. . . . . . . . . . 0.15 gpm 
Hysteresis ...3% of rated current 
Frequency Response

3 db @ 100 cps 
Supply pressure.. 500 to 3000 psi 
Temperature-Fluid & Ambient

— 65°Fto +275° F 
Flow Rate Range 3 to 10 gpm 
Weight. . . . . . . . . . . . . . . . . .10.5 ounces

Write for complete data.

GENERAL 
PRECISION 

COMPANY

KEARFOTT COMPANY, INC, LITTLC FALLS, H. J.
A subsidiary of Go nerol Proci »ion Equipment Corporation 
Sole» ond Engineering Office*. 1500 Main Ave., Clifton, N. J.

Midwest Office: 23 W. Calendar Ave.. La Grange, III.
South Central Office: 6211 Denton Drive. Dalia*. Toxa* 

Aast Coast Office 253 N. Vloedo Avenue, Pasadena, Calif.
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a cost of 2Y dollars with an allowance of six to 
eight weeks for tooling.

Contact Rating

The contact rating of a relay is also a measure 
of its relative cost and size. Realistic contact re
quirements will prevent the relay designer from 
using special contact materials which will perform 
substantially above the actual requirement—but 
will result in a costlier item. The larger the con
tact load, the larger will be the contact size. It is 
advantageous to limit contact rating to a reason
ably safe limit since large contact masses cause a 
consequent penalty in shock and vibration resist
ance.

Contact Bounce

Increasingly more relay specifications dictate a 
contact bounce limit in terms of maximum allow
able total bounce. The thought behind this is: 
keeping the bounce time as low as possible will 
increase the longevity of the relay contacts. In 
the majority of relay applications, the bounce 
time of a relay will not adversely affect its con
trol function.

Contact Arrangement

Many users will procure all 4-pole relays to be 
used in either 1, 2, 3 or 4-pole applications. This 
encourages mass production. The program, how
ever, is sometimes defeated when the manufac
turer is asked to decrease the weight of the entire 
4-pole line, when a 1 or 2-pole type would have 
solved the user’s weight problem. Specify only the 
required number of contacts.

Temperature Limits

Many manufacturers are producing Class A re
lays using materials which are completely satis
factory for Class B temperatures. In many cases, 
the only Class B requirement which these Class A 
relays do not meet is: minimum attract voltage 
at maximum temperature. To minimize costs, de
termine if the requirements for low voltage opera
tion and maximum temperature exist simul
taneously.

Relay Coil Power

The size and cost of magnetic relays are de
pendent on allowable coil power. The operating 
ampere-turns are proportional to the power input 
and the size of the magnetic structure. For a given 
set of operating conditions, decreasing the size 
of the magnetic structure will increase the re
quired coil power. Conversely, increasing the size 
of the magnetic structure will decrease the re
quired coil power. Many relay users specify a 
value of allowable coil power which is less than 
that required for optimum performance. This 
leads to a “sensitive” relay adjustment. It means

C.E.C. specializes in the design and production of 
Custom and Standard Delay Lines and Filters in varied 
configurations to meet MIL or Commercial Specs.

C.E.C.
FILTERS

SONIC
ANSWER CHALLENGING 

ASSIGNMENTS*

FILTERS and DELAY LINES

* The A5W use depicted 
here is typical.

Electromagnetic Deley 
Lines: Lumped & Dis
tributed Constant • 
Fixed • Multi-tapped • 
Mechanically Variable • 
Electrically Variable • 
System Delays

Magnetostrictive
Lines: Fixed •

Delay
Multi-

tapped o Variable
Standard Filters: High, 
Low and Band Pass, 
Inter-Stage
Special Filters: 90
Phase Shift, Null "T", 
Ultra-Stable, Band Sup
pression, Constant Delay

NOTE
Data Sheets on request

Control Electronics Co., inc.
Ten Stepar Place, Huntington Station, New York
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MOREDIGEST
AIR • MARINE

INVERTED TYPE
BLOWERS
DELIVER

HIGH VOLUME Ac vs Dc Coils

AGAINST
HIGH BACK
PRESSURE

Attract And Release Values3600

3400

MODEL 9603200

of transistors medium and high

Dielectric

Net Price: 89.00manual

CIRCLE 609 ON READER-SERVICE CARDCIRCLE 608 ON READER-SERVICE CARD
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MODEL 960: Complete with portable 
carrying case and comprehensive technical

For further information on 
the complete line of 
Air*Marine motors, blowers, 
and fans, contact our sales 
dept, at either division.

Model 
B1321

► Available and on display at leading 
electronic parts distributors. Write for 
complete precision catalog.

► PRECISION Test Equipment carries 
a full year warranty!

DESIGN • November 11, 1959

The AIR • MARINE inverted type 
centrifugal blower is especially 
designed for those applications 
where space is at a premium. By 
locating the motor inside the 
squirrel cage, space is saved 
and the motor is constantly 
cooled. Compliance with applicable 
MIL specifications make this 
blower ideally suited for critical 
applications.

decreasing contact pressure and contact gap to 
the point where the allowable power will just 
operate the relay. This is not recommended for 
long life and optimum performance. Stringent 
shock, vibration and acceleration specifications are 
not compatible with sensitive relay adjustments.

Pure ac coils are inefficient. More contacts can 
be actuated by a 5 w dc coil than by a 5 w pure 
ac coil. The use of pure ac introduces weight and 
size penalties. An ac unit has far less inherent 
shock vibration and acceleration resistance than 
its dc counterpart. Many close differential units 
and relays requiring specific attract and release 
values are impractical to produce for pure ac use. 
The efficiency of dc structures can be utilized for 
ac operation by the use of rectification networks. 
This results in all of the advantages of the dc 
relay with only a cost penalty for the rectification 
network.

CENTRIFUGAL BLOWER 
B1321

115V 60 cycles i phase

tW Apparatus Company, Inc
70-31 84th St., Stendali 27, L. f, N. Y.

V Export: 458 B'oadway, New York 13 
Canada: Atlas Radio Corp, Toronto 19

• Direct Icbo Readings in terms of 
true collector current.

• Five Icbo Ranges cover all types

Characteristics:
115 or 208 volts; 50/60 cycles;
158 CFM at 0" SP at 3000 RPM;

I or 3 phase.

FOR ONLY 
$8900

Where simple on-off operation is the basic re
quirement of a relay, the minimum operating 
value should be determined by the lowest voltage 
anticipated in the application. In a like manner, 
release values specified where differential opera
tion is not required, increase the cost of manu
facturing and may penalize the user from the 
standpoint of vibration, shock and acceleration 
resistance. power . . . n-p-n and p-n-p types.

• 17 D.C. Collector Voltages:
.5 volts DC to 100 volts DC in 17 steps.

• Direct-Reading Gain Ranges:
5 separate injection currents.

• Leakage: Reliable check of emitter 
to collector leakage current provides 
basis for accurate gain tests.

• Crystal Diode Tests: Separate tests 
for both forward and reverse currents.

• Transistor Test Settings listed on 
high speed roller chart

• Patchcord Selector System and 
universal adapter provide for future 
semiconductor releases.

• Wide-Angle, 5V2", 100 microampere 
sensitivity PACE meter

• Free Transistor Test Data Sub
scription Service for one full year

THE

PRECISION

The dielectric specification of a relay is often 
much higher than actually required with a conse
quent penalty in size, weight, and cost. Specify a 
higher voltage; rating than the open circuit condi
tion to safeguard against high voltage surges, but 
be reasonable.

I i ■ 3000
40 60 80 100 120 140 160

AIR FLOW IN CFM

OF EVERYTHING 
YOU WANT IN A 
TRANSISTOR 

CHECKER

Leak Testing

The method of leak testing hermetically sealed 
relays should be seriously considered. Most relay 
specifications permit the use of either mass spec
trometer testing or water testing for production 
inspection, and usually require both for qualifica
tion approval. The water test is the fastest and 
least costly of the two. A water test performed 
under a vacuum equivalent to 80,000 ft altitude 
is about equivalent in sensitivity to an allowable 
mass spectrometer leak rate of 1000 x 10 * cc per 
sec. Thus a relay of the size of MS-25024-2, which 
could have an allowable leak rate of about 
10,000 x 10-8 cc per sec when tested per MIL-R- 
6106-C, could positively be detected by a water 
test.

WESTERN DIVISION: 2221 BARRY AVENUE, LOS ANGELES, CALIFORNIA
369 BAYVIEW AVENUE, AMITYVILLE

motors, ine.
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Finish

The finish specification of a sealed relay is 
often overlooked in cost-saving analysis. Exten
sive testing under extreme environmental condi
tions indicates that plating properly applied has 
the endurance of paint at substantially lesser cost.

Abstracted from a paper by John Schmidt, Jr. 
and W. Warren Wright of Guardian Electric Mfg. 
Co., delivered at the Seventh Symposium of Elec
tro-Magnetic Relays and reprinted by Potter & 
Brumfield, Div. of American Machine & Foundry 
Co.

Microwave Component News 
from SYLVANIA O

Three

Tentative Definitions

Given For Relay 

Contact Loading

How Dry Is Dry Circuit Area?

IN GENERAL terms, the Absolute Dry Circuit 
Area is that area of contact loading in which 

only mechanical forces (impact, pressure, wipe, 
abrasion, strain-hardening) can change the condi
tion of the contact interfaces; there can be no 
thermal effects (softening, melting) or electrical 
effects (arc transfer, bridge transfer, loss of mate
rial). Thus the Absolute Dry Circuit Area shall 
be defined as that in which the open-circuit con
tact voltage does not, for an appreciable time, ex
ceed the softening voltage for the contact mate
rial used.

For example, with the contact temperature at 
0 C, the softening voltage for gold is 0.08 v, the 
lowest value among the practical contact mate
rials, and for platinum it is 0.25 v, the highest 
value among the practical contact materials. 
Therefore, the Absolute Dry Circuit Area may be 
designated as that area in which the open-circuit 
contact voltage does not exceed 80 to 250 mv, for 
more than 1 psec when operated so as to main
tain the bulk temperature of the contact at 0 C, 
the exact millivolt maximum limit depending on 
the contact material used. The softening voltage 
decreases as the contact bulk temperature in
creases, the softening voltage for gold being 0 mv 
at 100 C, and the softening voltage for platinum

11, 1959

Lowest receiver noise 
% figure yet

Data Logging

via 
new Ku Band Diodes

Kearfott’s broad line of 
test equipment includes the 
Scanalog 200-Scan Alarm 
Logging System which 
monitors, logs and per
forms an alarm function of 
up to 200 separate temper
ature, pressure, liquid level 
or flow transmitters. This 
precise data handling sys
tem is equipped with man
ual controls for scanning 
rates, automatic or manual 
logging, data input relat
ing to operator, time, day, 
run number and type of 
run. 200 numbered lights 
correspond to specific 
points being maintained 
and provide a visual “off 
normal” display for opera
tor’s warning. System can 
be expanded to 1024 points 
capacity and 2000 points 
per second scanning rate.

Now sylvania has new Ku band 

silicon microwave diodes, types 1N78D 
and 1N78DR, with a 7.5 db maximum 
over-all noise figure* for mixer appli
cations.

Extremely low noise figure for Ku 
band receivers is now possible with a 
new silicon microwave mixer diode 
developed by Sylvania, and available 
in both forward and reverse polarities. 
When the 1N78D and 1N78DR mi
crowave diodes are used as a matched 
pair, they virtually eliminate excess 
noise due to the local oscillator, thus 
providing a receiver system with a 
realistic 7.5 db over-all noise figure 
at Ku band. The use of the matched 
pair also serves to effectively isolate the 
antenna and local oscillator terminals.

The new microwave diodes also featun 
a maximum operating temperature o 
150°C as well as a complete hermeti« 
seal for maximum protection unde 
severe environmental conditions.

Contact your Sylvania representa 
tive now for complete information oi 
these new low noise Ku band diode 
or write the factory directly at th« 
address below.

Write for your free copy 
of this completely new 
Sylvania Microwave 
Diode Characteris
tics and Replace
ment Guide.

»with IF amplifier NF equal to 1.5 rib

BASIC SPECIFICATIONS OF NEW 1N78D AND 1N78DR DIODES*

Write for complete data.t

GENERAL 
PRECISION 

COMPANY

Operating Temperature.

NOISE FIGURE (CALC)
N-LC (NIF+NR-1).............
where NIF-1.5 db

CONVERSION LOSS.........
P-l.Omw, F-16,000 me
JAN-201 holder

OUTPUT NOISE RATIO. 
P/1-0.5
MADC (min), F-9375 me
JAN-105,202 holder

IF Impedance......................

RF Impedance.....................

Moisture Resistance........

150°C max.

7.5 db max.

5.7 db max.

1.3 times max.

ZIF--- 

VSWR

400-565 ohms.

1.5 max.

All units are hermetically sealed and pass 
MIL-STD-202 Method 106 Moisture Test.

♦ available also in matched pairs «lesignated 1N78DM and IN78DMR. Matching criteria are 
conversion loss within .3 db and IF impedance within 25 ohms of each other.

Inc.
N. V. 
k 13 
to 19

» CARFOTT COMPANY, INC.. LITTLE FALLS, N. J.
A subsidiary of General Precision Equipment Corporation
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J.

Midwest Office: 23 W. Calendar Ave., La Grange, III.
South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office 253 N. Vinedo Avenue, Pasadena, Calif.

CIRCLE 625 ON READER-SERVICE CARD
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MOLLY JACK NUT
IS EASY TO INSTALL

ated
with
mon
ages

0 mv at 540 C.

Ask Your Industria Distributor or
Write for FREE Brochure

CORP.

Level Area shall be defined as that area of con-

terial used.

TANSITOR FOIL CAPACITORS PROVIDE

Long shelf life at -65 C

Tel. 5473.

Insert lack Nut
mto hole. Noeda
only % axpan-

Run in screw to

on threads.

lack Nut now is

100 hours 100°exposure

LONG SALT WATER
EXPOSURE WILL DAMAGE

el*
salt humidity

conditions, TANSITOR Capacitors show no corrosion or
loss of operating efficiency

NEW Fractional Horsepower Motor Handbook
JU T PUBLISHED ...fo help the machine designer select and

service fractional horsepower motors.

Here are 66 pages brimming with facts, figures and more than 
75 diagrams, tables, charts and illustrations, for the first time 
brought together in a single permanently bound book.

Contents include (1) Application fundamentals, (2) Economics and 
special features, (3) Care and servicing, (4) A glossary of terms 
and definitions ... plus 10 pages of reference material.

NOW available at $1.00 per copy. Please send cash, check
or money order only.

BODINE ELECTRIC CO., 2528 W. Bradley PI., Chicago 18, III.

fractional / horsepo

.the power behind the leading products

TANSITOR TANTALUM CAPACITORS
Although every TANSITOR capacitor has passed the
rugged MIL-C-3965 C salt water test, with flying colors, it’s
possible that after 50-100 years one might break down. Our
replacement rate last year for all causes, however, was
only 0.001%. So, if you want reliability in your tantalum
capacitors for shipboard or airborne electronic equipment,
we suggest you check with us.

-55 to 4-125 C operating range at 150
volts or less in wide range of capacities

Leak-tight, vibration-proof
Etched or plain, polar or non-polar

Non-corrosive electrolyte

DESIGNING TANTALUM CAPACITORS that give you
the most capacitance in the least space is our only business.
Try us for overnight deliveries on all MIL-C-3965/2A/3A
ratings, any vibration level. Write or ’phone for complete
data to TANSITOR ELECTRONICS, Inc., West Road,
Bennington, Vt.

New ... Revolutionary

JACK

The ONLY Blind Fastener
Which Grips ANY Material
From 0 to 3/16" Thick sion space

collapse spider 2 anchor backing
by exerting pull

230F N. 5th St, Reading, Pa.

being 200 mv at 140 C, 122 mv at 340 C, an 1

Intermediate Energy Level Area

In general terms, the Intermediate Energ
I ,evel Area (formerly called a fringe or gray area 
is that area of contact loading in which mechani
cal, thermal, and electrical effects, except arcing.
can change the condition of the contact interfaces.
Thus, the Intermediate Energy Level Area, in 
which somewhat variable contact performance 
may result due to softening, melting and/or bridge 
transfer, shall be defined as that area of contact 
loading exceeding the softening voltage and less 
than the minimum arcing level for the contact ma-

For example, the intermediate energy level 
area for pure gold contacts would be the soften
ing voltage (80 mv at 0 C) and the minimum arc
ing level (approximately 15 v peak maximum 
and/or 0.38 amp peak max when operated in 
normal atmosphere at room temperature with 90?
humidity); similarly, the intermediate energy level 
area for pure platinum contacts would be be
tween the softening voltage (250 mv at 0 C) and 
the minimum arcing level (approximately 17.5 v 
peak max and/or 0.9 amp peak max when oper-

in normal atmosphere at room temperature
35 to 60 per cent humidity). For the com-
contact materials, the minimum arcing volt-
range from 11 ±5 v for silver-gold and 

silver-palladium contacts operated under normal 
atmospheric conditions to 21 ±5 v for pure silver 
contacts operated in a dry hydrogen atmosphere 
and the minimum arcing currents range from 0.25 
amp for silver-gold contacts to 0.9 amp for pure 
platinum contacts, both operated under normal
atmospheric conditions.

High Energy Level Area

In general terms, the High Energy Level Area 
(formerly called a power area) is that area of con
tact loading in which mechanical, thermal and 
electrical effects can change the condition of the 
contact interfaces, and in which arcing and arc 
transfer will take place. Thus, the High Energy 

tact loading which exceeds the minimum arcing 
level for the contact material used. In this area, 
arcing will rupture any films present and contact 
life and performance will be determined by such 
factors as loss of material, arc transfer, mechani-

The high energy level area will include all con
tact loadings exceeding those previously specified

cal sticking, welding, and particle contamination.- Installed and
3 ready to receive

E208 ELECTRONIC DESIGN November 11. 1959



Reliable Relay
ces Contact Systems
met

What To Consider Beforeitact

ma

Specifying Them

level

cnles, tarnishes,

2515140325161-001

Range 54' +125

Write for complete data.faces results small trickle of current, but Write for complete data.

fäarfbtt

2091959

pure 
armai

Miniature 
Floated 
Gyro

Electrohydra ulic
Servo Valve

Integrating
Tachometers

Analog- 
to-Digltal 
Converters

Volts D.C. . . . . . . . . . . . . . . . . . . . . . . . . .  10.5
Current (ma.). . . . . . . . . . . . . . . . . . . . . . . . 20
Inertia (gm. cm.2). . . . . . . . . . . . . . . . . 20
Unit Diameter (in.). . . . . . . . . . . . .  1%
Unit Length (in.). . . . . . . . . . . . . . . . . . . . . 3
Life 106 Revolutions or 103 hours
Static Torque (in.-oz.) 2 (break) 

1 (running)

E ECTRONIC DESIGN • November 11, 1959

oxides, plus minute dirt

GENERAL 
PRECISION 

COMPANY

Size 11 
(R860) 

Excitation Voltage (400 cps) 115 
Volts at 0 rpm (RMS). . . . . . . . . . . 020 
Volts at 1000 rpm (RMS) . 2.75 
Phase shift at 3600 rpm .... 0s 
Linearity at 0-3600 rpm. . . . . . . 07 
Operating Temperature

irmal 
silver 
There

Control 
Transmitter Transformer

14000/80; 
1.278

20 seconds 
Stator

Kearfott integrating ta
chometers, special types of 
rate generators, are almost 
invariably provided inte
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear
ity of these compact, light
weight tachometers ranges 
as low as .01% and is usu
ally better than ± .1%.

TYPICAL 
CHARACTERISTICS

Weight (oz). . . . . . . . . . . . . . . . . . . . . . . 5
Maximum Speed (RPM). . . . . 600 
Write for new ADAC 
brochure.

Engineers: Kearfott offers challenging opportunities in 
advanced component and system development.

CIRCLE 630 ON READER-SERVICE CARD

400 
40Q/80* 
260/80* 

.7826 
20 seconds

Rotor

rather sizeable FR losses at the tiny A spot. This 
energy loss becomes heat, and metal is melted. 
A bridge of molten metal continues to enlarge, 
increasing current and reducing contact resistance, 
and indirectly resulting in a reduction of poten
ti il drop between the mating contacts.

The energy dissipated is now greatly reduced, 
and the metal bridge solidifies. This mated pair 
ol contacts now’ carries current in an entirely ac- 
ciptable manner. The metallic bridge breaks as

Type Resolver 
Part Number 
Exclt. Volts 

(Max.)
Frequency (cps) 
Primary Imped. 
Secondary Imped. 
Transform Ratio 
Max. Error fr. E.2. 
Primary

as the minimum arcing level values.
Abstracted from Relay Testing Procedures. 

Technical Committee II Progress Report, Na
tional Association of Relay Manufacturers.

chani- 
lation.
11 con- 
ecifi< d

particles. The thickness of these films of foreign 
materials may be considerable.

In the accompanying enlarged sketch of the 
contact area, note the shaded portion in which 
insulating films are substantially undamaged, and 
two small conducting (“A” spots) in which insu
lating films have been badly cracked or displaced. 
One widely held theory states that a potential 
difference between the two mating metal sur-

Scanalog 
200-Scan 
Alarm Logging 
System

Area 
f con
I and 
if the 
d arc 
nergy 
I con- 
arcing 
. area, 
ontact

KEARFOTT COMPANY, INC, LITTLE FALLS. N. J. 
A subsidiary ol General Precision Equipment Corporation 

Soles and Engineering Offices: 1500 Main Arre., Clifton. N i
Midwest Office: 23 W Calendar Ave., la Grange, III.
South Central Ollie« 6211 Denton Drive. Dallas, Texas

West Coast Office 253 N Vmedo Avenue Pasadena. Calil

20 Second 
Synchro

MUCH can be done to minimize the erratic 
nature of relay contact performance—thus 

improving the reliability of electronic equipment 
—by considering some basic facts about contact 
materials and cleanliness before specifying the 
relay contacts.

The initial contact of two spherical metal sur
faces results in point contact. Deformation occurs 
as the compressive force between them increases, 
and the point becomes a small area. Other con
tact points occur and become small areas, per
haps merging with the first. Under normal condi
tions, surface molecules are not pure metal. They 
may be adherent gaseous or hydrocarbon mole-

arc
num 
d in

sper
ature
com-

rea) 
am-

This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance 
matches, up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter.

TYPICAL
CHARACTERISTICS SIZE 25

Kearfott’s rugged shaft 
position-to-digital convert
ers are resistant to high 
shock and vibration and 
high and low temperature 
environments. Ideally 
suited for missile applica
tions, these converters are 
available for many uses, 
including latitude, longi
tude, azimuth or con
ventional angular shaft 
displacement conversion 
and decimal count conver
sion. Exclusive drum 
design provides large con
version capacity in smallest 
size. Combination counter 
converter assemblies for 
both visual and electrical 
readout also available.

TYPICAL 
CHARACTERISTICS

Kearfott Unit No  P1241-11A 
Code. . . . . . . . . . . . . . . . . . . . . Cyclic Binary
Range. . . . . . . . . . . . . . .  0-32,768 (215) 
Bits per Revolution. . . . . . . . . . . . .  16 
Revolutions for Total Range

2,048

BASIC MJ 
BUILDING BLOCKS 
FROM KEARFOTT

BASIC MJ
BUILDING BLOCKS 
FROM KEARFOTT

BASIC ILHJ 
BUILDING BLOCKS 
FROM KEARFOTT



ENGINEERING INFORMATION
CATALOG

FM

ONLY RAMCO MAKES BOTH 
MODERN TYPES OF RETAINING RINGS

Show* you how to determine 
which Ring Give» You the 

ONE BEST ANSWER 
to Problem« of

★ REDUCING ASSEMBLED COST
* IMPROVING APPEARANCE
★ INCREASING PERFORMANCE

40 pages of latest information 
on both types of modern re
taining rings. Explains when 
and how to use Spirolox, the 
full 360° "gapless” ring, and 
when to use the modern 
conventional Circolox ring. 
Shows special adaptations, 
such as the new "Self-Lock
ing” and "Single-Turn” Spiro
lox Rings, as well as many 
other specialized rings, mate
rials and finishes available. 
Write for free copy today!

Retaining Rings by Thompson Products RANCO DIVISION
Box 548, Dept. P, St. Louis 66, Missouri

new setko
FLARE-LSK

SET SCREW 
WILL NOT SHAKE LOOSEI

another product of Thompson Runo Wooldridge Inc. automotive group
548

CIRCLE 631 ON READER-SERVICE CARD

BEFORE FLARE

information TODAY.

AFTER FLARE

• STOPS NEEDLESS SERVICE 
PROBLEMS

• CUTS REPLACEMENT COSTS
• INCREASES OPERATING 

EFFICIENCY
• IDEAL FOR POWER TOOLS, 

MACHINERY, ETC. 
WHEREVER VIBRATING 
CONDITIONS EXIST.

HERE'S HOW IT WORKS: The point of the FLARE- 
LOK set screw is specially formed to flare out when 
it is tightened against a bearing surface. The thread 
gap is closed just enough to prevent loosening or 
shaking free due to vibration, etc. Yet, the screw 
may be removed without damaging the mating 
threads. You can get them in hex socket, slabbed 
or slotted heads.

crew
549, Main Street, Bartlett, Illinois

WRITE FOR FREE "FLARE-LOK" TEST 
\ _ SAMPLES and full

DIGEST
contacts are opened, and surface films generally 
reform quite rapidly.

When surface films are relatively thick and 
tough, and the potential difference between con
tacts is relatively small, the trickle of electrons 
through cracks in this film, if any, is too small to 
result in any effective energy dissipation. No 
metal is liquefied, and no metallic bridges formed. 
Contact resistance remains high—possibly* 100 
ohms, or 1000 ohms, or many megohms. If we 
open and close the contacts, the surface films will 
crack or deform in a different manner and a sub
stantially different contact resistance may result.

Factors Affecting Contact Performance

It is evident, then, that contact performance is 
readily affected by these key factors:
Circuit Characteristics. Low level circuits, in 
which the total energy available for dissipation 
at the contact surfaces, may be insufficient to 
build a metallic bridge. High resistance, or ap
parent open circuits, occur very often unless all 
other conditions are ideal. If the current and volt
age level are excessive for the contact in ques
tion, the resulting metal bridge may be sufficiently 
large to damage the contact surface upon rupture, 
or perhaps even result in sticking or welded con
tacts. Excessive contact heating will promote the 
growth of films.
Contact Movement. Contact closure might in 
some remote way be considered analogous to a 
hammer hitting an anvil. It is apparent that there 
will be a tendency to rupture the surface film. 
And there will be a tendency for the contacts to 
bounce. Also, there may be a lateral, or wiping 
movement associated with contact closure. Well 
designed contact systems feature the practicable 
hammer action on closure even though this ham
mer action is of insufficient magnitude to deform 
or penetrate tougher surface films. Contact 
bounce, however, may be either inconsequential 
or detrimental, depending on the intended appli
cation. Circuit intermittence for a millisecond or 
more after contact closure, associated with con
tact bounce, may be objectionable in some cases. 
Generally, for contacts intended only for low level 
applications, a small amount of contact bounce is 
not harmful, and may aid slightly in deforming 
or breaking surface films. Bounce is usually con
sidered harmful where contacts are intended for 
currents and voltages of a higher level, as each 
bounce represents an opportunity for arcing to 
occur. Contact wiping action is helpful in the re
moval of particles of foreign material which 
occasionally interfere with normal contact per
formance. Contact opening, and the reopening 
associated with contact bounce, will result in arc
ing unless the circuit is low level. The cumulative

INVESTIGATE

THE ONLY ONE OF ITS KIND!
JO MILLION STEPS IN BOTH DIRECTIONS

the üenalex J
Two-Way Stepping Switch JI

For: Selection Sequence Control — Counting 
(including Subtraction) — Totalizing — Puls
ing — Step-by-Step Servo Drive.
Self-Cycling or Remote Control Operation. 
Bridging or Non-Bridging Wipers, or any 
Combination. Sturdy, compact construction.
Get complete data and price information now 
on the unique GENALEX Two-Way Stepping 
Switch — AND the companion 100 Million Step 
GENALEX One-Way Stepping Switch! Write 
today, to:

GENERAL ELECTRIC COMPANY, LTD., OF ENGLAND

11 University Rd., Cambridge 38, Mass.

CIRCLE 633 ON READER-SERVICE CARD

New Coincidence Indicator For 
Transistor Monitor Circuitry

KP-125, 
Actual Size

The KP-150 is a subminiature glow-dis
charge indicator tube for transistor monitor 
service, which eliminates over a dozen other 
circuit components for coincidence applica
tions; acts as an “and” gate; indicates. Its 
output may be used as a control, e.g., to close 
a relay. The KP-150 operates (glows) only 
when two coincident, low voltage signals are 
applied to its dual grids. This tube is specifi
cally designed for transistor monitor service, 
and requires very low signal voltage and 
currents, thus preventing loading of the test 
circuit. The KP-150, operated, with AC on 
the anode, is grid-controlled, that is, will 
conduct (glow) when a grid signal is pres
ent, and is off when the signal is removed. 
For “memory” applications, the KP-150 may 
be used with DC anode supply. In this case, 
the operation is that of a conventional thyra
tron. The tube remains on (glows) until the 
anode current is interrupted, thus providing 
an electrical memory. A bright, “ball-of-fire” 
discharge provides exceptional visual indica

tion which fills the tip of the tube, indicating in areas 
of high ambient light without special masking. No spe
cial mounting orientation is needed, as the tubes may 
be viewed from any angle. The KP-150 is in produc
tion and in stock. A single control type, the KP-145A 
is also available. For further details, data sheets, etc., 
contact

KIP ELECTRONICS CORPORATION
Dept. 920, Box 562, Stamford, Connecticut

CIRCLE 634 ON READER-SERVICE CARD
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•ffect of this arcing is the major factor in limiting 
he normal life of high level contacts.
Contact Pressure And Shape. High contact pres- 
.ures are helpful in squeezing or rupturing some 
surface films. Therefore, for contacts not intended 
to handle higher currents, small size is necessary 
:o obtain higher contact pressure from a given 
force system. When high currents must be con
sidered, contact size is governed by the need to 
provide adequate area of contact, so that over-

TYPICAL CONTACT SURFACE
FROM "ELECTRIC CONTACTS" RAGNAR HOLM

APPARENT 
CONTACT SURFACE

LOAD BEARING
CONTACT SURFACE

-SPOTS

METAL BRIDGE CONTACT

YOU CAN T BREAK THE SEAL on these 
CERAMASEAL HERMETIC

7 TERMINALS

THE BOND IS STRONGER THAN THE METAL STUD!!
CERAMASEAL’S molecular bond between the high alu
mina ceramic and the metal flanges and caps prevents 
assembly line failures due to excessive tightening of nuts.

Guaranteed leak-tight when shipped. CERAMASEAL terminals can be readily installed by 
brazing, welding or soldering — without damaging the seal.
FOR COMPLETE INFORMATION, catalog and spec sheets, write Ceramaseal. Inc., New 
Lebanon Center, N. Y. or phone: West Lebanon 3-5851.

Hermetic Ceramic Terminals, Magnetron Wells, Sapphire-to-Metal Seals

CERAMASEAL, inc.
CIRCLE 635 ON READER-SERVICE CARD
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IN SOUTHERN CALIFORNIA

heating and subsequent damage will not occur.
Contact Materials. The ideal contact material 
should have conductivity comparable to silver or 
copper, the heat resistance of tungsten, the free
dom from oxidation of platinum and paladium, 
the freedom from affinity for surface films of 
gold, and should be dirt cheap. All of the above 
are used as contact materials, but perhaps none 
so much as dirt. The most desirable contact mate
ri il changes depending on conditions. Experience 
shows that gold and some gold alloys, such as the 
6 )% gold, 25% silver, and 6% platinum are about 
tl e best materials for low level circuits. Palladium 
is a poor choice in hermetically sealed enclosures 
d ie to affinity for hydrocarbons. Flash platings of 
g dd over some less expensive metal are fre- 
q lently unsatisfactory due either to the tendency 
o the base metal to migrate through the gold or

the major source for instrumentation systems 
and components, offers you a unique opportunity 
to fully use your ability with a rewarding future 
as a qualified engineer.
Have you had two or more years experience in 
the design of VHF or UHF transmitters?

... in airborne packaging?
... in transistor circuitry?
If you have, we want to talk to you.

Please send resume to W. C. WALKER 
ENGINEERING EMPLOYMENT MANAGER

NORTH HOLLYWOOD. CALIFORNIA

Other High-Level Electronic Engineering Positions Available 
CIRCLE 925 ON CAREER INQUIRY FORM PAGE 229
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products 
• nd 

services
•CUSTOM SERVICES

Reticle* for Optical, Photoelectric Instruments • Precise Photog
raphy • Precision Patterns on Glass 4 Metal • Electroforming and 
Electroetching • Circular, Linear, Cylindrical, Spherical Dividing

PHOTOELECTRIC DEVICES
Shaft Position Encoder • Pulse Generators • Readout Devices for 
Angular and Linear Position

OPTICAL INSTRUMENTS

Optical Coincidence Reading Systems • Collimators • Special 
Optical Instruments

SURVEYING INSTRUMENTS

Transits • Theodolites • Levels • Alidades • Rods • Plane Tables 
• Field Equipment

HYDROLOGICAL INSTRUMENTS

Current Meters • Water Level Recorders • Hook Gages

METEOROLOGICAL INSTRUMENTS

Wind Direction and Velocity • Pilot Balloon Theodolites

TESTING INSTRUMENTS
Smoothness, Stiffness, Porosity, Sizing Testers for Paper and 
Textiles

SCIENTIFIC INSTRUMENTS

CIRCLE 637 ON READER-SERVICE CARD

Standards of Mass, Length and Volume • Balances

Check and mail for literature desired / 525 FULTON ST.
W.&L.E.GURLEY / TROY, NEW YORK

LACING CORDS AND TAPES OF

NYLON and DACRON

Sold nationally by Alpha Wire, New York

CIRCLE 638 ON READER-SmiflS/PMOiœ Y».
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are available in wax, wax-free 
and resin-coated finishes

• Fungus-prod 
• Extra Strong

• Tie easy, fast and tight
• Knots won’t slip

HIGH TEMPERATURE WORK

NON-SLIP FINISH ON

Write for full 
information and 
free samples!

THE HEMINWAY & BARTLETT MFG. CO. 
Electronics Division 500 Fifth Avenue, New York 36

FOR

TEFLON COATED 
FIBERGLAS TAPES

Withstand temperatures up to 
600 in '4" and lb" widths

DIGEST

the gold to wear off after a limited number of 
operations.
Foreign Particles And Dust. Minute foreign par
ticles which become lodged between mating con
tacts may be responsible for unrepeatable open 
or high-resistance circuits that are vexing during 
tests. There is no sure way to eliminate all foreign 
particles from the contact area. A minimum of 
protection is provided by hermetic sealing.
Surface Films. The ease of establishing an elec
trical circuit is inversely proportional to the 
thickness of the surface film on the contacts. The 
contact enclosure should, if at all possible, be 
completely devoid of organic materials. Glass and 
ceramics are the preferred insulation materials in 
this enclosure. The vacuum bake is primarily to 
insure riddance of organic materials.

Specifying Contacts

A specification for components and component 
parts incorporating contacts should contain per
formance requirements for these contacts, and 
should contain or reference test procedures for 
insuring conformance. The maker should be told 
of the closed circuit current, maximum permissi
ble resistance, and the available open circuit 
voltage. It should be noted whether this voltage 
will be available at closure, and whether the 
current will be flowing as the contacts are opened.

The nature of any surge currents should be 
described, including amplitude and duration. 
The required contact life should be noted in 
number of operations, taking into account all 
component, sub-system, and system testing plus a 
reasonable safety factor.

Note all external environments, such as shock, 
acceleration, vibration and temperature. In the 
event failure of contacts to make, or high resist
ance, for any one operation might cause a critical 
circuit failure, a run-in, or “miss” test should be 
specified for each unit. When this critical opera
tion takes place either well above or well below 
the room ambient area, testing at the extreme 
temperature should be specified. The specifica
tion should avoid requirements for specific de
sign details, such as contact material, size, force, 
type of enclosure, etc. However, where certain 
necessary performance requirements are impracti
cal, there is no alternative to specifying such 
readily controlled details as hermetical sealing 
or gold alloy contacts.

Abstracted from a paper by Howard P. Lynch 
of the General Electric Co., delivered at the 
Seventh Symposium on Electro-Magnetic Relays, 
and reprinted by Potter & Brumfield. Div. of 
American Machine & Foundry Co.

Here Is The Answer To Every? 
COIL FORM REQUIREMENT?
Complete Coil Form
Service....

Arbor List 
of Over 
2000 Sizes

High dielectric kraft, fish 
paper, cellulose acetate, 
DuPont Nylon, Resinite 
and combination tubes 
for any electrical/elec- 
tronic application.

Any shape — round, 
square, oval, rectangu
lar, triangular or spe
cial. Any I.D., O.D. or 
length. All promptly 
available.

Ask about our special mandril and fabricating services 
Request Arbor List and Bulletin today. Send 

specifications for free samples.

PRECISION PAPER TUBE CO.
2055 WEST CHARLESTON STREET • CHICAGO 47. ILL.

y Plant No. 2: 1 Flower Street, Hartford, Conn.
REPRESENTATIVES THROUGHOUT UNITED STATES AND CANADA

CIRCLE 639 ON READER-SERVICE CARD

over 300 stock parts • no tool charge • fast delivery

8BP wB*

send for catalog no. 106 

kurz-kasch 
1415 South Broadway, Dayton 1, Ohio

CIRCLE 640 ON READER-SERVICE CARD
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LT TO "N" TYPE TRANSITION. 3505000 MCS.COAX SLOTTED LINE, 1500-5000 MCS.

Semiconductors Relays

1. 250 psec and up.

, ill.
CIRCLE 643 ON READER-SERVICE CARD

3. Single point.

IN PRINTED
CIRCUIT

FLUXES THIS YEAR
5. Infinite.

RESIN-FLUXES

r

CIRCLE 644 ON READER-SERVICE CARD
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ALPHA METALS, INC., 588 Water M.. Jersey City 4. N.J. 
Send me fie« your New Flux Finder Guide.

2339 COTNER AVENUE • LOS ANGELES 64, CALIFORNIA 
CIRCLE 641 ON READER-SERVICE CARD

In Chicago, III. 
ALPHA-LOY CORP.
2250 8. lumber St.
Other ALPHA product! 
Coro A Solid Wire Solder 
Solder Preform!
Hi«h Purity Metals

*(The reliability of a component is often nebulous and this is 
particularly true when trying to compare an electromechanical de
vice with an electronic one. Our experience with relays indicates 

that we can expect one contact failure in 5,000,000 contact opera
tions. Using transistors, our experience indicates one failure in 

10,000,000 transistor hours.)

These operational configurations comprise a representative 
selection of Tamar “hardware” designed and tested to meet 

all military and industrial specifications.

Name ... 

Company 

Address

City-------

CABLE CONNECTOR 350-5000 MCS.

4

RICHT ANGLE ADAPTER. 350-5000 MCS

WAVEGUIDE TO COAX ADAPTER, 2350 3600 MCS. S-BAND SCIMITAR ANTENNA, 2350 5000 MCS.

id, 
ju- 
pe- 
. or 
tly

AÑADA

THE NEW 
INDUSTRY 
STANDARD

Greater Solderability
Less Corrosion Potential

ONCO

Yes, you get greatly improved solderability over stand

ard fluxes available last year and, at the same time, 
less corrosion potential.

Prove these claims for yourself. If you have been 
using a “mild” rosin flux, test and compare LONCO 
RESIN-FLUX *5141. If you have been using a “some
what activated” rosin flux, test and compare LONCO 
RESIN-FLUX *5177... or if you have been using the 
“most solderable rosin flux available”, test and com
pare LONCO RESIN-FLUX *5170.

Technical bulletin and samples of all three 
LONCO resin-fluxes are yours for the asking. 
Try, test, compare.

LONDON CHEMICAL CO
I5J N. 31st AVENUE • MELROSE PARK, ILLINOIS 

MEMBER OF INSTITUTE OF PRINTED CIRCUITS

Other Lonco Products for Printed Circuits: 
LUXCOTE #21-XR • INSULATING ROSIN FLUXES • SOLDER RESISTS 

SEAIBRITE *230-10 • FLUX REMOVERS • COPPERBRITE *48 
CIRCLE 642 ON READER-SERVICE CARD
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Switching Devices

Relays

vs
Semiconductors

I N COMPUTER and business machine circuitry 
■ there is a degree of overlap in the switching char
acteristics of semiconductors and relays. A proper 
analysis of the application, and the functional, 
cost, physical and standardization requirements 
will determine which device should be used.

The functional characteristics of the semicon
ductors and relays are:

Functional Characteristics

1. Microsecond range 
with faster speeds al
ready proven feasible.

2. Reliability appears to 
be much superior.*

4. Low power require
ments.

2. Average reliability 
from our laboratory tests 
—1 failure in 5,000,000 
contact operations.

3. Multiple points with 
single control.

4. Reasonable power but 
adds appreciable induct
ance and capacitance.

5. Off state resistance: 
many megohms for tran
sistor but in the 100 K 
region for photo con
ductors.

6. Forward resistance: a 
few ohms for transistor 
and in the 10 K region 
for photo conductors.

7. Current carrying ca
pacity affects operate 
time.

6.
or

Short circuit (1 ohm 
less).

7. Capable of handling 
heavy loads.

HEW! THE MERCURY “10” SERIES 

TRIODE CAVITIES

10% tuning range

Fully standardized line for 
production . . . Frequency 
225mc to top existing tube

DELIVERY —30 DAYS
Only JVM offers these outstanding 
vancements —low cost standardized

design and 
range from 
limits

OR LESS!
engineering ad- 
production— off

the-shelf availability—design flexibility and uniform 
performance.
Miniaturized MERCURY "16" cavities are precision 
engineered for restricted tuning range, minimum 
weight frequency stability and temperature compensa 
tion. The "IO" series includes 720 different cavities 
designed for maximurn power and or voltage ratings 
of a variety of tubes

Call or write for engineering drawings and specification«.

J VM MICROWAVE CO.
9302 W. 47th Street Brookfield, Illinois HUnter 5-2000 

TWX Brookfield, III. 2796

FREE!
from 
Alpha 
Metals

A valuable aid, ALPHA'S exclusive New Flux Finder Guide 
contains such data as:

Coatings for reducing oxides in solder baths 
Preventing reoxidation of base metals 
High-speed fluxing for printed circuit dip soldering 
For your copy, act now!

Zone____State

213
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Functional Characteristics

Semiconductors

8. Measurable,FOR COUNTERSUNK

MOVING PRESET

Electrochemical Switches

Advantages

are very

©1959
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contact 
construc-

2. Flexible ii 
material and

9, Life: average 10,000 
to 300,000 operations

desired effects 
pronounced.

9. Life: in excess of 10, 
000 hr.

Free Fastener
Handbook

Send for your complete 
Southco Fastener Hand
book, just printed. Write j 
to Southco Division, South A 
Chester Corporation, 235 
Industrial Highway, Lester, Pa, tion to provide numerous 

contact combinations.

1. Inherent contact 
bounce and chatter on 
most types.

ADJUSTABLE PAWL FASTENER
Compact and rugged. Eliminates rivets or 
bolts to save installation time. Three types 
cover grip range up to Supplied either 
with integral metal and plastic knob, plastic 
knob or for your knob.

ARROWHEAD DOOR LATCH
Requires only one hole to install. Operates 
on quarter turn. Holds under spring tension. 
Arrow shows pawl position; no pawl stops 
required. Uses minimum inside space.

ADJUSTABLE PAWL FASTENER
Has twin-knob control. One knob controls 
pawl, pointer shows pawl position. Other 
knob controls amount of pressure to seal 
closure with uniform pre-set compression. 
Easily installed.

RETRACTABLE SCREW FASTENERS
Stand-off thumb screws from stock to elim
inate costly, special fasteners. Installed 
quickly without special tools. Accommodate 
misalignment Complete range of standard 
sizes.

FOR OVAL HEAD
M »

ADJUSTABLE PAWL FASTENERS
Pre-assembled, quickly installed. Accommo
date variations in frame thickness up to ^2 
inch. One-quarter turn closes, additional 
turns increase grip pressure. Attractive ap
pearance, long life. Moving or pre-set pawl. 
Miniature, intermediate and large sizes.

8. Contact bounce 
chatter: none

Positive action

ive Quick-Opening Fasteners

ELECTRONIC DESIGN • November 11, 1959

2. Operating spee 
limited by mass.

LION % TURN FASTENERS
Quick, positive locking, by fractional turn. 
Tight seal formed by compression of leaf 
spring. Alignment and stack height not crit
ical. Approved for aircraft use. Rugged. 
Extra strength provided by swaged nose. 
Vibration resistant.

access through doors, covers, panels and into drawers

Factors In Relay Replacement

A rough estimate of components needed to 
replace a 4-position transfer relay would be 20 
resistors rated at 1/2 w, and 8 bilateral transistors. 
This is not considering the actuating device in 
either case. The semiconductor actuating device 
has more components than the actuating device 
of the electrochemical.

Point by point replacement is not economically 
feasible at this time and it appears that it will not 
become economically feasible for quite some time. 
The unit cost of a semiconductor would have to 
be considerably less than the present cost of in
dustrial transistors. However, economics is not 
the only factor to be considered in replacing re
lays and in some critical applications functional 
characteristics make it necessary to use a semi
conductor.

Replacement of relays by transistors or semi
conductors primarily for functional gains (speed 
advantages, etc.) permits flexibility in circuit de
sign which enables the circuit designer to use 
different concepts in performing machine logic 
thus, in many cases, reducing the quantity of 
circuit switches required. Information which was 
formally fed in parallel can now be fed serially 
and circuit duplication reduced substantially.

These advantages and disadvantages in each 
mode of switching are:



Electrochemical Switches
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Acvantages Disadvantages

3. A proven device; 
basked up with many 
years of engineering ef
fort.

3. Actuating coil intro
duces transients in cir
cuitry.

4. Can be made inde
pendent of temperature, 
humidity or radiation, 
within reason.

4. Contact materials and 
pressures restrict use in 
so-called dry circuits.

5. Relatively low cost 
switching when figured 
on a per contacts basis. 
(Relays at from 15 to 30 
cents per point can be 
made on a multipoint 
basis).

5. It is possible to get 
intermittent failure.

6. Readily available. 6. Life is limited due to 
wear of moving parts.

7. Can be made to 
carry and break large 
loads.

8. Visual analysis of op
eration or state is usually 
possible.

Semiconductor Switches

Advantages Disadvantages

1. High speed except for 
photo conductors.

1. Cost high on a per 
point basis.

2. Reliable. 2. Complicates the pow
er source.

3. Low power. 3. Reverse voltage limi
tations.

4. Small. 4. Relatively new; still 
undergoing development.

5. Long life. 5. Has a definite shelf 
life.

6. No contacts; thus no 
chatter or bounce.

6. Affected by tempera
ture.

7.Versatility in types of 
co itrol.ntact 

ter on

speed

8. Flexibility in logic.

Abstracted from a paper by G. L. LaPorte and 
8 A. Marcotte of IBM Corp., delivered at the 
St venth Symposium on Electro-Magnetic Relays, 
(ii I reprinted by Potter & Brumfield, Div. of
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HIGH PERFORMANCE
OSCILLOSCOPE

DC-to-15 MC Vertical Response 

0.05 v/cm Vertical-Deflection Factor 

0.04 ptsec/cm Calibrated Sweep

rm mm osouoscoM

TYPE 515A

The Tektronix Type 515A is a low-cost oscilloscope 
with a wide range of capabilities. Its dc-to-15 me 
vertical response, wide sweep range and accurate 
calibration extend its application coverage from 
the very slow to the very fast, and simplified 
controls make it very easy to operate.

Although a higher-performance instrument, 
the Type 515A is smaller and weighs less than 
most other five-inch laboratory oscilloscopes. 
Therefore it is more easily moved from place 
to place in the laboratory, and to remote 
locations for applications requiring precise 
measurements. Take a look at the specifica
tions and see if you don't think the Type 
515A has interesting possibilities in your 
work.

TYPE RM 15
Same instrument electrically as the Type 515A, 
but in rock-mounting form. Dimensions— 
834” high, 19"wide, 23” rack depth.

$875

L —

Tektronix, Inc.
P O. Box 831 • Portland 7, Oregon

Phone CYpress 2-2611 • TWX-PD 311 Cable: TEKTRONIX
TIKTRONIX HELD OFFICES: Albertson, I. I., N.Y. • Albuquerque • Annandale, Va. • Atlanta 
Go. • Buffalo • Cleveland • Dallas • Dayton • Elmwood Pork, III. • Endwell, N.Y. • Houston 
Lathrup Village, Mich. • Lexington, Mass. • East Los Angeles • West Los Angeles • Minneapolis 
Mission, Kansas • Orlando, Flo. • Polo Alto, Cold • Philadelphia • Son Diego • St Petersburg, Flo. 
Scottsdale, Aril. • Stamford, Conn. • Syracuse • Towson, Md. • Union, N.J • Willowdole, Ont.

TEKTRONIX ENOINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon, 
Seattle, Wash.; Hytrontc Measurements, Denver, Colo., Salt Lake City, Utoh

Tektronix is represented in 20 overseas countries by qualified engineering organizations.

G

SPECIFICATIONS
VERTICAL RESPONSE

Passband—de to 15 me.
Rlsatima-0.023 psec.
Signal Delay—0.25 psec.

VERTICAL SENSITIVITY
0.05 v/cm to 50 v/cm, continuously variable.
9 calibrated steps from 0.05 v/cm to 20 v/cm.

SWEEP RANGE
0.04 gsec/cm to 6 sec/cm, continuously variable.
Single control selects any of 22 calibrated steps from 

0.2 gsec/cm to 2 sec/cm.
5 x magnifier, accurate on all ranges.

FOUR-WAY TRIGGERING
1. Amplitude-Level Selection—adjustable ampli

tude-level and stability controls for triggering at u 
selected level on either the positive or negative slope 
of external, internal, and line signals, ac or de
coupled.

2. Preset Stability—same as above, except stability 
control is preset at the optimum triggering point 
and requires no readjustment.

3. Automatic Triggering—automatic level-seeking 
trigger circuit provides dependable triggering for 
most applications. One simple setting assures posi
tive sweep-triggering by signals of widely differing 
amplitudes, shapes, and repetition rates. No trigger 
controls need be touched until a different type of 
operation is desired. Provides a reference trace on 
the screen when no trigger signal is present.

4. High-Frequency Sync—assures a steady display 
of sine-wave signals up to approximately 20 me.

OTHER FEATURES
4-KV Accelerating Potential
DC-Coupled Unblanking
Square-Wave Amplitude Calibrator 
Electronically-Regulated Power Supplies 
Dimensions—934" wide, 137a" high, 21’/s" deep. 
Weight—40 pounds.

TYPE SI 5A .............................................................$800

Prices f.o.b. factory

ENGINEERS—Interested in furthering the advancement of 
the oscilloscope? We have openings for men with creative 
ability in circuit and instrument design, cathode-ray tube 
design, and semiconductor research. Please write Richard 
Ropiequet, V.P., Eng.

CIRCLE 646 ON READER-SERVICE CARD
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METAL PRODUCTS REPORT BRIEFS
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DOW
KIA CASTINGS used on the Nike Hercules. Elec
tronic guidance components are mounted on the 
die casting and housed within the sand casting. 
Dow is the production source for both castings.
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NEW ALLOY DAMPS 
VIBRATIONS IN 
U.S. ARMY 
NIKE HERCULES
Dow plants cast a new lightweight magnesium alloy with 
superior damping capacity for electronic bases, housings.

Damping capacity—the ability of a 
material to reduce vibration by absorb
ing energy—is a highly important factor 
in electronic equipment used in missiles 
and aircraft. The performance of sensi
tive instruments can be severely affected 
by high energy vibrations generated 
in missiles in take-off and flight.
A big step forward in solving this in
creasingly critical problem is the de
velopment of KIA, a new magnesium 
alloy. Used in electronic bases and 
housings, this lightweight alloy elimi
nates complex mounting and suspension 
systems that often take up precious 
weight and space in missiles.
This new magnesium alloy has vibra
tion damping characteristics much bet
ter than cast iron, aluminum or other 
magnesium alloys. Its heat conductivity 
and diffusivity are approximately twice 
that of standard magnesium alloys, thus 
making possible substantially reduced 
environmental temperatures for elec
tronic instruments. Welding and ma
chining have no adverse effect on the 
damping properties of KIA.
Bell Telephone Laboratories has done 
extensive work in determining properties 
and characteristics for the alloy, and in 
establishing its suitability for Western 
Electric’s work on the guidance control 
system of the Nike Hercules. KIA is 
now available in the form of sand and 
die castings.

System Reliability Studies

The research under this contract has b« en 
concerned with some theoretical studies in »he 
field of Reliability and Probabilistic Netwoiks. 
The following specific results have been obtained: 
(1) A proof for the Shannon-Moore Expansion 
Theorem. (2) A generalization of the above ex
pansion theorem. (3) Certain necessary con
ditions for realizability of h(p) functions. (4) De
velopment of some basic inequalities for h(p) 
functions. (5) Evaluation of certain upper-bounds 
for coefficients of reliability functions. (6) Calcu
lations of coefficients of reliability functions for 
series, parallel and œm[M)sition of networks. (7) 
Development of a difference equation for reli
ability functions. System Reliability Studies, F. 
M. Reza and S. Jutila, Syracuse University Re
search Institute, N. Y., Dec. 1958, 42 pp, Microfilm 
$3.30, Photocopy $7.80. Order PB 139579 from 
Library of Congress, Washington 25, D. C.

NEW BROCHURE on damping 
characteristics of magnesium 
discusses KIA, other Mg alloys. 
Contact the Dow sales office 
Or THE DOW METAL PRODUCTS 
COMPANY, Midland, Michigan, 
Sales Dept. 1313BC11-11.

KIA MAGNESIUM AZ81A MAGNESIUM

PNPN Triodes in Magnetic Core Memories

Magnetic core switching arrays require a large 
current drive for fast operation. Series driving 
circuits using tubes or transistors dissipate ex
cessive power. A shunt current pulser using 
trinistors (pnpn triodes) appears promising as an 
efficient driver. Trinistors have two states, ON 
(low impedance) and OFF (high impedance). 
Base current may be used to trigger the trinistor 
to either state. The turn-off time depends on base 
current and collector current. Increasing collector 
current increases turn-off time, and increasing 
base current decreases turn-off time. Trinistors. 
in their present state of development, were 
found to be unsuitable for use as drivers for 
magnetic cores. Application of PNPN Triodes To 
Magnetic Core Memories, Aultman Doty, Air 
Force Institute of Technology, Wright-Patterson 
Air Force Base, Ohio, Mar. 1959, 46 pp, Micro
film $3.30, Photocopy $7.80. Order PB 140728 
from Library of Congress, Washington 25, D. C.

ga 
rai 
of 
ve 
ca< 
eoi 
gu 
Ap 
Jr. 
sett 
Sl. 
Lil

? 
late 
troi 
mo 
tub 
op< 
po\ 
ant 
tun 
var

iinin ini
IIIIIMIIIIIIII II lllllllllllllll

OSCILLOSCOPE PATTERNS, taken under Identical test conditions, demon- aluminum alloys. The superiority of KIA Is evidenced by rapid absorption 
strata high damping capacity of KI A compared to other magnesium and of energy as shown by the sudden reduction in amplitude of the vibration. 

THE DOW METAL PRODUCTS COMPANY, Midland, Michigan 
DIVISION OF THE DOW CHEMICAL COMPANY 
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Photoconductive Detectors

A description of the basic characteristics of 
photoconductive detectors is given to aid in the 
interpretation of data obtained in photo conduc
tive research and experimentation. Properties 
described include variation in signal and noise 
with bias voltage; frequency response; time con-
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stant; spectral response; black body sensitivity; 
temperature dependence; and sensitive contours. 
Characteristics of Photoconductive Detectors, A. 
J. Cussen, Naval Ordnance Laboratory, Corona, 
Calif., Feb. 1958, 24 pp, $0.75. Order PB 151728 
from OTS, Washington 25, D. C.
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REEVES INSTRUMENT CORPORATION
A Subsidiary of Dynamics Corporation of America— Roosevelt Field, Garden City, New York

ENGINEERS:
Rewarding careers at Reeves 

>n the fields of radar, guidance, 
and computer systems.

DIFFERENTIAL 
WATTMETER High 
precision test detection 
of extremely small power 
consumption differentials 
in gyro spin motors and 
other types of rotating J 
components. J

TYPICAL ELECTRONICS GROUP for inertial ref 
erence package system test. All Reeves equipment 
offers Laboratory accuracy with production line 
practicality.

GYRO TEST TABLE (Model RD) 
Positioning data accuracy guaranteed 
to 2 sec. arc. Complete electronics 
for testing any type of inertial gyro or 
complete inertial reference packages.

This equipment has numerous practical 
advantages for producers and users of 
gyros and gyro systems. Exceptional ac
curacy and flexibility permit rapid test
ing of today’s most advanced gyros and 
inertial reference packages, as well as 
tomorrow’s even more advanced designs.

Ease and reliability of operation, along 
with intelligent human engineering, allow 
for rapid training of equipment opera
tors. Production quantities can be tested 
with laboratory precision.

Simplified maintenance and service as
sure against costly down-time.

Your inquiries are invited. ■

GYRO TEST CONSOLE 
(GTS-1001C) First fully equipped 
COMPLETE test facility for testing 
ot single axis integrating gyros. 
Can also be adapted for testing 
precision floated accelerometers.

Reeves’ research and development in the field of precision gyros has always paced the 
industry, resulting in over ten years of high level gyro production, based on exacting 
reliability standards subject to the most exhaustive quality control. Today’s gyros and 
gyro systems demand high precision test equipment far beyond the capabilities of com
mercially available instruments. To meet this need, Reeves has specified, designed, and 
built test equipment capable of meeting the most stringent requirements — not only for 
today, but for the foreseeable future as well.

Through the years, this test equipment has been refined and packaged to the point where 
we now can present with confidence the most accurate and comprehensive line of gyro 
test equipment available.
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C-Band Klystron

A series of experimental C-band klystron oscil
lator tubes, resonator test apparatus, and an elec
tron gun were designed and tested. Fourteen tube 
models were built according to the floating-drift
tube-klystron theory and nine tubes were devel
oped to the point of producing useful rf output 
power. Reported in detail are the characteristics 
and electrical performance of all tubes manufac
tured, along with cross-sectional drawings of the 
various models. A new and original principle of 
klystron operation, the reflex floatirg-drift-tube 
klystron theory, was used in one experimental 
model and the results are described. The resona
tor test apparatus was used to investigate the 
resonant frequency of the floating-drift-tube 
resonator and a number of other important char
acteristics, including the figure of merit. Accurate 
inf< rmation regarding the beams produced by 
convergent-flow’ electron guns was provided by 
the gun tester. Development of C-Band Klystron, 
IV. IL Thon, Sylvania Electric Products Inc. for 
Wr ^ht Air Development Center, U. S. Air Force, 
Washington 25, D C., Sept. 1958. 94 pp, $2.25. 
On er PB 151332 from OTS. Washington 25, D.C.
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Ferrites: Properties and Micro wave Uses

Interim Report No. 2, Faraday rotation at mi
crowave frequencies in waveguide structures 
containing ferrites. Interim Report No. 3, analy
sis of the non-reciprocal reflections expected 
when a microw’ave field propagates through 
a ferrite of finite length in the direction of propa
gation. Interim Report No. 4, experimental ar
rangement for measuring the scattering matrices 
of microwave devices. Interim Report No. 5, de
velopment of a microw’ave circulator as a cas
caded arrangement of identical non-reciprocal 
coupling holes between two rectangular wave
guides. Electronic Properties of Ferrites and Their 
Application to Microwave Devices, D. W. Healy, 
Jr. and R. A. Johnson, Syracuse University, Re
search Institute, N. Y., Oct. 1956, 6 pp, Microfilm 
SI 80, Photocopy $1.80. Order PR 137279 from 
Library of Congress, Washington 25, D. C.
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ELECTRIC BRAKES 
AND CLUTCHES

Gear Motor 
Drive Shaft

IDEA 
MEN

electric 
motion 
control 
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This paper summarizes

Werner
Electric Clutch

or i 
insc

ment program at the Diamond Ordnance Fuze 
Laboratories (DOFL). A brief discussion of the 
fundamentals of magnetic materials and the re
sults of the theory as related to ferrites are in
cluded to give the electronic design engineer a 
better understanding of the function of ferrites 
in microvave systems. A number of significant 
ferrite components developed at DOFL are 
described and the experimental results obtained 
are given to illustrate applications of the theory

A 1959 revision of its Catalog of Technical Re
ports on transistors lists 146 technical reports 
available to industry through the facilities of 
OTS, in some cases in printed form and in others 
in photocopy or microfilm. The reports are the 
results of research by the Army, Navy, and Air 
Force between 1949 and June 1959. CTR-310 
Transistors OTS, U. S. Department of Commerce, 
Washington 25, D.C., 10 cents a copy.

Ingenuity ts illustrated in the way War er 
SF-400s are applied in this control rod dr ve 
in the Alco-built packaged power reactor at 
Fort Belvoir, Va. They provide both free
wheeling emergency release and automatic 
positioning of rods that operateas a "throttle” 
to control rare of reactivity.

During normal operation, clutches are con
stantly engaged—lowering and raising rods 
of neutron-absorbing material to carefully 
calibrated positions within the reactor. Motor

WANT MORE IDEAS? Warner will show 
you factual case histories demonstrating how 
electric brakes and clutches can be used to 
solve your problems.

Electric clutch perforins 
dual function in control rod dri e 

for nuclear reactor

Warner Electric Brake & Clutch Co. 
Beloit, Wisconsin
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Electron Physics

A drift-tube klystron with a harmonic resonator 
was constructed and operated as a self-excited 
frequency multiplier at millimeter wavelengths. 
It is believed that this multiplier has potential 
capabilities at well over one watt at 2 millimeter 
wavelength. The mixed-field reflex oscillator pro
vided a power output of 270 mw with a beam 
voltage of 500 volts at a wavelength of 3.05 cm. 
New methods of generating millimeter waves 
were studied preliminary to construction, with 
some parts for the first designs being built. Re
sults from test to predict electron trajectories and 
to determine electrode geometry showed the pro
posed designs feasible. These tests were com
pleted with an analog computer and an electro
lytic tank automatic plotter. A powerful tool in 
cathode evaluation was developed in the therm
ionic electron emission microscope. Electron 
Physics at Millimeter Wavelengths, E. M. Boone 
and others, Ohio State University Research Foun
dation for Wright Air Development Center, U. S. 
Air Force, Washington 25, D.C., Oct., 1958, 72 
pp, $2.00. Order PR 151553 from OTS, Washing
ton 25, D.C.

torque is transmitted by the rotor which is 
bushed and running free on a thru shaft, to 
the armature, mounted to the outer member 
of an overrunning cam-type clutch. Rods 
are positioned by the electric clutch acting 
through the overrunning clutch.

In "scramming," the electric clutch flux 
circuit is de-energized, instantly breaking the 
connection between drive motor and control 
rod shaft. This lets the rods drop into the 
reactor. At the same time, the drive motor 
starts rotation in a downward direction. And, 
any obstruction of tht rod causes engage
ment of the overrunning clutch, which then 
transmits full motor torque to the control 
rod drive shaft

Reliability tests pur the Warner clutch 
through 60,000 scram cycles. In another 
test, rods were left in one position for periods 
of up to two months and then "scrammed 
to see if temperature, humidity, or pressure 
affected reliability. (It didn’t)

Warner stationary-field clutches
If you need dependable, split- 
second operation and precise 
control for positioning, over- MUS 
load protection, no-load start
ing, smooth acceleration, or 
precise synchronization of low-torque drives, 
Warner fractional horsepower or miniature 
electric clutches may be the answer

NEW ENDEVCO
VIBRATION

SYSTEMS

ducers are described 2200

dynamic instrumentation

ENDEVCO CORPORATION
Department M 
1Ó1 East California Boulevard 
Pasadena, California

and "2600’’ literature. Write for your 
copies today.

Featuring: Transistorized charge ampli
fier and hermetically sealed accelerom
eter. You can use up to 300 feet of cable 
between amplifier and accelerometer 
— with no signal loss.

Complete Endevco system qualifies to 
Mil E-5272. Temperature range —40 F 
to 4-230 F. Frequency response from 
below 10 cps to above 10 KC. Entire 
system isolated from ground.

Endevco System Amplifiers and Trans-
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and to provide basic design data for microwave
systems engineers. Properties of Ferrites and 
Their Applications to Microwave Systems, F. 
Reggia and R. D. Hatcher, Diamond Ordnance 
Fuze Laboratories, Washington, D. C., Feb. 1959, 
59 pp, $1.50. Order PB 151749 from OTS, Wash
ington 25, D. C.

dri e

War: er 
d dr ve 
ctor at 
h free- 
omatic 
rottie"

re con- 
g rods 
irefully 
Motor

Warner
: Clutch

Sensitivity of Active Networks

An important consideration in the design of 
an amplifier is the extent to which the amplifier’s 
performance can be desensitized to changes in 
its active elements. In this report the three possi
ble methods of achieving gain constancy despite 
changes in the parameters of a linear network 
are described. Sensitivity of Active Networks to 
Variations in Internal Parameters, E. M. Davis, 
Jr., Stanford Electronics Laboratory, Stanford 
University, Calif., Aug 1958, 174 pp, Microfilm 
$8.10, Photocopy $27.30, PB 140881 from Library 
of Congress, Washington 25, D. C.
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HERE'S WHY:
• Specialized high production 
techniques afford lowest possible 
unit cost.

• Precision tooling, rigid quality 
control assure tolerances to critical 
specifications.

• Ample stocks of over 1000 differ
ent parts permit prompt delivery.

• Malco specializes in a complete 
line of small stampings for Radio
TV, electrical/electronic and auto
motive industries.

• Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion.
hf Malco show you how you can savo 
on production tima and costs. Contact 
vi today.

REQUEST

EULLETIN

552 ^22^^

UFACTURING COMPANY

40; 7 W. LAKE ST. • CHICAGO 24, ILL. 
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Power Resistor Mounting Hardware

Mountings for the twelve resistor styles under 
investigation were divided into three groups, 
each with similar resistor-tube diameters. Three 
hundred ceramic washers for all three groups 
were procured, with associated L-brackets. 
through-bolts, nuts, locking washers, and resis
tors. Only two manufacturers (AG and D) of the 
seven included could provide the type with the 
ceramic insulating washers. The investigations 
consisted of the following mounting torque, tem
perature cycling, thermal shock, moisture-resist
ance cycling, and high-temperature exposure. 
The D ceramic insulating washers, being smaller 
in size than those from Manufacturer AG, showed 
up the weaker, breaking at lower values of mount
ing torque and failing during temperature cycling, 
thermal shock and high-temperature exposure. 
The brackets and bolts from both manufacturers 
corroded extensively when exposed to moisture
resistance tests. A standard set of mounting 
hardware was suggested, separated as before 
into three groups of similar resistor styles. A 
sequence of tests was also suggested for future 
qualification of the hardware. Component Evalua
tion and Specification Engineering. Final Report 
on Task XXVIII. Power resistor Mounting Hard
ware, L. H. Stember, Jr. and P. G. Perry, Battelle 
Memorial Institute, Columbus, Ohio, June 1956, 
47 pp, Microfilm $3.30, Photocopy $7.80. Order 
PB 137081 from Library of Congress, Washington 
25, D. C.
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CURT 188 WRIGHT

CUSTOM DESIGNED

ELECTRONIC COMPONENTS

WRITE FOR COMPLETE COMPONENTS CATALOG 159

Curtiss-Wright “IR” thermal time delay relays reset the instant 
they are de-energized. The second cycle will always provide 
the same delay as the first cycle. Variations from 22 to 32 volts 

• will not affect the time delay of the “IR” Series.

features I Bi-direct i°nal • Positive lock • Dynamically 
I balanced • Simplicity of design • High pulsing rate.

SPECIFICATIONS 
Time delay..................Preset 20 to 180 seconds
Contact arrangement. .SPST, DPDT OR SPDT 
Temperature comp.............—65°C to + 125°C 
Weight:............................................... ounces
Terminals.............................Hooked solder type
Mounting..................................... Bracket cr stud
Variations of the above relay characteristics 

available upon request.

New DIGITAL MOTORS
Stepping motors for high reliability ap
plications. Meet the requirements of 
assured reliability and long life for air
craft, missile and automation systems.

Enables development engineers to em
ploy new concepts in existing and pro
jected applications. Low in cost, small 
in size and simple to operate.

SPECIFICATIONS

Delay range.................. 5 to 6000 microseconds
Tolerance................................±0.1 microsecond
Signal to noise ratio............. Greater than 10:1 
Input and output impedance.50 to 2000 ohms 
Carrier frequency......................... 100 kc — 1 me
Delay to pulse rise time.................Up to 800:1

TIME DELAY RELAYS 
Instant reset — Voltage compensated

New ULTRASONIC DELAY LINES

ELECTRONICS DIVISION

CURTISS-WRIGHT
CORPORATION • WEST CALDWELL. N.J.
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Allison

11301B OCEAN AVENUE 
LA HABRA, CALIFORNIA 
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YOU CAN ALWAYS DEPEND ON

APPCO PRECISION 
STOCK GEARS

Precision gears of all types, pitches and sizes 
right out of stock. Each certified for accuracy 
. . . each meets or surpasses A. G. M. A. 
specifications.

APPCO Certified Precision Stock Gears are 
offered in 32, 48, 64, 72, 96 and 120 
diametral pitches of 14’/2° and 20° pressure 
angles. Each gear is completely sealed on a 
shipping tray with a plastic cover ... always 
’’factory-fresh/’ free of dust, corrosion, and 
scratches.

APPCO Precision Gears are engineered 
and manufactured to allow for accurate 
assembly of precision units .. . held to toler
ances that assure precise fits to standard 
instrument bearings, shafting, etc. according 
to accepted industry practice and A. G. M. A. 
specifications. For complete technical data 
and catalog write to Atlas Precision Products 
Co., Castor and Kensington Aves., Philadel
phia 24, Pa.

II
PRUDENTIAL INDUSTRIES

Reliability and Maintainability

A new philosophy of reliability and maintain
ability is suggested as a means of assuring that 
newly developed military electronic equipment 
will be reliable and maintainable. This philosophy 
would shift the burden of detailed reliability 
specifications concerning component parts from 
Government to industry, leaving only the speci
fication of functional operation and evironment 
in Government hands. This shift of responsibility 
necessitates a change in contracting attitude. Con
tractors must be assumed competent unless proved 
otherwise. The new philosophy also requires con
tractors to be responsible for maintenance of 
equipment for a predetermined period of time 
so that all defects can be removed and main
tenance techniques simplified. Reliability and 
Maintainability Assurance, Walton B. Bishop, 
Air Force Cambridge Research Center, Bedford, 
Mass., Nov. 1958, 17 pp, Microfilm $2.40, Photo- 
copy $3.30. Order PB 139588 from Library of 
Congress, Washington 25, D. C.

ANALYZ 
NOISE

WITH AN

ALLISON
FILTEF

Thermoelectric Generators

The thermoelectric effects are described and 
the efficiency of a thermoelectric generator is de
veloped based upon the assumptions that the 
thermal conductivity, the electrical resistivity and 
the Thomson coefficient are constant along the 
length of the material. This development differs 
from the usual ones presented in the literature in 
that the thermoelectric power is not assumed to 
be constant but instead is assumed to vary with 
temperature in a manner so that t = T (da/dT) is 
a constant. The Efficiency of Thermoelectric Gen
erators, Jose M. Borrego, Henry A. Lyden and 
John Blair, Aeronautical Accessories Laboratory, 
Wright Air Development Center, Wright-Patter
son Air Force Base, Ohio, Sept. 1958, 81 pp, $2.25. 
Order PB 151748 from OTS, Washington 25, D.C.

Allison 2B Filter
You can evaluate the amount of a no 
and its frequency characteristics u 
an Allison Filter. You can make t 
evaluation regardless of whether, 
noise is continuous or intermittent, 
whether it has sharp peaks. Allis 
Filters do not ring on transient nois 
This analysis can be very important 
testing equipment, preventing heah 
loss, and controlling harmful or irrit 
ing industrial noises.
Allison Filters have been in const« 
use for a wide range of laborato 
and industrial applications f 
nearly a decade.

ALLISON SERIES 2 FILTER SPECIFICATION
• Continuously variable passive network - 

no power supply
• Frequency range: 2A, 15 to 10,080 cycles; 21 

60 to 20,160 cycles; 2C, 9 KC to 670 KC
• Designed for use in 600 OHM circuit and 

with transformers for other impedances
• Low loss-approximately 2db in pass band
• Attenuation rate - 30 db per octave
• Size: 14" high, 7" deep, 5MT wide
• Portable and rack models available

Loss db Typical band pass curve 
o

10

hl

Sh

Cooling Considerations for Airborne 
Equipment

The purpose of this paper is to acquaint the 
electronic designer with some of the problems 
concerned with cooling electronic equipment in 
high-speed aircraft. Cooling Considerations for 
the Design of Airborne Electronic Equipment, 
Henry Cohan, Riverside Research Laboratory, 
Motorola, Inc., Calif., July 1956, 42 pp, Microfilm 
$3.30,'Photocopy $7.80. Order PB 140751 from 
Library of Congress, Washington 25, D. C.
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périment. Annealing of Radiation Damage in 
Semiconducting Devices, Vern E Bryson, Air 
Force Institute of Technology, Wright-Patterson 
Air Force Base, Ohio, Mar. 1959, 50 pp, Micro
film $3.30, Photocopy $7.80. Order PB 140729 
from Library of Congress, Washington 25, D. C.

EDIFICATION 
network -

With all due apologies to Topsy of Uncle 
Tom’s Cabin, that is. But growed we have 
. . . until today Kintronic possesses one of 
the most complete facilities for the produc
tion of potentiometers. Equipment, engi
neers, assemblers, quality control standards 
that add up to development and manufac
ture of precision potentiometers for every 
requirement. An almost unlimited variety 
of pots designed to accurately function 
under the severest of conditions.

errors due to various effects

w ere at the begining of the
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Get complete information data sheets today. See how Kintronic wide range performana 
fits your individual needs.

tmooth, accurate performante In the 
very high temperature datsifleation... 
reliability even at 225°CI

10134 PACIFIC AVENUE, FRANKLIN PARK, ILLINOIS 
CIRCLE 656 ON READER-SERVICE CARD

"Dynamic Balance” potenriometers . . . 
advanced design highly successful pots 
providing low mass, low inertia, long 
life, exceptional stability under extremes 
of shock, vibration and acceleration.

Radiation Damage in Semiconductors

Experiments to determine the effects of radia
tion upon silicon carbide diodes. When a voltage 
was applied to the* diode in either forward or 
back direction, this appears to remove all accumu
lation of radiation effects of permanent nature. 
After 1.18 x 1016 nvt integrated dose, the diodes 
tested had a forward to back current ratio of ap
proximately 7400, indicating these devices to be

Standard lines, specials to specMc re
quirements, from % * up, single and muiti- 
gang pots in all sizes and types, loga
rithmic and hyperbolic function units in 
all sizes... and then some.

The "know-how”, giant facilities and 
backing of Chicago Aerial Industries, 
Inc., Kintronic'* parent company.

ST ROMBERG-GARLSON
□ . , on o. GENERAL DYNAMICS

CARLSON RD. • ROCHESTER 3 N V

which are inherent to the device. However, the 
magnitude of these errors can be reduced by 
applying certain techniques and principles in the 
construction of the1 multiplier. Accuracies of 1% 
of full scale can easily be attained, and it is antici
pated that a further study of the error problem 
will materially improve accuracy. The Hall Gen
erator As An Analog Multiplier, F. H. Miller, Air 
Force Institute of Technology, Wright-Patterson 
Air Force Base, Ohio, Mar. 1959, 49 pp, Micro
film $3.30, Photocopy $7.80. Order PB 140942 
from Library of Congress, Washington 25, D. C.

manufacturers of 
advanced design

PRECISION
POTENTIOMETERS
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... featuring new high-voltage 
types for test equipment or other 

high-voltage applications.
The insulation in the new relays 

withstands 1500 volts A.C.—3 times 
normal. These high-voltage models 
are available in Types A, R and E. 
They are the latest additions to the 
Stromberg-Carlson line of twin con
tact relays—all available for im
mediate delivery.

The following regular types are 
representative of our complete line:

Type A: general-purpose relay 
with up to 20 Form “A” spring com
binations. This relay is excellent for 
switching operations.

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations.

Type BB: relay accommodates up 
to 100 Form “A” springs.

Type Ci two relays on the same 
frame. A “must” where space is at a 
premium.

Type Ei has the same character
istics as the Type A relay, plus uni
versal mounting arrangement. Inter
changeable with many other makes.

Complete details and specifica
tions are contained in our new relay 
catalog, available on request. Write

Electromechanical Filters

This report summarizes the techniques which 
have been found applicable, within the scope 
of the contract, to the design of piezoelectric 
bandpass filters with their center frequencies 
greater than one megacycle per second. While 
the most important aspects of the problem are 
discussed in detail, many others are dealt with 
more briefly, but in such cases copious references 
to the more extended discussions of the quarterly 
progress reports are included. An Investigation of 
the Characteristics of Electromechanical Filters, 
C. R. Mingins, A. D. Frost and other':, Research 
Laboratory of Phys*, al Electronics, Tufts Uni
versity, Medford, Mass., Feb. 1954, 70 pp, Micro
film $3.90, Photocopy $10.80. Order PB 139610 
from Library of Congress, Washington 25, D. C.

The Hall Generator

A Hall Multiplier is an electrical device which 
makes use of the Hall effect to multiply two 
electrical signals. The device is subject to a

and prices 
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ELECTRONIC SUPPLY GUIDE
STANDARDS
AND

BUY AT FACTORY PRICES

world’» largotf ttoclts...tpociaUxing in tho »apply of:

e Electronic Parts for Every Industrial Need

o Semi-Conductors
• Connectors
• Relays
o Transformers

Special-Purpose Tubes 
Test Equipment & Meters 
Resistors, Controls 
Switches, Timers

ONE ORDER TO ALLIED FILLS THE WHOLE BILL

Your allied Catalog is the best single source for 
electronic supply. It puts the world’s largest stocks 
at your command—there’s no need to deal with 
hundreds of separate factories—one order to us fills 
the whole bill. You get same-day shipment (fastest 
service in electronic supply) and you buy at factory 
prices. Send today for your free 1960 allied Cat
alog—your one-source electronic supply guide.

ALLIED’S
1960 CATALOG

SPECS

Sherman H. Hubetbank

your dependable 
direct factory source 
for everything in 
electronic supply

our 39th year

100 N. Western Ave., Dept. 69-L9 
Chicago 80, III.
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specify...
G-E SOLID 

TANTALYTIC* 
CAPACITORS

for transistor circuitry, both in military 
and industrial electronic applications.
• Offer small size, stable operating char
acteristics, long shelf life, and operating 
temperatures from — 55C to +85C.
• Selected ratings to 50 volts d-c and 
capacities to 22 mfd in units as small as 
.003 cu. in.
• Have mechanically rugged, hermetical
ly sealed, dry construction to eliminate 
leakage and corrosion.
SPECIFYING INFORMATION on G.E.’s 
Tantalytic line is available from your 
nearest Apparatus Sales Office, or write 
for GEZ-2796A, to General Electric, 
Section 449-13, Schenectady 5, N. Y.
^Regidered Trademark of General Electric Co.

Data Given On
Standardizing Interconnections

Covering standardized interconnections and 
index pin codes, this publication is noteworthy for 
the listing contained and the guidance notes for 
designers of plug interconnections. Standardized 
index pin code arrangements have been adopted 
to guard against airborne equipment from being 
inadvertently placed in the wrong rack location.

By standardizing specific combinations of index 
pins (on the rack) and corresponding index holes 
(on the equipment) for each specific unit of equip
ment, a unit cannot be installed in a rack location 
where it is not intended to be. Each unit of equip
ment having a particular size and a set of pin 
connections will be assigned a specific index code 
arrangement. It is this compilation of index pin 
code arrangements that is listed in this ARINC 
(Aeronautical Radio, Inc.) publication.

In assigning pin numbers (if technical consid
erations permit) these factors should be consid
ered:

1. Assign pin numbers for functions which can 
be related to the pin number. For example, in a 
device which might use ten selectable channels, 
it is useful in simplifying maintenance to assign 
Channel 1 to Pin 1, Channel 2 to Pin 2, etc.

2. Another useful technique is to assign pin 
numbers by groups. One group of perhaps ten 
pins for channel selection, the second group for 
gain, volume, and sensitivity controls, the fourth 
group for power, etc. It is particularly useful here 
to provide a small number of spares immediately 
after a group. This permits the spares to be used 
in a logical manner when modifications are made 
at a later date.

Precautionary considerations are also involved. 
Do not assign input and output leads so that they 
are adjacent in the plug. Isolate high-impedance 
leads such as AVC bus (for testing).

Sensitive circuits, or circuits where leakage may 
be a problem, should be arranged so that any 
leakage is to ground via adjacent pins rather than 
to other sensitive circuits or to circuits above 
ground.

Pins for circuits requiring twisted, shielded 
leads should be adjacent tp each other and to a 
ground connection, or to a pin which can carry a 
ground connection through to some common 
ground. In most cases, ground pins must be pro-

most 
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Design

More and more electronic engineers 
report: *7 read Electronic Design 
first. It’s complete, timely, easier 
to read, and I can depend upon 
getting all the new product in
formation.”

Electronic Design’s 8 full time edi
tors, plus staff of assistants, con
tributors, and correspondents scan 
the electronic horizons to bring you 
the complete design picture.

With reading time at a premium, 
ED’s every-other-week frequency 
assures the prompt delivery of 
topical material; keeps up with this 
rapidly moving industry.

ELECTRONIC DESIGN
a HAYDEN publication

830 Third Ave., New York 22, N. Y.
PLaza 1-5530
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MIL-P-20693 Plastic Compounds
I pgrading of this spec has been accomplished 

by including the standard responsibility for in- 
spe tion clause. Amendment 2, 12 June 1959.

vided in the plug if a ground is to be used for a 
paticular purpose such as shielding.

nd designers should select pin types and sizes 
suitable for the functions for which they are used. 
Not only normal operating currents, but also pos- 
sib e overload conditions should be* considered in 
selecting pin ratings.

Copies of this document arc available from 
Aeronautical Radio, Inc., 1700 K St., N.W., Wash
ington D.C. ARINC No. 406, Airborne Electronic 
Equipment Standardization Interconnections and 
Index Pin Codes.

Standards Cover
Magnetic Tape And Wire

Covering recording tape primarily for home 
use, this newly issued standard is published by 
the Electronic Industries Association. The stand
ard establishes dimensions and preferred operat
ing speeds for standard 1/4-in. magnetic record
ing tape. This tape may be used for single, dual, 
or four track recording. Copies of this standard 
are available from EI A, 11 W. 42nd St., New 
York 36, N.Y., for 30 cents each. ELA RS-224, Mag
netic Recording Tapes, August 1959.

Also issued by EIA is a standard on magnetic 
wire. This standard specifies the nominal wire 
speed, direction of rotation, the wire size, and the 
recording wire spool dimensions. Available from 
EIA for 25 cents, specify EIA RS-223, Magnetic 
Recording Instruments, August 1959.

When you are designing new radio telescope equipment... a new 
aerial camera ... a new process control device ... a new anything 

that calls for precision instrument ball bearings, you do well to 
turn to Fafnir. For no matter what your problem is . . . tem
perature extremes, low torque, load-life, low decibel readings . . . 
Fafnir can help you solve it. Fafnir has the diversity — a wide 
variety of ball bearing types, designs, steels, and tolerances — and 
the uniformly high standards of quality to meet your needs pre
cisely. The Fafnir Bearing Company, New Britain, Connecticut.

Fafnir instrument ball bearings: Open and shielded 
types (1 through 5), angular contact (6,7), torque tube 
(8), and open and shielded miniatures (9, 10, 11).

WHEN YOU WANT 
TO BE ALL EARS

Definitions And Descriptions Of 
Transmission Lines Provided

This new standard issued by EIA limits itself 
to gas-filled rigid coax transmission lines and their 
connectors. Semiflexible transmission lines and 
their connectors are not covered. It is the intent 
of this standard to provide complete mechanical 
interchangeability for all rigid coax connectors 
and lines. Standard definitions are established for 
temis such as average wall thickness, characteris
tic impedance, attenuation, standing wave ratio, 
and power and voltage ratings. In addition, the 
upper frequency limit is established. Tables and 
illustrations are provided to show the dimensions, 
tolerances, characteristic impedance and cutoff 
frequencies for rigid air dielectric coaxial trans
mission lines having 50-ohm impedances. Copies 
of this standard are available from the Electronic 
Industries Association, 11 W. 42nd St., New York 
16, N.Y., for 80 cents each. EIA RS-225. Rigid 
Con xial Transmission Lines 50 Ohms. August 1959.
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ultra miniature

CHICAGO
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TRANSFOllMEKS
Stocked for immediate delivery 
from your electronic parts distributor

Encapsulated —designed and built in 
accordance with MIL-T-27A

Here are 27 hermetically sealed units designed 
especially for use in transistor circuits. Remarkably efficient for 
their size, these transformers have excellent frequency response 
with low harmonic distortion.

Leads are embedded in plastic to withstand a 12 pound pull 
and are individually spaced for printed circuit board insertion. 
The Chicago UME Series transformers measure .312* x .400* 
x .420* and weigh approximately 1/10 ounce. Detailed specifica
tions and performance curves are given in Chicago Bulletin CT-46. 
Write for your free copy.

Since 1955, Chicago Standard Transformer Corpora
tion has been operating continuously under RIQAP, 
the U.S. Army Signal Corps’ Reduced Inspection 
Quality Assurance Plan. When you specify Chicago 
Standard transformers, delivery time is reduced and 
incoming inspection is at a minimum. You are assured 
of the highest quality units for military application.

CHICAGO 
Part No.

Application Pri. Impedance 
In Ohms

Sec. Impedance 
in Ohms

UME-12 output 500/600 50/60
UME-13 output 1000/1200 50/60
UME-14 output 600 3.2
UME-15 output 1200 3.2
UME-16 output 10,000 3.2
UME-18 choke 3 hy @ 2 Made —
UME-19 output or driver 10,000 CT/12.500 CT 500 CT/600 CT
UME-20 driver 10,000/12,500 1200 CT 71500 CT
UME-21 driver 10,000/12,500 2000 CT 72500 CT
UME-22 single or PP output 150CT/200CT 12/16
UME-23 single or PP output 300 CT/400 CT 12/16
UME-24 single or PP output 600 CT /800 CT 12/16
UME-25 single or PP output 800 CT/1070 CT 12/16
UME-26 single or PP output 1000 CT 71330 CT 12/16
UME-27 single or PP output 1500 CT 72000 CT 12/16
UME-28 single or PP output 7500 CT/10,000 CT 12/16
UME-29 output 300 CT 600
UME-30 output 500 CT 600
UME-31 output 900 CT 600
UME-32 output 1500 CT 600
UME-33 interstage 20,000 CT 730,000 CT 800CT/1200CT
UME-34 input 200,000 CT 1000 CT
UME-35 interstage 10,000 CT/12,000 CT 1500 CT/1800CT
UME-36 choke 6 hy @ 2 Made —
UME-37 choke 1 hy @ 2 Made —
UME-38 choke 12 hy @ 0 de —
UME-39 choke 20 hy @ 0 de —

CHICAGO STANDARD TRANSFORMER CORPORATION 
3518 WEST ADDISON STREET CHICAGO 18, ILLINOIS
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Reference Data Included 
In Industrial Control Standard

Valuable reference data for any design engi
neer is contained in this NEMA standard. Among 
other things, this standard covers the rating and
application of control devices, such as contactors, 
relays, resistors, etc. It also covers ac general pur
pose controllers and de controllers. Available from 
National Electrical Manufacturers Association, 
155 E. 44th St, New York 17, N.Y., for $6.00 per 
copy. NEMA IC 1-1959, Industrial Control.

Radiation Measurements Standardized

Standardized methods of test for determining 
rf radiation from broadcast radio and television 
receivers are established by this new IEC publi
cation. These methods were established to make 
possible comparison of the results of radiation 
measurements obtained by different observers. 
The first section covers radiation at frequencies 
below 30 me from am receivers and from tele
vision receiver time-base circuits. Frequencies 
between 30 and 300 me are covered in a second 
section. Copies of this International Electrotech
nical Commission standard are available from the 
American Standards Association, 70 E. 45th St., 
New York 17, N.Y., for $3.60 per copy. IEC Pub
lication 106.

Test Methods Covered 
For Ceramic Capacitors

Ceramic dielectric capacitors specifically suited 
for resonant circuit applications or where low 
losses and high stability are essential are covered 
in this IEC standard. Excluded are capacitors for 
rf currents exceeding one ampere or for a large 
reactive power. Test methods are described as are 
color codes for marking. Copies are available from 
the American Standards Association, 70 E. 45th 
St., New York 17, N.Y., for $3.20 per copy. IEC 
Publication 108.

Standard For Fixed Resistors 
Under 3 W Issued

Fixed resistors having a rated dissipation less 
than 3 w are covered by this IEC standard. The 
total resistance value is between 10 ohms and 22 
meg. These resistors are intended for use where 
high stability of the resistance is not of major im
portance. Copies of this standard are available 
from the American Standards Association, 70 E. 
45th St., New York 17, N.Y.. for $3.20 per copy. 
IEC Publication 109.

wha' si« 
relics 
RELAYS 

'do you need
’ \

Micro-miniature 44
SPDT and DPDT contacts rated 
2 amps at 28 VDC and 115 VAC, 
non-inductive Operate time, 5 ms. 
max.; release 3 ms. max.—wide 
choice of mountings; vibration and 
shock resistance to meet military 
specifications.

Subminiature 33
Fast acting-contact com
binations to 6 arms per 
stack, 12 per relay. Con
tact ratings to 5 amps. 
Operate sensitivity (SPDT) 
250 mw. min.

s

Miniature 11
Contact combina
tions to 8 arms per 
stack; 16 per relay. 
Contact ratings to 5 
amps. Operate sen
sitivity (SPDT) 150 
mw. min.

Small 22
Contact combina
tions to 12 arms 
per stack; 24 per 
relay. Contact rat
ings to 15 amps. 
Operate sensitivity 
(SPDT) 100 mw 
min.TIMEDELAY 
operate to 65 ms; 
release to ¡50 ms

Medium 66
Contact 
combina
tions to 12 
arms per 
stack; 24 
per relay. 
Contact 
ratings to 
,15 amps. 
Operate 
sensitivi
ty (SPDT 
contacts) 
60 mw min: 
TIME DELAY: 
operate to .15 
sec; release to .25'sec.

Above relays available with contacts rang
ing from bifurcated gold alloy for low level 
switching to heavy duty power; plug-in 
mounted; with snap action contacts; open, 
dust tight or hermetically sealed; to meet 
applicable military specs. Tell us what you 
need or send for catalog 3350D

MAGNECRAFT
Electric Company

S 
t 
u
5 
y 
fi 
c
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specify with assurance 
when you specify

New Semiconductor Spec
Approved By DOD

Approved by the Department of Defense, this 
spec is mandatory for use by the Army, Navy, 
and Air Force. This spec, MIL-S-19500B, covers 
the general requirements for semiconductor de
vices used in Military equipment. Specified re
quirements for a particular type of semiconductor 
are listed in the applicable detail spec.

Included in this spec are transistors and semi
conductor diodes. Identification numbers of semi
conductors meeting this spec will be assigned by 
the Joint Electron Device Engineering Council. 
The numbers agree with the type of numbers 
currently in use.

The type designation may be either marked in 
accordance with MIL-STD-130 or color coded. 
A suitable polarity marking shall be included on 
diodes. Country of origin shall also be marked.

An appendix to this spec contains definitions of 
terms used with semiconductor devices. Another 
appendix covers abbreviations and symbols.

New Semiconductor Spec (2)
General tests specified include: breakdown volt

age; capacitance; case insulation; drift; dew point; 
high and low temperature operation; noise figure; 
and thermal time constant, resistance, and re
sponse time. Adequate inspection procedures and 
precautions are included for proper inspection 
and test. The devices shall also be subjected to 
environmental tests such as: bending moment; 
burnout by pulsing; constant acceleration; mois
ture resistance; and operation life, storage life, 
and intermittent life tests. Special test procedures 
are also established for the diodes covered by this 
spec. MIL-S-19500B, General Specifications for 
Semiconductor Devices, 30 June 1950. At the 
same time a detail spec was issued for a 25-milli- 
watt, high-frequency, germanium, pnp transistor 
for use in high-frequency amplifiers and oscilla
tors and video circuits. The Transistor is type 
JAN-2N128, MIL-T-19500/9A.

New Candlepower Standards Available
New' candlepower standards consisting of in

side-frosted lamps with monoplane filaments and 
medium-bipost bases are now available from the 
National Bureau of Standards. These lamps are 
available in sizes of 100, 300, and 500 w. These 
standards show little or no variation in intensity 
wdth change in orientation. They follow closely 
the inverse square law and are easily calibrated 
on the photometer bar. The lamps may be pro
cured from the Photometry’ and Colorimetry’ Sec
tion, National Bureau of Standards, Washington 
25, D.C. They are priced at $37.00 for the 100-w 
size; $34.00 for the 300-w size; and $35.00 for the 
500-w’ size.
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Zk’vms A Our Most ImportentPw/uct 

EENERALELECTRIC

Snip the lead, or clip the tab . . . get 
the exact terminal type you need! 
S ive space and eliminate the need 
to stock two types of resistors. This 
unique feature is on General Electric 
5-, 10-, and 20-watt resistors. For 
y ur vitreous-enameled resistor catalog, 
fc How reader service instructions below. 
C *neral Electric Co., Roanoke, Va.

784-12

2N416 
2N417 
2N425 
2N426
2N427 
2N428

CARD

✓ICE CAW

Absolute reliability has been imperative in 
the Polaris. The extreme reliability designed 
into the Polaris Missile Program requires 
transistors which far exceed the operating and 
environmental conditions of MIL-T-19500A.
Industro is proud of its contribution to 
the success of this v.tal military project.
Whether your transistor requirements are 
military or commercial you can depend 
on industro. We invite your inquiries.

CORPORATIONTRANSISTOR



Blocks to
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CREATIVITY

Perception Deception

ADVANCED RECONNAISSANCE system developments at 
Melpar provide unusual opportunities for the technical advance
ment of participating professional personnel. Technological chal
lenge in an area vital to our national defense assures our engineers 
and scientists that then* contributions will have lasting significance. 
Melpar’s reconnaissance systems engineering department has 
achieved national recognition for its outstanding accomplishments 
in the fields of acquisition, processing, and interpretation of intel
ligence. Techniques resulting from our deep probes into advanced 
aspects of electronics, optics, and physics are being quickly 
translated into operational equipment for the armed forces.

Positions in tho following aroas off or particular challongo at this timo:

DESIGNING YOUR FUTURE
A. L. Simberg, AC Spark Plug Div.
General Motors Corp., Flint, Mich.

Reconnaissance Systems
Airborne Equipment
Ground Data Handling Equipment 
Simulation A Training Systems 

Communication A Navigation Systems 

Ground Support Equipment

Detection & Identification Systems 

Antenna A Radiation Systems 

Physical Sciences Laboratory 

Applied Physics Laboratory 

Production Engineering
Quality Control

Melpar’s remarkable growth continues to create attractive 
opportunities for the exceptional engineer and scientist.
Your own intellectual dimensions govern remuneration and 
assignments.

INTERVIEWS ARRANGED IN YOUR LOCALE

For Details
Wire Collect or Write to:

Professional
Employment Supervisor

MELPAR INC
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3307 Arlington Boulevard, Fall* Church, Virginia

In Hittoric Fairfax County 
10 miles from Washington, D C.

IT IS NOT surprising today to find at 
the head of some of our largest indus

trial corporations men with degrees in 
engineering. What are the routes by 
which these men achieved their present 
position? Traditionally, the young engi
neer going into a company has one of 
two routes open to him. The first of these 
is through his technical know-how, his 
engineering specialty. In short, he be
comes an expert. The other traditional 
alternate way to the top has been through 
the path of supervision, accepting higher 
and higher supervisory responsibilities, 
until he reached the top of the organiza
tion.

In the past few years, especially since 
the Korean War, a third way to the top 
has opened. It is by means of creativity.

With the ever increasing competition, 
especially in the area of electronic de
velopment, those companies are success
ful which find the unusual, the unique 
new products, processes, manufacturing 
methods and cost reductions. All positive 
change comes about as a result of some
one’s ideas, a newer and better way of 
doing or making something.

Ideas mean creativity. Creativity means 
being able to develop end results which 
will satisfy the needs of the organization 
in a way which they have never been sat

isfied previously. All engineers have 
within them the basic capacity to be crea 
tive. What prevents many of them from 
doing so are obstacles which must first 
be overcome.

The obstacles to creative thinking lie 
primarily in three areas: perceptual, cul 
tural and emotional. This article will deal 
with the first of these obstacles, the per 
ceptual blocks to creativity.

The family of perceptual blocks is 
probably the single most frustrating and 
damaging one. These are the types of 
blocks that make us “want to kick our 
selves” for not having seen the solution 
previously. They are caused primarily by 
not seeing what the problems are or what 
actaully may be wrong in the situation. 
These are the types of blocks that cause 
us to begin our work in problem solving 
without the proper goal in mind. These 
have to do primarily with our statement 
of the problem, our biases toward and 
preconceived notions about the problem 
While we are not talking about attitudes 
as such, it should be realized that there 
is very little in our outward behavior that 
it not colored in some manner or other b} 
our attitudes toward them.

To a great degree, our perceptual 
blocks may be classified as merely having 
a mental set or predisposition toward see-
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is important 
at Motorola

Western Military Electronics Center

McDowell Road, Scottsdale, Arizona
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This is the first of three articles 
on blocks to creativity. Subsequent 
articles will discuss cultural and 
emotional obstacles.
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TIME FLIES YOU CANNOT THEY 
FLY TOO FAST

ry to punctuate this sentence so that 
it: lakes sense.

To show just how deadly these little 
bkcks can be, try some of the problems 
ass iciated with them. You will find the 
an wers to these problems at the end of 
th* article.

ing the situation in a certain way, no 
matter how closely or how thoroughly we 
look at it. Let us look at a few examples 
of this type of block:

I. Difficulty in isolating the 
problem.

This is the case where the individual is 
unable to separate the real problem from 
related problems, or as we say, he cannot 
see the forest for the trees.

While this sounds basic and elementary, 
it is nevertheless extremely important to 
pinpoint the problem specifically. Too 
often we are not tackling the real prob
lem at all. This is similar to the physician 
who treats symptoms rather than curing 
the disease or to the mechanic who when 
unable to figure out whether the car has 
ignition, fuel system or other trouble, will 
eventually decide on a complete over-

You as an engineer know . . . and Motorola knows . . . 
that a project has its best chance for success when you are given 
the opportunity to be yourself. This means expressing 
your ideas in an atmosphere that encourages initiative and 
independence and recognizes accomplishment. As a 
member of a project team, you become a key figure at every 
level of creative engineering, from preliminary conception, 
design, into production, then final evaluation. The success of 
Motorola’s integrated project approach to military 
electronic assignments is a matter of record. A great number 
of diversified positions with rewarding careers . . . plus 
a bonus in better living in the sunniest, healthiest climate in the 
United States . . . await you in Phoenix. Write today 
to Kei Rowan, Dept. B-ll.

ELECTRONIC ENGINEERS
MECHANICAL ENCINEERS 
PHYSICISTS

System Analysis, Desita A Test
Radar • Missile Guidance ■ Navigation 
Combat Surveillance • Communications 
Field Engineering • Data Processing and Display

Circuit Design, Development and Packaging 
Microwave • Pulse and Video
Antenna • Transistor • R-F and I-F 
Servos • Digital and Analog
Technical Writers and Illustrators. Quality 
Control Engineers, Reliability Engineers

2. Difficulty caused by narrowing 
the problem too much.

This block is caused by paying little or 
no attention to the environment sur
rounding the problem. It is not unusual 
to find in scientific endeavors that experi
ments are sometimes conducted to deter
mine a particular point while the effect 
of other variables of the total situation is 
ignored.

The above block comes about primarily 
because of our inability to see the prob
lem stated in any other terms than it is. 
For example, try the little exercise below: 
HOW CAN YOU MAKE FOUR NINES

EQUAL ONE HUNDRED

3. Difficulty in not investigating the 
obvious.

Once we have become accustomed to 
looking at certain situations and prob
lems in a particular way, it becomes in
creasingly difficult not to do this. Every
day we look at the same things, but really 
cease to “see” them. Pass the same bulle
tin board every day, and even though the 
notices change from time to time, unless 
there is something really different about 
the new notice (a different color paper, 
etc.) the chances are that we will not see 
it. So it is with our design problems. The 
first reaction to the assignment of de
signing a new component is to look for 
components which are similar and pro
vide the same function. Is it not just as 
easy to sit down and ask yourself what 
better or simpler or cheaper method 
could be used to achieve the same end 
result?

The person who first thought of using 
a flexible ice cube tray got the idea from 
noticing that some water in his boots, 
which had been left outside, had frozen 
during the night and had flipped out 
quite readily when the boot was turned 
inside out. How obvious.
Try this problem:

Two Indians, a big one and a little one, 
were walking through the woods. They 
resemble each other and in truth are re
lated. The little Indian is the son of the 
big Indian, but the big Indian is not the 
father of the little Indian. What is their 
relationship?

4. The failure to distinguish 
between cause and effect.

The young engineer, especially one 
who has his sights set on a career in re
search, often feels quite confident that he
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THE HATIOHAL CASH REGISTER COMPANY, Dayton 9, Ohio
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Plastics and Polymers 
Encapsulation

(A process for producing 
microscopic capsules 
containing liquids or 
reactive solids)

Photochromic Materials 
(Studies 0/ National- 
developed compounds 
which are photosensitive 
to specific wave lengths 
of light, for application 
to memory, printing and 
photocopy devices)

Magnetic Coatings

Computer Theory
Computer Component 

Development
Machine Organization 

Studies
High-Speed
Non-Mechanical Printing 

and Multi-Copy Methods
Direct Character 

Recognition
Systems Design

The National Cash Register Company—a 
leader in the application of automation to 
business machines—has organized its Research 
and Development Division to provide ideal 
working environments for technically trained 
men and women of the highest calibre. Proj-

Electrodeposited 
Magnetic Films

Vacuum Deposited Thin 
Magnetic Films

Ferrites and
Ferromagnetics

Electroluminescence
Photoconductor 
Investigations

Advanced Magnetic 
Tape Studies

ELECTRONIC 
ENGINEERING 
DEVELOPMENT

1039 OFFICES IN 121 COUNTRIES • 75 YEARS OF HELPING BUSINESS SAVE MONEY

is being done on Encapsulation and thin film 
memory and switching components. Your 
training and experience may qualify you for 
a position in one of these areas:

SOLID STATE 
PHYSICS

NATIONAL’S NEW RESEARCH AND DEVELOPMENT Center is located in Dayton, 
Ohio, one of the midwest's most progressive cities.

FOR COMPLETE INFORMATION, simply send your resume to Mr. T. F. Wade, Technical 
Placement, F-4, The National Cash Register Company, Dayton 9, Ohio. All correspondence will be 
kept strictly confidential.

DATA 
PROCESSING 
RESEARCH AND 
DEVELOPMENT
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High-Speed Switching 
Circuit Techniques 

Random Access Memory 
Systems

Circuit and Logical 
Design

Advanced Storage 
Concepts Utilizing 
Electron Beams

Microminiaturization 
of Components and 
Circuitry

knows the difference between cause and 
effect. However, these, as he will leant, 
are not always this clear-cut. Nor do sta
tistics always provide the correct answer.

For example, in a large university, it 
was recently found that engineering 
senior students who made poor grades 
were much heavier smokers than those 
earning good grades. Did the smoking 
cause poor grades or did the poor grades 
cause more tension which led to heavier 
smoking? Or is it possible that both the 
poor grades and the heavy smoking were 
a result of a common cause? Or is it pos
sible that none of these facts was related 
to one another, except by coincidence?

The person who would be creative 
must learn not to jump to conclusions re
garding causality.

5. Failure to use all of the 
senses in observing.

While we have talked about the five 
senses for years, and although we know 
what these are and also know that we 
can observe through all of them, when 
we use the word observation the mean
ing is still for most of us in terms of 
vision only. A great amount of informa
tion can be gained from experiences other 
than visual. Concept formation, the reach
ing of conclusions, classification of situa
tions—all of these can be formed through 
other than visual methods.

We are all familiar with people who 
have a deficiency in one of the five senses. 
People who are either blind or deaf are 
able to compensate by the strengthening 
of the faculties which they have remain
ing to them. Try sometime shutting your 
eyes for awhile and try doing things with 
your eyes shut. You will find, after the 
first few frustrations and bumped knees, 
that you can do quite well really by 
using the senses of touch, hearing and 
smell. ■ ■

ONE OF THE WORLD'S MOST SUCCESSE U L CORPORATIONS
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Use (Please print with a soft pencil or type. )

New Form Nome Telephone

Home Address City Zone State

Date of Birth Place of Birth Citizenship

Position Desired

Major Honors

City and StateCompany

Professional Societies
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MAIL CAREER INQUIRY SERVICE FORM TO 
READER SERVICE, ELECTRONIC DESIGN, 830 THIRD 
WE., NEW YORK 22, N. Y

ardized short resume.
Study the employment opportunity 

this section, and circle the numbers 
bottom of the form that correspond 
numbers of the ads that interest you.

Answers to Problems of Preceding Story.

L T me flies (insects)? You cannot! They 
fly 1 >o fast.
t 91 4- 9/9
1 H s mother

Advancement 
Your Goal?

“°™— — CAREER INQUIRY SERVICE — DEC. 23, 1959

After completing, mail career form to ELECTRONIC DESIGN, 830 Third Avenue. New York, 
N Y. Our Reader Service Department will forward copies to the companies you select below.
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To Speed 
Action

ELECTRONIC DESIGN'S new Career Inquiry 
Service form is designed to help engineers 
advertise themselves. This new service speeds 
applicants to the jobs they seek. It is the 
first such service offered in the electronics 
field and is receiving high praise from person
nel managers.

To present your qualifications immediately 
to the personnel managers of companies that 
interest you, simply fill in the attached stand-

ELECTRONIC DESIGN’S Reader Service De
partment will act as your private secretary 
and type neat, duplicate copies of your stand
ardized resume and send them to all com
panies you may select . . . the some day the 
resume is received. (ELECTRONIC DESIGN 
will detach the circle number portion of the 
form so that no company will know how 
many numbers you circled.)

The standardized resume will permit per
sonnel managers to inspect your qualifications 
rapidly. If they ore interested, they will get in 
'ouch with you directly. In the past much time 
has been lost through personnel-manager re
quests for resumes from applicants who 
proved ineligible.

College
Educational History

DegreeDates

Recent Special Training

Title
Employment History

Dates Engineering Specialty

-

Outstanding Engineering and Administrative Experience

Minimum Salary Requirements (Optional)....................................................................................... —

Use section below instead of Reader Service Card. Do not write personal 
data below this line. This section will be detached before processing.

Circle Career Inquiry numbers of companies that interest you

900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 924

926 926 927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 94* 949



Sprague Electric Company

Autonetics
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At Sperry are found other advantages, too.
You have the virtually unlimited facilities and 
stability associated with a large firm, coupled 
with the recognition and sense of achievement 
that comes with work in small, responsible 
groups. This fact is vividly demonstrated by the 
record of more than 2600 employees who are 
15-year men. For nearly half a century Sperry 
has grown steadily, and in so doing has 
provided ever-increasing opportunities for 
satisfying, rewarding careers in a company 
famous for its scientific accomplishments.

for Engineers and 
Scientists at Sperry

Among the many Sperry projects are: advanced 
airborne flight data system for manned flight 
into space; advanced radar early warning 
systems; advanced electronic and gyroscopic 
systems connected with the Polaris missile;
Terrier, Thrtar. and Thlos radar guidance 
systems; and the development of space and 
armament systems.

From the smallness of an electron to the 
infinite vastness of space, every dimension 
of science is represented in current projects 
at Sperry. This diverse selection of work 
assignments provides engineers and scientists 
with stimulating, professional-level opportuni
ties to do creative work in a host of areas.
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CAREER 
OPPORTUNITIES 
BROCHURES

Autonetics invites the prospective employe to 
study this 26-page illustrated brochure and to 
consider the opportunities presented in the scien
tific and engineering frontiers. Department areas 
are: Inertial Navigation, Digital Computers, 
Flight Control and Special Products. A synopsis 
of helpful background requirements is given for

Engineering 
assignments 
ranging beyond 
today’s space 
age concepts

For Further Information 
Please Contact 

MR. J. W. DWYER 
Employment Manager

Sprague Electric is made up of many depart
ments and divisions: Research and Engineering, 
Sales, Sales Engineering, Manufacturing, Produc
tion Engineering, Plant Engineering, Employe 
and Community Relations.

Products are supplied by Sprague to manufac
turers of electronic equipment in the fields of 
military industrial, communications and entertain
ment On-the-job photos and a brief company his
tory are included. Services and benefits for em
ployes are covered.

Employe and Community Relations, Sprague 
Electric Co., Dept. ED, North Adams, Mass.

CIRCLE 870 ON READER-SERVICE CARD

GYMSCOPF COMPANY 
Division of Sperry Rand Corp. 

Great Neck, Long Island, New York 
Fieldstone 7-3668
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<Vho and what Autonetics needs and is aiming 
fc is clearly delineated. Company benefits and 
cc umunity facilities are presented.

Autonetics, Div. of North American Aviation, 
Inc., Dept. ED, Downey, California.
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Privacy—At Hughes-Fullerton, engineers enjoy private 
or semi-private offices in new air conditioned quarters.
Growth of Opportunity —Hughes-Fullerton (30 minutes 
from downtown Los Angeles) has grown from 800 employees 
in 1957 to 5,000 today. This programmed growth means 
unusual advancement opportunity. Engineers' average 
age: 31. One out of five has an advanced degree.
It will pay you to investigate Hughes-Fullerton 
as the place to further develop your career as an engineer
no matter what your experience level. Please call or write 
to Mr. A. P. Ramstack, Director of Professional Placement, 
at the address below.

Hughes-Fullerton can offer you a uniquely productive, 
engineering-oriented position...where you'll find unequalled 
room to expand professionally.
A big promise. But let the facts speak:
Creative Atmosphere —Engineers are encouraged to do 
independent thinking. The many Hughes-Fullerton “break
throughs" are testimony to this creatively unhampered 
atmosphere.

Research and Development Orientation—Because 
the bulk of Hughes-Fullerton projects start from "scratch,” 
engineers have the satisfaction of being in on 
advancements in the state-of-the-art. At the same time, 
they can see that the final product fulfills program needs.

Long Range Projects—Hughes was first to develop 
three dimensional radar. Today this work is expanding to 
encompass highly advanced data processing systems 
and electronic display systems.

“Working in Research at RCA,” a 36-page bro
chure, outlines activities and aims of the Radio 
Corporation of America. Technical operations fall 
into three categories: manufacturing, services and 
Research.

Manufacturing includes engineering, develop
ment and production of a wide range of electronic 
equipment. Services include the operations of the 
National Broadcasting Company, with its radio 
and television systems; RCA Communications, 
Inc., with radiotelegraph facilities, and RCA In
stitutes, which train thousands of electronic tech
nicians.

The work of the research laboratories is di
rected toward improvement in methods, devices, 
production, and operation in every branch of 
radio, television, electronics and allied fields and 
toward the creation of new products and services.

Descriptions of the various laboratories and 
their functions are covered and depicted in the 
brochure. The laboratories covered are Physical 
and Chemical, Electronic, Acoustical and Electro
mechanical, Systems and Radio.

Educational opportunities, including employe 
fellowships, a tuition Ioan and refund plan, part- 
tin*e study and study abroad are discussed. An 
Administrative Chart is given, and a map de- 
lin ating community facilities concludes this bro
chure.

ladio Corporation of America, RCA Labóra
te! es, Dept. ED, Princeton, N.J.
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Specializing in undersea weapons, 
also working with special weapons 
and missiles, we supply the Fleet 
with the best....from a wooded 
13,500-acre site on the unspoiled 
Virginia Peninsula where you'll have 
a choice of city, suburban, or rural 
waterfront living in the world's most 
extravagantly restored history-land.

You’ll like working with your gov
ernment too— the feel of a job that 
boostsyour country ’s security. Right 
now we have openings for the right 
men, starting at $6285 to $8810. Get 
applications (Standard Form 57) from 
your postmaster. Mail an application 
or copy of your resume to the Employ

ment Officer today.

• paid tuition I
• paid sick leave is
• liberal vacations If

• merit promotions f
• disability benefits U
• suggestion awards [
• low cost insurance 
• flexible retirement flan 

• world-wide transfer fights 
• travel and moving expenses

-‘'■■■•%

U.S. NAVAL WEAPONS STATION 
YORKTOWN, VIRGINIA 
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YOUR CAREER

AMPLIFY YOUR CAREER 
OPPORTUNITIES IN FIELDS NEWS AND NOTES

THAT 
AND 
CBS 
offers

REQUIRE CREATIVITY 
IMAGINATION!!

challenging projects in
Electron Tube Research and 
Development. Your ingenuity 
will be put to use in a broad 
range of exciting projects in 
the commercial, military and 
industrial areas, involving 
the development, modifi
cation and application of 
miniature receiving and 
cathode ray tubes. Ex
cellent scientific cli
mate. Stimulating 
environment. Close 
liaison between engi
neers and manage
ment. Outstanding 
growth opportuni
ties and company 

benefits

• APPLICATIONS ENGINEERS
• PRODUCTION ENGINEERS
• RECEIVING TUBE 

DEVELOPMENT ENGINEERS
• RESEARCH AND 

DEVELOPMENT ENGINEERS
• CATHODE RAY TUBE 

DEVELOPMENT ENGINEERS
• COLD CATHODE AND GAS 

TUBE DEVELOPMENT 
ENGINEERS

call collect, 
or write to:
Mr. Nicholas D. Bradley 

100 Endicott Street 

Danvers, Mass.

SPring 4-2360

ELECTRON TUBES

SEMICONDUCTORS

CBS ELECTRONICS
(CBS 
Electronics, 
a Division of 
Columbia 
Broadcasting System)

CIRCLE 910 ON CAREER INQUIRY FORM

Back to school for engineers describes the pur
pose of UCLA’s two-week courses in fast-moving 
technologies. Headway in some engineering fields 
is so rapid that often engineers only five years out 
of school find themselves thrust, by interest or 
company expansion, into areas in which they have 
no solid foundation—and indeed in some cases 
where there is no recent unclassified literature. 
Some of these fields are infrared, information 
storage and retrieval (come a long, long way in 
five years) astrodynamics and rocket navigation 
and nuclear rocket propulsion systems.

Recognizing the paucity of academic informa
tion specifically designed for engineers who are 
already working in, or interested in entering, such 
fields, the University of California at Los Angeles 
Extension Division has set up a program of short 
engineering and math courses. These courses last 
two weeks. The engineer attends school from 
8:00 a.m. to 5:00 p.m. —with midterms on the 
first Friday and a final exam on the second.

UCLA is not the first university to have such a 
program, of course, but it has one of the most ex
tensive. This past summer marked its first full 
scale venture into the program. Its summer 
courses included Nonlinear Problems in Random 
Theory (Norbert Wiener of MIT heading the 
course); Astrodynamics and Rocket Navigation 
(Robert M. L. Baker, Jr. of Aeronutronic Systems 
Div., Ford); Thermochemistry of Rocket Propul
sion (Donald J. Simkin, Marquardt Aircraft); 
Theory and Applications of Infrared Radiation 
and Detection (K. N. Satyendra, now with Nor- 
tronics Div. of Northrop, and Max Garbuny of 
Westinghouse Research); Strain Gauge Tech
niques (William Murray, MIT); Metal Processing,

(Continued on p. 234)

?

Two-week infrared course at UCLA was sparked by 
Dr. K. N. Satyendra (I), Dr. Max Garbuny (c) and Tom 
Vogl (r), all with Westinghouse Electric at the time. 
Dr. Satyendra is now with Nortonics.

ELECTRONIC

Aeronutronic, a new division 
of Ford Motor Company, has 
immediate need for computer 
engineers to staff its new $22 
million Research Center in 
Newport Beach, Southern 
California. Here, you have all 
the advantages of a stimu
lating environment, working 
with advanced equipment, lo
cated where you can enjoy 
California living at its finest.

Look into these ground floor 
opportunities in research and 
development work that is 
challenging and exception
ally rewarding to qualified 
men.

Positions now open:

Systems Engineer

Magnetic Memory Engi
neers

Communications Engineers

Digital Computer Pro-
grammers

Transistorized Circuit 
gineers

Logical Designers

Circuit Engineers 

Mechanical Engineers 

Optical Engineers

En-

Qualified applicants are 
vited to send resumes or

in- 
in-

quiries to Mr. R. E. Durant, 
Aeronutronic, Box NJ-486, 
Newport Beach, California.

COMPUTER OPERATIONS

AERONUTRONIC
A DIVISION OF

FORD MOTOR COMPANY
Newport Roach 

Santa Ana • Maywood, 
California

miiiiiiiiiiiiw
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EXCELLENCE 
IN ELECTRONICS

SANTA 
BARBARA

GUIDED MISSILE 
ELECTRONICS

SYSTEMS MANAGEMENT 
GOVERNMENT EQUIPMENT DIVISION

We Were Created to Create
SYSTEMS. Not just electronics. .

Y FORM 
, 1959

Here is your chance to prove your 
ability doing important work on mis
sile fuzing, beacons, guidance, pack
aging and related test equipment. We 
have key openings that offer you the 
opportunity to move ahead rapidly in 
your profession. At Bendix York, 
you benefit from the advantages of a 
small company atmosphere in a 
growing division of one of the 
nation’s largest engineering and 
manufacturing corporations. Also, 
you’ll enjoy the “good life” in our 
beautiful suburban community. 
Good salaries, all employee benefits.

ELECTRONIC
ENGINEERS

MECHANICAL
ENGINEERS

YORK
offers the opportunity 
and the challenge of 
key assignments in...

/ WKtyF
AVIATION CORPORATION

The systems we foresee will establish new dimensions: In * ‘gaming” and 
logistical data processing; Undersea; Communications; Continental air 
defense, ground support; IPV (interplanetary vehicle) control; Missile, 
Satellite Check-out: Our RAMP microwave platform. And, a variety 
of non-military systems.
We seek men to generate these systems.
Most are outstanding systems or project engineers. Some are physicists. 
A few are geo-political analysts.
Each is a broad thinker, experienced at systems planning, hardware, analyti
cal approaches. Aware of the increasing electronic content of systems, each 
knows that the minds which comprehend this content determine the future 
influence of systems upon civilization.
To these men, Raytheon’s new SYSTEMS MANAGEMENT offers 
unparalleled professional satisfaction. They are invited to inquire of: 
Mr. Donald Sweet, Engineering & Executive Placement, Raytheon Com
pany, 624S Worcester Road, Framingham, Mass, (suburban Boston).

SYSTEMS AIRBORNE SUBMARINE HEAVY
MANAGEMENT ELECTRONIC SIGNAL ELECTRONIC

Drop us o cord, briefly stating 
your education A expert- 
ence. We’ll act im- / 
mediately to get to- 
flether with you N ADDRESS: 
and talk it over. PROFESSIONAL 

/ PLACEMENT
DEPT D /



New Westinghouse radar techniques are increasing 
the scope and accuracy of radar detection devices . . 
ground, shipborne and airborne. Super-sensitive, 
long-range electronic detection equipment now in 
production will approach pin-point accuracy in 
the perception of aircraft or missiles. Over the 
horizon or in outer space, the "bird” will 
find no sanctuary from these electronic eyes.
But, radar can never remain static . . . and today’s 
equipment will be superseded by newer, more 
accurate devices now under study by Westinghouse 
engineers. This constant striving for perfection 
has kept the name Westinghouse in the forefront 
of advanced radar development . . . and it has 
created new career opportunities for radar 
engineers at Westinghouse-Baltimore.
Radar Development opportunities for engineers 
with either experience or interest as follows:

Radar Receiver Development
Includes low noise figure front ends using crystal 
mixers, travelling wave tubes, parametric 
amplifiers and multistage IF amplifiers with special 
characteristics like wide bandwidth, logarithmic 
action, ultrastability and bipolar clipping.

Radar Modulator Development
Includes switchgear, high voltage DC power 
supplies, pulse shaping, and driver stages, crowbar 
and protective circuitry, control and monitoring 
function, and pulse transformer switch 
tube combination.

PINNED 
DOWN 

BYA 
PIP!

Radar Transmitter Development
Includes high voltage design techniques, 
X-radiation monitoring and shielding, high power 
wave guide and RF components, transmitter 
multiplexing, high stability frequency sources, and 
travelling wave tube amplifiers.

Other Career Opportunities:

Airborne Electronic Counter-Measures
Digital Computer Development
Microwave Systems and Components
Antenna Design
Infrared Systems Development 
Solid-State Devices and Systems 
Automatic Check-Out and Fault Isolation 
Ferret Reconnaissance
Electronics Instructors
Communications Circuitry
Field Engineering
Technical Writing

AXestin^house 

o 
BALTIMORE

FOR DETAILS ... and a copy of the informative 
brochure ’’New Dimensions” . . . write to: Mr. 
A. M. Johnston, Dept. 981, Westinghouse Elec
tric Corporation, P. O. Box 746, Baltimore 3, 
Maryland. Please include a resume of your educa
tion and experience.

CAREER NEWS
(Continued from p. L 32) 

Cutting (Milton. C. Shaw, MIT); Statistical 
Methods in Industry (Edward P. Coleman); Infor, 
mation Storage and Retrieval (R. M. Hayes, M ig. 
navox R & D Laboratories); and other courses not 
of consuming interest to electronic design er gi- 
neers, such as Design of Prestressed Concrete 
Structures.

Cryogenic Engineering, Corrosion Engineering, 
Communications in Science and Industry, end 
Packaging, Plant Layout and Material Handling 
were given during November. Currently finishing 
up are a series of lectures on “Foundations of 
Future Electronics.”

Good Investment for Engineers, Industry says 
Dr. Sam Houston, dynamic assistant head of the 
UCLA Engineering Extension. The intent of the 
courses, according to Houston, is to cover the 
fundamentals and applications in each field as 
thoroughly as possible in 70 hours.

Cost of courses is about $150 per person-a 
pretty good deal considering the two units credit 
given for passing the course.

“We try to get the top people in the field to set 
up and coordinate the courses,” says Dr. Houston. 
“These are on-the-job men and can tell what their 
engineering confreres want and need to know. 
They can point out gaps in present-day knowl
edge and describe new trends and developments

“Courses themselves are chosen in different 
ways—by request from industry or the military, orl 
by talking to engineers and deciding a blankl 
exists in a given category. One of the problems ini 
frontier courses like these is classification. We are! 
never too sure how broad a field we should! 
cover.”

UCLA plans to conduct two courses per month! 
throughout the year on roughly a graduate level! 
The program, to be successful, calls for an aver! 
age of 50 students in each course. This has so fail 
been achieved easily—the spread is from about 4(1 
to 100 students, depending on the course. As al 
rule more students apply than were planned for-l 
the infrared course expected 50, got 113; Norbert 
Wiener asked for no more than 20, got 33.

How good are the courses? To find out Elec] 
tronic Design went to the Theory and Applical 
tions of Infrared Radiation and Detection course] 

In two weeks the class covered the origin anti 
nature of infrared radiation, physical phenomena 
for infrared detection, industrial uses and targel 
detection, terrestrial infrared and modem aspect! 
of infrared and missiles.

During the first week of the course the fundal 
mentals, background and physics of infrared werl 
given relatively exhaustive treatment. Student! 
were expected to have a solid grounding in modi

ELECTRONIC DESIGN • November 11, 1951
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specific career opportunities 
now open at Texas Instruments

SEMICONDUCTOR-COMPONENTS DIVISION

DEVICE DEVELOPMENT—Develop new semiconductor devices; conduct experimental and theoretical studies on the effects 
of nuclear radiation on semiconductor materials and devices; evaluate experiments in the analysis of gases and electro-chemistry; 
conduct physical measurements on semiconductor surfaces; determine the effects of chemical reaction on semiconductor sur
faces; studies in device stability, reliability and characterization; materials research and development including crystal growth 
and crystallography.
CIRCUIT DEVELOPMENT—Transistor circuit design and application; design automatic and semi-automatic test equipment. 
MECHANIZATION—Design and develop high speed automatic machinery.

Please write to C. A. Besio, Dept. 1104, P. O. Box 312, Dallas, Texas CIRCLE 904 ON CAREER INQUIRY FORM

APPARATUS DIVISION

MANUFACTURING ENGINEER—To perform the planning and coordination of the manufacture of electro-mechanical/elec” 
tronic systems and components on an assigned project basis; to determine action to be taken; follow-up and report successful 
operation of the course of action selected. BS in EE, ME or IE, with minimum 3 years experience in manufacturing processes, 
tooling, scheduling, and costs.
QUALITY CONTROL ENGINEER—To establish and maintain standards of quality and inspection methods for all raw materi
als, work in process and finished products. BS in EE, ME or IE with minimum 3 years experience in working to customer require
ments, procedures, quality reports plus prevention and detection of defects in electro-mechanical apparatus.
SENIOR MICROWAVE ENGINEER—To perform applied research and development in the field of microwave and high-powered 
transmitter equipment including ASR transmitter and automatic performance monitoring. MS in Physics or EE with minimum 
5 years experience in the field of microwave and high-powered transmitting equipment.
SENIOR ELECTRONIC ENGINEER—To conduct engineering analysis of techniques that will be incorporated into various 
product lines. Electronic design experience associated with the missile field involving circuit (transistor), computers, telemetry, 
and guidance systems design essential. MS in EE, ME or Physics with minimum 7 years experience in field of missile electronic 
design and systems planning and analysis.
CIRCUIT DESIGN ENGINEER—With strong instrumentation background with emphasis on circuit design. Experience in 
application of transistor circuits to instrumentation highly desirable although not essential. BS or MS in EE or Physics with 
minimum 5 years experience.
RESEARCH ANALYST—To perform industrial marketing research in the field of military and industrial electronics; requires 
analytical ability with imagination to foresee variables and recognize limitations and data; ability to present ideas clearly in 
verbal and written form. Must also be able to interpret and point out use and conclusion of statistical studies to division manage
ment. BS in ME, EE or MBA or MA in Economics. .
SENIOR GUIDANCE ENGINEER—To design microwave antennas and circuit components; supervise engineering personnel in 
design and development of complete missile antenna and microwave systems; contribute original advancements in missile micro
wave and antenna concepts for proposals and system development. BS in EE or Physics with minimum of 5 years experience in 
stripline microwave design. Also thoroughly familiar with radiation and propagation theory.
MATHEMATICAL STATISTICIAN—To specialize in the study of noise applications; to perform systems analysis of sonar and 
radar product lines; to provide consulting service to other technical personnel. MS or PhD in Mathematics with minimum of 6 
years experience in applied analysis of advanced mathematics.
MATHEMATICIAN—To specialize in transform calculus as applied to servo mechanisms and network analysis and continued 
fraction work; provide consulting services to other technical personnel. MS or PhD in Mathematics with minimum of 6 years 
experience in applied analysis of advanced mathematics.

Please write to John Pinkston, Professional Placement, Dept. 1104, 6000 Lemmon Avenue, Dallas 9, Texas

GEOSCIENCES AND INSTRUMENTATION DIVISION

CIRCLE 905

MECHANICAL DESIGN ENGINEERS—BS or MS in ME to design *mall electro-mechanical mechanisms.
ELECTRICAL DESIGN ENGINEERS—BS in EE or Physics to design and construct supervisory control systems of electro
mechanical and electronic design; transistor test equipment, requirin'/ heavy experience on electronic circuit design, preferably 
with transistors; digital computers with experience in detailed logical design.
MANUFACTURING ENGINEER—BS in ME or IE with experience in production, planning, production control, methods and 
tooling in the electronics industry.
SALES ENGINEER—BS in EE, Physics or ME with sales experience in electro-mechanical instruments.

Please write to Dave Turner, Dept. 1104, 3609 Buffalo Speedway, Houston, Texas CIRCLE 906 on career inquiry FORM

CENTRAL RESEARCH LABORATORY

HEAD—PHYSICS SECTION—4 to 5 years experience in semiconductor physics and proven ability to direct a variety of tech
nical projects. Responsible for directing work on the measurement and understanding of electrical, thermal, magnetic, optical, 
and transport properties of semiconductors. Educational requirement is PhD in Physics.
HEAD-DEVICE SECTION—4 to 5 years experience in semiconductors plus experience in group leadership and proven ability 
to supervise a variety of technical projects. Will be responsible for directing work on design, fabrication and evaluation of new 
solid state devices. Educational requirement is MS or PhD in either Physics or EE.
SOLID STATE THEORIST—Responsible for the understanding and interpretation of the physical properties of semiconductors 
and other solid state materials. Educational requirements: PhD in Physics with concentration in quantum mechanics. Solid 
state experience desirable but not necessary.
DEVICE THEORIST—Responsible for the design of new solid state devices and interpretation of their characteristics in terms 
of physical and fabrication parameters. Educational requirement is PhD in Physics or EE, or MS with 2 to 3 years experience 
in solid state device theory.
SEMICONDUCTOR TECHNOLOGY—Responsible for the design and interpretation of experiments on the technology of semi
conductors, including impurity diffusion and alloying. Educational requirement is PhD in Physical Chemistry or Metallurgy. 
Experience requirement: 3 to 4 years experience in semiconductor technology.
THEORETICAL PHYSICIST—2 to 3 years experience in electron or nuclear magnetic resonance with interest and background 
to perform theoretical analysis of EMR and NMR to develop possible new types of magnetometers or to make significant im
provement in present types. Sufficient experimental background and interest to assist in translating theoretical results into 
experimental projects.
PHYSICISTS—Either MS or PhD with 1 year minimum experience in the fields of superconductivity and low temperature 
physics. Should be acquainted with conventional techniques of transferring and handling liquid helium and designing circuits 
and instrumentation for studies in this area.

It's a new automatic flight

This 
ye»» 
lend

control system.

one isn’t operational 
but maybe you could 
us a hand in exchange

for things like salary and

LRCP*
General Electric’s ARMA
MENT AND CONTROL SEC
TION in Johnson City (Bing
hamton) New York, has 14 
openings for men with de
grees and/or experience in 
mechanical engineering, elec
trical (electronics) engineer
ing—also in mathematics and 
physics.

Some of the product areas 
include airborne defense sys
tems, automatic flight con
trol systems (not in any way 
similar to the cartoon), in
ertial navigation systems, 
analog and digital computers, 
gyros, fluid controls, servo 
controls and many more.

General Electric has the 
right combination for de
veloping your career poten
tial. ‘Long Range Career Po
tential.
Let's trade facts. Tell us 
about your education, experi
ence and interests. We’ll 
send you details about where 
you’ll fit into the Armament 
and Control Section.
Write In confidence to:
Mr. R.C. McConnell, Div. H22I-2 
Armament and Control Section 
General Electric Company 
600 Main Street
Johnson City, New York

n

ARMAMENT AND control section

GENERAL • ELECTRIC
JOHNSON CITY, NEW vORKCIRCLE 907 ON CAREER INQUIRY FORMPlease write to A. E. Prescott, Dept. 1104, P. O. Box 1079, Dallas, Texas

CIRCLE 915 ON CAREER INQUIRY FORM
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CIRCLE 904 THROUGH 907 ON CAREER INQUIRY FORM
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If You Know Semiconductors
You Ought to Know Raytheon

Raytheon has all types of engineering opportunities in just about every fascinating 
phase of semiconductors. No matter what your interest — or experience — you’re 
almost sure to find the position you want at Raytheon. The descriptions in this ad are 
typical of the positions open. Your resume doesn’t need to be in iambic pentameter 
— but get it in today to

Joseph McGovern, 
Semiconductor Division, Raytheon Company, 

164 California Street, Newton 58, Mass.

Here are typical examples of key positions now open :

PROCESS ENGINEER
Develop and specify production processes. Analyze 
and rectify manufacturing problems. Improve proc
esses with respect to quality, yield and cost reduc
tion. Act as consultant on production and quality 
control. BS with basic coverage in chemistry, physics 
and mathematics.

PRODUCT ENGINEER
RAYTHEON)
^^^APPLICATIONS ENGINEER

Design, development, pilot production and evalua
tion of advanced semiconductor devices and circuit- 
paks for market samples. BS in physics, metallurgy, 
chemistry or electrical engineering.

RAYTHEON
SEMICONDUCTOR 

DIVISION

If you know SEMICONDUCTORS
You ought to know RAYTHEON

INDUSTRIAL ENGINEER
Standards and methods, planning and facilities, and 
cost control in semiconductor manufacturing. Mini
mum of two to three years experience in electronic 
industry. BS in IE or equivalent required. Work 
factor or MTM training desirable.

To design and study amplifying and switching cir
cuits and the properties of new devices in these cir
cuits. Minimum of two years semiconductor circuit 
design experience. Electronics degree.

CAREER NEWS
(Continued from p. 231) 

em physics: the first week was in the nature jf 
orientation and a more intensive examination of 
the characteristics of 0.75 to 1000 micron fre
quencies.

In more detail, the class covered emission ai d 
absorption of heat radiation, emission and absor > 
tion of selective excitation, transmission ph e- 
nomena, ir radiation sources for measurement and 
detection, ir optical systems, thermal detection, 
quantum detection, limits of detection, thin films, 
thermal detectors, photoconductivity and emissive 
cells, infrared imaging, the evolution of detectors 
and infrared electronics. Applications of infrand 
detection systems were enumerated and de
scribed: industrial safety and quality control, 
imaging and scanning systems in darkness and 
fog viewing, air-to-air and air-to-ground uses, ra
diation of missiles during escape and reentry, 
uses of ir for satellites and space vehicles, infra
red spectra of extraterrestrial objects and so 
forth.

Sound like a lot of ground to cover in a short 
time? It was. Each day students attended a lec
ture from 8:00 to 9:45. A coffee break followed, 
and a discussion period after the break until 
12:15. After an hour and a half lunch at the fac
ulty club—during which most students continued 
to hash out problems among themselves—another 
lecture, from 1:45 to 3:15, was given. Coffee I 
break, then another discussion period until 5:00.

On Saturday a field trip to Aerojet-General 
Corp, in Azusa exposed newcomers to infrared 
processes, techniques and equipment.

In many ways the discussion periods were the 
most helpful. Homework problems were reviewed. I 
students got a chance to work out mutual difficul- I 
ties in the design of infrared equipment and made I 
some verv fine contacts with other people in the I 
field.

Generally the course level was graduate. K. N. I 
Satyendra, then of Westinghouse in Philadelphia, I 
presently then Nortronics Div. of Northrop in I 
Hawthorne, Calif., and Max Garbuny of Westing-I 
house Research in Pittsburgh guided the course. I 
“The amount of material covered,” Dr. Garbuny I 
said, “would otherwise have been given during a I 
sixteen-week term. Some of the material of course I 
dated back as far as the 1890’s—Wien, Rayleigh, I 
Planck—but some, as far as possible without ex-1 
posing classified information—was brand new."

Dr. Satyendra commented on the feasibility’ of I 
giving so much material in so little time. “You I 
must realize that first of all we require the student I 
have at least a Bachelor’s in Engineering or Sci l 
ence or its equivalent. Then, in each group are a I 
number of PhD’s in Physics. Many people are I 
now working in infrared by necessity and do not I

(Continued on p. 240 I
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Here are 114 Reasons 

to Consider

GENERAL

LIGHT

ELECTRONICS

ELECTRIC’S

MILITARY

DEPARTMENT

NOW...

of changing your 
someday ?

Top Salaries, fully 
competitive with com

pensation throughout the 
industry, with increases 

based on actual performance, 
not seniority.

y Professional Stature 
r is enhanced by project diver

sity that offers ample oppor
tunity to develop competence 

in related disciplines and 
product areas.

Desirable Assignments 
to match your electron- 

/ ’ts specialty in any one
of 30 expanding groups; 

►-L* ■UJ-q activities range across 
•* the spectrum from
audio to infrared. Specific programs 
include a revolutionary Bomb Nav. 
Radar System, Polaris Fire Control 
and Guidance Computer, Sidewinder 
Guidance, Satellite Communications, 
Advanced Airborne Detection/Data 
Processing/Command System, and 
Missile Fuzing, to name a few.

Comprehensive Orientation 
Program assists new 

I* professional personnel 
in feeling “at home" 

immediately.

G. t’s Famous Benefit
Program that includes 

comprehensive insurance 
and the valuable savings 

and security plan.

Opportunities
fast growing programs, as evi

denced by the fact that engineering 
staff and support personnel have 
grown from 160 in 1952 to 1469 this 
year.

Career Stability 
assured by diversification 
which enables Light Mili
tary's expansion to be in
dependent of any individ
ual military program

Graduate Study Plan 
that covers the cost 

of tuition, textbooks and 
transportation to and 
from graduate school.

An Opportunity to
Consult with top scien- 

tists in G-E laboratories 
and gain access to the new
est technical concepts.

In-Plant Courses 
provide broad coverage 
in technical and manage

rial subjects —are open to 
all professional personnel.

Vacationland Living 
in beautiful, upstate 

New York where year 
round recreation is close 
to your door.

No Long Commutine 
90% of LMED’s personnel 

live within 15 minutes 
of work.

8 You'll bo Welcomed
Al Tp In a variety of groups 

«¿TPfcf In that make it easy to meet 
people that share your 

■W, JR.— interests — whether they 
be drama, skiing, music, 

bridge, photography, hunting, profes
sional societies, etc.

Relocation Assistance 
is furnished by us to 
help you find a home 
(house or apartment) 
and offer counsel on all 
aspects of your reloca

tion. In addition, we pay moving and 
transportation costs for you and your 
family.

IMMEDIATE OPENINGS IN THESE AREAS:
Microwave Devices & Antennae / Radar & Radio Receiver Design 

Electronic Countermeasures / Missile Guidance Systems 
Digital Techniques / Display Devices / Statistics / Navigational Equipment 

Transistor Techniques / Digital Computers / Data Processing 
information Theory / Transmitter Design / Meteoric Scatter / Sonar / Infrared

WRITE FOR FACT SHEETS giving detailed information on more than 
a dozen additional factors that enter into careful job selection. For prompt 
consideration, add the following information — your name, home address, 
home phone, degree(s) and year(s) received, plus the technical areas you 
are particularly interested in.

Address Mr. William Gilmore, Div. 76-MK

LIGHT MILITARY ELECTRONICS DEPARTMENT

GENERAL ELECTRIC
FRENCH ROAD, UTICA, NEW YORK

It's a new inertial navigation 
system.

This one isn’t operational, 
but maybe you could lend us 
a hand in exchange for 
things like long range career 

potential and IBOM*
General Electric’s ARMA
MENT AND CONTROL SEC
TION in Johnson City (Bing
hamton) New York has 14 
openings for men with de
grees and/or experience in 
mechanical engineering, elec
trical (electronics) engineer
ing—also in mathematics and 
physics.

Some of the product areas 
include engine control sys
tems, inertial navigation sys
tems (none like the cartoon), 
transistors and magnetic 
controls, microwave, ground 
support equipment, inertial 
equipment and many more.

General Electric has the 
right combination for de
veloping your career poten
tial. *lncreases Based On 
Merit.

A complete brochure about 
our section is available in ex
change for your reaume in
formation. Write in confi
dence to:

Mr. R.C. McConnell, Div. H221-3 
Armament and Control Section
General Electric Company 

600 Main Street
Johnson City, Now York

ARMAMENT and control section

GENERAL ELECTRIC
JOHNSON CITY NEW YORK
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CAREER NEWS

u PROJECT ENGINEERS

* &

(Continued from p. 238)

For design and development of ground support 
and electronic test equipment. Experience 
in ground support equipment for instrumentation 
and navigational systems desirable.

PRODUCT ENGINEERS, ME & EE
For design of production test equipment 
for electromechanical systems.

SALES ENGINEERS
With experience in aircraft instrumentation.

Kollsman is seeking a limited group of 
exceptional men to participate in its continuing 
growth in the field of automatic navigation 
and flight instrumentation. These openings offer 
unusual opportunity with an organization 
intimate enough to allow individual recognition, 
yet large enough to assure stability.

have the appropriate foundation. They are often 
specialists in one small part of the field—through 
experience—and realize their shortcomings in 
other areas.”

Some 113 persons attended the infrared course. 
They came from all over the United States and 
Canada. Military, academic, research and engi
neering personnel were numbered in the group. 
“Most people, of course,” Garbuny said, were 
newcomers to infrared. This is the most often- 
occurring situation—the boss sends a new man to 
a short course to pick up information .quickly.” 
Viewed from this perspective it is hard to see a 
better investment of time and money, particularly 
if the company does not have a working training 
program of its own.

*

r

Please send resumes to T. A. DeLuca.

kollsman INSTRUMENT CORPORATION

BACI 45th AVENUE. ELMHURST, NEW VORN e SUBSIDIARY Of COIL PRODUCTS CO. INC.

CIRCLE 919 ON CAREER INQUIRY FORM

ENGINEERS come to Minnesota

PHYSICISTS
where human values
are as important as money

Today, moat good companie»—the kind that 
recognise and appreciate technical compc* 
fence—offer nearly identical employment in
ducement*. Simple oconomica keep aalanra 
■nd supplementary benefit* about equal. 
And, of course, no company has a franchise 
on financial security or opportunity for 
advancement.

But what about other valuea, those human 
values that have no price tag? At General 
Mill»—in Minneapolis—they too are impor
tant—and they arc yours. You spend longer 
evenings with your family because travel to 
and from work fa easy, uncongested. Your 
children grow strong and healthy in a 
wholesome environment. And they’re edu
cated in fine, trouble-free ach'iola with low 
pupil-teacher ratio. Chances are you live 
within walking distance of a park, lake or 
golf course. Soon, in this Theater of Sea 
tons, you’ll lak< your family skiing, ice 
fishing and on old-fashion sleigh ride psr-

Think you and your family would like Minnesota? Then 
learn more, in strict confidence, about long-range op
portunities at General Milla. Right now we have im
portant creative openings that demand and challenge 
y one finest skills in these fields t

tiea. But right now you’re all 
hunting duck*, geese, pheasants, 
attending Big 10 football game*, 
concerts, art exhibit»—and you

too busy 
deer—and 
aymphony 
enjoy all

these activities within just minutes from 
home.

• System Configuration

• Electronic Circuit 
Draign

• Microwave Development

• Atmospheric Physics

• Digital Computer Logic

• Electronic Product 
Design

• Advanced Pulse and 
Video Circuit 
Development

• Advanced Inertial 
Navigational System 
Development

Opt leal and Infra-Red 
Equipment Engineering

Electron Optica

• Nuclear Handling 
Equipment

Balloon Systems and 
Componenta

For a prompt reply, address
G. P. Lambert, Manager Professional Employment

MECHANICAL DIVISIO
I General

NI Mills
Dept. ED11, 2003 E. Hennepin, Minneapolis 13, Minnesota

Independent talks were avoided in the series 
set up by Satyendra and Garbuny. The course was 
presented as an integrated unit. Other experts 
invited to lecture—J. R. Hansen of Westinghouse 
Research, Pittsburgh; W. Hom of Westinghouse 
Air Arm, Baltimore; and T. Vogel of Westing
house Research, Pittsburgh—based their presenta
tions on practical experience.

To insure good coordination, not too many big
name lecturers were chosen—five seemed plenty. 
Moreover Satyendra and Garbuny insisted that 
most of the teaching be based on practical ex
perience. “We preach what we practice,” said 
Dr. Garbuny.

This was not a matter of each expert presenting 
a unit lecture, however. When this happens there 
are often too many redundancies and too little 
material covered—it amounts to a speech on infra
red electronics or ir detectors or the like, with no 
relation to the material that has gone before or 
will come after. The course as presented was writ
ten as a whole; each expert contributed one or 
more chapters as a natural growth of the informa
tion presentation.

The notes distributed at the lecture will be 
published: they make a good-sized book, com
plete with as much new information as possible. 
The book should be a valuable contribution to the 
study of infrared.

To engineers in the field it may seem strange 
that an infrared course was given in I -os Angeles. 
“Like bringing oranges to California,” commented 
Garbuny. With such centers of infrared activity 
as the Santa Barbara research centers, Hughes 
Aircraft, Raytheon, Stanford Research Labs, 
Lockheed. Berkeley, Thompson-Ramo-Wool- 
dridge, Nortronics and Aerojet-General, there is 
certainly no dearth of enterprise in infrared on 
the West Coast.

“Actually it is practical and appropriate to

LOOK
INTO
A NEW 
CAREER

AT

?

IN

240

MOTOROLA 
SEMICONDUCTORS

HOME Of THE MESA TRANSISTOR
Keep a sharp eye on your professional horizon 
— look into the career opportunities offered 
by Motorola’s fast-growing, fast-moving Semi
conductor Products Division. Immediate open
ings for junior and senior personnel:

IN MARKETING: Sales Entineerc • District 
Managers • Contract Administrators • 
Product Planners • Applications Engineers

IN RESEARCH AND PRODUCTION: Electronic 
Engineers • Mechanical Engineers * 
Physicists-Chemists • Duality Centrol 
Engineers • Process Engineers • Project 
Engineers • Reliability Engineers

The working climate is as attractive as the 
living climate in this famed “Valley of the 
Sun” resort area.

Warm, dry and sunny the year around... plus 
countless recreational activities for leisure 
fun. Salaries commensurate with your abilities 
and experience... plus unlimited opportunity 
for advancement.
Investigate Motorola! Send complete resume 
in confidence to

Mr. Vernon Sorenson
MOTOROLA, INC.
Semiconductor Products Division 
5005F East McDowell, Phoenix, Arizona

M
SfMICONDUCTOR PRODUCTS DIVISION

MOTOROLA

MESA TRANSISTORS 
POWER TRANSISTORS 
AUDIO TRANSISTORS

SWITCHING TRANSISTORS 
SILICON RECTIFIERS 
SILICON ZENER DIODES
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electronic engineers

ABOUT CAREERS IN 
COMMERCIAL COMMUNICATION
SYSTEMS
ideas ivorth re-examination, 
from General Electric’s 
Communication Products Department
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Many of the engineers we talk with are genuinely amazed 
at the sophistication of the systems under development 
here. Far from the “bread boxes” filled with routine 
circuitry they expected, they find advanced electronic 
systems utilizing parametric and tunnel effect devices, 
transistor and miniature tube circuitry, piezoelectric 
and electromechanical filters, etc.

Don’t anticipate a narrow range of products and 
opportunities here. CPD’s diversified product line 
includes complete Microwave Radio Relay, Mobile and 
Personal communication systems, to name only a few. 
Work in these areas has found application in other 
projects for the Military, e.g., developing a 24 
channel SSB Tropospheric scatter system. Our 
continued expansion is from a broad and stable base.

Rather than confining your activities to the technical 
aspects of your project exclusively, you have the 
opportunity to operate in management areas as well. 
Here you would be making broad decisions, based on the 
results of idea interchange between you and your 
counterparts in Marketing, Product Planning, 
Manufacturing, Field Service, etc. This exposure to both 
engineering and management functions is seldom 
found elsewhere in industry.

this is only part of the CPD story. Learn more about the 
opportunities and advantages awaiting you, both on 
and off the job, by mailing your resume today to 
Mr. C. Fulmer at the address below.

MICROWAVE: R.F. Circuit Design, Multiplex
Equipment, Systems Design. ADVANCE ENGINEERING: 
Microwave Circuitry, Plumbing, Antennas, Solid 
State Devices. MOBILE SYSTEMS: Transmitter Design, 
Receiver Design, Product Production Engineering, 
Equipment Mechanical Design. AUTOMATIC TEST 
EQUIPMENT: Design and Development.

Forward your resume in confidence to Mr. C. Fulmer, Dept. 76-MK
COMMUNICATION PRODUCTS DEPARTMENT

GENERAL^ ELECTRIC

have the course in Los Angeles,*’ said Garbuny. 
“First, the UCLA program is very well set up. 
Then Eastern people can get away from office 
worries and concentrate on just one thing. We 
have the advantage of a certain cross-pollination 
of information.*’

UCLA hopes to repeat the course next year. 
Satyendra and Garbuny are already planning 
their future activity. “It seemed quite a success
ful course,” says Dr. Satyendra. “Perhaps next 
year we will arrange for a little extra time and 
more get-togethers. The problem and discussion 
sessions were very useful.”

The UCLA short courses are a pleasure to at
tend. There is first of all the knowledge that the 
course provides the student with as much infor
mation as he can absorb in two weeks. He spends 
his whole day concentrating on one subject to the 
exclusion of all else. Months of this treatment 
would be dreary, but two or three weeks of it is 
satisfying and rewarding.

Courses are set up with plenty of notes, so the 
student can review the work after he has left.

Instructors and lecturers are experts currently 
working in the field. The student is always cer
tain the information he is getting is of singular 
practical importance.

As mentioned before, most students taking the 
short courses are engineers entering the field, who 
want to pick up as much advanced information 
as possible as quickly as possible. But there are 
usually a healthy number of PhDs in attendance; 
as well as engineers currently working in the 
field. These latter two types get most of their 
new information from the discussion periods, 
where they bring up problems that have been 
bothering them.

In this sense, the course is like a two-week sym
posium, with all attendees living in fairly close 
proximity; able to talk shop at leisure.

How can you go? Most students are informed 
of the courses via their company training officer. 
The training officer receives a brochure from 
UCLA and asks the chief engineer if he can name 
somebody he’d like to have attend the course.

UCLA’s facilities for locating companies that 
might have an interest in any given field are 
limited, of course. Moreover, Harold Caysen, 
assistant to Dr. Sam Houston, notes that the 
school is presently involved in deciding just which 
classes to give. Some that are planned for next year 
include Missile Silo Construction and Ventilation; 
Plasma Physics and Controlled Fusion; Behavior 
of Dislocations (involving failure of materials); 
Human Factors; Operations Research and Sys
tems Analysis; Hot Cell Technology (nuclear

(Continued on p. 242)

It’s a new transistorized 
magnetic control.

This one works .. but not the 
right way. Maybe you could 
lend us a hand in exchange 
for things like employee 

benefits and GPTL*
General Electric’s ARMA
MENT AND CONTROL SEC
TION in Johnson City (Bing
hamton) New York, has 14 
openings for men with de
grees and/or experience in 
mechanical engineering, elec
trical (electronics) engineer
ing, mathematicsand physics.

Some of the product areas 
include transistor and mag
netic controls (none like the 
asteroid-pulling device illus
trated), analog and digital 
computers. Career position 
openings include project lead
ers, technical writers, engi
neers in development, circui
try design, packaging, stress 
and vibration, systems, qual
ity control and others.
General Electric has the right 
combination /or developing 
your career potential. ‘Good 
Place To Live (ask the Chamber 
of Commerce).

MAIL COUPON TO:
Mr. R.C. McConnell, Div. H221-4 
Armament and Control Section 
General Electric Company 
600 Main Street
Johnson City, New York

Send me moro information. My 
job interest is................ .. ...................

Name ................................................. . ....
Degree (year) ....... . .....................
Address.....................................................

(Street or Route)

(City) (Zone) (State)
□ My resume is enclosed.

CIRCLE 923 ON CAREER INQUIRY FORM 
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ARMAMENT and control section

GENERAL ELECTRIC
JOHNSON CITY, NEW YORKMountain View Road, Lynchburg, Virginia
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CAREER NEWS
Scheduled to open about the first of the year, Republic’s new Research & Develop
ment Center at Farmingdale, Long Island, New York, will comprise seven different 
laboratory facilities. Included are an Electronic Development Laboratory and a 
Guidance and Control Systems Laboratory. These modern facilities will contain 
the most up-to-date equipment obtainable for the research, development and test 
of advanced astrionic and avionic systems, equipments and components.

(Continued from p 241)

mW»

ELECTRONIC ENGINEERS

You can be one of the R&D men

who’ll help guide exotic projects at

RepublicAviation's new *14,000,000

Research and Development Center

IN-AT-THE-BEGINNING OPPORTUNITIES at Republic's new Research Center encompass 

the electronic aspects of a wide diversity of projects and investigations, from 

space probes to ballistic missiles, from high Mach aircraft to helicopters, from 

automatic ground control equipment to exotic detection systems. Today Republic's 

dynamic expansion in research and development activities offers you assignments 

where you can win technical renown — and rapid personal advancement — in 

any of these areas:

B INERTIAL GUIDANCE & NAVIGATION SYSTEMS ENGINEERING DIGITAL COMPUTER 
DEVELOPMENT INFORMATION THEORY TELEMETRY-SSB TECHNIQUE RECEIVER & 
TRANSMITTER DESIGN JAMMING & ANTI JAMMING RANGING SYSTEMS GROUND 
SUPPORT EQUIPMENT DOPPLER RADAR COUNTERMEASURES RADOME & ANTENNA 
DESIGN ■ MICROWAVE CIRCUITRY & COMPONENTS AIRBORNE NAVIGATIONAL SYSTEMS 
B MINIATURIZATION-TRANSISTORIZATION PROPAGATION STUDIES J INFRARED & 
ULTRA VIOLET TECHNIQUES

Address your resume in confidence to: 
Mr. George R. Hickman

Engineering Employment Manager, Deptt2L-2

Farmingdale, Long Island, New York

power plants); Computers, Advanced Program
ming; and, tacked on to the original infrared 
course, an extra week in Advanced Infrared. 
Microminiaturization, Cryogenics, Advanced 
Cryogenics and Applications of Generalized Har
monic Analysis will also be included—all in addi
tion to the courses mentioned in the first part of 
this article.

Do any of these strike a note? To receive the 
UCLA program for any given course, write to 
the Engineering Extension, University’ of Califor
nia at Los Angeles, 405 Hilgard. Los Angeles 24, 
Calif.

New course ideas are being sought by UCLA 
Extension Division. They are very open to sug
gestion. and always willing to consider any fields 
they may so far have overlooked.

ENGINEER —IMPROVEMENT 
COURSES AND SEMINARS

Below are courses and seminars in
tended to provide the engineer with a 
better knowledge of various specialties. 
Our grouping includes several different 
types of meetings: National Courses— 
those held on consecutive days and 
intended to draw attendees from all 
geographic areas; One-Day Seminars— 
one-day intensive seminars which move 
from city to city; and Regional Lec
tures—regional symposia or lecture se
ries which generally run one night a 
week for several weeks.

National Courses

UCLA Engineering and Management Course, 
January 25-February 4

A course for the professional development of 
managers and engineers, will be held at the Uni
versity of California, Los Angeles. The 10-day 
program will offer a choice of 22 subjects to fit the 
needs of both executives of large industries or of 
middle-level personnel from small companies.

► DANGER Ä 4 
SIGNALS

SAFETY << 
SIGNALS

You can do two things to guard 
yourself against cancer: Have an 
annual health checkup. Alert 
yourself to the seven danger 
signals that could mean cancer: 
1. Unusual bleeding or dis* 
charge. 2. A lump or thickening 
in the breast or elsewhere. 
3. A sore that does not heal. 
4. Change in bowel or bladder 
habits. 5. Hoarseness or cough. 
6. Indigestion or difficulty in 
swallowing. 7. Change in a wart 
or mole.
If your signal lasts longer than 
two weeks, go to your physician. 
Give him the chance to give you 
the chance of a lifetime.

AMERICAN
CANCERH 
SOCIETY«
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YOUR
COMMAND

the satellite reports scientific data back to

At the ground station, special communications equipmentsearth

receive and demodulate space telemetry signals Adata

processing system analyzes findings which are fed in turn to the satellite

control network and the computer memory banks, increasing man’s knowl

edge of his newest frontier.

Mr. H. C. Horsley, Engineering Placement

PHILCO WESTERN DEVELOPMENT LABORATORIES

243

3875 FABIAN WAY, DEPT.D-10« PALO ALTO. CALIFORNIA

The complete system-trom the space

team—if you’re at Philco in Palo Alto—in the San

E .ECTRONIC DESIGN • November 11, 1959

E mphasis will be on the principles and techniques 
which form a systematic approach to manage
n ent, and on the quantitative methods which 
supply the facts for such an approach. Informa
tion on registration and living accommodations 
may be obtained from Reno R. Cole, College of 
Engineering, University of California, Los Ange
les 24, Calif.

Training Course In Value Engineering and 
Analysis, IEI, November 30

T’his five-day course, which will be held in 
Boston, starting Nov. 30, has been developed by 
the Industrial Education Institute, in cooperation 
with the Materials Handling Institute. The pro
gram, covering all phases of the subject, has been 
designed especially for men responsible for prod
uct design, procurement and manufacturing in 
industry and government.

Value Engineering and Analysis is a technique 
developed for reducing product cost. It is a con
centrated effort to improve the value of any prod
uct by eliminating unnecessary costs in product 
design, manufacture and procurement.

The five-day training will combine formal in
struction, guest lectures, informal discussion, 
demonstration, case study and problem solving. 
Through specially developed work projects, the 
participants will learn “by doing” by value ana
lyzing a wide variety of products. Through the 
free exchange of information with men with 
similar responsibilities and problems, the regis
trants will pick up new functional design and 
procurement techniques they can apply to their 
own products.

The members of the faculty have been drawn 
from industry, government and education. They 
include L. S. Miles, Manager of Value Services, 
General Electric Co.; Rear Admiral A G. Mumma 
(USN Ret.), Vice President, Engineering, Worth
ington Corp.; Rear Admiral R. S. Mandelkom, 
(USN Ret.), Chairman of Value Engineering Com- 
n>ittee, Electronic Industries Association; Vincent 
de P. Goubeau, Vice President, Materials, Radio 
C orp. of America: Frederick S. Sherwin, Manager, 
Value Analysis Service, Raytheon Co.; Don Otis, 
Centroller, Electric Typewriter Div., IBM Corp.; 
B imard W. Eades, Manager, Value Engineering, 
S romberg-Carlson Co., and President of the So
c ety of American Value Engineers; Raymond J. 
S »enard. Value Analysis Education, U. S. Army 
Crdinance; Morgan D. Roderick, Office of Value 
F igineering. Bureau of Ships, U. S. Navy; Ixeuis 
J. De Rose, Executive Director, Materials Man- A PART OF THE GOVERNMENT AND INDUSTRIAL DIVISION OF PHILCO CORPORATION 
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communication network of the space vehicles to 
the complex data-processing equipment of the 
ground station complex is a product of your

Francisco Peninsula’s new electronic center. A 
position with this trail-blazing group can be yours 
—now! Graduate engineers are needed for equip
ment design and for systems engineering, analy

sis and integration. Write now, in confidence, to
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heat to otherwise inaccessible spots.

Copyright © 1*58. Marion

Phone: Fleetwood 4-1040

''PIONEERS I N MINIATURIZATION"
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seminar will be held at the hotels: Sheraton-

Nov. 5.

Most Effective Format. For further information

Series 39
Series 30

agement Institute, and others. Further details and 
registration information may be obtained from 
the Registrar, Industrial Education Institute, 25
Huntington Ave., Boston 16, Mass.

Fastener and Report Writing Courses Offered
By Engineering Institute

The Engineering Institute of the University of
Wisconsin is offering two 3-day courses of interest 
to electronic engineers: Industrial Fastener Appli
cation, Nov. 19-20 and Technical Report Writing,
Jan. 20-22. For further information write to: En
gineering Institute, University Extension Div., 
3030 Stadium, The University of Wisconsin, Madi-

Communications One-Day Seminar, Boston,
New York and Philadelphia

The Industrial Education Institute is offering a 
one-day seminar entitled, “More Effective Com
munications.” Conducted by Don Fuller, the

Plaza, Boston, Mass., Nov 2; Park-Sheraton, New
York, N.Y., Nov. 4; Sheraton, Philadelphia, Pa.,

The program outline is as follows: The Role of

MODEL * INPUT SIGNAL READOUT

POLARITY 
AND DECIMAL 
INDICATION

1310 000.0 TO 120.0 V DC VERTICAL NO
1310N SAME AS MODEL 1310 IN-LINE 

(NIXIE)
YES

1321 000.0 TO 120.0 V DC, 
1 TO 100,000 MMF

VERTICAL NO

1321N SAME AS MODEL 1321 IN-LINE 
(NIXIE)

YES

Communication in the Organization; The Report 
as an Aid to Decision Making; Tailoring Presenta
tions to Get Desired Action; Insuring the Proper
Perspective and Emphasis; The Creative Pro
cedures in Putting Thoughts on Paper; Recogniz
ing and Avoiding Communication Traps; Meeting
Objections to Presentations; and Developing the 

write to: Industrial Education Institute, 25 Hunt
ington Ave., Boston 16, Mass.

MODEL GAIN RANGES

GAIN SWITCHING
AUTOMATIC 

POLARITYLOCAL REM. AUTO.

319RA 1, 10, 100, 1000 YES NO YES YES
319R 1, 10, 100, 1000 YES YES NO NO
319 1, 10, 100, 1000 YES NO NO NO
318RA 1, 10, 100 YES NO YES YES
318R 1, 10, 100 YES YES NO NO
318 1. 10, 100 YES NO NO NO

Telecommunication Technology Study, New York

The Communication Division of the New York 
section of AIEE is offering a fall, winter and 
spring study-group course in Telecommunication
Technology. The fall session on transmission 
media is under way now; the final three meetings 
are scheduled for Nov 10, 1/, and 24.

The winter session on transmission techniques 
starts Jan. 12 and meets weekly through Feb. 23.
All meetings run from 7 to 9 P.M. and are held

Simplifies, improves and speeds up 
component production. Provides local

Safe and simple. Max. power input 
775 watts, 100 watts standby; 115 
volts, 60 cycles. 15^* x 21x 15*.
150 lbs. Bulletin on request. Marion
liutrvmont DMtion, Minnoapolit-Honoy •
woll Regulator Company, Manchoifor,
N. H., U. 5. A.

manon
lltCTtOHICS MUTS tHl (ft

meters

THINK
MINIATUHf

Grayhill
Push Button

From normal, conventional size to
ultra-miniature — the Grayhill line of 

Switches push button switches con meet vir- 
tually every requirement. Rated capa* 

_ cities range from 10 amp. to 1/10 amp.
115 V. AC resistive — and single or double pole,

single throw, — silent or snap action styles and a 
solderless terminal style are available.

Write for Catalog

* Copies of caption card 
»¡J - available on request

565 Hillgrove Ave., LaGrange, Illinois

ELECTRONIC DESIGN • November 11, 1959



at the Western Union Building Auditorium, 160 
Broadway, New York, N.Y.

PAPER DEADLINES ShOCKPR
Convention Program Chairmen have 

issued the following deadlines to authors 
wishing to have their papers considered 
for presentation.

“SCOTCHCAST” Brand Flexible Resins offer extreme 
crack resistance under thermal or mechanical stress... 
maintain good electrical properties at a high temperature.

December 15: Deadline for abstracts of 150-200 
words for the 1960 Electronic Components Con
ference scheduled for May 10-12 in Washington, 
D. C. Please send in triplicate to: Gilbert B. 
Devey, Technical Program Chairman, Sprague 
Electric Co., North Adams, Mass.

NOW. . . positive freedom from cracking in impregnated, molded or dip-coated units by 
using shock-resistant “Scotchcast” Flexible Resins of appropriate types:
Low viscosity “Scotchcast” No. 235 for fine-wire impregnation; “Scotchcast” No. 
241 for all-around wire impregnation and exceptional casting properties; thixotropic 
No. 253 “Scotchcast” for smooth, drip-free dipping and coating application. Because 
of their remarkable thermal and mechanical shock resistance, these “Scotchcast” 
Flexible Resins should be considered for every impregnation, casting or dip-coating 
application where a resin cure temperature of 170°F. or above can be used.

“SCOTCHCAST" Brand Flexible Epoxy 
Resin is subjected to full force of ham
mer blow with no evidence of cracking or 
shattering. “SCOTCHCAST" resiliency is 
built into resin molecule, allowing it to 
withstand extreme shocks permanently.November 2: Deadline date for Transaction 

papers for the American Institute of Electrical 
Engineers scheduled for next January 31 through 
February 5, 1960, in New York City. (December 
2: Deadline for full text of conference papers— 
preprints only). Abstracts of prospective papers 
are needed as soon as possible. Address all cor
respondence to: G. L. Hollander, Chairman, c/o 
Philco Corp., 4700 Wissahickon Ave., Philadel
phia 44, Pa.

November 9: Deadline date for papers for the 
1960 Western Joint Computer Conference 
scheduled for next May 3-5 in San Francisco, 
Calif. Papers to be submitted to the Technical 
Program Committee should be prepared on the 
basis of a thirty-minute delivery. No advance 
abstract of the paper will be required. Forward 
three copies of the original draft to: H. M. Zeid- 
ler, Chairman, Technical Program Committee, 
1960 Western Joint Computer Conference, Stan
ford Research Institute, Menlo Park, Calif.

ADVERTISING REPRESENTATIVES
ADVERTISING SALES MANAGER: 
Bryce Gray, Jr.: NEW YORK: Owen A. 
Kean, Robert W. Gascoigne, Richard 
Parker, Blair McClenachan, James P. 
Quinn, Ralph Richardson, D. J. Liska 
830 Third Avenue, PLaza 1-5530; CHI
CAGO: Thomas P. Kavooras, Berry Con
ner, Jr., Fred T. Bruce 664 N. Michigan 
Avenue, SUperior 7-8054; LOS AN
GELES: Robert E. Ahrensdorf, John V. 
Quillman, Stanley I. Ehrenclou 3275 
Wilshire Blvd., DUnkirk 2-7337; SOUTH
EASTERN: Lucian Neff 25 Castle Harbor 
Isle, Fort Lauderdale, Florida, LOgan 
6-5656.

AT MINUS 5O°C. aluminum pegs set at 
varying distances from rim of cake of 
“SCOTCHCAST" Flexible Resin are so 
cold they collect moisture in the form of 
frost—yet resin is unaffected and shows 
no sign of cracking.

Proved Production 
Advantages

“Scotchcast’* Flexible Resins offer these 
important advantages in production line 
operations:
1. Reduced rejection rates because of excep

tional crack resistance.
2. Separate parts are mixed in simple 1 to 

2 ratios.
3. Long pot life ... 4 days or more at room 

temperatures.
4. Short cure cycle—1 to 2 hours at 25O°F

For critical uses
You can get flexible, mechanical and ther
mal shock-resistant “Scotchcast” Brand 
Resins for impregnating and/or encapsulating 
all such components as transformers, solenoid 
coils, motor field coils, printed circuits, capac
itors, and other electronic units. In addition, 
No. 253 can be used for specialized applica
tions by brush, spray, or extrusion.

SIX POUND POWER PAK-encapsulated 
with “SCOTCHCAST" No. 241. In large 
castings like this, No. 241 absorbs 
stresses where other resins crack.

3M TECHNICAL REPRESENTATIVES 
ARE READY TO WORK FOR YOU
3M Sales Engineers are trained and experi
enced to aid you in improving your present 
insulation systems, simplifying your pro
duction methods, or developing new forms 
of insulations to advance your design. They 
are backed by 3M’s full Technical Service 
and Research organizations. They can also 
advise you on uses and possibilities for 
"SCOTCH” Brand Insulating Tapes . . . 
electrical grade tapes you can count on for 
consistent quality roll after roll. Ask your 
regular 3M Representative, or write 3M Co. 
at address below.

**SCOTCHCAST** IS A REGISTERED TRADEMARK OF 3M CO.

REG. U.S. FAT. OFF.Scotchcast
BRANO

Electrical Resins
Free technical manuals for your reference file:

1. Descriptive folder, •• ’SCOTCHCAST’ Electrical Insulating Epoxy Resins”—construc
tions, applications, characteristics.

2. "Thermal Shock Tests for Casting Resins’’—an original paper detailing newly developed 
and easily duplicated tests for thermal shock resistance ... by Murray Olyphant, Jr.

3. "Mold Making Process for Encapsulation and Impregnation”—illustrates low-cost, 
easy-to-use method for encapsulating a wide variety of components with “Scotchcast” 
Epoxy Resins.

4. " ’SCOTCHCAST' Brand Resins for Insulating Military Transformers to meet MIL-T- 
27A”—comprehensive report on materials, methods, processes for meeting the several 
grades of MIL-T-27A by dip coating, molding, potting, and encapsulating.

5. "Encapsulating Motor Stators”—a step-by-step illustrated guide for repair and mainte
nance shops. Shows both mold and no-mold processes.

6. "SCOTCHCAST” Brand Flexible Resins Technical Data—a comprehensive, descriptive 
paper detailing resins above, including physical and electrical test values.
All above folders available free upon request to 3M. Use the handy coupon at right to order.

J^flNNISOTA J^flNIN« AND J^ANUFACTURIND COMPANY 

...WHERE RESEARCH IS THE KEY TO TOMORROW

CIRCLE 525 ON READER-SERVICE CARD

Minnesota Mining and Manufacturing Company
900 Bush Ave., St Paul 6, Minn. E BA-119

I

Please send me technical manuals checked:

□ 1. “SCOTCHCAST" Electrical Insulating Epoxy 
Resins

□ 2. Thermal Shock Test paper
□ 3. Mold Making Process
□ 4. Insulating transformers to meet MIL-T-27A
□ 5. Encapsulating Motor Stators
□ 6.“SC0TCHCAST” Flexible Resin Technical Data.
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BREEZE SUP RINGS
In circuitry where slip rings 
must function with depend
able precision and stand up 
under difficult operational 
conditions, BREEZE slip 
rings will do the job.

From 2-ring to 500-ring as
semblies ... currents as high 
as 350 amps continuous at 
220 volts and 700 amps 
overload at 220 volts. Spe
cial high voltage designs 
available; radio frequency 
assemblies . . . high speed 
rotation for thermocouple 
and strain gage applications. 
Also segmented ring assem
blies for accurate sequenc
ing and timing.

Consult us or writ» for dotailod Httratun.

BREEZE
M A R

CORPORATIONS, INC.
700 LIBERTY AVE., UNION, N.J.
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FOR A CHECKUP
A year ago, he was only reading 
about cancer, just as you are now. 
But cancer was something that 
happened to the other fellow. No 
need for him to go to a doctor.

Now that he knows better, it is 
unfortunately too late. He is one 
of the 75,000 cancer patients who 
will die needlessly this year be
cause they did not see their doc
tors in time.

...AND A CHECK
Nor could he see any reason, last 
year, for backing the fight against 
cancer with his dollars.

But cancer always strikes close to 
home—in two of every three fam
ilies, to be exact. This toll can be 
reduced by supporting the medical 
counterattack with a contribution.

The other fellow? He’s always one 
of us. Some find it out the hard 
way. What will it take to con
vince you?

Guard your family— 
fight cancer with a 

checkup and a check.
Send your check to “Cancer,” 

c/o your local post office. e o
AMERICAN CANCER SOCIETY *

C< 
l/Gi 

MIUI 
(Send

4*1 TINT

m WASI

CIRC

El EC

BREEZE PRODUCTS: ACTUATORS • HOISTS • TRANSMISSIONS
GENERATORS • STARTERS • STARTER GENERATORS • BELLOWS
SLIP RINGS • HOSE CLAMPS • HITEMP FLEXIBLE TUBING
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“TUF-PLATE” reliability is 
guarded by rigid process engi
neering controls, developed by 
PHOTOCIRCUITS and 
unmatched in the printed 
wiring industry. Proper design, 
precision production and 
advanced quality control 
techniques assure consistently 
dependable performance ... 
often at lower cost.

For the compact, lightweight 
AN/APA-125, Hazeltine speci
fies space-saving, double-sided 
printed circuit boards with 
“TUF-PLATE” plated-thru 
holes by PHOTOCIRCUITS. 
Here is reliability never before 
possible in two-sided thru* 
circuitry.

HAZELTINE relies on Photocircuits

Strategic military decisions 
stem from reliable knowledge 
of an entire situation. To 
gather reliable information, 
our nation depends on airborne 
radar.

Section 634-24 ....
Resistors ...................

Panel Instruments . .
Semiconductor Prod
............ - 18. 19, 130, 

Tantalytic Capaci-

127. 136, 146. 152, 222,
.......................... 235, 242,

Get the detailed“TUF-PLATE” 
story today from PHOTOCIR
CUITS ... the largest and most 
experienced manufacturer in 
printed circuitry. Write our 
Engineering Department PS-3.

APPLICATION
For gyro wheel supplies and 

where precise 400 cycle 
voltages are required in air

craft, radar and missile 
computers.

6”? UNION AVENUE • NEW YORK 55. N Y.
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Hazeltine’s universal radar 
indicator.. . the advanced 
AN/APA-125...displays signal 
data of many types: Submarine 
detection, AEW, IFF, AMTI. 
LAB, beacon and others. With 
this electronic plotting board, 
an operator can plot any tacti
cal problem and accurately 
interpret the solution for 
evaluation and action.
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FEATURES:
PRECISION OUTPUT FREQUENCY 

RUGGED
EXCELLENT WAVEFORM 

SIMPLICITY OF CIRCUITRY 
FAST STARTING TIME 

GOOD VOLTAGE REGULATION 
throughout an adjustable range 

ISOLATED CASE DESIGN 
HIGH RELIABILITY

VIBRATION ISOLATED
COMPACI

LIGHTWEIGHT
MILITARY SPECIFICATIONS

i «nd for Bulletin 5-864)

PRECISION 
FREQUENCY

We* (oast Divisimi 

135 WASHINGTON ST • El SEGUNDO. (AL.
PHONES 

GLEN COVE 4-8000 FLUSHING 7-8100 I I
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INPUT 28V D.C. ± 10% 

OUTPUT Nam. 115V ± 2% 

400 CPS ± 0.01%
1 0 (2- or 3-phase output available) 

RATINGS: 30VA SOVA 100VA 
Higher ratings available.



Shaggy Fish Story
At the height of the Boston Tea Party, while the "Indians" 

were busy throwing everything in sight over the side, the British radar 
operator suddenly found himself pitched overboard.

Since he couldn't swim, he clung precariously to a wooden tea 
case bobbing in the water, and floated aimlessly around, thrashing 
wildly and yelling for help.

Just as he was about to lose his grip on his precious raft, a codfish 
surfaced nearby.

"What'sgoing on here?" the codfish asked.
"Some wild Indians surprised our radar, overran the ship, and 

threw all the tea overboard," the radar man gasped.

"Well," the codfish said, "Bet you a Jin you didn't have any 
Bomac tubes* in that radar of yours."

"Good cod, here I am drowning in front of your eyes and you 
have to give me a commercial " the man said, "leant hang on much 
longer!"

The fish ignored him. “... Anybody knows Bomac makes the 
finest microwave tubes and components either side of Boston Harbor," 
he said.

"Look," the man said. "I've just about haddock. But tell me 
this: How do you know so much about microwaves?"

"I'm no expert," the codfish said. "I just dabble in it for the 
halibut."

"O" the man said. And he sank silently into the sea.

No. 16 of a series... bomac looks at radar through the ages
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