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There is nothing theoretical about the IRC standard 
of reliability. In most of the major avionic progress­
projects, it is being proved out by rigorous field tests. 
It is also apparent in the way IRC resistors withstand 
extreme temperature, humidity, and mechanical con­
ditions. It is evident, too, in resistance to shock and
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As jet planes and missiles leave old barriers behind, 
electronic components find ever-tougher barriers of 
reliability ahead of them. Those designed for yesterday 
are already obsolete, those designed for today will soon 
be. But IRC resistors are ready now to leap ahead of 
tomorrow’s new barriers. Designed ahead of their 
time, they are also produced by ’’ahead of their time” 
processes and quality control techniques. This pattern 
of progress makes IRC reliability a standard unto 
itself—a standard that is yours on the widest range of 
electronic components in the industry.

Integrators 
Static Switches

companies, 
agencies.
If design

V. Sedita 
W Baron 

Lerner 
L. Canfield 
ßuffinton 
Hession

Robert E. Ahrensdorf 
John Quillman 
David W. Morgan

Sr. Associate 
Associate

New York:
19 E. 62nd St. 

TEmpleton 8 1940

C. E. Denton 
F. Muehleck 
M. S. Buckley 
B. Patrusky 
D. Zuckerman

Owen A. Kean 
Robert W. Gascoigne 
Harley F. Macomber 
Hlair McClenachan 
Richard Parker

$12.00 for 1 year only.

Hayden Publishing Company, Inc 
19 East 62nd Street
New York 21, New York

Chicago:
664 N Michigan Ave 

SUperior 7-8054

ndustrial consultants, and governmen

T. Richard Gascoigne 
James S. Mulholland, Jr.

Art Director 
Asst. Art Director 

Art Assistant

Production Manager 
Asst. Production Manager 

Production Assistant 
Business Manager 

Circulation Manager 
Reader Service

Los Angeles:
5720 Wilshire Blvd 

WEbster ^ 3881

S. Sussman
R A Schulze
S. F. Richter

Advertising Sales Manager
Bryce Gray, Jr.

company's letter head: Your name and engineer'’ 
title, your company's main products, and desenf 
tion of your design duties. The letter must t 
signed by you personally Any address changes I 
old subscribers necessitates a restatement of the
qualifications.

Subscription rate

Subscription Policy
ELECTRONIC DESIGN is circulated only to qualifier

COMPUTER COMPONENTS 8^

Bp A

you send

RESISTOR IRC TYPE MIL TYPE MIL SPEC. WRITE FOR IRC BULLETIN

Fixed Composition BT RC MIL-R-11B B-1

Fixed Wire Wound (Low power) BW RU JAN-R-184 B 5

Fixed Wire Wound (High power) PWW RW MIL-R-26C C-Î

Fixed Wire Wound (Precision) 516L 
316A

RB17 
RB52

MIL-R-93A 
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Meter Multiplier (Sealed precision) MF MF JAN-R-29 D-2

Deposited Carbon DC RN MIL-R-10509B B-4

Deposited Carbon (Molded) MD RN MIL-R-10509B B-9

Boron Carbon BC RN MIL-R-10509B B-6

Boron Carbon (Molded) MB RN MIL-R-10509B B-8

High Frequency
MP 
HER

RF
RF50

MIL-R-10683A
MIL-R-10683A F-l
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G-V Thermal Relays and Thermostats provide the relia­
bility which designers of radar must have to assure the 
dependable performance of their equipment. Throughout 
the entire field of electronic and aircraft equipment, the 
products of G-V Controls Inc. are known tor sound design 
and reliable performance.
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G-V Hot Wire Time Delay Relays
1/10 to 5 seconds with fast recovery

G-V Thermal Time Delay Relays
Adjustable delays of 2 to 300 seconds

G-V Voltage & Current Sensing Relays
For circuit protection

G-V Electrical Thermostats
Hermetically sealed, still adjustable

A well-qualified G-V Representative is 
ready to serve you. Write for data.

G-V CONTROLS INC.
18 Hollywood Plaza, East Orange, N. J.
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hint of spurious radiation. We ought 
and surpass—their example: design 
equipment to be interference free 
start.—TM
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Here is Raytheon’s radically new and improved version of the 
popular 6AH6 for military and severe environmental use in radar, 

communications, computers and instruments. It embodies 
manufacturing and quality control techniques above 

and beyond military requirements.

LOW INTERFACE RESISTANCE
with strict controls on interface formation during life

NEWTON, MASS.: 55 Chapel St. • Bigelow 4-7500 

NEW TIM: 589 Fifth Ave. • PLaza 9-3900
CHICAGO: 9501 Grand Ave., Franklin Park • TUxed» 9-5400
LOS ANODES 5236 Santa Monica Blvd. • NOrmandy 5-4221

LONG LIFE
duplicating that of the well-known 6AN5WA

Isn't RFI Your Problem?

Everybody knows” that the best way to get in 
terference out of electronic equipment is to design 
it out in the first place.

Everybody knows. Yet equipment manufacturinj 
companies and/or equipment users are spendin! 
millions of dollars annually suppressing interferenc 
in their equipment. Why? We submit that perhap 
“everybody” does not know’ the cheapest, easies 
and most effective way to assure radio-interference 
free operation of electronics. Either that, or they d 
not care. The FCC—the only organization so far en 
powered to use strong measures (such as takin 
away an offending piece of equipment)-act 
against the user of the gear, not the manufacture 
In all fairness we must note that reputable firm 
usually suppress the equipment for the customer । 
their own expense for the sake of good will.

And this represents a huge waste of effort, mone 
and engineering talent. The idea seems to be thi 
for the small or middle-sized manufacturer an ou 
lay of initial capital to set up screen rooms and ii 
terference-testing equipment is too expensive whf 
balanced against the ex-post facto suppression ( 
the equipment.

We disagree. For what is needed is not elabora 
screen rooms and expensive testing gear—but tl 
mere acquaintance of electronic design enginee 
with a few simple (ground cables at both end' 
standard (shield case discontinuities) technique 
Like reliability in producing complex systems,! 
awareness of the existence of the problem and 
little care at the inception of the design will go 
long, inexpensive way.

The problem of radio interference is no ligl 
weight proposition. Missiles continue to be deflect! 
and have to be1 detonated in mid-air, airlines nai 
gation systems are hopelessly, if temporarily, foul 
by stray radiation, communications are disrupt! 
by motors and generators, diathermy machin 
broadcast broadband energy for thousands of mil( 
aircraft home in on rf heat-sealing equipment.

The danger of a guided missile landing in 
crowded city is problematic. But the fact that 
bomber’s own radars or generators may disrupt 
own computers is not. Convair, in producing B-! 
sub-subcontracted the problem of shielding the coi 
puter within the airframe, and spent a great deal 
money doing so. Was it entirely necessary?

The Europeans are ahead in rfi. The density 
population on the continent and in the British Is 
precludes any fooling around with stray emissk 
Too many TV receivers, too many motors and gt 
erators in too small an area to permit the slight*

krAYTHEok

RELIABLE MINIATURE AND SUBMINIATURE TUBES VOLTAGE REFERENCE TUBES

VOLTAGE REGULATOR TUBES NUCLEONIC TUBESPENCIL TUBES
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Thermal Photos: This recently declassified photo of 
Republic Aviation Corp., Farmingdale, N. Y. (on the left) 
was recorded by an early passive infrared reconnaissance 
system. The bright areas are regions of greatest heat ra­
diation; the darker regions are less active and therefore 
will radiate less significant heat.

To the right is a conventional aerial photograph taken 
from an identical position. Strategic points in this photo 
blend with all other areas. In contrast, in the infrared 
photo, the runways with engine exhaust, moving planes, 
auxiliary trucks,—areas of greatest heat activity—show up 
clearly as bright spots. The plant itself stands out as bril­
liant clusters of heat radiations. The system was designed 
and manufactured by Servo Corp, of America, New Hyde 
Park, N. Y.

An automatic refining device which will reduce 
electrically active impurities in silicon to less than 
one part in one billion has been developed at Bell 
Telephone Labs. It utilizes the floating zone refin­
ing technique in which a molten zone is swept 
through the silicon, carrying impurities with it. The 
method can also be used to purify germanium, 
molybdenum, tungsten, and many other materials.

density 
ritish N 
r emissifl 
s and g

No satisfactory solid crucible material has been 
found for containing silicon during the refining 
process. Fused silica, frequently used in zone refin­
ing, is attacked by molten silicon. For example, con­
tact with commercial fused silica for one hour in­
troduces about one to three parts per billion of elec­
trically active impurities to molten silicon at 1450 C. 
The floating zone process, however, requires no 
crucible and so is free from such contamination. In 
this process, the molten zone, supported only by 
surface tension, is passed along a vertical silicon 
rod rigidly held at both ends. Refining is performed 
in a controlled atmosphere by surrounding the rod 
with a water cooled gas-tight envelope. Inductive 
heating produces the molten zone and motion of 
either the heating coil or the rod sweeps the zone 
along. This process is repeated, with the molten 
zone always traversing the rod in the same direc­
tion, until the desired purity is obtained.

The new automatic apparatus recently developed 
consists of a 10 kw, 4 mc generator, mechanical 
means for moving the rod up and down while it is 
rotating inside a gas-tight silica enclosure, and 
switching means for automatically recycling the 
mechanism. Constant length and freedom from 
mechanical oscillation of the molten zone have been 
achieved by employing low heating current at a 
relatively high frequency and by properly propor­
tioning the load and generator impedances. By use 
of this equipment with a moist hydrogen atmos­
phere to remove boron, a single crystal of p-type 
silicon with a resistivity of 16,000 ohm/cm and mi­
nority carrier lifetime of 1200 psec has been ob­
tained after 67 passes. This corresponds to an im­
purity content of less than one part per billion, 
thought to be the purest silicon ever produced in 
significant quantity.
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No crucible is needed for this method of refining. A molten 
zone, formed in the vertical silicon rod by inductive 
heating, passes from one end of thé rod to the other.
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Now in atmospheric conditioned high volume produc

tion, U. S. Semcor’s silicon ZENER DIODES provide

precise voltage reference at high temperatures for Volt

any given parameters. Nominal Ratings from 3.9 to 560

hvity tc
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Sound Delay for Hard-of-Hearing

A method of controlling the spei 
at which people hear is a major go 
of current research to benefit the ha 
of hearing, Dr. William G. Hard 
director of the Johns Hopkins Hearii 
and Speech Center, declared at t| 
annual convention of Zenith Rad 
Corp.

Hearing aids that merely augme 
volume of sound do not completj 
solve the problem of people who fii 
it difficult to discriminate words । 
they are spoken too rapidly, n 
difficulty becomes more comm 
among the hard of hearing with] 

vancing age, especially in regard 
women’s voices. Regulation of the r 
at which sound reaches the ear 
already possible under laboratory cd 
ditions. How to incorporate a souq 
spacing device into a hearing aid 
the crucial problem.

age Regulation Circuits ... may be combined to match

Closed-Circuit Religion
Closed-circuit television is help 

to solve seating problems for overa 
attendance in the Bethel LuthJ 

Church of Madison, Wis.
Instead of being forced to stand 

to attend later services, late arriq 
are now ushered to seats in an adjJ 
ing chapel where services are vieJ 
on two 25-in. TV receivers. In ai 
tion, services are also transmitted 
multaneously to a third floor “mothl 
room.*’ Here mothers and child! 
view services on TV sets in nurd 
room comfort without fear that sml 
fry capers will distract other worsi 
pers in the church.

The arrangement is the first si 
use of closed-circuit TV in the si 
and possibly in the nation. It 1 
planned by the pastor, Rev. Mol 

Wee, with cooperation of indwl 
television engineers from Genl 
Electric Company’s Technical Pl 
ucts Dept., Syracuse, N.Y.

Volts ... 10% Tolerance. Singles, Pairs, Quads ... Close

low backward current with abrupt breakdown ... give
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Our field Engineering Representatives welcome the opportunity 
to consult with you on standard or special ZENER DIODE re 
quirements. For address of office nearest you—or for complete 
technical data—WRITE TODAY to Sales Engineering Dept., U. S 
Semiconductor Products, Inc., 3536 West Osborn Road, Phoenix, 
Arizona.

U. S Semiconductor Products Inc. is managed by the originators 
of the first production silicon ZENER DIODES, and is augmented 
by an engineering and research staff with 42 years of pinpointed 
experience.
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Computer Core Testing Equipment: Pulse-testing 
equipment for checking high permeability matrix 
memory switching cores used in storage sections of 
computers has been installed in the specialty trans­
former plant of Westinghouse Electric Corp., Green­
ville, Pa. A four-channel output excites the hyper-thin 
core to simulate any operating sequence actually used 
in a computer. Outputs can be paralleled or operated 
singly. The equipment is used to production test every 
computer core manufactured at the plant. It was sup­
plied by Electrical Pulse, Inc.
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Information of Metals
In a new approach to the study of deformation 

)f metals, a research team at Battelle Institute, 
Columbus, Ohio is attempting to correlate varia- 
ions in electrical properties with structural changes 
ii semiconductors. The study is aimed at creating 
I better basic understanding of the structural 
manges in engineering metals when they are de­
formed and annealed.
I It has been found that the intermetallic semi­
li nductor, indium antimonide, exhibits metallic be- 
lavior when subjected to various mechanical forces. 
Ihe electrical properties of this semiconductor 
Indergo extreme changes when defects are intro- 
luced into its crystal structure. By comparison, the 
Bectrical properties of ordinary metals change 
fclatively little under similar conditions. This sen- 
Ihvity to introduced defects may make possible a 
letter understanding of the behavior of such de- 
Bcts in common engineering metals.
I In current experiments, indium antimonide is 
■astically deformed at about 2(H) C, and then its 
■ectrical properties are measured at —190 C, 
■here the effects of structural changes are most 
Bodily observed. Indium antimonide was chosen 
V1' this research because it has the largest electron 
■obility known for any material and because it de- 
■nns plastically at relatively low temperatures.

REWTIR, Utt 55 Chapel SL • Bigelow 4-7500
KW f0«l 589 Fifth Ave. • Pl aza 9 »00
OKA6I 9501 Grand Ave., Franklin Park • TUxedo 9 5400
US ANKIES 5236 Santa Monica Blvd. • NOrmandy 5-4221
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Silicon and Germanium Diodes and Transistors • Silicon Rectifiers

Type Peak 
Inverse
Volts

Average 
Rectified 
Current 

Amps. (150°C)

Reverse 
Current 

(max ) at PIV 
mA

Type Peak 
Inverse

Volts

Average 
Rectified 
Current 

Amps (135' C)

Reverse 
Current 

(max.) at PIV 
mA

Type Peak 
Inverse

Volts

Average 
Rectified 
Current

Amps. (150°C)

Reverse 
Current 

(max.) at PIV 
mA

CKA46 100 1.0 2 1N253 95 1.0 10 1N537 100 0.25 2
CKI47 200 1.0 2 IN254 190 0.4 10 1H53I 200 0.25 2
CKI4I 300 1.0 2 1N255 380 0.4 10 IH539 iOO 0.25 2

\ CK849 400 1.0 2 1N256 570 0.2 20 1N540 400 0.25 2
I CKI5Ü 500 1.0 2 CK844 500 0.25 2

CK4S1 600 1.0 2 CKI45 600 0.25 2

Type Peak 
Inverse

Volts

Average 
Rectified 
Current 

Amos (125'C*)

Reverse | 
Current

(max ) at PIV 1 
mAdc

CK774 25 5 5
CK775 60 5 5
CK775 1 125 5 5 1

I CKOS 20Ü 5 5
CK777 325 5 5

Type Peak 
Inverse
Volts

Average 
Rectified 
Current 

(max.) mAdc
60 125
15 150

125 50

Type Peak 
Inverse
Volts

Average 
Rectified 
Current 

(max.) mAdc

Reverse
Current 

mA at V
1NS6 60 SO 800 -50 1
1NS7 80 35 50 -50
1NU 100 35 625 -100
1N294 60 50 800 -50
1H297 80 35 100 -50

1 1N298 70 50 250 -40
I VHF and UHF

1H295 40 35 200 -10
1 CK715 1 «O 35

Type
Peak 

Inverse

Forward
Current 

(min )at+lV

Average 
Rectified 
Current

Reverse 
Current

Volts mAdc mAdc(25°C) mA : \
I IN300 15 15 65 0.001 10

IN300A 15 30 80 0.001 10

ÎH432 40 10 55 0.005 10

1N432A 40 20 70 0.005 10

1NMI 70 5 45 0.05 w 1

1N301A 70 18 65 0.05 50 I

IN4bO 90 5 45 0.1 75

1N460A 90 15 60 0.1 75
1 IN303 125 3 40 0.1 100
I 1N303A 125 12 55 0.1 10U 1

I 1N433 145 3 40 0.1 125 I

1N433A 145 10 50 0.1 125

1N434 180 2 35 0.1 150

1N434A 180 7 45 0.1 150

IN302 225 1 30 0.2 200

1 1M302A 225 5 40 0.2 200

atm 300 1 20 03 275
I CKK3A 300 3 30 03 .275
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Size has nothing to do with accomplishment
Inside these fully encapsulated miniature precision wire wound resistors, Daven
furnishes the solution to problems presented by space limitations. A new
winding technique permits the use of extremely fine sizes of resistance wire to
obtain two or three times the resistance value previously supplied on a minia­
ture bobbin. This new development more firmly establishes daven’s leadership
in the field or miniature and standard size precision wire wound resistors.

Types and Specifications

■ Can be obtained in tolerances as close

Type Dia. Length Max. Res.
Wattage 
Rating Terminals

1273 1/4 5/16 400K .1 One End #22 Gauge
1283 1/4 5/16 400K .1 Axial #22 Gauge

f 1274 3/16 3/8 100K .1 Axial #22 Gauge
1284 1/4 27/64 .5 Meg. .25 One end #20 Gauge
1192 1/4 1 1.0 Meg. .75 Axial #22 Gauge

as ±0.05%.
■ Standard temperature coefficient is

■ Fully encapsulated.
■ Meet and exceed all humidity, salt water
immersion and cycling tests as specified in
MIL-R-93A, Amendment 3.
■ Operate at 125°C continuous power with-
out de rating.

Special coefficients can be supplied on

For maximum resistance in minimum space:

Daven’s new winding technique cuts giants down to size

DAVEN
LIVINGSTON, N. J.

Write for complete resistor catalog.

Engineering Review

35.000 Kw for Chlorine Production
The nation s largest germaniu

rectifier installation will provide 140,
000 a de for the production of chlo
rine. Each of 18 air-cooled 250 v, 777
a cubicles for use by Diamond A Ikai
Co., Houston, Tex., distributes th
load among 216 removable trays
When completed late this

35,000 kw.

Flight rath Simulator

year, th

A device for simulating the actu
flight path of a space vehicle has bee
developed. Panatrack projects a moi
ing view of the terrain over which th
vehicle travels, showing the area as i
would be seen by an observer in
space ship or satellite. The appara
consists essentially of a projector i
side a globe, which may be positione
manually or automatically to show o
a screen or wall any portion of t

is adjustable as desired. As a satelli
tracking display, the drive moto
could be controlled by signals tra
mitted from the moving object
processed through ground stations
that the current position of the vehi
is continuously displayed on a scree
Originally Panatrack was design
and built at the Corps of Enginee
Research and Development Lab
Fort Belvoir, Va., as a training aidf
ionospheric studies.

New Components Company

Formation of a new company call
CK Components, Inc. has been
nounced. The company manufactu
magnetic shift registers and lum
constant delay lines. Dr. Charles
Coolidge Jr. and Marshall M. Kinc
both formerly of Epsco, Inc. and
Harvard Computation Lab. are Tre
urer and President respectively.
company occupies a plant of 9000
ft at 101 Morse St., Watertown, M
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(en for Efficient Telegraphy Fulfilled 
Facsimile telegraphy may solve the I 

^ntury-old problem of how to speed 
he transmission of telegrams in Chi-
se. There are more than 9,000 writ- 

en characters in the Chinese lan­
gage, and sending them by telegraph 
s slow and cumbersome. Each Chi- 
se character is identified by a four- 
igit numeral and must be encoded 
fore transmission. Upon receipt, the 
umerals are decoded. The use of 
festem Union’s electronic Desk-Fax 
rould enable Formosa businessmen to 
^nd and receive telegrams instantly 
d automatically in their own hand- 

mting simply by pushing a button, 
ccording to Shu-liang Chiang, a lead­

ing communications expert from the 
hiñese Republic.

ocket-Size FM Receiver
FM radio receivers, which can be 

arried in a shirt pocket, are expected 
o go on the market later this year fol­
owing additional tests. They will be 
e first commercial pocket-size f-m 

eceivers for mobile communication 
rvice. A fully transistorized, 10-oz 
strument, the radio is designed to 
rovide extensions of several miles for 
dio systems now operating in the 

50-mc band. The New York Police 
ept. is currently experimenting with 

he radio receivers for possible appli- 
ations in extending police communi­
ations to foot patrolmen and park 
ards. The radio was developed by 

adio Corp, of America, Camden, N.J.

ransistor Field Newcomer

Industro Transistor Corp, an- 
ounces the completion of its initial 
ansistor manufacturing facilities 
cated at 87-31 Britton Ave., Elm- 
urst, N.Y. The firm is now manufac- 
ing germanium alloy-junction tran- 

istors for use in computers, audio 
uipment, as well as portable tran­

sfer radios. Industro Transistor Corp, 
ill market its products to the elec- 
onic industry in the U.S. through 
cently appointed sales representa- 
ves under the supervision of Mr. 
harles A. Tepper, Vice-President in
arge of 
ated at

sales. Sales offices are
649 Broadway, New York

look to Stemco Thermostats first
for precise, sensitive temperature control

If your product requires precise, sensitive temperature control... 
if it’s scheduled for volume production —look to Stemco thermostats first.

Since Stevens produces the broadest range of bimetal thermostats 

in the industry, chances are you can use a standard production-line 
unit to satisfy all your special requirements exactly. This saves design, 

development and tooling expense ... cuts down on lead time ... 
gives you a better, proven thermostat at lower cost — sooner.

STEVENS manufacturing company, ine.
Lexington and Mansfield, Ohio THERMOSTATS

1 TYPE S Adjustable Positive-acting; 
with electrically independent bimetal. 
Adjusting stem and terminals to customer 
specification. See Bulletin F-2006

2 TYPE S Non-Adjustable. Electrically 
identical to adjustable Type S. 
Single-stud mounting. Operates to 650°F 
Rating: 15 amps at 115 volts AC, 
10 amps at 230 volts AC.
See Bulletin F-2006

3 TYPE SA Adjustable. Snap-acting with 
electrically independent bimetal. 
Also single-pole, double-throw. 
Adjusting stem and terminals to customer 
order. See Bulletin L-6397-A.

4 TYPE SA Non-Adjustable. Is electrically 
identical to adjustable Type SA. 
Hon-inductive-load rating 15 amps 
at 115 volts AC, 10 amps at 230 volts AC. 
See Bulletin L-6397-A

5 TYPE SM Manual Reset. Mechanically and 
electrically same as adjustable and non- 
adjustable Type SA except for manual 
reset feature. See Bulletin L-6397-A.

6 TYPE W. Adjustable (shown) or 
non-adjustable types. Snap action 
prevents arcing. Operation to 350® F. 
Rated at 12 amps at 115 volts AC, 8 amps 
at 230 volts AC See Bulletin 1-6395.

7 TYPE A Semi-Enclosed. Insulated, 
electrically independent bimetal disc 
gives fast response and quick, 
snap-action control. Operation from -40® 
to 400“F. Various mountings and 
terminals. See Bulletin L-9070.

io
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8 TYRE A Hermetically Sealed. 
Electrically identical to Mini- 
enclosed Typo A. Rated at • amps 
at 115 volts AC, 4 amps at 
230 volts AC, and 4 amps at 
28 volts DC For appliance, 
electronic, apparatus 
applications See Bulletin L-9070

9 TYRE C Semi-Enclosed. Small, 
positive-acting. Electrically 
independent bimetal strip for 
operation from -75® to 300°F 
Terminals and mountings to 
customer specifications. 
Seo Bulletin 1-6934

TYPE C Hermetically Sealed. Electrically 
identical to semi-enclosed Type C 
but sealed in crystal can. Also supplied 
as double thermostat "alarm" type. 
Rated at approximately 3 amps, 
depending on application.
Seo Bulletin 1-6934

TYPE R. Sealed, non-adjustable (shown; 
or adjustable styles. Positive acting 
for operation to 650® F. Rated at 
15 amps at 115 volts AC, 10 amps 
ot 230 volts AC. Soo Bulletin F 2003 

TYPE M Semi-Enclosed. Compact unit 
with electrically independent bimetal 
disc for appliance and electronic 
applications from -60° to 400®F. Virtually 
any type terminal. See Bulletin F-2009 

TYPE M Hermetically Sealed. Electrically 
same as semi-enclosed Type M. Rating: 
8 amps at 115 volts AC, 4 amps at 
230 volts AC, 4 amps at 28 volts DC. 
Seo Bulletin F-2009. aa-zsw
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85 W Power Transistor: A silicon power transistor 
capable of dissipating 85 w at 25 C mounting base 
temperature has been developed and will reportedly 
be placed on the market next year. The 2N451 65 v 
transistor has a nominal collector saturation resistance 
of 2 ohms. Beta for the new silicon power transistor is 
specified as a minimum of 10, while beta cutoff is 400 
kc. Maximum collector current rating is 5 a. The transis­
tor is in accelerated pilot-line production at the Gen­
eral Electric Semiconductor Products Department’s Elec­
tronics Park plant, Syracuse, N. Y.

RF internal 100 db continuously variable 
(STU-1, STU-2A, STU-3A)
IF 60 db continuously variable

Input Impedance: 50 ohms-nominai 
Overall Gain*. 120 db
Input Power: 400 Watts
Sensitivity: (minimum discernible signal)

• Visual frequency calibration — high resolution 
Leakage and Interference measurements

• Standing wave measurements
• Pulse modulation analysis

• Sensitive receiver

STU-1: 10-400 mes 
350-1,000 mes

STU-2A: 910-2,200 mes
1.980*4.560 mes

STU-3A: 4,370-11,000 mes
8.900-22,000 mes

STU-4: 21.000*33.000 mes
STU-5 : 33,000-44.000 mes

Frequency differences as small as 40 kc measurable by means of variable frequency marker with adjustable amplitude. 
Portable and completely self-contained.

CIRCLE 8 ON READER-SERVICE CARD FOR MORE INFORMATION

—85 to —95 dbm
—80 to —90 dbm
-85 to —95 dbm
—75 to —87 dbm
—77 to —90 dbm
—65 to -“85 dbm
—57 to —75 dbm
—50 to —€5 dbm

Nuclear Ship Propulsion
The Atomic Energy Commission and the Mari­

time Administration recently extended an invitation 
to industry for proposals to develop a nuclear power 
plant suitable for propelling merchant ships, con­
sisting of a gas-cooled reactor coupled with a closed 
cycle gas turbine. This action is a continuation of a 
joint long-range program aimed at the development 
of advanced reactor systems for commercially com­
petitive propulsive power of ships in the U. S. Mer­
chant Marine.

From among those who submit proposals, it is in­
tended that a contractor will be selected to carry 
out necessary development work to arrive at a firm 
design for a land based prototype plant. A balanced 
research and development effort, building on exist­
ing reactor technology, should make possible the 
construction of such a prototype plant within five to 
seven years from the initial development contract.

The long-range development program is in addi­
tion to the work now progressing on development 
and construction of the first nuclear powered mer­
chant ship, announced by the President on October 
15,1956.

ELECTRONIC DESIGN • September 15, 19.

SPECIFICATIONS
Model No. Equipment

Model bu...... Spectrum .Display and Power Unit 
Model STU-1... RF Tuning Unit 10-1,000 mc.
Model STU-2A. RF Tuning Unit 910-4, 560 mc.
Model STU-3A. RF Tuning Unit 4,370-22,000 me.
Model STU-4... RF Tuning Unit 21,000-33,000 mc.
Model STU-5... RF Tuning Unit 33,000-44,000 mc.
Frequency Range: 10 mc to 44,000 mc.
Frequency Accuracy: ±1%
Resolution: 25 kc.
Frequency Dispersion: Electronically controlled, 

continually adjustable from 400 kc to 25 mc 
per one screen diameter (horizontal expansion 
to 20 kc per inch)

The BASIC SCOPE 
for VISUAL 
MICROWAVEA
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<EPRESENTATIVES: Albany, Albuquerque, Atlanta, Baltlmore, Boston, Chlcato, Cteveland, Dayton, Denver, EntTewood, Fort Worth, Kansas City, tos Angelas, New York,

Storm Dodger: An economical weather avoidance radar, 
designed for Air Force aircraft normally not equipped with 
radar, is shown above. The set consists of the scope, left, 
which is located in the cockpit, and the pod, center, that 
fits under a wing. ARDCs Wright Air Development Center 
developed the set in conjunction with the West Coast Div. 
of the Radio Corporation of America. Its prime purpose is 
to reveal paths through squall lines.
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Resident Representatives in Principal Foreign Cities 
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For private domonstration 
without otH&tm 

ask far the

hl ow, the Polarad Model TSA Spectrum Analyzer provides the same visual advantages for 
microwave testing as the standard oscilloscope accomplishes for low frequency signals. This is 
a “must” instrument for microwave work! It displays with high sensitivity on a bright easily 
defined CRT, pulse modulation components, frequency differences, attenuation and band width 
characteristics, leakage detection, radiation and interference signals, and VSWR information.
This is visual instrumentation—it provides immediate and complete 
information because of the high resolution obtainable.
Frequencies are read directly on the linear dial with 1% accuracy as the set is tuned. 
Maximum reliability and long life are assured through use of non-contacting oscillator plungers. 
A variable frequency marker with both frequency and amplitude adjustable is provided.

Write today—directly to Polarad, or your nearest Polarad representative-to find out how the 
Model TSA Spectrum Analyzer can speed your research and solve your microwave measurement 
and testing problems.
Write for your copy of the Polarad “Handbook of Spectrum Analyzer Techniques”. 
50c per copy. Includes discussion of Spectrum Analyzer operation, 
applications and formulae for «analysis techniques.

5-In. Sapphire Disk
A clear crystal sapphire disk, 5 in. in diam, has 

been grown. These disks have excellent infra-red, 
ultra-violet and microwave transmission charac­
teristics, as well as high temperature, abrasion and 
chemical resistance. Before this advance in manu­
facturing technique, the largest disk grown was 
about 3 in. in diam. The synthetic sapphire boules 
are manufactured in oxy-hydrogen furnaces in 
which aluminum oxide in powder form is fed 
through the flame and the melted material collected 
in crystal form on a seed base. From annealed white 
sapphire boules, windows or disks are fabricated. 
Sizes are available from 1 mm to 1/8 in. in thick­
ness. Quantity production of the new large size is 
planned by the Linde Co., Div. of Union Carbide 
Corp., New York, N.Y.

Semiconductor Irradiation Research
Basic experimental and theoretical research to 

explain the effects of radiation damage on senu 
conducting materials is now in progress. Some of 
the semiconducting materials to be studied in this 
program at Battelle Memorial Institute, Columbus 1, 
Ohio are aluminum antimonide, gallium arsenide, 
indium phosphide, cadmium sulfide, and cadmium 
telluride. In the course of their research, the effects 
of neutron and gamma radiation will be investi­
gated. The effects of fast neutrons will be studied 
because of the profound disruptions they produce 
in crystal lattices. Slow neutrons lead to atomic 
transmutations and gamma radiation can also in­
duce chemical and electrical effects that might in­
terfere with device operation in relatively intense 
radiation fields.

E ANALYSIS
» f lUNtNU UNO

AVAILABLE ON EQUIPMENT LEASE PLAN

MOBILE FIELD DEMONSTRATOR

LARAD
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Beam Tube for Radar Display

the radar work is displayed betweel
letters and numbers. The tube lengt >ere vi
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phor screen at the rate of 20,000 a sei ere to 
and retained by the phosphor whil f the i< 

bility t

Once coated, aluminum alloys car 

be bent, drilled, punched and shearec

★Only .15% maximum variation on the 0-300;

odel
utput

Itage VDC
tput 
rrent Ma

6008

0-600

0-500

±0.25%

10008

200-1000

0-5000

±0.5%

•may be connected positive or negative, •or ±0.3 volts, whichever is greater

6.3 at —
5 amps, series or 

parallel (two outputs)

3 max.

0-150

50000

2.0
6.3/15 
amps

in series

20 max.

or parallel

Get Your Own B-NOBATRONI
Multipurpose B-Power Source Available in Five Models, Ranging from 

300 to 1000 VDC Tops; Low Ripple, Accurate Regulation; Provide 

Filament and Bias Current in Addition to High Voltage Output.
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Here’s the economical and lasting answer to B-Power supply needs for nearly every 
laboratory, and many industrial operations. Nobatrons are built to last, and serve

without maintenance. Damage to the Nobatron and its load is prevented by input and
output fuses. Five models offer ranges of: 0-300 VDC, 0-325 VDC, 0-500 VDC,

0-600 VDC, and 200-1000 VDC. All but the largest model deliver 6.3 volts for
filament supply and all but the 300-B and 1000-BB offer 0.150 volt regulated bias.

Regulation accuracy is within a maximum tolerance of .5%*, and ripple
is held to five millivolts RMS or below (except for 20 mv. maximum on the

200-1000 VDC model). Input range is 105 to 125 VAC, with frequency of 50, 60, 
or 400 cycles. B-Nobatrons may be used in either cabinet or rack mountings, and are

a handsome contribution to their quarters. Your local Sorensen representative will be glad 
to tell you all about these B-Nobatrons. Write directly for technical data, to

SORENSEN & COMPANY, INC. Richards Avenue, Sputh Norwalk, Connecticut

Ceramic Coats for Aluminum Alloys
Ceramic coatings have been suc­

cessfully applied to the strong struc­
tural aluminum alloys. Heretofore, at­
tempts to porcelain enamel 24-S and 
75-S, the most extensively used struc­
tural aluminum alloys in the aircraft 
industry, have resulted in blistering, 
bubbling, brittleness and excessive 
warpage. Because of the refractory 
and insulating properties of new ce­
ramic coatings, these structural alumi- 
num alloys can withstand prolonged 
heat at 1300 to 1350 F without col­
lapsing.

Tests were performed on 0.040 in. 
thick aluminum sheet with a coating 
of 0.0015 in. thickness. Subjected to a 
flame impingement test for 120 min at 
a flame temperature of 2200 F, the 
specimen was not damaged and thi 
temperature at the coated surface wa< 
measured at 1700 to 1800 F. The same 
flame burned a hole in a non-coatec 
aluminum specimen of the same type 
and thickness in about 30 sec.

without fracture or damage to th 
coatings. The new coatings may b( 
applied before final heat-treating o 

the alloys thus combining heat-treat 
ing and firing of the coating into i 
single operation. This not only re 

duces fabrication time and cost, bn 
insures optimum strength of the meta 
and best adherence of the coating 
The research, in which lithium chro 

mate, lithium borosilicate and lithiun 
fluoride compounds were used, wa 
carried out by Gulton Industries, Inc. 
Metuchen, N.J.
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ransmii

SPECIFICATIONS

3008» 3258 5008

0-300 0-325 0-500

0-150 0-125 0-300

±0.15%** ±0.5% ±0.5%

Supply 
(VDC)
Max. Bias 
Circ. Imp. 
(Ohms)
Max. Int.
Imp. (Ohms)
AC Voltage 
(CT Unreg.)
Filament 
Voltages 
(Unreg.)

5 max. 5 max. 5 max.

0-150 0-150

25000 25000

2.0 2.0
6.3/10 
amps

6.3/10 
amps

A Charactron shaped beam tub ¡oulder 
has been developed which is smal tandar 
enough for aircraft use and yet able t( ion eh 
reproduce a conventional radar dis quator 
play map and then print labels on it »ved. 
Characters are printed on the phos ’nosphi
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length of the seven-in.-diam shaped 
beam tube used in Charactron com­
puter readouts and has a diameter of 
five in.

A wide electron beam is used to 
flood a matrix containing stencils of all 
desired letters and numbers. This 
wide electron beam, then is shaped 
by the stencils in the form of all char­
acters in the matrix. The bundle of 
characters thus formed is focused on 
a tiny aperture which allows only one 
character at a time to pass. The beam’s 
direction is changed to select each de­
sired letter or number for display on 
the face of the tube.

All focusing is accomplished by 
I means of internal electrostatic lenses, 
I thereby eliminating the need for ex- 
Iternal focus and convergence coils. 
I The electron gun is extremely short 
■compared with the conventional gun 
I of a tube and requires fewer elec- 
Itrodes. A deflection yoke is needed to 
■position the characters on the face of 
■the screen.

new components from HMOTE
subminiature wire-type 
tantalum capacitors and 
variable transformer

VARIABLE TRANSFORMER
? MODEL VT1R5 GREATER CAPACITANCE PER UNIT VOLUME
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Ionospheric Forward Scatter
A mode of radio* wave transmission 

kia the upper atmosphere, called iono­
lspheric forward scatter, has recently 
been observed by beaming tremen- 
Idous amounts of energy at this region 
lol the atmosphere. Some of this 
energy scatters when it hits irregulari­
ties in the ionosphere so that a small 
But useful portion of it returns to 
Earth, making possible communication 
links from 600 to 1200 miles. The sig- 
Bals have been found to have a re­
liability considerably greater than that 
Bf conventional long-distance radio 
Communication, depending on reflec- 
■ion from the various layers of the at- 
■msphere.
I Investigation of this method of 
■ransmission is being carried on at the 
■oulder Labs., National Bureau of 
Standards, Boulder, Colo. Transmis- 
•on characteristics at the magnetic 
•mator are being particularly ob- 
■erved. The horizontal orientation of 
•nosuheric irregularities is favorable 
Sere to scattering in the lower region

\

MORE CAPACITY FOR EQUAL SIZE

ARD

I the ionosphere, and there is a pos- 
bility that scattering can be obtained 
Pere via a higher layer so that con- 
derably increased ranges of trans- 
psion may be attained.
| "IRCLE 10 ON READER-SERVICE CARD >

The rating of amperes represents a continuous rat­
ing at any brush setting. This "bonus” in current capac­
ity is the result of a unique core design by Ohmite. 
The new Ohmite VARIABLE TRANSFORMER 
model VT1R5 features: Long-wearing, uonoxidizing, 
rhodium-plated coil contact surface, a ceramic hub that 
mounts the contact arm, and provides 3000 VAC insu­
lation between parts at line potential and shaft assem­
bly; positive brash to center-lead connection because 
brash pigtail shunt is bonded into solid copper-graphite 
slip ring. Input voltage is 120 V, 60 cycle; output volt­
age is 0-120 V—0-132 V. Mounted by ^*-32* bushing 
and nut. Write for Bulletin 151,

The new Series TW Ohmite subminiature Tan-O-Mite® 
TANTALUM CAPACITORS are wire-type units that fea­
ture greater capacitance per unit volume, lower leakage cur­
rent and power factor, and small capacitance drop at 
extremely low temperatures as compared to other types of 
electrolytics. Ultrasmall for low-voltage DC transistorised 
electronic equipment, these new tantalum capacitors have 
hi^h stability, high capacitance, long shelf life, and excellent 
performance under temperature extremes of —55° C to 
+85° C. They are available in six subminiature sizes: 0.1 to 
60 mfd. over-all capacitance range.

XMODIA 
PO&.TEMMNM»

SIZE
UNINSULATED

I (inch**)D (Inch«*)

INSULATED

T .075 (5/64) .156 (5/32) .062 .203
S .075 (5/64) .187 (3/16) .082 .234
M .005 (3/32) .172 (11/64) .100 .218
A .095 (3/32) .250 (1 /4) .100 .312
a .125 (1/8) .312 (5/16) .134 .375
c .125 (1/8) .500 (1/2) .134 .562

Smallest size is .075 (^4) x .156 (%) inches; the largest is 
.125 (H) x .500 (J^) inches. Five stock sixes are available in 
a wide range of capacitances, voltages. Units insulated with 
a tough Mylar® plastic sleeve can be furnished. Write on 
company letterhead for Bulletin 148B.

RHEOSTATS • RESISTORS • RELAYS • YAP SWITCHES 
TANTALUM CAPACITORS • VARIABLE TRANSFORMERS

OHMITE MANUFACTURING COMPANY
3643 Howard Street Skokie, Illinois
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A continuous 3000 mc is radiata searcher

14

from the master aerial system. This i 
modulated by 10 mc and other fre 
quencies of similar order. The modu 
lated wave is received at the remoti 
station aerial and in effect re-radiate

The best of laboratory equipment is 
used to measure this vibration resistance, 
and the results prove—General Electric 
voltage-calibrated Mi&o-miniature re­
lays withstand vibration 8f 20 G's ac­
celeration from 55 to 2000 cycles (.125 
inch excursion from 10 to 55 cycles).

No—we don’t use paint mixers to meas­
ure the vibration resistance of General 
Electric miniaturized sealed relays. But, 
it is a dramatic illustration of the punish­
ment G-E hermetically sealed relays can 
—and do—withstand.

Tubes f
Much 

possible 
which u 
parent ]

coming modulation.
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receipt of order—plus—immediate serv­
ice on samples and prototypes.

For further information, contact your 
G-E Apparatus Sales Office—or—write to 
General Electric Co., Sect. 792-7, Sche­
nectady 5, N. Y., for complete relay 
data. Specialty Control Dept., Waynes­
boro, Va.
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VIBRATION...yet normal operation
Excellent vibration resistance is just 

one of the many “plus” features—such 
as high- and low-temperature operation, 
high shock resistance, and rugged con­
struction—you get with all Miniature, 
Sub-miniature, and Micro-miniature G-E 
sealed relays. Today, General Electric 
relays are proving their reliability on a 
variety of military and industrial elec­
tronics applications.

What's more, you get all of General 
Electric’s complete line of standard-listed 
relays on only 3-week shipment from

Surveying Made Easy
A new system of precise measure­

ment of distance, with a range of from 
about 500 ft to 100 miles and an accu­
racy stated in inches, has been devel­
oped in South Africa and recently 
introduced into this country. The in­
strument, called a Tellurometer, was 
invented by T. L. Wadley, of the 
Telecommunications Research Lab. of 
the South African Council for Scien­
tific and Industrial Research. It oper­
ates in the 10-cm wavelength region 
and measures the transit of radio 
waves over the length to be deter­
mined. Measurements can be made in 
almost any weather, and visibility, for 
the first time in the history of survey­
ing, is immaterial.

Although the distance between two 
elevated points 100 miles apart could 
be measured, in general optical line of 
sight is required and 35 miles is re­
garded as a good mean distance. To 
measure a single line, one master sta­
tion and one remote station are neces­
sary. Measurements are made from 
the master station and an operator is 
required at the remote station. The 
aerial system in each case is a para­
bolic mirror of 18 in. aperture. The 
measurement takes place to the focus 
via the mirror surface and the instru­
ment is therefore mounted with its 
center in the directrix plane of the 
parabola. This is also approximately 
the center of gravity of the instru 
ment. The instrument and aerial sys­
tem from an integral unit which in 
the experimental equipment weighed 
about 16 lb.

The 
scope i 
with 1( 
Each i 
lent to 
rotatioi 
mately 
lurome 
tween 
Haven, 
an errc 
seven ii

from the transmitting system of th( tube fac 
latter station. The return wave as re duced by 
ceived back at the master station i age, ther 
compared with the transmitted wave of the eh 
the instrument indicating the phas atephosj 
shift between the outgoing and in

ELECTRONIC DESIGN • September 15, 1957



was

:ien-

rvey-

i two

ne of

itor is

concentrated small spot. Re
adiatet

FULL LINE DEPTHicr

Regional Sales Offices: 9501 W. Grand Avenue, Franklin Park. Illinois: 5236 Santa Monica Blvd., Los Angele» 29, California

Highly accurate distance measurements 
are made with the Tellurometer which 
measures travel time of radio waves over 
the length to be determined.

is re- 
e. To

searchers at the General Electric Lab., 
¡Schenectady, N.Y. have also devel­
oped a two color tube, penetron, 
which operates on the same principle. 
It is made by applying transparent 
layers of different phosphors to the 

Itube face. Changes in color are pro­
duced by changing the operating volt­
age, thereby limiting the penetration 
|of the electron beam to the appropri­
ate phosphor layer.

Magnetrons from 1 to 5,000,000 Watts — Klystrons from 600 to 60,000 Mc —
Backward Wave Oscillators from 1,000 to 15,000 Mc. Plus, a broad line of spe- Excellence in Electronics 
cial tubes including storage tubes, rectifiers, square law and traveling wave —
tubes. Write for complete data booklet on the most complete line in the industry.

The phase is indicated on an oscillo­
scope in the form of a circular sweep 
with 10 major and 100 minor divisions. 
Each minor scale division is equiva­
lent to just under 6 in., and a complete 
rotation of phase is equal to approxi­
mately 50 ft. The accuracy of the Tel­
lurometer is such that the distance be­
tween New York City and New 
Haven, Conn, could be measured with 
an error not likely to exceed six or 
seven in., or perhaps less.

CIRCLE 12 ON READER-SERVICE CARD ►
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Tubes for Hi-Fi TV
Much finer resolution of detail is 

possible with a new television tube, 
which utilizes an extremely thin trans­
parent phosphor layer. This layer, re­
placing the conventional coating of 
phosphor powder, enables the picture 
tube to show lines two or three times 
thinner than was previously possible. 
Ordinary phosphor powders tend to 

[scatter the light, bouncing it from 
[particle to particle; the new thin layer, 
(less than one ten-thousandth of an 
I inch thick, keeps each point of light

remoti 
radiatec

■r sta- 
leces

re as fl 
tabón i 
•d wav«

eter- 
le in

■ focus
ip

ith its 
of the 
»b J- j 
instn -j 
ial sys-| 

rich in 
weighed

Raytheon — World’s Largest



Herbert H. Rosen
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EIARETMA Tests FCC Intentions

Washington Report prol 
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FCC's Lion by the Toil

Pity the Federal Communications Commission!
Industry is spending endless hours telling the Com­
missioners why their special interests in frequencies 
above 890 Me should not be violated. Advocates of 
pay-TV are threatening to circumvent FCC juris-
diction in order to put their products into the mar­
ket. And Congress is harrassing the Commissioners 
because of its stand on pay-TV and its attitude 
toward the way the major networks tend to dis­
criminate against advertisers and the public.

The 890-Mc hearings are long and drawn out. Of 
the nearly 200 witnesses, each seems to have his
own particular ax to grind. Each appears to have
40- or 50-page legal briefs that he insists on reading, 
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completely. And each feels that his particular case 
has merits that are not duplicated by any other.

On pay-TV, the Commission felt it had everyone 
happy when it decided it had authority to conduct 
experiments on the various systems proposed. But
Rep. Emanual Celler (D-N.Y.), Chairman of the
House Judiciary Committee, felt otherwise. This
self-appointed watchdog of the FCC said that the
trials could not be run without Congressional ap­
proval. He was opposed in this stand by Rep. Chelf 
(D-Ky.), also a member of the committee. Chelf 
thought the public should be given a chance to see 
what pay-TV is like and then be permitted to make
up its own mind.

Meanwhile, several companies in the pay-T^ 
business, tiring of the delay, may turn to wire-TV, 
which should change the complexion of the whole
picture markedly.

Today, the Commissioners are nearing the end of 
their month-long vacation. They should be suffi- 
ciently rested to renew the battles facing them and 
ready to take a new grip on the lions tail.

As part of its broadside campaign to renew rules
on the allocation of frequencies from 25 me on up, 
the FCC has asked for comments on “allocation of 
frequencies to the various non-Governmental serv­
ices in the spectrum between 25 and 890 me.” The
newly named Electronic Industries Association- 
formerly RETMA—has petitioned the Commission 
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for an extension of time to get in its comments.
Apparently, the FCC has asked for comments 

within a period too short for EI A to set up study 
groups of manufacturers to go thoroughly into the
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problem. There just isn’t enough time, and EIA 
should know. It claims to have devoted approxi­
mately 6000 man hours to study and data collection 
for the current FCC hearings on the allocation of 
frequencies above 890 mc. These hearings have 
been going on since early June . . . and the end is 
still not in sight.

EIA has formed special groups for 25-890 mc 
hearings from its Land Mobile and Broadcast & 
Closed Circuit TV Sections. The Land Mobile Sec­
tion alone has estimated that approximately 3000 
man hours will be necessary to complete its work. 
It will be impossible for EIA to have a reasonable 
presentation by the September 6 deadline.

As can be recognized by the EIA sections con­
cerned, that these hearings could become as in­
volved as the current 890 mc hearings. A large 
segment of the electronic industry manufactures 
equipment operating in this (25-890 mc) portion of 
the frequency spectrum. Therefore, all will want 
to have something to say about any prospective rule 
changes the Commission may be contemplating. 
The test of the Commission’s intentions will be 
if it grants EIA the desired extension of time.

Pentagon Surgery Continues

Outgoing Secretary of Defense Charles E. Wilson 
is leaving few areas untouched in his efforts to keep 
defense spending down. None of the three services 
has escaped unscathed; although, the biggest 
spender, the Air Force, appears to be the largest 
“contributor” to the savings campaign. In spite of 
this trend toward attrition, there is still a note of 
optimism for the electronics industry. Air Force 
Secretary James Douglas has forecast a rising em­
ployment for our industry. He backs this statement 
up by estimating an expenditure of $1.3 billion for 
missile electronics this year. Last year electronics 
expenditures amounted to about $750 million. How­
ever, the cuts and stretchouts in other areas are ex­
pected to be felt by many segments of the elec­
tronics industry. But the demand for specialists, 
especially those with missile experience, is expected

em and I to remain high.
By now, the Defense Department will know how 

I effective its economy program has been. Indications 
I will also be strong as to in what areas further sav- 
I ings will have to be made. For electronics, it will 

•w rules ■ be another good year, if the word of the more 
: on up, I learned observers can be assumed to be correct, 
ation of B However, it will also be a period of realignment. 
:al sen-■ Shortcuts and increased efficiency will be encour- 
ic.” Thlaged. The marginal engineer will have to look out 
Nation-B for his laurels. For, although the money level will 
imissionBbe about the same as in 1956—or maybe a little bet- 
jnts. Btpr- the cost of producing electronic equipment will 
»mmentsBrise. And the company with the best price will be 
ip study Bin a better position than ever to get the military 
into theB contract.
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GERMANIUM I SHw
PNP TRANSISTORS

NOW IN

The proposed JETEC 30 package brings the 
convenience and economy of standardization to 
the users of germanium PNP transistors. All the 

desirable electrical characteristics, without the 
confusion over mechanical and electrical 

interchangeability, can now be obtained in one 
standard package.

The new JETEC 30 package features a highly 
reliable welded hermetic seal, an extremely durable 

metal housing and a lead-basing design which 
facilitates use with printed circuitry. 

For additional information about this complete 
line of Germanium PNP Transistors 

please contact Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, N. J.

STANDARD EIA (RETMA) MEDIUM POWER TRANSISTORS

RATINGS (25*C) TYPICAL CLASS B OPERATION (25*C)

500 MW
500 MW
500 MW

2N331 
2N332
2N333

12»
12»
12»

Power 
Output

Distortion
Max.

Power Gain 
(Po-IOOMW)

31 db
33 db
35 db

200 MW
200 MW
200 MW

RATINGS (25°C) TYPICAL CHARACTERISTICS (25’C)

Vc Pt TJ
Max Icbo 
At—45»

Frequency 
Cutoff

Forwerd Current 
Retio

2N46O -45» 200 MW +100°C 15 1.25 MC .96
2N461 -45» 200 MW +100oC 15 1.25 MC .98

STANDARD EIA (RETMA) HIGH FREQUENCY TRANSISTORS

TUNG-SOL*
ELECTRON TUBES • SEMICONDUCTOR PRODUCTS

faCO Rise 
Time

Storage 
Time

hFEi 
Ib» 

—Ime.

hFEz 
Ib- 

—lOma.

TYPICAL CHARACTERISTICS (25°C)

2N429
2N424

-20»
-18»

-400 Mi
-400 Ma

4 mc
6 mc

30
40

18
24

0.5 Ms
0.5 Ms

0.25 ms
0.25 ms

0.3ms
0.3ms

2N427 -15» -400 Ma 11 mc 55 30 0.4 ms 0.25 ms 0.3ms

Application Max. Vc faCO
Power Gam 

455 Kc
Conversion 

Gain
Oscillator 
IF Ampi. 
Converter 
IF Ampi.

15» 
15»
15» 
15»

3 Mc
3 Mc
5 Mc
5 Mc

12 MM<
12 ± 2mm*
12 MM«
12 ± 2mm»

32~db

3^db

2N413 
2M413A
2N414 
2N414A

Portable 
Radio

SALES OFFICES:
ATLANTA, GA.j COLUMBUS, OHIO; 

CULVER CITY, CALIF.,- DALLAS, TEXAS, 

DENVER, COLO.; DETROIT, MICH.; IRVINGTON, N J.; 

MELROSE PARK, III.; NEWARK, NJ.; SEATTLE, WASH 2N373 
2N379 
2N34O

Power 
Switch

STANDARD EIA (RETMA) HIGH POWER TRANSISTORS

RATINGS (25°C)

-40»
-80»

15 W
15 W

26 db

TYPICAL SWITCHING APPLICATION (25*C)

Ecc

-14»
—28»
—28»

Switching 
Power

Load 
Current

Switching 
Power Gem

26 W 2 amps 24 db
52 W 2 amps 23 db
54 W 2 amps 29 db

AIm Avaitabl» Ntw! 2N459 rated for 100 volt peek operation; 2N242. AUDIO POWER AMPLIFIER 
•nd 2N307, GENERAL PURPOSE.

CIRCLE 14 ON READER-SERVICE CARD FOR MORE INFORMATION
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Varian Strip Chart Recorders

POTENTIOMETER PERFORMANCE* AT MODERATE COST Letters to the Editor

Engineers Needed

*
The servo-balance potentiometer method has long been 
used in expensive recorders to achieve superior stability, 
sensitivity, ruggedness and high input impedance. Use of 
servo balancing systems assures full realization of these 
inherent advantages by providing ample power inde­
pendent of the source being measured. Now Varian of­
fers you recorders of moderate cost using this time-proven 
principle.

WRITE

VARIAN SPECIFICATIONS:

• Spans as low as 10 mv

• Limit of error 1 %

• Maximum source resistance 50K ohms or higher

• Balancing times: 1 second or 2.5 seconds 
on G-10; 1 second on G-l 1

TODAY FOR COMPLETE SPECIFICATIONS

PALO ALTO 21, CALIFORNIA

Varian recorders are sold and serviced 
throughout the free world by 

representatives in principal cities.

Varian Associate* manufactures Klystrons, Traveling Wave Tubes, Backward Wave Oscillators, Linear Accelerators, Microwave System Components, 
R. F. Spectrometers, Magnets, Magnetometers, Stalos, Power Amplifiers and Graphic Recorders and offers research and development services.

CIRCLE 15 ON READER-SERVICE CARD FOR MORE INFORMATION

Dear Sir:
As you probably know, paid advertising by the 

Federal Government for the purpose of recruiting 
personnel is not permitted. Accordingly, it would be 
greatly appreciated if this letter could be published 
in your Editors Column as an announcement of em­
ployment opportunities for engineers at this Ship­
yard.

During the past century and a half the New York 
Naval Shipyard, Brooklyn 1, N.Y., has grown to be 
one of the largest of its kind in the world. Its up-to- 
date laboratories, shops, drydocks and excellent 
calibre of personnel have enabled it to meet the 
ever-increasing needs of the Fleet. This Shipyard 
has built almost every known type of warship afloat. 
In addition to new construction, we have been en­
gaged in the conversion and repair of ships that 
have already been in action. The Navy is now em­
barked upon a program of modernizing its fire 
power to include the extensive use of rockets and 
guided missiles.

In order to be prepared for the future, we must 
have men with new ideas who are trained in engi­
neering and the sciences. A qualified scientist or 
engineer coming to the Shipyard has excellent op­
portunities for advancement, as well as challenging 
research and development projects to enhance his 
professional growth. For example, some of the proj­
ects assigned our Electronics Engineers are as fol­
lows: tests, calibrations, measurement, design and 
development of radio, radar, sonar, teletype, fac­
simile, loran, direction finder and other electronic 
equipment aboard naval vessels, investigation of 
microwave mixer crystals which have wide applica­
tion in radar, microwave communication receivers 
and spectrum analyzers, dielectric problems of pulse 
transformers, and investigation of circuit loading 
effects on Geiger-Mueller tubes in Fourier spectrum 
analysis of pulses.

Employment applications (Standard Form 57) 
are available from any of the Civil Service Commis­
sion Offices, Post Offices, or directly from this Ship-
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CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION

Marvin J. Cetron 
Material Laboratory 
New York Naval Shipyard 
Brooklyn 1, N.Y.

No need returning the Model 622 for thermoelement 
replacement; nor wiring a new one in. A spare element, 
or one immediately available for the individual instru­
ment, can be instantly plugged in. Replacement units are 
furnished with correction curves to maintain the guaran­
teed high accuracy with original scale calibration. This is 
just one of several exclusive design features which make 
Model 622 more convenient, more flexible in use. And 
coupled with its proved high accuracy and stability, it 
remains the outstanding favorite for all high frequency 
problems.. Available as thermo milliammeters and thermo 
voltmeters; and thermo ammeters, (external thermoele­
ment type). Also as d-c voltmeters, millivoltmeters, milli­
ammeters, microammeters, electrolysis volt-millivoltme­
ters, and as high accuracy rectifier type a-c instruments. 
Write for bulletin A20. Weston Electrical Instrument 
Corp., Newark 12, N.J.

1ECTRONIC DESIGN • September 15, 1957

’ We just had an opportunity to visit a Government 
Service Laboratory for engineering development— 
>ne of those which cannot advertise for engineers.

is one of the cleanest, best kept establishments 
^e’ve seen. The working environment was among 
the best. And, above all, the engineers were of ex­
ceptionally high calibre and enthusiastic in their 
|vork We are happy to call the attention of engi- 
eering job seekers to opportunities these establish­

ments offer.
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Dear Sir:
I am writing as one of the 550 private citizens 

working as engineers or scientists for the Material 
Laboratory. The Material Laboratory is located in 
the New York Naval Shipyard, Brooklyn 1, N.Y., 
and it is one of the Bureau of Ships’ largest Re­
search and Technical Laboratories with over $25 
million worth of scientific equipment. I thought that 
since your magazine and our Laboratory both aid 
in the professional growth and development of the 
engineer and scientist, that we might perform a 
service to your readers by explaining what types of 
positions might be available to them, in one of your 
columns. .As you know, funds to be used for re­
cruiting are not made available to Government 
agencies, so this is one of the only means in which 
our needs can be made known to the engineers and 

। scientists in the field.
The qualified engineer or scientist coming into 

the Laboratory will have the opportunity of help­
ing to carry out the Material Laboratory’s mission 

I of providing essential engineering and basic scien- 
I tific support to the Navy’s Bureau of Ships in a vital 
I program of applied research, development investi­
I gations, analytical tests, evaluation and standardiza- 
I tion in the fields of Electrical, Electronic and Me- 
[chanical Engineering, Chemistry, Metallurgy and 
I Physics, including many advanced specializations 
I in these fields.
I In addition to familiarization sessions on methods 
■ of operation and organization and individual on­
I the-job guidance, professional employees participate 
I in intra-laboratory' technical symposia and spon­
I sored graduate education, related to problem areas 
I of laboratory work. Engineers and scientists are en­
I couraged to prepare papers for publication in tech- 
I dcal journals and for presentation before profes- 
i ion al societies and similar groups. Opportunities 
■for experience in close cooperation with a broad 
■range of major industries and on operating vessels 

11 )f the Fleet provide a stimulating atmosphere for 
t I professional growth.
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Oct ÉMeetings

IBKASCOPE

Sept. 23-25: Sixth Annual Meeting of the Standards 
Engineers Society

Commodore Hotel, New York City. For information 
write to T. J. O’Connor, Rm. 5D-127, Bell Tele­
phone Labs., Inc., Whippany, N.J.

Th* Ubrascop* Model* 200-A and 200-B XY Plotter* are engi­
neered for accuracy, rapid response, and ease of oper­
ation. The positive mechanical drive of the Floating 
Gear Train eliminates lost motion, cable stretching or 
alignment adjustments, normally found in the cable 
tape or lead screw type of drive. The new, simplified 
plotting pen of one-piece design-used for point or 
continuous plotting—eliminates bottles and tubes— 
permits rapid changing of ink colors. Easy to load 
and always visible, the plotting table accepts paper up 
to 11" x 17". Point plotting or curved tracing is accom­
plished with equal ease with one-second full scale re­
sponse. A variety of input accessories are listed below.

READILY ADAPTABLE 
FOR RACK MOUNTING 

Librascope XY desk model 
plotters are readily adapt­
able for mounting in stand­
ard RCA and RMA racks, 
tor which accessory hard­
ware is available at slight 
extra cost.

Career opportunities exist at Librascope for 
qualified engineers, physicists and 

mathematicians. Learn about Librascope’s 
new “Creative Project Development Teams. 

Contact Glenn Seltzer, Employment Manager.

LIBRASCOPE’S UNIQUE “FLOATING GEAR TRAIN,” 
and conservatively rated conventional 

vacuum tube and harness circuitry
result in static accuracy of 0.1 % and dynamic 

accuracy within 0.5% of full scale, 
at a tracking rate of 5 inches per second.
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Oct. 7-9: 1957 International Systems Meeting*

Statler Hotel, Los Angeles, Calif. Sponsored by the 
Systems and Procedures Association of America. 
The program will consist of panels, seminars, round 
table discussions, equipment exhibits, demonstra­
tions, case studies, general sessions, illustrated lec­
tures and study groups. The sessions will cover such 
subjects as systems survey, analysis, procedures, 
printed forms, electronic systems, organization 
analysis, systems and management, records manage 
ment, work simplification and other techniques. For i 
further information, write to the Systems and Pro­
cedures Association of America, 629 S. Hill St., Los 
Angeles 14, Calif.
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Oct. 7-11: Fall General Meeting of the American 
Institute of Electrical Engineers

Hotel Morrison, Chicago, Ill. The technical program, 
will consist of more than 50 sessions devoted to the 
lastest advances in electrical engineering and allied 
arts. Nuclear reactors, telegraph systems, research, 
ethics, television and aural broadcasting, basic sci­
ence, safety, computing devices, land transporta­
tion, power generation, transmission and distribu­
tion, system engineering, computers, mining and 
metal industry, radio, and the chemical industry a. 
some of the subjects being covered. For details! 
write to the AIEE, 33 W. 39th St., New York, N.Y

UBRASCOPe PUNCHES CARO 
CONVERTER

Providet for the conversion of 
dal read from IBM punched 
cards Into «rwlog signals that 
the MODEL 200-A Plotter can 
accept as Inputs.
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Control panel configuration of MODEL 200-B for DC signal Input

MODEL 200-A can utilize any external resistance potenti­
ometer as an input transducer associated with each axis. 
Independent 10 to 1 scale expansion and origin positioning 
controls are provided. Facilities for external control of the 
pen drop solenoid and for simultaneous control of external 
equipment through switch closures, are provided.
MODEL 200-B, used for DC signal input, has full-scale sen­

sitivities of five millivolts and an input impedance of 1,000 
megohms in the millivolt scale ranges. Drift-free operation 
is assured by chopper-stabilizing the voltage inputs against 
an Epply standard cell reference.

Sept. 27-28: Seventh Annual IRE Professional Group 
on Broadcast Transmission Systems Fall Symposium

Williard Hotel, Washington, D.C. Papers will be 
read on a variety of subjects ranging from transistor 
regulated power supplies for video circuits to the 
application of automation to TV master control 
rooms and film rooms. More information may be 
obtained from Clure H. Owen, American Broadcast­
ing Co., 7 W. 66th St., New York 33, N.Y.

Sept. 24-25: Sixth PGIE Symposium on Industrial 
Electronics

Morrison Hotel, Chicago, 111. Sponsored by the IRE 
Professional Group on Industrial Electronics and 
AIEE. The main theme for the conference will be 
the characteristics, use and integration of trans­
ducers into complete systems to measure and con­
trol complete processes. For further details, write 
to J. N. Banky, 628 West 18th Street, Chicago, Ill.
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MODEL 200-A for resistance inputs

LIBRASCOPE
BINARY CONVERTER

Translates X and Y coordinate 
information received in the 
form of binary signals into 
analog signals for automatic 
point plotting by a MODEL 
200-A Plotter Has a capacity 
of nine binary digits and a 
resolution of one part in 512

LIBRASCOPE PUNCHED TAPE 
CONVERTER

Converts the digital informa­
tion read from punched paper 
tape into electrical signals 
suitable for the control and 
actuation of a MODEL 200-A 
Plotter.
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Oct. 14-15: Third Annual Douglas Aircraft Co. Inc. 
and Bell Helicopter Corp. Integrated Instrument De­
velopment Program Conference

Hotel Statler, Los Angeles, Calif. Sponsored by the 
knny and Navy. For more information send to the 
News Bureau, Bell Helicopter Corp., P.O. Box 482, 
Ft. Worth, Tex.
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SYNCHROS (all types) 
RESOLVERS
D.C. MOTOR
LINEAR TRANSFORMER
MOTOR GENERATOR
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)d. 16-18: 1957 IRE Canadian Convention 
and Exposition

Automotive Building, Exhibition Park, Toronto, 
Canada. Sponsored by the Canadian Sections of the 
IRE. For information write to Grant Smedmor, IRE 
Canadian Convention, 745 Mt. Pleasant Rd., To­
ronto 7, Canada.
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CLIFTON PRECISION PRODUCTS CO-, INC

Oct. 8-12: 1957 Convention of the Audio Engineer­
ing Society
¡New York Trade Show Bldg., New York, N.Y. Be­
tween 50 and 60 papers will be presented. Covered 
vili be topics in such fields as disc and tape record- 

png, reception, components and systems, noise con­
trol and acoustics. The New York High Fidelity 
Show, sponsored by the Institute of High Fidelity, 
will accompany the Convention. More information 
may be obtained from G. K. Dahl, 230 West 41st 
St, New York 36, N.Y.
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Clifton Precision began delivering Size 8 synchros 
from the production line more than a year and a 
half ago. Since then production has mounted 
steadily, and we are now in a position to serve 
more and more customers with these 7 minute 
accuracy units.

We have also recently produced a linear trans­
former and motor generator in the size 8 series.

For information, write or telephone: Sales Dept. 
9014 West Chester Pike, Upper Darby, Pa. 
SUnset 9-7521, or our representatives.

Oct. 8: Isocyanate Symposium

Cursis Hotel, Minneapolis, Minn. Sponsored by the 
Upper Midwest Section of the SPE. Among the pa­
pers to be read are “A Comparison of Properties 
Between Polyester and Polyether Based Isocyanate 
Foams” and "High Temperature Urethanes.” For 
details write the Society of Plastics Engineers, Inc., 
34 E. Putnam Ave., Suite 116-118, Greenwich, Conn.

Oct. 9-11: Fourth National Symposium on Vacuum 
Technology

Hotel Somerset, Boston, Mass. Sponsored by the 
Committee on Vacuum Techniques. Approximately 
25 pages will be presented covering fundamental 
advances in vacuum technique, means of producing, 
measuring and conducting low pressures, and ad­
vances in applications of vacuum to processing. For 
further information, write the Committee on 
Vacuum Techniques, Box 1282, Boston 9, Mass.

kt. 16-18: AIEE Conference on Computers in 
Control ' '

dialfonte and Haddon Hall Hotels, Atlantic City, 
Î J. Sponsored by the AIEE Committee on Feed- 
>ack Control Systems. The conference will stress 
ne role of analog and digital computers in auto­
patic control, both as design tools and as compo- 
ents of systems. For more information, write Prof. 
0. Truxal, Dept, of Electrical Engineering, Poly- 

fchnic Institute of Brooklyn, 99 Livingston St., 
rooklyn 1, N.Y.



metal case (with .200 inch in spac

2N440

2N4392N438

semiconductors

Reliable products 
through Advanced-Engineering.

These transistors are
switching, control, analog and digi

Plaza and Waldorf-Astoria Hotels and Coliseu 
New York City. Sponsored by the Atomic Industi 
Forum. For information write to AtomForum, 3 
54th St., New York 22, N.Y.

ELECTRONIC DESIGN • September 15, 19:

Oct. 28-30: Fourth Annual Atomic Industry Con 
enee

CBS-HYTRON
Semiconductor Operations, Lowell, Mass.
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC

CIRCLE 19 ON READER-SERVICE CARD FOR MORE INFORMATION

ing) wTelded to achieve reliability never 
before approached with NPN transis­
tors.

2. Alloy-Junction ... for greater uniform­
ity, higher voltage and current, flatter 
gain, and lower saturation resistance.

Note the many desirable features. Write 
for Bulletin E-268 giving complete data 
and helpful application notes.

tai computer applications. All three are 
available in symmetrical versions, and 
they feature:
1. JETEC Case . . . employs a standard

Oct. 18-19: Second Annual Symposium on Digital 
Computers

O’Henry Hotel, Greensboro, N.C. Sponsored by the 
Piedmont Sub-Section of the North Carolina-Vir­
ginia Section of the IRE. “A Short, Short Course in 
Digital Computers” is the name given to the con­
ference. Discussion topics will be digital computers, 
computer mathematics, storage devices and tech­
niques, arithmetic units, input and output de­
vices, column shift units, programmers, computer 
programming techniques, verifications, and digital 
computer applications. There will also be exhibits. 
For more information write M. L. Fox, Western 
Electric Co., Burlington, N.C.

Oct. 24-25: Fourth Annual Computer Application! 
Symposium

Hotel Sherman, Chicago, Ill. Sponsored by the 
Armour Research Foundation of Illinois Institute d 
Technology. Advances in automatic coding and new 
computers and applications will be stressed. Botl 
management and engineering applications will be 
considered. More information may be obtained b) 
writing the Secretary, Computer Applications Sym 
posium, Armour Research Foundation, 10 W. 35Ü 
St., Chicago 16, 111.

Oct. 28-30: Fourth Annual East Coast Conférer 
on Aeronautical and Navigational Electronics 

Fifth Regiment Armory and the Lord Baltin« 
Hotel, Baltimore, Md. Sponsored by the Baltimi 
Section of the IRE and the Professional Group 
Aeronautical and Navigational Electronics. Exhit 
will be offered along with the technical sessio 
For details write Clayton Knight, 3603 How; 
Park Ave., Baltimore, Md.
CIRCLE 20 ON READER-SERVICE CARD FOR MORE INFORMATI

2N438
2N439
2N44O

CHECK THESE FEATURES
1. High frequency response: 

2N438...................................2.5 to 5 me.
2N439 ................................... 5 to 10 me.
2N440....................................... 10 to 20 me.

2. High operating voltage. up to 30 volts.
3. High switching speed below 0.2 /tsec.
4. High current amp. factor.... up to 100.
5. High dissipation rating . up to 100 mw
6. Low leakage current.......... 3 gamps av.
7. Low base resistance............150 ohms av.
8. Low collector capacitance.............10 wf.

Oct. 24-25: General Assembly of the Engineer 
Council for Professional Development and the Er 
gineers Joint Council

Statler Hotel, New York City. Subjects to be di 
cussed are military' service and professional deve 
opment, the community college and technologici 
education, the place of the engineer in industri 
management, and new dimensions in post-gradual 
education for the young engineer. Further detai 
may be obtained from either the Engineers Counc 
for Professional Development or the Enginee 
Joint Council, 29 W. 39th St., New York 18, N.Y.
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leei CONNECTOR TYPE DESCRIPTIONDIMENSIONS

105-301 to -313deve

ulua! 105-601 to -613

■oun<
iini

105-701 to -713

Ì 05-801 to -813

108-301 to -313

108-901. to -913

111-101 to -113

sessi

ORMATI

NYLON TIP PLUG (Patent Pending) Completely insulated, sleeve is molded of tough 
nylon and will not chip or crack even when subjected tc, extreme temperature changes. 
Recessed metal head prevents exposure of metal surfaces when engaged in any 
standard tip jack. Current rating: 10 amps. Metal parts are nickel plated brass. 
Designed for solderless connection of up to 16 gauge stranded wire

NYLON BANANA PLUG (Patent Pending) Compact, high voltage insulated plug 
f oi a wide variety of applications. Current rating: 10 amps. Easy solderless connection 
cf up to 16 gauge stranded wire Nylon insulating sleeve retains strength and low-loss 
characteristics over a wide range of temperatures. Body and pin are of one-piece 
nickel-plated brass with high grade nickel-silver springs.

NYLON JACK AND SLEEVE (Jack—U.S. Pat. No. 2,704,357) Complete assembly 
includes a standard nylon tip jack less mounting nut with an inside threaded, molded 
nylon insulating sleeve. Ideal for patch cords, this assembly is also excellent for panel 
mounting where an insulated rear connection of a panel mounted tip jack is desired.

NYLON BINDING POST (Patent Pending) Compact, completely insulated, pre­
assembled 6-way binding post. Molded nylon body. Shank is silver-plated brass­
thumb nut is self-captivated and cannot be removed. Insulation resistance greater 
than 200 meg after MIL-T-5422B humidity test. Voltage breakdown. 8,000 volts 
DC. Current carrying capacity: 15 amps. Capacity to Vt’ panels 3.3 mmf. Single 
5/16*-32 nut furnished for mounting—no auxiliary mounting hardware needed. 
Mounts in 21/64* dia. hole, "D" hole, or double-flat hole.

NYLON TIP JACK New low cost insulated tip jack. Body molded of tough, low-loss 
nylon Formed silver-plated phosphor bronze contact. Current rating: 10 amps. Voltage 
breakdown: 9,000 volts DC. Capacity to ’/• panel: 2.0 mmf. Single %*-32 nut 
furnished for mountina—no auxiliary mounting hardware needed. Mounts in 17/64* 
dia. hole or double flat hole.

NYLON TIP JACK (U.S. Pat. Nn 2,704,357) Completely insulated nylon body with 
machined beryllium copper ccntact. Current rating: 10 amps. Voltage breakdown: 
11,000 volrs DC. Capacity tc ’/e* panel: 2.G mmf. Contact is silver-plated—recessed 
in head. Solder terminal is hut tin dipped Single %*-32 nut furnished for mounting 
—no auxiliary mounting hardware needed. Mounts in 17/64* dia. hole

NYLON BANANA JACK Complete'y insulated, molded nylon body. Current 
rating: 10 amps. Voltage breakdown: 12,509 volts DC. Capacity to 1/16* panel: 
1.5 mmf Insert is <admium-plc'ed. Accommodate* banana plugs cf a nominal 
diameter of .175*. Single 5/16*-32 nut furnished for mounting—no auxiliary mount­
ing hardware needed. Mounts in 21/64' dia hole.

COLOR CODING BY CATALOG NUMBER All nylon connectors aie available in the 
colors indicated at right. Catalog numbers ending in 1 (for example 105-301) indicate 
white; 2—red; 3—black; 4—dark green; 5—light blue; 6—orange; 7—yellow; fl­
brown; 9—light green; 10—dark blue; 11—ivory; 12—violet; 13—grey.

troup 
Exhil

iferei 
lies

NOW AT YOUR FINGERTIPS!

UNITS SHOWN ACTUAL SIZE

quality Johnson electronic components write for 
your free copy of our current component catalog

a complete line of nylon 
jacks, binding posts, and 
solderless plugs!

Johnson also manufac 
tures a complete line of standard connectors ir 
addition to the nylon line illustrated above Fo

Shock-proof nylon construction—won't chip or 
crack with the hardest usage.

Provides high voltage insulation—voltage break­
downs up to 12,500 volts DC.

Highly resistant to extremes of heat, cold, and 
moisture.

Plugs designed for simplified, solderless connec­
tion of up to 16 gauge stranded wire.

Available in 13 bright colors for coded applica­
tions. (See chart below.)

Economical—simple, functional engineering de­
sign gives you top quality at low cost.
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Hughes

Quick Recovery

Silicon

Junction

Diodes

hughes products International Airport Station, Los Angeles 45, CaliforniaSEMICONDUCTOR DIVISION

CIRCLE 21 ON READER-SERVICE CARD FOR MORE INFORMATION

THAN GERMANIUM COMPUTER DEVICES

ECTRONIC DESIGN • September 15, 1957

kt. 31-Nov. 1: Third Annual Technical Conference 
f the Professional Group on Electron Devices, IRE. 

oreham Hotel, Washington, D.C. For more infor­
mation, write W. M. Webster, RCA Semiconductor 
pv., Somerville, N.J.
plCLE 20 ON READER-SERVICE CARD

Oct. 28-30: Second Winter Meeting of the American 
¡Nuclear Society

Henry Hudson Hotel and Coliseum, New York City, 
sponsored by the American Nuclear Society. To ob­
tain details write John Burt, J. M. Mathes, Inc., 260 
Madison Ave., New York 16, N.Y.

Oct. 28-30: Fourth Annual East Coast Conference 
Ln Aeronautical and Navigational Electronics

itth Regiment Armory and the Lord Baltimore 
Hotel, Baltimore, Md. Sponsored by the Baltimore 
Lection of the IRE and the Professional Group on 

Aeronautical and Navigational Electronics. There 
ill be exhibits and eight technical sessions. The 41 

papers to be read deal with navigational systems, 
■equipment analysis, military navigation techniques, 
equipment design, civil navigation techniques, mi- 

Irowave components, and electronic components, 
f or details communicate with C. J. Knight, Jr., Mail 
Lo. J-376, The Martin Co., Baltimore 3, Md.

Creating a 
new world 

with I
ELECTRONICS

I HUGHES PRODUCTS

bet. 28-31: 1957 Trade Fair of the Atomic Industry 

oliseum, New York City. Sponsored by the Atomic 
••dustrial Forum. Information and complimentary 
tickets mav be obtained from AtomFair, 3 E. 54th 
k New York 22, N.Y.

let. 29: Second Annual Conference on “Careers in 
luclear Science and Engineering”

Coliseum, New York City. Sponsored by the Com- 
littee on Education of the Atomic Industrial 
'orum. For information send to the Secretary, Com- 
nittee on Education, Atomic Industrial Forum, 3 E. 
4th St., New York 22, N.Y.

Oct. 31-Nov. 1: Annual Conference, IRE Profes­
ional Group on Nuclear Science

Henry Hudson Hotel, New York City. For informa­
bn write to W. A. Higginbotham, Brookhaven Na- 

tonal Lab., Upton, N.Y.

kt. 31: Conference on Reactor Safety

Coliseum, New York City. Sponsored by the Ameri- 
jan Nuclear Society, the Atomic Industrial Forum, 
ind the U. S. Atomic Energy Commission. For 
irther details write to Conference Manager, 
Atomic Industrial Forum, 3 E. 54th St., New York
L N.Y.

PHYSICAL CONFIGURATION. All 
types are packaged in the famous glass body, 
created at Hughes to provide absolute pro­
tection from moisture penetration and con­
tamination. Body length: 0.265 inch maxi­
um. Body diameter: 0.105 inch maximum.

Perhaps one of the IN620 series will be just right 
for your particular application; if not, there 
will undoubtedly be a Hughes germanium or 
silicon diode that is. For a call from one of our 
field sales engineers or for additional informa­
tion about our quick recovery silicon diodes, 
please write:

...and able to withstand high voltages 

at high temperatures, these quick re­

covery silicons are particularly useful 

in circuits where germanium once pro­

vided the only possibility. Unlike ger­

manium, breakdown voltages for the 

silicons increase with temperature, 

thereby removing the danger of failure 

should temperatures rise to unexpected 

levels.This kind of ruggedness together 

with increased speed identify the di­

odes as ideal when the demand for 

reliability is greatest.

Types now 
available
IN625 
through
IN629

SPECIFICATIONS

WIV @ 0.1mA up to Í00V

Forward Voltage @ 4mA less than 1 .ßV

Recovery (modified IBM
• “Y” test)

100 K ohm* (min ) in one 
ßsec. when switched from 
30mA forward to — 35V 
reverse.

Reverse Current @ 25°C as low as l^A @ —175V

Reverse Current @ 100°C a« low as 100MA @ —175V

Operating Temperature 
Range

- 80°C to +150°C



Power
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Design
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This is the second in a series of two articles on circuit design considerations for audio output stages using

power transistors. In ED July 15, class A single ended circuits were discussed; in this article class 8

push-pull designs using pnp alloy-junction transistors, Is examined. The effect of source and load impedances

on distortion is described Methods of obtaining a desired degree of bias stability as it is offered by

temperature variation are outlined

600

500

«no

300

¿00

(de), where Noutput is equal to ■-?- 
1-A;

/TYPE-2N30I OR 2N30IA
/ TWO, IN CLASS B “

i/ OPERATION
f COMMON-EMITTER
— CIRCUIT, BASE INPUT

COLLECTOR-TO-EMITTER
T— V0LTS=l.5
BASE-TO-EMITTER VOLTS _

output circuit efficiency and Pmax (de) is the maxi­
mum rated de power dissipation.

In the design of class B push-pull audio ampli­
fiers the following transistor characteristics are of 
importance to the circuit designer:1,2

Fig. 1. Composite transfer charac­
teristic for two 2N301 or 2N301-A 
power transistors in class B operations.

ELECTRONIC DESIGN • September 15, 1957

Robert Minton
Semiconductor Div. 

Radio Corporation of Americo

Choice of Load Impedance
For a given supply voltage, the factors which 

influence the choice of the load impedance are the 
maximum power-dissipation and peak-collector- 
current ratings. The optimum value of collector 
load impedance should be used to achieve high 
power gain and good output-circuit efficiency.

Fig. 2 shows a class B push-pull audio power-

IN THIS design the transistors are biased ap­
proximately to cutoff so that amplification occurs 

over only one-half cycle of the applied input-signal 
waveform. Class B amplifiers are characterized by 
good collector-circuit efficiency and relatively high 
power output in proportion to the average dissipa­
tion in the transistors. During periods of zero signal, 
power-supply drain and collector dissipation are 
low.

When more power output and efficiency in an 
audio power amplifier are required than are obtain­
able through class A design, class B push-pull op­
eration is used. The maximum possible power

efficiency. Fig. 1 shows the composite transfer char­
acteristic for two 2N301 or 2N301-A transistors in 
class B operation. As shown on the curve, a con­
venient method for determining the operating point 
is to project the main part of the transfer charac­
teristic curve in a straight line to the cutoff point. 
The use of this projected cutoff bias appreciably re­
duces crossover distortion. The remaining distortion 
can then be reduced by the use of negative feed 
back.

■ maximum collector dissipation, 
■ maximum peak collector current, 
■ maximum collector voltage, 
■ input characteristics, and 
■ base-to-collector current transfer characteristics.

In most cases, the supply voltage, power output, 
power gain, and maximum distortion limits are 
specified for a particular application. The first step 
in the design of the class B amplifier, therefore, is 
the choice of the zero-signal operating point for the 
transistors. Class B operation implies that the 
transistors are biased to cutoff so that the static 
operating collector current and collector dissipation 
are reduced to zero. It is impractical to use zero 
bias, however, because the nonlinearity in the 
small-signal region causes a high percentage of 
crossover distortion, especially at low signal levels.

For a given transistor type, there is a particular 
value of base bias that results in a good balance 
between crossover distortion and collector-circuit
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Fig. 3. Base-to-base
input resistance of class

amplifier stage which uses two RCA-2N301 or
2N301-A pnp junction transistors in the base-input, 
common-emitter circuit configuration. This ampli­
ner stage has high power gain and power efficiency.
The transistors used in the circuit must have fairly 
well matched large-signal characteristics. The aver­
age input-resistance is very low and is extremely 
nonlinear over the operating range. With a collector 
supply voltage of —14.4 v, low values of load im­
pedance must be used to produce appreciable
I >ower output. The minimum value of load imped­
ance is determined by the maximum peak-collector- 
current ratings of the transistors.

Fig. 2 also shows the maximum power output for 
various values of collector-to-collector load imped­
ances. The maximum power output is essentially 
independent of all transistor characteristics except 
the peak-collector-current capabilities of the tran­
sistors. The power gain of junction-transistor class
B amplifiers is a function of the input resistance, 
the load impedance, and the large-signal current 
transfer ratio. Fig. 3 shows the variation in base- 
to-base input resistance as a function of de collector Fig 4« Power gain of class B circuit
current. Although there is considerable variation in as a function of load impedance.
the input resistance, the power gain may not vary» 
appreciably because the magnitude of the large- 
signal current transfer ratio increases at low values 
of collector current. This increase tends to offset to 
some extent the reduction in power gain which re­
sults from an increase in input resistance at low 
signal levels. The power gain of the common­
emitter circuit depends to a large extent upon the 
load impedance and the large-signal amplification 
factors. As the load impedance is increased, the 
power gain increases, as shown in Fig. 4.

Efficiency
The efficiency of a common-emitter class B circuit 

lias a maximum theoretical value of 78 per cent.
In practice, the efficiency depends upon the qui­
escent value of collector current, the supply voltage, 
the efficiency of the output transformer, and the 
level of power output. The collector-circuit effi­ POWER OUTPUT-WATTS
ciency is greatest at full rated power output and 
decreases as the power output is reduced, as shown 

Fig. 5.Collector-circuit efficiency of doss

in Fig. 5. For constant values of power output, the 
efficiency decreases for decreasing values of lead.

Distortion in transistor class B amplifiers is a 
function of the power output, the supply voltage, 
the driving source, the load impedance, and the
large-signal current transfer ratio of the transistor
The effects of these factors are more severe in com-
mon-emitter circuits which employ no internal de-
generation. Fig. 6 shows the variation of total har-

B circuit as a function of power output.

Fig. 6. Total harmonic distortion of classmonic distortion with power output. The low-power-
level distortion depends primarily on the zero-signal B circuit as a function of power output.
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Fig. 8. Curves showing effects 
of temperature on transistor 
performance in class B circuit.
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Temperature Effects
The transfer characteristic curves shown in Fig. 

8 illustrate the effects of temperature upon tran­
sistors in the common-emitter class B circuit. The 
operating point is designated by point A on the 
25 C curve. If the common-emitter circuit is oper­
ated with constant base-to-emitter bias voltage, an 
increase in temperature causes an appreciable in­
crease in quiescent output current and a consequent 
decrease in the maximum power output and output­
circuit efficiency. As the temperature decreases, the 
quiescent collector current decreases almost to zero. 
Although there is an increase in maximum power 
output and a slight increase in efficiency, the cross­
over distortion becomes appreciable at low signal 
levels because the transistor operates over the non­
linear portion of the transfer characteristics.

Fig. 9 shows three practical methods of estab-

properly, the distortion will increase considerably, 
as shown by the curve for a collector supply of —11 
v. The extent to which the distortion increases at 
high power levels depends on the degree of mis­
match in the current transfer ratio of the transistor, 
the load impedance, and the collector supply volt­
age.

The source impedance presented to the input of 
the class B stage is determined by the type of driv­
ing device and the impedance transfer ratio of the 
driver transformer used. Fig. 7 shows the variation 
in total harmonic distortion as a function of the 
ratio of the reflected source impedance and input 
resistance of the transistor. As the source impedance 
is increased, the total harmonic distortion increases 
considerably. The effects of driving-source imped­
ance on distortion in .class B push-pull amplifiers is 
minimized by the use of a low value of reflected 
source impedance.
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Fig. 7. Total harmonic distortion as a fune-

Fig. 9. Three practical methods 
of establishing bias voltage for 
transistors in class B operation.
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PUT * ALLEN manufactures 1457 standard items

Stocked and sold by leading industrial distributors everywhere

SERB
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Allen engineers can probably save you both time and money by working with 
you on ways to use standard Allen Hex-Socket Cap and Set Screws, where 
specials may seem to be necessary. Just send blue prints, or good descriptions, 
of your product designs to our Engineering Department, or talk with your 
Allen Field Representative.

lisl dng the bias voltage for transistors in class B opera­
tion.8 The resistive bias network of circuit A main­
tains a constant base-to-emitter voltage which does 
not vary with temperature changes. In this circuit, 
the quiescent collector current increases, with an 
increase in temperature as shown by curve A. For 
optimum performance from a class B power-ampli­
fier circuit over a wide temperature range, some 
means must be provided to adjust the base-to- 
emitter bias voltage so that the collector current 
will remain constant. A temperature-sensitive ele­
ment may be used in the bias network so that the 
required change in bias voltage is obtained with 
changes in temperature.

Circuit B incorporates a germanium junction 
diode designed to provide the required change in 
bias voltage. This diode has a resistance-vs-tem- 
perature curve whose slope approximates that of 
the transistor input characteristic. Curve B shows 
the variation in collector current with temperature 
for a class B stage using the “compensating” diode 
in the bias network.

The bias network of circuit C uses a thermistor 
in conjunction with other resistive components.4 
The desired change in bias voltage is obtained 
when the resultant network resistance of the bias 
circuit provides a resistance-vs-temperature curve 
having a slope approximating that of the transistor 
input characteristic. The diode used in circuit B 
provides a higher degree of stability than the ther­
mistor used in circuit C, and has good bias-voltage 
regulation for variations in collector supply voltage.
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ALLEN Engineers will show you how 
you con save time and money by using 
standard* ALLEN Hex-Socket Cap and 

Set Screws instead of specials.
Frequency Response

The frequency response of class A and class B 
power amplifiers is determined primarily by the 
characteristics of the transformers and the tran­
sistors. The low-frequency response depends on the 
primary inductance of the transformer. The high- 
frequency response depends on the leakage react­
ance and winding capacitance of the transformers, 
and the frequency at which the current transfer 
ratio of the transistors drops to 0.707 times the 1000 
cycle value. Because of the high currents and low 
supply voltages used, the de resistance of the pri­
mary of the output transformer should be as low as 
)ossible to retain high efficiencies.

I_ I_ Eb MANUFACTURING COMPANY
Hartford 2, Connecticut, U.S.A»

Let's get this straight right away... if your product design MUST have 
special cap or set screws, then ALLEN’s the place to come for them.

But our engineers have found, from a good many years of experience, that 
designs frequently call for special hex-socket cap and set screws that are 
only slightly “off-standard.” These specials take longer to get, cost more.



J. A. B. Davidson
Muirhead and Co. Ltd. 

Beckenham, Kent, England

Fig. 1. The vectorial sum (OC), or differ­
ence (AB) of two equal voltages is a 
function of the phase angle between them.
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Versatile 

Phasemeter

DESCRIBED here is a versatile phasemeter 
capable of being associated with other equip­

ment to increase its field of application beyond 
that normally associated with phasemeters. Among 
the fields where it has found application are: low 
frequency wave analysis, network and filter analy­
sis, aircraft and engine vibration studies, ac and de 
feedback amplifier investigations, design of simula­
tors and computers, development of fire control 
equipment in ships and vehicles, ship stabilization, 
instruction in servo mechanisms, ac bridge null 
detection and dynamic balancing.

It is only in recent years that phasemasters, as 
commercial instruments, have become generally 
available. The great developments which took place 
previously in the communications industry were 
largely based on aural presentation. Since the ear 
is a poor phase detector there was no strong reason 
for most engineers to become phase conscious. 
Today, owing to the enormous importance of feed­
back systems in every branch of electronics and 
control engineering the situation is quite different. 
Based largely on the work of Nyquist and Bode, 
modern design procedures demand information 
about phase and amplitude characteristics of all 
kinds of networks.

The Muirhead D-729 Phasemeter is an instru­
ment capable of measuring the relative phase and 
amplitude of two electrical sine waves having the 
same frequency. It can be used to measure transfer 
functions of active or passive networks and owing 
to its high input impedance is equally suitable for 

closed or open loop measurements. Two models are 
available, the D-729-A with a frequency range 2 
cps to 100 kc and the D-729-B, which covers 0.5 cps 
to 10 kc. Measurement accuracies for both models 
over the greater part of their frequency ranges are 
±1° for phase angle and ±0.2 db for relative levels.

Principle of Measurement
This relies on the fact that the vectorial sum or 

difference of two equal voltages is a function of the

BUFFER STAGES

CHANNEL

IN FUT

BUFFER STAGES

FREQUENCY 
RANGE

CHANNEL

INPUT

PHASE RETARD 
SWITCH

phase angle between them. In Fig. 1 let $ represent 
the phase angle between two equal voltages OA 
and OB. Their vectorial difference is represented 

by AB which is equal to 2 (OA) sin and their sum

is represented by OC which is equal to 2 (OA) cos

In the quadrant 0-90°, for $ = 0°, AB = 0, and

2
for <t> = 90°, AB = —= (OA). In this quadrant it is 

yoi

IIO 
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METER 
INPUT

METER

Fig. 2. Block diagram of the phasemeter.
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arranged that the voltage AB is applied to a meter 
and that OA and OB are previously adjusted to give 
readings of 0.707 full scale deflection. It follows that 
the meter reads full scale at 90° and zero at 0° and 
tliat the scale of the meter is almost linear with 
phase angle since the reading is proportional to sin 

— from 0-45°.
2

Fig. 2 shows the block diagram of the phase­
meter. The reference input is connected to Channel 
1 and the unknown to Channel 2. Each channel has 
an input impedance of 30 meg, attenuators covering 
a range of 80 db, and a fixed phase lag circuit which 
can be switched into either channel. The phase of 
Channel 1 can be reversed by means of a sign 
changer.

The channel signals are combined in an adder and 
applied to a voltmeter after amplification. When 
measuring phase the two channel voltages are each 

adjusted in turn to —= of full scale deflection by 

means of the channel attenuators. The circuit se­
lector is then switched to PHASE and the 2-position 
Quadrant switch set to the position which gives a 
reading on the meter scale. The phase angle is thus 
identified as being in one of two quadrants. By 
switching phase lags into each channel consecu­
tively and noting the direction of change of meter 
reading the proper quadrant is identified and the 
phase angle read on the meter scale. The difference 
in level between the two input signals is given by 
the difference between the two attenuator settings.

Figs. 3a to d show the vector diagrams for the 
four quadrants. In Fig. 3a the vectors OB and OA 
represent the two equal channel voltages. The sign 
changer is in circuit for this first quadrant and 
therefore the meter reading is represented by vector 
BA which is zero for 0° and corresponds to full 
scale reading for 90°. It will be clear that the meter 
reads on scale for angles between 0-90° and 270- 
360° but is off scale for angles between 90 and 270°. 
In Figs. 3b and 3c the sum of the channel voltages 
are applied to the adder and this sum is represented 
by the vector B'A. In these cases the meter reading 
is only on the scale for angles between 90° and 
270°. In the final quadrant the sign changer is 
brought into the circuit once more. The meter read­
ings increase with phase angle in the 1st and 3rd 
quadrant but decrease in the 2nd and 4th as shown 
by the arrows. Suppose the phase angle to be meas­
ured is 45°. The meter reading can only be on scale 
if the quadrant switch is set to position 0°-90°, 

I 270°-360°. The reading however can be 45° or 

I 315°. If then the phase lags are switched in the 
reading will decrease for phase lag in Channel 2 
and increase for Channel 1. These directions would 

I have been reversed had the phase angle been 315°.

RYLE

Where Quality is Traditional

1331 North Kostner Avenue, Chicago 51, Illinois

CONNECTORS

Assure long-lasting protection of 
vital connections under a wide range 
of extreme environmental conditions

Currently establishing itself as a performance 
leader in the missile systems field, Pyle-Star- 
Line connectors offer engineers an entirely new 
line of electrical connectors for universal mili­
tary and industrial use.

With characteristics of construction and per­
formance never before combined in compact, 
rugged, lightweight standardized connectors, 
they exceed NEC requirements and classes 
A, B, C and E of military specifications MIL 
C-5015C.

FEATURES
Tough, lightweight shell: Strength comparable to mild 
steel, yet weighs only ’/3 as much.
Anodic coating: Gives shell toughness of case-hard* 
ened steel. Takes up to 1800 volts to penetrate coating. 
"Sandwich" Insulation: Silicone laminate floats be­
tween two rigid discs. Silicone disc absorbs shock, lets 
contacts align themselves freely; rigid discs impart just the 
right amount of restraint. Gives all advantages of both 
flexible and rigid mountings.
Chamber sealing: Silicone insulation disc positively 
and completely prevents water, gas, moisture or dust from 
passing into shell.
Wide range of pin and socket configurations: 
Configurations from 2 to 100 poles available. Within each 
form size all inserts are interchangeable and reversible.

Write today for complote spocificationt.

Environmental Limits of Pyle-Star-Line connectors

Temperature —80 F. to 225 F.
Pressure 300 PSI External, 200 PSI Internal
Chemical Resistance Most acids, most alkalis, oil
Corrosion Resistance Salt Spray: 300 days without failure
Dust Resistance Exceed requirements of MIL C-5015C
Shock Resistance 50G Minimum
Vibration Exceed 20G to Method II of Mil C-5015C
Humidity & Moisture Resistance Exceed Class E. Spec, of Mil C-5015C
Air Leakage Meet Class E Spec, of Mil C-5015C

the PYLE-NATIONAL company

District Offices and Representatives in Principal Cities of the United States
CONDUIT FITTINGS • CIRCUIT CONTROLS • LIGHTING EQUIPMENT
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Fig. 3. Vector diagrams for the four quadrants reading 
clockwise: a. 0-90° b. 90-180° c. 180-270° d. 270-360°

Constructional Details and Performance 
Characteristics

The equipment comprises a phase measuring 
unit and a supply unit in separate bench mounting 
cases. The large illuminated panel meter carries 
four scales 0°-90°, 180°-90°, 180°-270° and 360°- 
270°. In addition it carries two voltage scales 0-6 
and 0-20 v or mv.

•I

Features of the Instrument
The accuracy of phase measurement depends 

upon the maintenance of equal phase shifts in the 
two channels at all frequencies through the buffer 
amplifiers, attenuators, sign changer and adder. The 
active elements in this series are all unity gain 
feedback amplifiers of high stability and very low 
phase shift. The necessary amplification is applied 
after the adder when the two channels are com- 
moned and the presence of added phase shift does 
not affect the result. By the same token, long term 
drifts in the high gain amplifier section do not 
affect the accuracy of amplitude comparisons. An 
important consequence of the fact that the funda­
mental comparisons are made at low levels in oper­
ational amplifiers having a high overload capacity 
is the ability to scale expand for phase angles in the 
region of 0° and 180° where the meter indication 
is near zero. A feature which is of great value when 
the input signals contain high distortion or noise 
content is the provision for replacing the internal 
high gain amplifier with an external selective am­
plifier.

The phasemeter can readily be used as a high 
impedance millivoltmeter with an absolute accu­
racy of 5 per cent. A metered calibrating signal is 
available from the supply unit for the purpose of 
standardizing the overall gain of the instrument 
when used as a millivoltmeter.

At very low frequencies the fluctuations of the 

meter due to the signal frequency can be largely 
eliminated in the B model by switching in addi­
tional meter damping.

Applications
■ Transfer functions. One of the principal uses of 
this instrument is the determination of transfer 
functions. The phase meter will give information 
about the phase and amplitude response of any 
network over a predetermined frequency range, so 
that frequency response diagrams or Nyquist plots 
can be drawn. In feedback systems open loop char­
acteristics can be measured and the gain and phase 
margins determined therefrom. It is relatively sim­
ple to examine how these margins are affected by 
environmental changes or by variations in any of 
the system parameters.

An example of a set up for measurements on a 
typical servomechanism is illustrated in Fig. 4. In 
this figure the common supplies to each element 
have been omitted for the sake of clarity. The servo 
elements are shown in full lines, the measuring cir­
cuit in dotted lines.

An oscillating motion is applied to the rotor of the 
control transmitter (CT) by a variable speed motor 
and mechanical link (not shown). The input shaft 
angle 0^ is compared with the output shaft angle 
0O in the control transformer (CX) and the differ­
ence 0e is amplified and drives a servo motor which 
in turn drives the control transformer to the position 
of zero error when 0„ = 0j. Stabilization is pro­
vided by an induction generator. A reference signal 
proportional to is taken from the stator of the 

CX - CONTROL TRANSFORMER CT - CONTROL TRANSMITTER

Fig. 4. Instrumentaton for the determination of the transfer function of a typical servo-mech­
anism (CT—control transmitter, CX—control transformer, LINVAR—linear variometer)

control transmitter, and the 0O signal is derived 
from a linear variometer coupled to the'input shift 
Both these signals appear as a modulation of the 
supply frequency and are synchronously demodu­
lated before being applied to the phase meter. 'The 
diagram shows the closed loop set up. For open 
loop tests the transformer is uncoupled from the 
output shaft and its electrical zero is carefully 
aligned with that of the linear variometer at the mid 
point of the mechanical excursion of the system.
■ Measurements involving distorted waveforms. 
The instrument will measure phase to the specified 
accuracy provided the harmonic content of the 
signals does not exceed 5 per cent. For measure­
ments on distorted waveforms the internal meter 
amplifier is disconnected and an external tunable 
selective amplifier plugged into sockets in the front 
panel.

In this instance the phase meter will compare the 
phase and amplitude of the fundamental compo­
nents of the two input wave. Contrast this with the 
type of phase measurement where the input waves 
are squared before comparison. In this case no am­
plitude information is available and the phase in­
dication is linked not to the phase difference of the 
fundamental but to the points where each wave 
crosses the zero axis. For example, in comparing a 
sine wave with three triangular waves, one symme­
trical, one saw-tooth and one reverse saw-tooth, the 
squaring method will give substantially the same 
answer for each wave. The D-729 on the other hand 
will indicate the real differences between the funda­
mental components of these waves.
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surface barrier transistors from SPRAGUE
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YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE
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for Computer
Switching
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excellent electrical characteristics make them an economical
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over wide limits and that Q values up to 20,000 are 
theoretically measurable.
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i Scale expansion. For phase angles close to 0° or
180° the two voltages are substantially cancelled
and a small reading appears on the meter. Provid-
ing the voltage levels are above 15 mv the scale
reading can be expanded by decreasing the channel
attenuator readings together in 10 db steps until the
meter reads beyond 30 per cent of full scale. With
this scale expansion it is theoretically possible to
read down to 0.2 minutes or 12 seconds. In practice,
scale expansion is available in steps with the result
that full scale deflection can correspond to ±20°,

±0.6°, or ±0.2°. It will be appreciated
that as the scale expansion is increased, exact bal­
ance of the channel voltages and freedom from dis­
tortion and noise terms become more important. For
full scale deflections of ±6° or less the use of a
tuned amplifier is desirable for most measurements
if the capabilities of the meter are to be realized to
their full extent.
■ Use as a Q Meter. These phasemeters, by virtue
of their two channels and high input impedance can
be used to make Q measurements over a much
lower frequency range than is provided by normal
Q meters. The external circuit is shown in Fig. 5.

The voltage across R is set to 10 mv as measured
by the phasemeter, which is then switched to Chan-
nel 2. The capacitor is then tuned to give maximum
reading for V2. The voltage V2 is then read from
the phasemeter and the Q value is given by the
ratio V2/V1. Attractive features of this method are
that the input current to the coil may be varied

■ Power factor measurements. By comparing the 
phase angle of an unknown capacitor with that of a 
standard capacitor of the same capacity value, the
power factor of the unknown can be evaluated. The
method has merit in the testing of capacitors or di­
electric samples from 50 jipf to 1000 ppf since it can 
be used down to a few cps and up to 100 kc. It is
suitable for measurement of power factors down to
the crder of 0.0005 if a high grade variable standard 
having a power factor of 0.00003 or less is used.

2N344/SB1O1 2N34B/SB1O2

Min. Typ. Max.

hf* 25 40 110

fmax 30 45 —

2N346/SB1O3 2N24O/SB5122

Min. Max.

hfe 16 —

fmax 30 —

T, — 80

For general high frequency applications, and for 
high speed computer switching circuits, design 
around Sprague surface barrier transistors. They 
are available now in production quantities from a 
completely new, scrupulously clean plant, built 
from the ground up especially to make high qual­
ity semi-conductor products.

The four transistor types shown are the most popular. Orders
for these units are shipped promptly. What’s more, surface
barrier transistors are reasonably priced. High quality and

solution to many difficult circuit requirements.

Sprague surface barrier transistors are fully licensed under
Philco patents. All Sprague and Philco transistors having the
same type number are manufactured to the same specifications
and are fully interchangeable. You have two sources of supply
when you use surface barrier transistors!

SPRAGUE
SECTION. SPRAGUE ELECTRIC CO.. 347 MARSHALL ST., NORTH ADAMS, MASS..



Et = Eoe-‘/i<c d)

R-C =

(2)

(3)

which depends on the capacitance and the equiva­
lent parallel resistance. The voltage across a 
charged capacitor with a parallel resistance decays 
according to the well known relation:

where Ef — capacitor voltage at time t, Eo = orig­
inal charging voltage, t = time of discharge in 
seconds, C = capacitance in uf, R = parallel re­
sistance in megohms.

This equation may be solved for R • C, giving:

Technique of Measurement
It was recognized that measurement of the in-

When Ef is no less than 0.90Eo eq (2) can be 
simplified to

Capacitor Insulation Resistance Measurement

WITH the increasing emphasis on reliability 
and circuit performance, the design engineer 

needs more detailed information on the perform­
ance of individual components. A case in point is 
the insulation resistance of capacitors. As usually 
reported this is the resistance which the capacitor 
offers to the flow of de after a test voltage has 
been applied for one or two minutes. The engineer 
may, however, encounter cases where the ability 
of a capacitor to bold its charge over extended 
periods is of impoitance or where the capacitor 
must be charged from a high impedance voltage 
source. In such cases the insulation resistance of 
the capacitor after long time electrification must 
be very high—in the range of 100 million meg-pf. 
A technique has been evolved to measure resist­
ances of these magnitudes.
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F. W. Grahame and D. F. Schmidt 
General Electric NPN Silicon Transistors

sulation resistance of several types of common film 
dielectric capacitors (Mylar, polystyrene, Teflon, 
etc.) over long periods of time, particularly at 
room temperature or below, would not be pos­
sible with any bridge or ohmmeter type instru­
ment at our disposal. This was because 1. the 
range of such instruments is not great enough to 
read the resistance of the low capacity (0.022 pf 
for example) units tested, 2. the impedance of the 
detector or the standard resistance arm in such 
instruments is not high enough to prevent errors 
from arising due to very small power supply volt­
age fluctuations, and 3. the zero of the electronic 
detector or ohmmeter instrument drifts too far 
during long periods of test to permit accurate 
results to be obtained. Accordingly, a less con­
ventional technique was used for these tests.

When a capacitor is fully charged and then dis­
connected from the power source, the voltage 
across its terminals will drop with time at a rate

t 
R • C =---------------  

In (Eo/Ef)

tEo 
R-C =-------—

Eo — Ef
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tremely stable power supply differential
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Special ¡ig-assembled switch 
section developed by Oak

Special servo-solenoid 
designed by Oak

changed much, the contact at A 
the electrometer reads Eo— j

Complex coble 
harness

SERVO-SELECTOR) 
for Radio Corporati 
America

Phone or Write Our Mr. Howard Olson, Today, 
on Any Aspect of Your Subassembly Projects
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VIBRATORS • TUNERS

the design stage . . . take full advantage of Oak’s 25 years 
of experience in solving electromechanical problems.

have enough data to determine the insulation re- 
¡sistance at the time (t2 — ti)/2. Because of the high 

resistance and low input capacity of the elec­
trometer, the small differential voltage, and the

1260 Clybourn Avo., Dept. D. Chicago 10, lllino«1 
Phone: MOhawk 4-2222

SWITCHES • ROTARY SOLENOIDS • CHOPPERS • SPECIAL ASSEMBLIES

Fig. 1 Differential voltmeter circuit for meas­
uring long-time insulation resistance of capa­
citors. Voltmeter is a loss range vacuum tube 
electrometer. R represents the parallel resist­
ance of the capacitor and is of the order of 
magnitude of 100 million megohm-microfarads.

In the servo-selector, shown above, Oak engineers solved three different 
design problems. They developed (1) an ingenious jig-assembly for fastening 

the clips to the switch sections, giving exceptional accuracy in placement 
and retention; (2) lower speed operation through special reduction 

coupling and gears; and (3) special solenoids for positive clutching.

with little more than 5 per cent error at most. 
It will be observed that equations (1), (2) and (3) 
are based on the assumption that R • C is constant. 
In practice only C remains constant while R grad­
ually increases with time. To get around this di- 
ficulty two voltage readings are taken close 
enough together in time so that AR is small. Using 
this technique we obtain our working equation:

CHANNEL SELECTOR 
switch built for Sylvania 
Electric Products Inc.

Reduction coupling 
and gearing engin­
eered by Oak

Stamped 
aluminum 
chassis

CAPACITOR SWITCH 
built for Radio Corpora­
tion of America

The next problem is to measure the voltage 
across the capacitor accurately.

A little reflection shows that any voltmeter will 
have a resistance considerably lower than the in­
sulation resistance of the capacitors we wish to 
measure. As a result we will appreciably discharge 
the capacitor while measuring the voltage. This 
is of course intolerable. Secondly, we wish to 
measure a small change in a relatively high volt­
age accurately, and this is not ordinarily possible 
with a voltmeter having a full scale deflection 
great enough to read the high voltage in the first 
place. The solution we have adopted is to use 
i very high input resistance, low voltage range 
vacuum tube electrometer together with an ex­

voltmeter circuit as shown in Fig. 1. In operation 
the capacitor is first charged to the power supply 
voltage with the electrometer input shorted. At 
)~0 the short is removed and the contact at 
point A is opened. At t — the contact is 
closed again and the electrometer reads 
Eo — Ec = Et. The contact is then reopened. At 

r = tt, soon enough after ti so that R has not
again closed and 
= Et. We now

Oak then produced the assembly . . . stamping the aluminum chassis . . . 
manufacturing screw machine parts . . . making the complicated cable 

harnesses, switches, and solenoids . .. assembling all parts .. . then running 
vibration, cold (-55°C), humidity, and life tests.

Why not contact Oak engineers about your own requirements? But, do it

one responsibility for the design and production 
of your electromechanical requirements..
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HIGH-TEMPp<rURE, HIGH-VOLTAGE

TERMINALS

Today’s aircraft fly at faster speeds and 
higher altitudes, causing components to 
undergo extreme temperature change and 
mechanical shock. In addition, high braz­
ing temperatures weaken glass type seals, 
resulting in a high reject rate. Installation 
of ADVAC alumina sealed terminals solved 
the problems completely. These super­
strength terminals are immune to thermal 
shock, offer highest mechanical strength 
and are adaptable for brazing, welding and 
soft soldering. Maximum operating voltage 
is 6500 V.

Complete information and catalog available 
on request. Please address inquiries to 
Department DN.

1

ADVAC Terminals are Products of—

ADVANCED 
VACUUM

PRODUCTS • INC

j

I

430 Fairfield Avenue, Stamford, Connecticut
Telephone: DAvis 4-2148

short time that contact is actually made to the test 
capacitor, no significant change in the capacitor 
voltage occurs. With this circuit small differential 
voltages can be accurately measured, and at the 
same time the act of measurement does not appre­
ciably change them. The electrometer zero is 
easily adjusted just before each measurement.

The principal requirement of the apparatus is 
that the power supply for the charging and refer­
ence voltage be very stable over long periods of 
time. If the power supply were to increase its out­
put by as much as 1 v this would look like a 1 v 
drop in capacitor voltage. Since the total differen­
tial voltage is often just a few volts, the error in­
troduced by a power supply fluctuation could be 
serious. We used a group of type 5651 high stabil­
ity voltage reference tubes in the power supply. 
These in turn were driven through a high resist­
ance from a de source which was itself regulated 
by the more conventional type OC3 and OD3 
voltage regulator tubes. Because the 5651 is a 
gaseous regulator tube the test voltages are multi­
ples of about 87 v, which is the operating potential 
of the tubes. The 5651 voltage remains stable 
within ±0.1 per cent over long periods of time.

Another source of error which must be mini­
mized is the input capacity of the voltmeter. If 
the input capacity is appreciable the charge 
which must flow into this capacitor also flows 
either into or out of the test capacitor—depending 
on die test circuit used—and the voltage across 
the test capacitor changes accordingly. The elec­
trometer we used has an input capacity of 6 |xpf. 
This source of error is small in our measurements 
and will remain so unless very low capacity units 
(under 0.0005 pf) are measured. It should be 
pointed out that the differential method of voltage 
decay measurement suffers much less from this 
source of error than direct measurement since the 
charge is smaller.

Fig. 5 Relation of true 
voltage decay to ideal 
decay in a capacitor. 
The true instantaneous 
Ef is appreciably higher 
than where the insula­
tion resistance remains 
constant.

Eo

The test capacitors were mounted between two 
terminals which were in turn mounted on a si eet 
of polystyrene. The polystyrene was rougheied 
with carbon tetrachloride to increase the resist- 
ance path between terminals. For elevated tem­
perature measurements a Mycalex insulating 
board was used with Teflon-insulated leads con­
necting the capacitors on the inside of the oven 
to another Mycalex terminal strip outside the oven.

Discussion of Results
Only one type of capacitor was selected for our 

testing purposes, being Mylar “C” dielectric ca­
pacitors rated at 0.022 pf and 400 v de. The di­
electric consisted of 2 leaves of 0.00025 in. Mylar 
between foil electrodes. They were of the ex­
tended foil type of construction and metal cased 
with a Kovar-type glass bushing on each end. The 
physical dimensions of the capacitors were ap­
proximately 0.312 in. diam x 13/16 in. long. Pre­
cautions were taken to insulate the extended foil 
section from the case by use of a Mylar tape.

It was desired to know the effects of three vari­
ables when measuring the insulation resistance­
temperature, charging voltage, and charging time.

Plotted in Fig. 2, 3 and 4 are two sets of 
curves. The sets plotted with the solid line are 
the equivalent parallel resistance of the capacitor. 
The sets plotted with the dashed lines are the 
instantaneous parallel resistance of the capacitor.

The equivalent parallel resistance, as 
pointed out earlier in this article, increases 
time. This of course results in a larger Ef 
would otherwise be expected had R been 

was 
with 
thaJ 

coni

stant. This relation of voltage decay can be shown 
in Fig. 5. The instantaneous parallel resistance is 
calculated using eq (4) where the change in R is 
small for a given change in t.

The concept of two kinds of long time insula] 
tion resistance is of the greatest importance. The

Time= t
CIRCLE 28 ON READER-SERVICE CARD

A DIVISION OF GENERAL CERAMICS CORPORATION
CIRCLE 27 ON READER-SERVICE CARD FOR MORE INFORMATION
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6528

*

MEDIUM MU, HIGH CURRENT 
TWIN POWER TRIODE

ROVIDES NEW STANDARDS OF PERFORMANCE 
FOR SERIES REGULATOR SERVICE

see other side for additional information



CHAT
MEDIUM MU. HIGH CURRENT TWIN POWER 
TRIODE FOR SERIES REGULATOR SERVICE

. 6528 JI
Iti. M*»« IN u *-

Requires Fewer 
Passing Tube Sections

Permits Lower 
Range Control Circuits

This Chatham Twin Power Triode provides both low internal drop and 
excellent control sensitivity. Series regulators have previously had to 
compromise these characteristics. The very low-mu triodes provided 
adequate low tube drop while the high sensitivity control character­
istics could be obtained only from beam power tubes. Where both 
performance features were demanded it was often necessary to re­
sort to parallel operation of a large number of tubes, or by compli­
cated control amplifier circuits.

Circuitwise, the 6528 may be used with both triodes in parallel 
for one high current output, or they may be separated to provide 
two different regulated outputs. The possibilities for circuit simpli­
fication, space conservation and production economies are, of course, 
apparent.

For more information about the 6528, or for help with any special 
tube problem, write Commercial Engineering Section, Chatham 
Electronics, Division of Tung-Sol Electric Inc., Livingston, N. J.

DESIGN FEATURES RATINGS
For reliable long life operation the 6528 features: Max. Plate Dissipation per tube 60 watts

1. Hard Glass Envelope—permits tube to be more fully out-gassed in manu­
facture and to run at higher temperatures during life without gas evolution— 
more resistant to thermal shock.

Max. Plate Dissipation per section 30 watts

2. Graphite Anodes—zirconium coated to provide one of the best "gettering" 
agents known—graphite undergoes virtually no expansion with temperature 
changes.

3. Extra Rugged Grids—gold plated molybdenum lateral wires supported by 
massive chrome copper side rods.

4. Oversized Cathodes—provide adequate emission reserve—no deteriora­
tion on standby.

5. Rugged Construction—mount is supported by six flexible metal snubbers and 
ceramic stand off insulators—heavy button stem has widely separated support 
leads.

Max. Steady State Plate Current per section
300 ma

Max. Plate Voltage

Max. Heater Cathode Voltage

Amplification Factor*

Transconductance per section'

400 volts

300 volts

37,000 umhos

’Average characteristics at Eb = 100v, Ec = —4v, 
lb = 185 ma.

Current per 
Triode Section

Range of Tube 
Voltage Drop

Minimum 
Tubo Drop

Grid Voltage 
Swing

200 ma
150
100

65 v.
120
225

70 v.
60
45

10 v.
20
35

CHATHAM ELECTRONICS 
division of 

TUNG-SOL ELECTRIC INC.
Designers and Manufacturers of Electron Tubes, 
Selenium Rectifiers, Aircraft Conversion Equipment 
and Custom Components.

Genera! Offices and Plant: Livingston, N. J.
SALES OFFICES: 

CHICAGO, DALLAS, LIVINGSTON, LOS ANGELES
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man who has a limited amount of energy avail­
able and wishes to store up energy in the capacitor 
over a long period of time will be concerned with 
the equivalent parallel resistance, whereas the 
man whose circuit requires that the parallel re­
sistance of the capacitor shall be high enough 
to avoid circuit malfunction as a result of this 
resistance being too low will be primarily con­
cerned with the instantaneous resistance at the 
time his equipment is ready to operate.

In Fig. 2, it is observed that there is little dif­
ference between units which received a charging 
time of 2 minutes at the three different voltages. 
This is not surprising, since the voltage range 
used was not high. At 75 C, Fig. 3, a significant 
difference between the various charging voltages 
begins to be apparent. At 125 C, Fig. 4, it becomes 
more obvious. In general, the higher the voltage 
or the test temperature applied to a capacitor the 
lower the insulation resistance.

In Fig. 4 the instantaneous insulation resistance 
measurements cross one another. This is a good 
example of what can happen if AE exceeds 10 
per cent of Eo. The result is a significant reduction 
in charge on the capacitor dielectric. This results 
in a higher instantaneous insulation resistance meas­
urement.

It can also be seen in Fig. 3 that a charge time 
of 15 min against 2 min increases the insulation 
resistance slightly. This is due partly to the fact 
that the additional 13 min enables the dielectric 
to absorb more charge before the test starts.

Mylar capacitors are advertised to meet 50,000 
to 100,000 meg-pf at 25 C, 10,000 meg-pf at 
75 C, and 300 meg-pf at 125 C. A glance at 
Fig. 2, 3, and 4 reveals that instantaneous values 
obtained are much higher than those advertised, 
as a result of the longer electrification time.

For 125 C measurements, we were confined to 
measurements over a relatively short period of 
time because of the inability of the electrometer to 
measure a AE larger than 80 v without auxiliary 
multiplier resistors. This is a further indication 
that this type of insulation resistance measure­
ment is not well suited for measuring low values 

I of insulation resistance.
I Standard procedures concerning measurement 
I and definition of long time insulation resistance 
I do not exist. Only a few capacitor manufacturers 
I specify or indicate a long time insulation resist- 
I ance value and then the statement is usually not 
I qualified. It becomes apparent then when discus- 
I sing long time insulation resistance that we must 
I keep in mind the charging voltage, charging time, 
I ambient temperature and the time after t = 0 
I that the insulation resistance is to be known. Fin- 
I ally, a decision must be made to consider either 
I the equivalent parallel resistance or instantaneous 
I parallel resistance.

CIRCLE 28 ON READER-SERVICE CARD

Both "normalized" and un-"norm- 

alized" cores record the same excit­
ing current before encapsulation in 
high-temperature resin.

"Normalized" Hipersil core shows 
exciting current unchanged after 
encapsulation.

"Normalizing** relieves internal 
stresses, prevents core movement 
and physical damage such as 
spreading at the butt joint when 
subjected to high-temperature 
operation or encapsulation.

“Normalizing” Hipersil Cores 
holds magnetic values constant
Westinghouse has licked the bugaboo of heat in transformer treatment 
and operation. “Normalizing,” a process exclusive with Hipersil cores, 
relieves internal stresses in the core structure.

t

Both exciting current and inductance “stay put” when a transformer is 
built around a “normalized” Hipersil core. Thus, magnetic values remain 
constant (within practical limits) even when the transformer is cast or 
encapsulated in high-temperature resin, or operated at high temperatures.

Electronics industry demands are ideally met with Hipersil cores. 
Smaller, lighter transformers result from such revolutionary core proper­
ties as oriented grain direction, with 100% coincidental flux; lowest pos­
sible core volume for high-temperature transformers; highest permeability, 
lowest loss; and 100% flux-carrying activity. These values, plus the extra 
magnetic stability added by “normalizing” make Hipersil the preferred 
core for more efficient, compact transformers ... at lower cost.

Also available from Westinghouse: a complete line of both Hipermag* 
and Hiperthin* cores for every electronic application.

For extra profits from your production, send for the Type “C” Hipersil 
Core Design and Application Manual. Write to Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pennsylvania.

you CAN Bf SURE ...IF it's
Un-"normalized" core, with the same 
applied voltage, records consider­
ably higher exciting current after 
encapsulation.

A^festin^house
CIRCLE 29 ON READER-SERVICE CARD FOR MORE INFORMATION
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SPECIFICATIONS
FREQUENCY MEASUREMENT

UNIVERSAL COUNTER-TIMER

TIME INTERVAL MEASUREMENT

Uses No

No SolderStability:
Short Term: 1 part in 
1,000,000 (temperature- 
regulated crystal)

ELECTRONIC DESIGN • September 15, 1957

simph 
row s.

Long Term: 3 parts per million per week
Display Time: Automatic: Continuously variable 0.1 to 10 seconds
Manual: Until reset
Input Impedance: 1 megohm and 50 mmf
Trigger Level: Continuously adjustable from -300 to +300 volts
Accuracy: ± 1 count ± stability
Secondary Frequency Standard: 1 me; 100,10,1 kc; 100,10, and 1 cp$
Dimensions: 17" W x 8%* H x 13^" D approx.
Weight: 50 lbs. approx.

MODEL 226A O cps-100 kc

UNIVERSAL
COUNTER-TIMER
Similar to the 226A in design.
Featuring Oscilloscope Trigger Level 
Marker Signals; Three Direct-Coupled 
Inputs of 70 mv sensitivity; Direct 
Reading, Automatic Illuminated Decimal 
Point- Easily portable. Price: $840.00

neer to note the electrical value of compo 
nents as he assembles them in the circuit. 
This is of special importance when several 
men are involved on a single project.

The board pictured consists of 130 indi­
vidual conductive cells, spaced on a 11/4­
in. grid. It is one of a series of similar 
boards now being produced by Van-Dee 
Products, 300 Ocean Ave., Laguna Beach, 
Calif. These range from small boards, with 
only 54 conductive cells, to large, black­
board-like units that can be hung on the 
wall and used for instruction or demonstra­
tion. They may be conveniently stacked or 
interconnected for assembling exception­
ally complex electronic circuits.

The conductive cells are assembled from 
polyurethane-foam plastic and a conductive 
metal. The two design requirements that 
were met in the development of the cells 
other than the provision of an electrical 
connection with essentially no resistance,

when 
positif 
bratec 
not g( 
solder 
mater

Unique conductive “cells" are the heart 
of a new breadboard aid designed to sim­
plify the mechanics of electronic research 
and development. These cells take the 
place of soldered connections between 
component leads, allowing the engineer or 
technician to rapidly assemble (or disas­
semble) experimental circuits without the 
use of soldering iron or specialized clips, 
jacks, or fixtures.

The design of the board stresses sim­
plicity. The aim is to provide a working 
surface that effectively bridges the gap be­
tween a printed circuit board and a design 
engineer’s penciled schematic. The surface 
of the board is white, with a grid of lines 
that serve, like graph paper, to organize the 
circuitry into a semblance of order. These 
lines do not enter into the circuitry, but do 
help to locate the individual cells (see 
Fig. 1). The white surface lends itself to 
grease-pencil marking, allowing the engi-

Range:
3 microseconds to 
1,000,000 seconds
Start and Stop:
Two independent or 
common channels 
Positive or negative slope
Input Sensitivity: 
0.2 volts rms.
Direct-coupled input
Standard Frequency Counted:
1 me; 100, 10, 1 kc;
100,10,1 cps; external 0-1 me.
GENERAL

Frequency Range: 
0-1,000,000 cycles 
per second 
Input Sensitivity: 
0.2 volt rms.
Direct-coupled input 
Time Bases: 
0.00001,0.0001,0.001, 
0.01,0.1,1 and 10 
seconds. Also can use 
external 0-1 me standard
PERIOD MEASUREMENT

were: 
leads 
ing o 
neete< 
to act 
variet 
No. 2l 
a loos

— new
Computer-Measurements Model 226A

J aM Data Subject to Change Without Notice — Prices F.O.B. Factory

K I Write for complete specifications on the new 226A and the 225A models and the 
re I complete CMC line of electronic counting and controlling equipment.

It 1 Computer-Measurements Corporation
0 5528 Vineland Avenue, North Hollywood, Calif. Dept. 76-K

CIRCLE 30 ON READER-SERVICE CARD FOR MORE INFORMATION

Period Range: 
10 microseconds 
to 1,000,000 seconds 
Frequency Range: 
0.000001 cps tn 100 kc 
Input Sensitivity: 
0.2 volts rms.
Direct-coupled input 

Gate Times:
1 and 10 cycles of 
unknown frequency 
Standard Frequency Counted: 
1 me; 100, 10, 1 kc;
100, 10, 1 CpS;

OUTSTANDING FEATURES:
Three independent, adjustable trigger 
level controls permitting full rated 
sensitivity at any voltage level between 

300 and 300 volts.
Small voltage increments ordinarily 
masked by attenuators are easily selected
Simplified color coded controls and 
direct read-out in kc, me, sec, or millisec, 
with automatic decimal point indication.
Oscilloscope marker signals facilitate 
start and stop trigger level adjustment 
for time interval measurement of 
complex waveforms.

A brand new, multi purpose instrument 

provides precision measurement of frequency, 

frequency ratio, period (1 frequency) and 
time interval Pressure, velocity, acceleration 

displacement, flow RPS, RPM. etc., may 

also be measured with suitable transducers 

The 226A may be used as a secondary 

frequency standard 

price $1,100.00



GRID UNE ON SURFACE OF BOARD

SLIT IN RUBBER 
BOARD SURFACE

Fig. 1 . Grid lines help to locate individual conductive cells.

NEW PHAOSTRON 

EXPANDED SCALE 
AC Voltmeter

Available now from 
distributors in 90V 
to 130V Range, 
AC Rectifier Type 
in all custom 
styles and sizes.

3W or 4MT 
rectangular meter

VOLTS

NOW!...all the time-tested 

proven Phaostron features 

PLUS UP TO TEN TIMES 
GREATER READABILITY 
for greatly increased 

accuracy!

:ompo- 
circuit. 
several 
t.
,0 indi- 
1 1/4- 

similar 
an-Dee 
Beach. 

Is, with 
black- 

on the 
tonstra- 
^ked or 
jeption-

id from 
iductive 
its that 
ie cells, 
lectrical 
sistance,

were: (1) It is possible to slip component 
leads in and out of the cells without touch­
ing or affecting other wires already con­
nected to each cell, and (2) Each cell is able 
to accommodate at the same time a wide 
variety of wires, from fine magnet wires to 
No. 20 solid conductors, without danger of 
a loose connection.

Wire leads are electrically connected 
simply by inserting their ends through nar­
row slits cut into the white neoprene sheet 
that acts as the surface of the board. The 
elastic covering serves to grip the wires, 
holding the circuitry firmly in place, even 
when the board is in a vertical or tilted 
position, or when it is being jolted or vi­
brated. Preparation of the wire leads does 
not go beyond that normally needed for a 
solder connection. A non-corrosive flux-like 

I material in the cells serves to eliminate any 
dirt or oxidation on component leads.

Vp to six #20 or ten #22 gauge wires

may be inserted into a single conductive 
cell, although in normal circuit develop­
ment, no more than three or four leads will 
connect at a common point. To simplify the 
circuit design, the bottom row of conduc­
tive cells has been internally connected to 
form a common ground.

The current carrying capacity of the in­
dividual cells is in the order of several am­
peres, more for brief pulses. This permits 
the use of the circuit board for the assembly 
of nearly any RF or control circuitry, in­
cluding amplifiers, multivibrators, filters, 
oscillators, transistor circuits, and countless 
others. Since each cell is completely iso­
lated from the others by resins and elas­
tomers of high dielectric strength, poten­
tials in the order of several thousand volts 
can be safetly accommodated.

For more information about these circuit 
boards, turn to the Reader’s Service Card 
and Circle 31.

2%" or 3%" 
square 
meter

6" 
rectangular 
meter

2 MT 
or 3MT 
round 
meter

All meters available with illuminated 
• dial on special order

Phaostron has squeezed down that 
under 90V portion of the scale, 
where you don't need it, and 
expanded the section where you 
need it most—between 90 and 130V. 
Precisely calibrated 1 volt scale 
increments provide greater reading 
accuracy. Wide frequency range- 
linearity—true rms reading and 
Phaostron craftsman construction.
Phaostron Custom Panel Meters, with 
expanded scale, 90V to 130V AC rms, 
are available in nine types at your 
Parts Distributor. For special require­
ments for AC or DC expanded scale 
meters, write to Product Development 
Dept, for practical recommendations.

PHAOSTRON
PHAOSTRON INSTRUMENT & ELECTRONIC CO., 151 PASADENA AVE., SOUTH PASADEHA, CALIF.

CIRCLE 32 ON READER-SERVICE CARD FOR MORE INFORMATION
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In-Circuit Impedance

WITHOUT unsoldering the component; with­
out cutting the leads; in some cases without 

even removing the power; resistors, capacitors and 
inductors are measured to an accuracy of better than 
0.25 per cent. In addition to the desirable time sav­
ing advantage of the bridge, damage and changes 
in component values caused by unsoldering are 
eliminated. This feature is particularly helpful 
in testing miniature, modular or printed circuits.

The range of measurements is equally outstand­
ing. Resistance can be measured from 50 micro­
ohms to 10 kilo-meg ohms. Capacitance can be 
measured from 0.0002 micro-micro farads to 0.1 of a 
farad. Inductance can be measured from 5 milli­
micro henries to 10,000 henries.

A true impedance measurement is made by the 
bridge. It separately indicates both the resistive and 
the reactive value of the tested component. Bridge 
accuracy of 0.25 per cent is maintained on all 
ranges. However, at the range extremes difficulty in 
reading the last decade can cause a decrease in ac­
curacy. To prevent the number of decades from 
limiting the maximum resistance which can be 
measured by the bridge, the dials are calibrated in 
conductance above 10 ohms. Because of the unique 
method used to make the measurements, reactance 
and resistance of the connecting leads do not affect 
the accuracy of the bridge.

Transfer impedance measurements of 2, 3 or 4 
terminal networks can be made by reversing the 
internal connection of the standards with an exter­
nal switch. Reversing changes the sign of the volt­
age and enables the bridge to measure “negative

38

Zb

Fig. 1 . Most circuits can be resolved into a three terminal 
network; the unknown impedance Zu and the two im­
pedances whose effect must be cancelled, Za and Zb.

NEUTRAL

Fig. 2. The most simple type of bridge measurement—
a single component without any associated circuitry.

Fig. 3. In situ* measurement. Zu is the unknown com-
ponent; Za all components on the LHS of Zu; Zb all com­
ponents on the RHS of Zu.

impedance” in a straightforward manner.

In Situ*

The bridge, developed by Wayne Kerr of London 
and distributed by Marconi Instruments, 44 New 
St., New York 4, N.Y., is free from the restrictions 
placed on conventional bridges by the difficulty of 
manufacturing very high and very low precision 
standards.
Theory behind “in situ” measurements makes use 
of the fact that an impedance across one arm of a 
center tapped transformer is reflected across the 
other arm. Zu is the impedance to be measured. Z.t 
and Zb are the two impedances whose effect must 
be cancelled out before the measurement can be 
made (Fig. 1). The most simple type of bridge meas­
urement—a single component without any associ­
ated circuitry—is shown in Fig. 2. A center tapped 
transformer Ti applies equal ac voltages in opposite 
phase to the unknown impedance Zu and the stand­
ard impedance Z8. T2 is a similar center tapped 
transformer. For balance Zu = ZB so that the cur­
rents flowing in each half of T2 will be equal but in 
opposite phase. This gives zero output to the de­
tector. When Zu and Z9 do not have the same im­
pedance, unequal currents in each half of T2 present 
an output to the detector. To balance the bridge so 
that a zero output is presented to the detector, Zs 
is varied. The value of standard impedance neces­
sary to exactly cancel the unknown impedance is 
the measured value of the unknown impedance.

When making the three terminal “in situ” meas­
urement, the component is connected to the bridge

as sho1 
T2. Sin 
impedi 
the tra 
is to n 
the off 
tivity < 
gain. ? 
unimp 
of Ti 
fleeted 
since 1 
a drop 
not aff 
troduc 
an inc 
the lea 
nent tc 
and cc 
The le 
affect

To 
transfc 
three 
bridge 
and (3 
former 
measui 
considi 
windin

■Wei,St. 
natural
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Measurements

r-f mobile laboratory
uses ACE enclosure for on the spot tests

the oscil

(L.) In its

15, 1957

Measurements of radio interfer­
ence from aircraft once was a real 
problem Filtron Company, Inc., 
manufacturers and designers of 
r-f filters and suppression sys­
tems, realizing that aircraft could 
not get to a shielded lab, took 
the problem to Ace. Together, 
they developed the Mobile Radio 
Interference Laboratory pictured 
above. It’s a completely equipped 
r-f lab shielded on all sides by 
a standard Ace RFI Design’ En- 
*Lindsay Structure

ELECTRONIC DESIGN • September

windings. The total impedance of both

‘Weister’s New Collegiate Dictionary—in situ 
natural or original position.

db attenuation at all frequencies 
from 14 kc to 1000 mc.

This mobile lab is one of many 
unique Ace applications. Our com­
plete line of screen and sheet, 
copper and galvanized enclosures 
probably includes the solution to 
your shielding problems—whether 
you’re in military, industrial, or 
medical work. An Ace sales engi­
neer would be glad to show you 
how. Our catalog is a good start. 
Write for your free copy.

closure. The prefabricated galvan­
ized steel panels and frames mount 
directly on a flat-bed Chevrolet 
truck. Accessories include air con­
ditioning and power generators to 
operate all necessary equipment.

Filtron’s lab on wheels has 
traveled many thousands of miles, 
a lot of it over rough bumpy 
roads. The Ace enclosure is still 
completely “radio-tight” supply­
ing more than its guaranteed 100

' *U RON 5 nobue hleldeii ’«he• 
and the Convair F-102. the Air Force’s
new supersonic delta-winged Fighter.

J. Garthwaite
Marconi Instruments 

New York, N.Y.

as shown in Fig. 3. Zb shunts the unknown side of 
T2. Since the transformer is center tapped, the same 
impedance is reflected across the standards side of 
the transformer. The only effect of the impedance 
is to reduce input to the detector and consequently 
the off balance sensitivity. This reduction in sensi­
tivity can be compensated by increasing detector 
gain. Accuracy of the bridge at balance is therefore 
unimpaired. Similarly Ztt shunts the unknown side 
of Ti secondary and an equal impedance is re- 
Hected across the standards side of the transformer, 
'ince Ti is also center tapped. This shunting causes 

I a drop in the input voltage to the bridge, but it does 
not affect balance conditions and so no error is in­
reduced. The voltage drop is compensated for by 

an increase of detector gain. Stray impedances of 
the leads used to connect the bridge to the compo- 
»ent to be measured are cancelled out by screening 

and connecting the screen to the neutral terminal. 
The lead strays are returned to neutral and will not 
iffect balance accuracy.

To explain the operation of the bridge ideal 
ransformers were assumed. In practice there are 
three transformer variables which could affect 

I bridge accuracy: (1) turns ratio, (2) flux linkage, 
I md (3) impedance of the windings. Careful trans­
I ormer construction will reduce the first two to un- 
rnea>urable values. The only error which need be 
I -onsidered is that caused by the impedance of the

ACK ENGINEERING A MACHINE CO., INC. 3644 N. Lawrence St. • Phlla. 40. Pa.

CIRCLE 33 ON READER-SERVICE CARD FOR MORE INFORMATION



Bridge Construction

urements are made by internally reversing the ca-

ELECTRONIC DESIGN • September 15, 1957

Fig. 6. Extremely low resistive and inductive values and 
high capacitive values are made by switching the bridge 
to a T-network arrangement. R is the stan-impedance and 
r the unknown impedance.

ohms, 
becon

Bridge standards are divided into separate re­
sistive and reactive elements. Resistors are used for 
the resistive standards and capacitors for both ca­
pacitive and inductive standards. Inductance meas-

to a 
T-neb 
down 
T-neh

arm b: 
circle

range 
comp

transé 
the n<

lator and the detector transformer windings is ap­
proximately 100 ohms. Even if all this impedance 
were concentrated in one arm of the bridge, the 
worst error would only be 0.001 per cent. In prac­
tice the error is negligible.

Most circuits can be resolved for 3 terminal con­
nection to the bridge by correct connection of the 
neutral terminal. Suppose we wish to measure C3 in 
the circuit Fig. 4. C3 is connected to the bridge as 
Zu in Fig. 3. With the neutral connected to ground, 
Za represents all impedances from the left of C3 to 
ground. This is a multiple path consisting of (a) 
L1-R2-C4, (b) L1-G1, (c) Li-Ri-Zr. Similarly Zb repre­
sents all impedances from the right of C3 to ground. 
This is simply L2. When the bridge is balanced, the 
exact magnitude of both the capacitive and re­
sistive values of C3 is indicated on two decade dials. 
Since the component is never removed from the cir­
cuit, it is not subjected to impedance changes from 
soldering heat. When measuring components such 
as C4, L2, which have one side connected to ground, 
the neutral is connected to B4~.
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pacitive connections to the transformer. This 
causes a phase shift of 180 deg to the inductive 
quadrant. The reactive and resistive balances are 
independent, an important feature in any bridge.

Fig. 5 shows how with suitable switching to mul­
tiple transformer tappings, 2 standards are used to 
give 2 decades. Conventional bridges normally re­
quire 20 standard components for 2 decades. For 
simplicity only the resistive standards are shown. A 
similar arrangement is employed for the capacitive 
standards. To change the range of the bridge, the 
unknown impedance Zu is switched between suc­
cessive transformer taps. To accomplish final b 
ancing, continuously variable reactive and resistive 
controls are provided. The resistive control is easily

Fig. 4. C3 is measured in situ*. Magnitude of both the 
capacitive and resistive values of C3 is indicated on two 
decade dials. ZR is the total B-f- impedance.

Fig. 5. Suitable switching between transformer taps re 
duces the required number of standard elements by c 
factor of 10.



British 25W high fidelity output tube
ï I builds

“NETWORK - 
r MEASURED-I

Fig. 7. Transfer admittance is measured by reversing the 
transformer connections. R» is the terminating resistor of 
the network to be measured.
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accomplished by combining a variable and fixed re­
sistor. However, for the capacitive variable it is 
necessary to cancel out the residual capacitance of 
the capacitor with a preset trimmer connected to a 
transformer winding 180 deg out of phase.

Two decades and one variable control are used 
for each conductive and capacitive balance. With 
the special care given to transformer design and 
minimization of strays, this arrangement gives the 
bridge an accuracy of 0.25 per cent or better for all 
ranges. A stable oscillator and sensitive detector 
complete the bridge elements. The detector em­
ploys two electron beam tuning indicators placed 
at different gain points in the circuit. This stagger­
ing provides a course and fine balance indication.

Very Low Impedance Measurements
When measuring impedances lower than 10 

ohms, the series resistance of the leads and switches 
become significant. To prevent the impedance in 
the switches and connecting leads from effecting 
measurement accuracy, the unknown is made the 
shunt element of a T-network assembly (the series 
arms are fixed standard resistors). All complex im­
pedances below 10 ohms are measured in this way. 
For simplicity it is shown in Fig. 6 applied to an 
unknown pure resistance “r.” Several ranges below 
10 ohms are provided by switching “R” in pairs, or 

I by range changing the transformer taps, or both. In 
this way it is possible to make measurements down 
to a few microhms without difficulty. The same 
T-network method is used to measure inductors 
down to 1 mph and capacitors up to 100 Kpf. A 
T-network is provided with the bridge.

Transfer admittance of complete networks is 
measured by the arrangement shown in Fig. 7. A 
50 ma de current can be passed through the trans­
formers on the most sensitive range and up to 1 amp 
on the least sensitive range without upsetting bridge 

I balance. This bridge is truly an engineer’s instru- 
I ment.

For further information on the transformer ratio- 
I arm bridge, turn to the Reader’s Service Card and 
I circle 465.

Other Mullard hi-fi audio tubes

EF86 Low noise, low hum, low microphony
6267 input tube

ECC85 High pt double triode
I2AX7
EL84 Medium power output pentode—
6BQ5 17 watts in push-pull

EZ81 Full wave, noval base, rectifier—
6CA4 350V at 150mA

GZ34 Full wave rectifier—
5AM 450V at 250mA.

Mullard

, 1957 ELECTRONIC DESIGN • September 15, 1957

Sound
Reputation
Principal Ratings

Heater 6.3V, I.5A

Max. plate voltage 800V

Max. plate dissipation 25W

Max. screen voltage 500V

Max. screen dissipation 8W

Max. cathode current 150mA

Base

Octal 8-pin.

Second to none. This claim has been made for many 
products but none deserves it more than the Mullard EL34 (6AC7) high fidelity output 
tube. The exceptionally high efficiency of this tube has led to its adoption by the 
majority of equipment manufacturers in Britain, as well as an ever increasing number 
in America and Canada.

The facts speak for themselves. In push-pull ultra- 
linear operation (distributed load), two EL34 tubes under self-bias conditions will give 
over 40W output at a low level of distortion. Distortion may be further reduced to a very 
low value when negative feedback is applied.

The EL34 when used as a pentode is capable of 
supplying still higher power output. Under fixed-bias class B conditions, 100W is obtain­
able from a pair of EL34 tubes in push-pull.

A further significant feature of this tube is its high 
transconductance value of 11,000 ixmhos, resulting in high power sensitivity and low 
drive requirements.

Full details of the complete range of Mullard hl- 
fidelity audio tubes may be obtained from either of the distributing companies mentioned.

ELECTRONIC TUBES
used throughout the world

Supplies available from: 
in the U.S.A.

International Electronics
Corporation,
Dept.ED9,8l, Spring Street, N.Y. 12, 
New York, U S.A

in Canada

Rogers Majestic Electronics Limited, 
Dept. JI, 11-19 Brentci iff e Road, 
Toronto 17, 
Ontario, Canada.

MULLARD. OVERSEAS LTD., MULLARD HOUSE, TORRINGTON PLACE, LONDON, ENGLAND

Mullard is the Trade Mark of Mullard Limited and is registered in most of the principal countries of the world. 
MEV 51

CIRCLE 34 ON READER-SERVICE CARD FOR MORE INFORMATION



No Relays in this

(CODE DATA)-
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PHILADELPHIA 18, PENNA.1 200 E. MERMAID LANE

Digital readout printer with 
no relays or moving contacts

DE 
NUI

Hg. 2. 
indicatii 

printed

Write for 
complete 

ETC catalog

SM-100 
Camera 
mounted on 
5" ETC os­
cilloscope. 
Inset shows 
tripod 
mounting 
and speed 
control.
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for versatile ’scope recording... 
SINGLE FRAME OR MOVING FILM

V2" TO 12,000" PER MINUTE

only one of its kind 
ETC MODEL SM-100
Accurate records are yours with this sensational, new 
ETC recording camera. Look at the range. Where 
else can you find such versatility? Or use the binocular 
viewer which allows continuous viewing in subdued 
light during the recording progress.

The ETC Model SM-100 recording camera is 
designed primarily for use with 5* oscilloscopes, 
can be mounted either in horizontal or vertical 
position, with provision also for use with larger, 
sloping-face console-type ’scopes.

This camera is typical of the pioneering develop­
ment of ETC in its broad line of industrial and 
military electronic devices, as well as single- and 
multi-gun cathode ray tubes.

No matter how complicated your research or 
testing problem, if it involves electronics, bring it 
to ETC.

Headquarters for Multi-Channel 
Scopes and Multi-Gun CR Tubes 
ETC produces a complete line of stand­
ard and special 2- to 8-channel oscillo­
scopes; power amplifiers; and multi-gun 
cathode ray tubes with from 2 to 10 guns 
operating on a single tube face.

42

Digital Readout Printer

• f:1.5 camera, to 1/100 
sec.

• adequate film maga­
zine

• universal mounting tri­
pod

• continuously variable 
motor speed control 

on« $335
f.o.b. Phila.

FEATURES:
• Wollensack f:1.5, 50 mm. 

coated lens.
• Shutter speeds 1 to 1/100 sec.
• Diaphragm f:1.5 to f:8.
• Object to image ratio 4.5:1.
• Miniature glow lamp pro­

vides timing marks on edge 
of film.

• Lamp excited at line fre­
quency using pulse shaping 
circuit.

• Connections available for 
external marker timing 
pulses.

• Film magazines individually 
removable.

• Built-in light traps.
• Solenoid actuated drive with 

magnetic break in supply 
magazine; reduces film waste.

• 1/15 hp. motor with variac 
speed control; no warmup 
time needed.

• Direct reading tachometer in 
in./min.

• 115V., 50-60 cycles.
• 35 mm. film or paper (per­

forated or unperforated).
• 400 ft. film capacity (1,000 

ft. supply slightly extra).
• Weighs 35 lbs.

electronic tube corporation

-•PRINT’ 
COMMAND

I 
I
I

ELECTRONIC 
COUNTER

TO 3 
IDENTICAL 
SOLENOID 

CIRCUITS

MONOSTABLE 
MULTIVIBRATOR

USING a unique solenoid-lever matrix to con­
vert directly from electrical code pulses into 

mechanical printing motion, this digital readout 
printer contains no relays of any sort in its print­
ing circuits. Actuation of mechanical lever move­
ments is accomplished entirely without moving 
electrical contacts. The device features light­
weight replaceable plug-in matrix modules and 
a low-duty-cycle power supply.

The instrument is incapable of making a 
mistake. Accuracy of the printed numbers which 
it produces depends entirely upon the accuracy 
of the electrical pulses which are fed into the 
printer. Fig. 1 is a block diagram showing one 
of the four parallel solenoid circuits required to 
produce one printed digit on paper.

Designed for use by engineers, either in de­
signing or evaluating electronic products, the 
printer, manufactured by Computer Measure­
ments Corp., North Hollywood, Calif., is both

MOTOR -J

DUAL 
SOLENOID

MECHANICAL 
LEVEN 

MATRIX

AMPLIFIER

115V

125 VDC -

Fig. 1. Block diagram of basic solenoid circuit
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with o material os versatile as this

is and

CIRCLE 37 ON READER-SERVICE CARD FOR MORE INFORMATION

Write today for 
technical data and 
a personal eel of 
wimple« of thia 
unique material. 
A brief not«* on your 
letterhi ad will bring 
them without delay. 
Addmas Dept. ~ *

Fig. 2. Coding scheme for the permuted binary code 
¡indicating conversion of coded pulses into 10 digit decimal 
Printed numbers
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r WILMINGTON ♦ OtlAWAil
In Canada­
NATURAI flllt CL If CAIAIA, Wl, 1«N* A ML

in de­
ts, the 
easure-

• Strong and durable in thin 
aectiona.
• Light weight (one-half the 
weight of aluminum).
• Easily formed, punched, 
corrugated and cold embossed.
• Resists hard blows and 
abrasion—cannot rust or corrode.
• Bonds well with adhesives— 
can be riveted, stapled, stitched.
• Will take paint, varnish, 
lacquer or vinyl finish.
• Ca n be colored in manufacture 
in production quantities.
• Chemic ally inert, has 
no odor and absorbs no odor.
• Can be combined with metal­
lic and non-metallic materials.
• Has low thermal conductivity 
and good dielectric strength.
• Available in sheet, rod and 
tube forma.

The virtues of National 
Vulcanized Fibre—a cellulosic 
plastic—don’t end here. They 
may give you the answer to your 
current design problem.

e» onomical and dependable. Rapid print-out of 
up to 12 digits per line at the rate of 4 lines per 
second is accomplished by converting code pulses 
out of an electronic counter into mechanical 
movements by means of the integral lever 
matrix. For faster printing action, all digits 
in a line are converted simultaneously rather than 
in series. Code pulses from the counting equip­
ment are in the form of 1-2-2-4 permuted binary 
code. Fig. 2 shows how the printer converts 
various combinations of the 1-2-2-4 code into 
decimal numbers for printing on ordinary adding 
machine paper tape.

Requiring no lubrication, each indentical 
solenoid-lever matrix contains four dual solenoids 
and a network of mechanical levers. The module 
converts coded electrical pulses into a motion 
which positions type against the paper tape 
which comes out of a slot on the top surface of 
the printer. Normally, six such modules are fur­
nished in the Model 400B printer; however, up 
to 12 modules can be included as an optional 
feature. Each module acts independently of all 
others, so that identifying information (such as 
run number) can be automatically printed along­
side the digital numerical information which the 
machine produces.

The printer is useful whenever a printed re­
cord is desired of meter reading involving time 
period counting. Typical applications include 
laboratory circuit evaluation, precise frequency 
counting, recording results of special tests, com­
pilation of response data for subsequent graph­
ical evaluation or computer processing, and many 
others.

For further information about this digital read­
out printer, turn to the Reader Service Card 
and circle number 36.
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PERMUTED EUNARY CODE
1 2 a 4

0 0 0 0 0
1 1 0 0 0
2 0 1 0 0
3 1 1 0 0

DECIMAL 4 0 1 1 0
NUMBERS 5 1 1 1 0

6 0 0 1 1
7 1 0 1 1
8 0 I 1 1
9 1 1 1 1
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Diffused-Meltback Transistors

tun

Silicon Transistor Types
4JD'and 75

devices

460

vTVM0/50MM»

mo

INPUT PULSE
26K

500
RELAY

ÎI.5V
OUTPUT PULSE0.2 mo 117 V. 60

SEG 
GEN

RELAY IS WESTERN ELECTRIC 
TYPE 275B OR EQUIVALENT

Fig. 2. Five-mc tuned-amplifier circuit for meas­
uring power gain of the 4JD4A2 silicon transistor

COLLECTOR TO EMITTER VOLTAGE - VOLTS

Five transistor ty pes are presently available from 
the npn diffused-meltback silicon line, each de­
signed for a specific application or range of applica-

ELECTRONIC DESIGN • September 15, iW

A. B. Phillips and A. M. Intrator 
Semiconductor Products Department 

General Electric Co.

PRODUCTION transistors with an alpha cutoff 
distribution centering at 30 mc and with a con­

siderable proportion in excess of 50 mc can be ob­
tained easily, using the diffused-meltback process. 
At room temperature, the power dissipation rating 
of the diffused-meltback transistor is 150 mw, and 
is derated at a rate of 1 mw per deg C to a level of 
25 mw at 150 C. All units are capable of storage at 
temperatures as high as 200 C, without degradation 
of characteristics.

As a silicon device, the lc0 current measured at 
Vo = 5 v is very low. The design center value at 
room temperature is 0.01 pa, and increases approxi­
mately by an order of magnitude for each 40 C tem­
perature rise. Thus, at 150 C the Ic0 current is in the 
order of 10 pa. In grounded-emitter operation at 
150 C, Ico is from 0.2 pa to 1 pa, depending on the 
magnitude of beta.

A typical family of collector characteristics for 
the grounded-emitter configuration is given in Fig. 
1. The slope of the saturation characteristic corre­
sponds to a series saturation resistance of 40 ohms. 
This low value of R„ is attributed to the unique im­
purity distribution of the collector region which is 
characteristic of the diffused-meltback process. All 
units are rated at a maximum collector current of 
30 ma.

The design center values for the grounded-base 
h-parameters at 25 C are hib = 55 ohms, hrb = 4 x 
10 *, and hob = 0.6 pmhos. For grounded-emitter 
operation, beta peaks at about 2 ma and decreases

cent 
out b 
silicon

90%

-10%

270 > i25 /xh 
Q = IOO

2 mo
^«2- 
»0^2-

beta will increase to twice the 25 G value at 150 C 
and decrease to about 0.4 of the 25 C value at —55 
C. The nominal collector capacitance for these de­
vices is 14 ppf at Vo = 5 v. Because of the microthin 
base widths (2 microns) that are obtained, the 
alpha-cutoff distribution for production units cen­
ters at 30 mc, with a considerable portion in excess 
of 50 mc.

ure 
cor 
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gradually to between 50 per 
per cent of the initial value 
As an inherent feature of

TRIGGER S REFERENCE (INPUT 
PULSE) TO DUAL TRACE OSCILLOSCOPE

TRANSISTOR RESPONSE (OUTPUT
PULSE) T0 DUAL TRACE OSCILLOSCOPE

tions. Designated as the 4JD4A series, these tran­
sistors types are listed in the Table, along with 
significant electrical parameters.

The 4JD4A2 is a high-frequency type for which 
the grounded-emitter cutoff frequency is in excess 
of 1 mc. This high beta-cutoff frequency makes it 
suitable for video amplifiers, rf stages and oscilla­
tors, and high speed switches. Typical power gajn 
at 5 mc is 16db.

The 4JD4A3 is a low-level, high-speed switching 
transistor intended particularly for direct-coupled 
transistor computer logic. This type is characterized 
by a low series saturation resistance of 40 ohms and

Fig. 3. Switching circuit for measuring transient response of the 4JD4A3

Fig. 1. Family of collector characteristics for 
grounded-emitter configuration of Type 4JD4A 
silicon transistor. Ambient temperature is 25 C.
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drives are I, 0.23 ma. Under these condi-

2 ma. The

Mll’^IVAC

General Electric NPN Silicon Transistors
270 ft 270ÍI

4JD4A4JD4A 4JD4A2
5.1 K

OE|

220p^f

4JD4A4

4JD4A5

4JD4A6

(4JX4A-500)

15, 1957

Audio amplifiers 
Servo and control 
De amplifiers 
Rf amplifiers 
General purpose 
switches

Fig. 4. Non-saturating symmetrical 
astable high frequency (2 me) multi­
vibrator.

High-freq, rf 
amplifiers, oscillators, 
video amplifiers, 
switches.

TYPE MV-1 ICY 
(also available rack-mounted)

circuit is a single-tuned amplifier having a source 
resistance of 103 ohms and an output load of 930 
ohms. The tank circuit across the VTVM is used to 
tune out the input capacitance of the meter. Under

these conditions, the measured power gain at 25 
C is 16 db. At 80 C the power gain is 15 db., and 
drops to 13 db at 120 C ambient temperature.

Mg. 3 is a typical switching circuit for determin­
ing the transient responses of the 4JD4A3 switching 
transistor. In the ‘on state, the collector current is 
approximately 3 ma. The “on” and off” base current

conditions of Vc = 10 v and I,

1951 ELE CTRONIC DESIGN • September

last transient response as indicated in the table. 
Additionally, this transistor features a controlled 
base-input characteristic at a tolerance of ±20 mv 
for Ib = 0.2 ma.

Finally, a broad range of grounded-emitter cur­
rent gain, hfe, is provided by types 4JD4A4, 4JD4A5 
and 4JD4A6. The respective ranges of beta are 9 to 
30, 20 to 50 and greater than 40. This permits a 
number of amplifier applications in the audio and 
radio frequency range. The low Rs and high alpha­
cutoff make these devices suitable for general pur­
pose switching application. At 5 me, the matched 
power gain is nominally 10 db.

A typical measurement circuit illustrating the 
grounded-emitter power gain performance of the 
4JD4A2 silicon transistor is shown in Fig. 2. Meas­
urements are made at a frequency of 5 me and bias

Type No. Applications

The new Millivac MV-1 ICY combination DC-micro­
micro-ammeter, null-indicator, DC-amplifier and 
ultra-sensitive relay has a lowest measuring range 
of 0-100 uuA full scale and a highest range of 0-10 A.

AS A METER it has 3% full scale accuracy and 
reads “forward', regardless of polarity, no lead 
switching being required.

AS AN AMPLIFIER it can be used to drive ink re­
corders and other indicating devices.

AS A NULL INDICATOR it is polarized, that is 
positive currents read to the right and negative 
currents to the left, regardless of overloading.

AS A RELAY it provides a wide selection of sensi­
tivities, ranging from 50 uuA to 5 A DC. This is 
the ideal control relay for delicate automation 
circuitry.

tions, the nominal transient response characteristics 
at 25 C are tr = 0.9 psec., t( = 0.2 psec., t. = 0.04 
psec., as measured between the 10 and 90 per cent 
points of the output pulse.

The inherently high BVebo rating of 5 v for the 
4JD4A series silicon transistors can be used to good 
advantage in designing high frequency multivibra­
tors. In Fig. 4 an astable symmetrical multivibrator 
circuit is shown, in which the timing network is in 
the emitter circuit. For the 270 ohm load resistors 
shown, E2 = 30 v and Ei = 15 v, this circuit will 
switch at a rate of 2 me.

See next page for a description of the diffused- 
meltback process.

Write for complete details 

t&MI LLIVAC 
'4j' INSTRUMENT CORPORATION

BOX 997, SCHENECTADY, N Y.

CIRCLE 38 ON READER-SERVICE CARD FOR MORE INFORMATION

4JD4A3
Low-level 
switching applications 
(DCTL)

Significant 
Characteristics

Maximum
Voltage 
Ratings

f«e > 1 mC BVcb0 = 20 v
BVc(.0 = 15v

lòde power gain BVPll0= 5v
@ 5 me

Rs = 40 ohms
Vbe = .693v ± 20mv BVCbo = 10 v
tr = 1.3 psec (max) BVCeo“=10v
tB = .3 psec (max) BVebo “ 3v
t( = .4 psec (Max)

9 < beta < 30

Rb — 40 ohms

f«B = 25 me

20 < beta < 50 BVebo — 30 V

R» = 40 ohms BVeeo = 15v

f«» 25 me BVebo = 5v

beta 40

Rs = 40 ohms •

faB 25 me
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transistor Unit shown is actúa size.CIRCLE 39 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECT!

Input veitog» 12 
to 230. VA »uto«* 
eapoc <* v vp to 
MO 3600 «pm.

Inpv» vohag« 6 to 
230. VA output 
capacity up to 250 
3600 rpm
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There s o Sangamo Rotary Converter tor every require­
ment. W-ite today for your file copy of Bulletin 1520.

subiec*1 
leafing 
conditic 
of the 
conduct 
non Th 
almost 
con. O

ELECTRONIC DESIGN • September 15, 1957

resistant 
‘readme’ 
c wede 
photogr 
flgurctic 
by o.to 

to W rhs

problems — Sangamo*s Engineering and Tech­
nical Staff is giad to help any organization with 
power supph planning. An engineering analysis and 
recommendations for power supply units to meet 
your special application are yours lor the asking.

FOR COMMERCIAL AND MILITARY

Sangamo manufactures a complete line of Rotary 
Converters for commercial, militarv. or special 
purpose applications. Three basic models are available 
in an extended range of electrical characteristics. 
All units are designed to provide truly dependable 
power Thev are conservatively rated—built to 
withstand much tougher service than required with 
bir reserves in every detail of desum.

DELIVERY TO MEET YOUR SCHEDULES

The modern accelerated production techniques used 
in Sangamo’s nev "controlled conditions" factor» 
in Pickens. South Carolina aid in fulfilling all 
delivery schedules. This new plant is equipped for 
full capacity production of Rotan Converters. Dy­
namotors. Generators, and Special DC Motors. 
Specify Sangamo for dependable units and dependable

A descript! on of how diffused-meltback tan­
sistors are manufactured ■»’ill help circuit df gr 
engineers evaluate then capabilities

Diffused-Meltbock Process
Solid-state diffusion of impurities offers the mar 

promise of achieving uniformly the thin base region: 
necessary for very high frequency transistor perform 
ance Because the diffusion cycle usually rakes piacc 
over c period of several hours, the need for split-seront 
accuracy is eliminated, thereby affording c high degret 
of process control. Moreover, when impurities which an 
already within the solid rather than on the su-faa 
are d’ffusec the process is no* effected by variations ir 
surface propenies and concentrations It is for these 
reasons that the diffused-meltback process becomes sc 
attractive as c means of making high frequency nor 
silicon transistors

The process begins with the growth of a large single 
crystal of silicon which n intentionally doped with bolt 
n-type donor and p-type acceptor impurities The aop 
mg concentrations are such that the crvsto grows un- 
formly n-type of low resistivity, corresponding tc thi 
emitter region of the final transistor. The crystal is ther 
sowed into waters and each wafer is then diced intc 
bars approximately 1 F in long ana 0.32C in square 
In |a) of Fig. 5 the relative impurity concentration 
within the bar of silicon are shown At this step tht 
bar is everywhere homogenously n-type One tub 
growr silicon crvstal will vield thousands of these ban 
each—after subsequent processing—corresponding tc c 
unit transistor. The fact tha4 almost ol of the initio 
crvsto is utilized affords an economic advantage.

The second step of the process is called meltback, ir 
which one end of the bar k remelted or melted-back 
ana then solidified ogam. This forms the teardrop shan< 
shown in (b) of Fig 5 Because the impurities will segre­
gate as the melted-portion freezes the distribution 
shown in (b ore formec. Just a’ the liquid-solid inte* 
face, the initial impurity concentration drops sharply tc 
very iov values determined by the concentrations anr 
segregation coefficients of the initial impurities In thi 
region, the conductivity is stil n-*vpez but the resistivih 
is much higher—in the order of an ohm-cm or more I’ 
should be noted tha* this high resistivity plare.au e> 
tends only o few thousandths of an inch, whereuDO1 
the resistivity arops ouickly throughout the remained 
of the meltbock region *^he base region has not ye 
been fo-mea but simply c (unction between twe n-typi 
regions of different resistivity.

"he last step of the diffused-meltback process i. tne 
formation oi the oase region This is accompiishec b'

plare.au
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subiectmg the meltbock ba* to a long high-tempercture 
hearing cycle, which lasts for many hours. Under these 
conditions the impurities or. the high concentration side 
of the meltbock junction diffuse within the solid semi- 
xnojetor into the plateau regio" of lower concentra­
tion. The p-*vpe impurity has the property of diffusing 
almost 2C times faster than the n-type impurity in sili­
con Or the plateau side of the junction, therefore, 
here -esults an excess of p-fype impurities over the 
n-type; corresponding to a thin, p-tvpe base region. By 
proper choice o* the initial impurity concentrarions and 
he time and temperature o* the diffusion cycle, heavily- 
doped base* as thin as 2 microns are obtained with 
relative ease. The resulting bar 1S c silicon npn transistor 
Nurture characterized with an inherently high alpha 
and frequency cutoff.

Ohmic solder connections are mooe Jo each end of 
he bar co^esponaing to the omitter and co!lector con- 
’ach Connection to the base region is mode by alloy- 

I ’'S - thin, aluminum ribbon tc assure a low base 
resistance contact. After proper etching and surface 

reagent the unit is hermerically-seaied by means of 
3 we ded cap. The completed transistor is shown in the 
Photograph of Fig 6 Case dimensions and lead con- 
fgjrchon are suitable for insertion into printed boards 
5y a omahc assembly equipment. The unit is pointed 
z w nstand 200 C storage and 96 hour salt-spray test.
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Editor’s Note: Part III completes Mr. Prensky's investi­
gation of electronic current and voltage measuring in­
struments. Laboratory meters were surveyed in Part 1 
(Aug. 15); service meters in Part II (Sept. 1).

VTVM Survey-111
Sol Prensky
Fairleigh Dickinson Univ.

% /ACUUM tube voltmeters designed for ex- 
V tremely accurate voltage and current meas­

urements in the micro-range are analyzed in the 
accompanying table. Standard VTVM’s with 
unique methods of indication or novel circuitry, 
and special meters intended for a particular ap­
plication complete the “catch-all1’ tabular survey. 
These instruments could have been included in 
either Part-I, Laboratory Meters or Part-II, 
Service Meters. They are listed separately to 
prevent burying their unusual features in a de­
tailed table. The survey was conducted to assist 
the design engineer in selecting the best meter

Manufacturer
Model Ä 

Price Type
Measurement 

Ranges
Circuit Design 

Fnatures 14am

Federal Tel & 
Radio Co.

100 Kingsland Rd.
Clifton, N.J.

FT-USVH 
$2700

TFPM-76 
2250

Tunable volt­
meter with 
extremely high 
sensitivity.

Carrier­
Frequency 
Wave Analyzer

0 1 mv to 1 v; 20 kc 
to 30 me

25 mv to 3 v full 
scale (—90 to ±20 
db) 2 kc to 1.35 me

High selectivity obtained by 
crystal filter permits measure­
ment of minute ac voltages 
at high frequencies.

Wave analyzer with ex. 
tremely high selectivity and 
low distortion up to 1.75 me. 
Provision is made for auto­
matically synchronizing the 
Analyzer to that of the driv­
ing the Analyzer to that of 
the driving Generator.

Ings 
Nfg.

San Jose

Kay Efe 
14 Mapl 
Pine Bra

John Huke Mfg.
Co.

Ill W Nickerson St.
Seattle 99, Wash.

800 
$335.

Differential 
Voltmeter

0-500 v DC, acc. .05 
per cent of voltage; 
input resistance in­
finite at null.

Has 2 calibrated null ranges 
of 1-0-1 and 10-0-10 volts 
plus "search" range of 500­
0-500 volts. Internal 500 v 
reference supply referenced 
against built in supply stand­
ard cell. Input infinite at null.

Franklin Elec. Inc.
Bridgeport, 
Pennsylvania

400 
$650.

Digital VTVM 
3 Digit) Linear

Sweep Type

DC volts ±0 to 1000 
V; AC volts 0 to 1000 
v RMS; (50 cps to 1 
me; 500 me w/acr.es- 
sory probe) Acc. re­
lative ±0.1 per cent 
of full scale; Abso­
lute ±0 5 per cent 
of full scale

DC (or rectified ac) input is 
amplified or compared with 
periodic linear sawtooth volt­
age sweep. Decade counters 
receive gated pulse train 
starting with start of sweep 
and terminated when sweep 
equals amplified input. Re­
sulting count is value of in­
put.

Keithley 
menls

12415 Eu
C'evelanc

Manufacturer
Model & 

Price

to nt ms r

Type

equirements.

Measurement 
Ranges

Circuit Design 
Features

General Radio Co.
275 Mass. Ave. 
Cambridge 39, 

Mass.

1231-B 
$250.

Laboratory 
Amplifier 
(10 cps-100 kc) 
and null 
detector

Sensitivity less than 
fl |lv at 1 kc for 1 
per cent indication 
on meter. Input im­
pedance 1 megohm 
or 10 megohms. 20 
llflf filters available.

High-gam general Amplifier 
also arranged for use as a 
sensitive null defector.

1
Alto Scientific Co.
855 Commercial St. 
Palo Alto Calif.

D 21A 
$215

Transistor AC
Voltmeter

AC Ranges: 0-300v; 
freq. 10 cps to 1 me 
±5 per cent; 20 cps 
to 500 kc. ±3 per 
cent full scale.

Cathode follower input circuit 
provides 10 M input resist­
ance. Output of CF is am­
plified by a four stage high 
feedback transistor amplifier. 
Unit is only 3’/j x 2% in. 
Battery operated.

Gertsch Products 
Inc.

11846 Mississippi 
Ave.

Los Angeles 25, 
Calif.

VM-1 
$405.

Peak Reading 
Pulse VTVM

Voltage range: 100 v 
full scale; freq, re­
sponse: 50 cps to 
over lOOmc acc. ±3 
per cent of full scale

Pair of diodes in probe so 
arranged that give a positive, 
negative, or peak to peak 
voltage as selected by switch 
on the probe.

Kintel (X
Box ¿23
San Dieg

Bergen Labs.
247 Crooks Ave.
Clifton, N.J.

1 
$149.50

Automatic
Range Switching

DC Volts: ±0 fo 
±1500 de and ac; 0 
to 100 Meg Ohms

Automatically selects proper 
range on ac de, ohms, and 
de polarity. During range 
switching meter movement is 
automatically disconnected to 
prevent overload; also man­
ufactured in special ranges 
and mill spec versions.

Helipot Corp.
Newport Beach, 
Calif.

026 Expanded scale 
ac and de 
meters with 
D Arsonval 
movement

±5 to 20 per cent 
of ony specific value 
in the range of 5 to 
500 v ac or de.

Highly stable non-linear 
bridge in balance at one 
specific input voltage. Any 
deviation from this voltage 
results in bridge unbalance 
which is demodulated and 
applied to a standard meter 
movement This provides 
truly linear indication over 
entire voltage range of 
meter.

lab For
Boston, A

1
Boonton Elec. Corp.
738 Speedwell Ave.
Morris Plains, N.J.

1
II

918
$375

RF Voltmeter AC Ranges: .003—3. 
7 ranges; 52 ohm 
VSWR 1.1 and high 
Z probe 50 k to 
100k 2.5 uuf; freq, 
range of 50kc to 
500 me. Accuracy 5 
percent to 200 me 10 
percent to 500 me

Full wave crystal diode 
probes. Freq, response flat 
within ±1 db from 50 kc »o 
500 me. Line voltage may 
vary ±10 per cent without 
impairing iccurocy.

Leitch Er 
326 Linco 
Manchest

Hewson Co. Inc.
443 Broad St.
Newark 2, N.J.

63 microampmeter 0-0.01 uamp to 
0.-1000 (6 current 
ranges). Acc. ±4 
per -cent on all 
ranges—most sensi­
tive ±5 per cent.

Battery powered vacuum tube 
de amp. driving high quality 
micrcamp. Circuit has been 
designed so maximum cur­
rent is limited to value that 
will not damage meter.

Met ron lx
Waterforc

Curtiss-Wright 
Corp.

. 631 Central Avenue
Carlstad, NJ.

NA 100 
$1075

l4iA and 
millivoltmeter

Voltage: three scale 
10 mv to 1000 mv; 
Current: three scales 
IO’8 to IO'18 amp 
full scale with eight 
input resistors.

Vibrating capacitor modulat­
ing de; synchronous detec­
tion. 1 mv drift per day. 
Accuracy ±2 per cent three 
recorder outputs. 4 in. meter. 
1018 input resistance. Full 
scale current sensitivity of 
10*18 amp.

Industrial Test 
Equip.

55 E. 11 St.
N.Y. 3, N.Y.

200A 
$349.50

Phase sensitive. 
Measures in 
phase, or 
quadrature 
components.

Freq. 20 cps—20 kc; 
full sca'e may be 
calibrated to read 
anywhere from 6 mv 
to 120 v.

Input and reference signals 
are multiplied to give meter 
deflection. Phase shifter in 
one channel can shift signa 
90 deg. Readings not affected 
by harmonics.

Instrument
Electronic Corp.

Pt Washington, N.Y.

247 
$297.

Logarithmic
Meter

ELECTRONIC

ac-full scale 1.5 mv 
to 500 v in 13 
ranges; Acc. ±2 per 
cent; Freq response 
10 cps to 50 kc.

Z DESIGN • S

Amplifier-rectifier (full wave 
average) meter protected 
against burnout. Anti vibra­
tion tube mount; special frea 
response features.

eptember 15, 1957

Millivac 
went

P- C. Mo 
Schenecta

electi

* Electro Instruments
. Inc.

3794 Rosecrans St.
* San Diego 10, Calif.

48

450U 
over 

$2000

AC- DC high 
sensitivity

Voltage Range: 
0.001-999.9; Imped­
ance 11 meg. freq, 
range 30-10,000 eye.

Fully automatic operation. 
Acc. 0 01 per cent de; 0.1 
per cent ac.
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Manufacturer
Model & 

Price Type |
Circuit Design

Features 1 Manufacturer
Model A i

Price Typo
Measurement 1

Rangos
Circuit Design 

Features

Jennings Radio 
Mfg. Co.

Son Jose, Calif.

J-1003 F
$645. i

V

IV Peak Read« 
ng AC VTVM I 
vith vacuum 
:apacitor volt. . 
sge divider 
nput

DC Volt Ranges; | 
2.5-50,000 single * 
ended; 2.5-100,000 J 
double ended J CD5 1 
series capacitor will > 
double these ranges; ’ 
Freq. Range 10 cps 
to 20 meg ±1 db; 1 
Input Impedance: i 
10u ohms.

Separate HV input circuits 
for positive or negative volt- 1
ages. Two stage DC amplifier 
has 300 meg input imped­
ance. Has provision for meas- 1
uring unbalance voltage cf i

MV-51B I 1
$385. I A

’ransistor DC
Aicrovoltmeter

DC Ranges: 0 104 v| 
to 0-10 V; Acc. 2 per 1 
cent except 104 v—3 1 
per cent; input imp. 1 
1 k at 10 mv; 10 m ’ 
□t 10 v.

All transistor direct coupling 
amplifier utilizing hushed" 
transistor principle. Can be 
used as AC-DC amp. grain 
approx. 500, max output 3 
v; freq. resp. 0-20 kc (3 db).

open wire transmission lines. fl ■
May be rack mounted with 1 Non-Linear
remote indication. 1 Systems Inc.

Del Mar Airport

3511 L

I 
I

lC/DC digital 
lisplay, aufo- 
natic polarity 1

Range: .001-999 v; I 
Acc. ±(0.01 per cent 1 
+ 1 digit).

Chopper samples unknown 
input and internal feedback 
voltage. Pulses generated in 
error amp vary feed back 
voltage to attain electrical 
balance. Stepping switches 
in oil assure long life and 
positive action.

Kay Electric Co.
]4 Maple Avenue 
Pine Brook, NJ.

50 
$495

1060 
$495.

Microlter I

Transistorized

Volt. Range .001 to ‘ 
1 v; imp. 5 lipf ca- | 
pacify; resistance 1 I 
meg at 1 me; acc. 1 
±5 per cent full I 
scale; freq, range i 
100 cps to 50 mc j

Volt, range 001 v 1 
to 1 v; imp. 5 |l|Af I 
input cap. to ’/2 meg I 
at 1 mc. acc. ±5 1 
per cent full scale; 1 
freq, range 10 cps ] 
to 10 mc.

Del Mar, uaiif.
Uses wide band video ampli­
fier (max output 0.15 v at
75 ohms, gain over 45 db.
Direct reading volts and db

subminiature tube as a cath- 1 Pamrcn Inc
ode-follower. 1 Mm Lane

1 Waterford, Conn.
Freq, response ±1 db; all 
transistorized; either portable 
or line operation.

310 
$89.50 I

331 
$99.50 I

’anel-Mounted 
DC voltmeter

Panel Mounted 
AC volt-meter

Volt, range: 0 1000 1 
VDC 7 ranges; single 1 
range version of 1 
standard units avail- I 
able with zero cen- 1 
ter scale. 1

Volt. Range: 0-10- ] 
300 v; single range I 
version available.

Self-contained mulfirange 
electronic meter incl input 
attenuator, amp. metering 
circuit and power supply. 
Acc. 3 per cent; input re­
sistance 10 meg.

Requires no more panel area 
than standard 6 in. panel 
meter, acc. 3 per cent imp.
1 meg 30 ULlf. freq, re­
sponse 20 cps to 100 kv.Kelthley Instru­

ments Co. Inc.
12415 Euclid Ave.

1 Cleveland, Ohio

I

200B 
$335

220
$400

Portable Battery 
Portable Battery- 
operated de 
voltmeter 
Electrometer 
tube input 10w 
ohms, 6 M-ptf

Portableline 
operated DC 
VTVM electro 
meter tube in­
put, 10 ‘ ohms, 
6 HM-f

DC volts 0 008-20; j 
acc. ±2 per cent; 
freq, range de to 1 
300 cps; accessories 
permit measurements 1 
to 20 ky; currents 
from 10‘8 tn 5 x 
io-u.

DC volts 0.03-100; 
±2 per cent; DC to 

1 300 cps; accessories 
permit measurements 
t© 20 kv; currents 

1 from 10‘8 to 5 x 
1 10"M resistances from 
I 10* to 10“ ohms.

Balanced circuit; Entire amp­
lifier driven at potential of fl — ■ . 1
input signal to stabilize op- ' Radio Corp,
erating point and gain and 1 America
to provide low grid current 1 Camden, NJ.
at all times,- output to drive 
recorder pre-amp. fl

same as above;
Two single-ended outputs, 1

I ma and ±5 v are provided.

WV-84B I

LV 15 
$445.00 

(Rack 
mounted 1

$460.)

Ultia-Sensitive 
DC Microam­
meter

Null Defector 
DC VTVM

Ranges: 0-0.01 to 0­
1000, DC ranges: 0- 
Iv—0-100 v; meg­
ohmmeter 900-90000 
megohms;

DC ranges- 0-1—0­
100 (0.1 per cent 
±10 mv)

Portable, battery operated.

1 High grain chopper amp.
1 highly stable power supply, 

precision attenuator, sensi-
I five null indicator Overload 
I protection, internal standard 
1 cell calibration.

mplifier 1
c as a 1
r.

Rawson Electrical 518P 15 
• $140

Peak Voltage
Rectifier

AC volts 0 5000 using 
5 kv electrostatic 
vtvm; lower ranges 
using other vtvm; 
practical min. 0-100
V.

I High voltage rectifier tube 
I charges low leakage capaci- 
1 tor to accurate peak values.robe so 

positive, 
to peal 
y switch

I Kintel (Kay Lab)1 Box ¿231 San Diego 12, Calif.

-----------
204A
$325.

Electronic
Galvanometer

। DC ranges: ±10 uv 
I to ±10 v FS; Cur- 
1 rent ranges: ±10'* 

, amp tc- ±1 ma; sen- 
sitivify control func- 

1 tions as input attenu- 
1 otor.

| All transistor chopper circuit 1 Instrument Co.
1 consists of input divider; 4- 1 ri '
1 stage ac amp. and a 3-stage
1 de amp. Unit not affected by
1 shock; Has constant 10 k in-
1 put. Power sensitivity is 10"u

w full scale. I Rycom
4 f Raytown, Missouri

2170 Selective 
voltmeter

freq, ranges 1 kc to 
200 kc and varying 
in level from —90 to 
±32 dbm full scale 
deflection.

I Three selectivities to achieve 
1 versatility using 100 cycle 
1 bandwidth crystal filter; in­
I strument can be supplied as 
I portable or rack mounted 
1 unit. Can be used for volt- 
1 age measurements and wave- 
1 form analysis.

on-linear 
at one

ge. Any 
voltage 

nbalance 
ted and 
rd meter 
provides 

¡on over 
□nge of

1 Lab For Electronics 
■ Boston, Mass.

503 
$800.

Digital Multi­
tester Analog to 
digital type 
three digir 
display

1 DC ranges .01-1000 
I v; AC ranges .01- 
I 1000 v rms; resist- 

nnce range—10 to
I 10 meg; Acc. 5 per 
I cent

1 DC-AC voltages converted to
| analog time—i e., to pulse
1 width which is proportional 1
’ to magnitude of voltage.
1 Accurately timed pulses are
1 counted during intervals and
I registered in decade scalers. 1

101 
$360

I Expanded scale
I AC voltmeter

AC Range 100 to 
5000 v rms; 0.25 per 
cent accuracy at 50­
2000 cps

I Thermal bridge circuit pro- 
I vides essentially true rms 
I sensitivity. Expanded scale 
I for easy readability.

■ Leitch Engineering 
■ 326 Lincoln Street
■ Manchester, N.H.

21-56 
$149.50

Automaric Range 
Selecting on 
DC, AC or Ohms

. DC ranges: ±0-1500 
1 v at 12 meg. input 
1 imp.; AC ranges 0­
1 1500 rms.; ohms cen- 
1 ter scale 100-10 Meg. 
I Six ranges.

I Meter bridge drives circuit 1 Beckman Instru­
I which operates stepper to 1 ment Corp.
I advance range. Rectifier & 1 Richmond, Calif.

:uum tube 
jh quality 
has been 
mum cur- 
value the 
neter.

ce signal 
give mete 
shifter ! 
hift signa 
ot uffecte

(full wov 
protect 

Anti-vibn 
sec । al ff^

, 195

I 6X4, 12AT7, OA2. 1 Transvision, Inc-
New Rochelle, N.Y

TR-1 
$36.95

I Transistorized DC volt range: 0 
5000 v; AC vol 
range 0-5000 V; Al 
output volt. 25-40, 
000 cycles ±1 db.

I Transistors replace vacuum 
I tube circuit.

■ Mstionix Inc.
■ Waterford, Conn.

1 
■ ll JI

572 
$365

Differential 
Voltmeter

| Voltmeter operation- 
| 0-500 vdc; ±3 per 
I cent fsd Differentia 
' voltmeter 0-500 vdc, 
I ±0.05 per cent ac 
I tual voltage from 
I 10 to 500 V; ±0.1 
1 cent below 10 volts

I DC input is conpa id to 1
1 precisely divided voltage
I which has been referenced 1 . _ _ _
I against Weston cell. Input 1 . . ,
1 resistance is infinite at null 1 L“b5 V*'
j rendition. Five digit, in-line 1 J02? derrick Rd.
I divider controls provide di- 1 Seatord, N.Y.
I reef readout of voltage im-
1 pressed at input.

J 
$450.

D 
$272.

I Multi-range low 
I level DC Panel- 
I Mounting

1 Multi-range AC 
I panel mounting

Zero center .01-30 
v-dc; acc. 3 per cen 
full scale; input imp 
5 megohms;

Ranges- 01-300 v a< 
acc. 3 per cent fu 
scale; input imp. 
megohm.

9 1 Input fed through range se-
11 lector switch and chopper to
I four-stage high-grain amp.
I Amp fed to phase-sensitive
1 diode bridge. Ruggedized.

1 Double ganged often uater
I I chain separated by Cathode
1 I followers followed by high- 
I gain amp and bridge-rectifier 
I circuit. AC bridge output 
1 feedback. Ruggedized.

49 1

e ■ Millivac Instru-
- ■ ment Corp.
■ P. C Box 997
■ Schenectady, N.Y.

/Ielectronic

MV45A 
$310.

DESIGN <

Transistor AC 1 AC ranges 0-104V tc 
Microvoltmeter | 0-1 kv; Freq Res. 1( 

1 cps to 150 kc; acc 
I ±2 per cent ful 
I scale; Input 10k a 
1 10 (lv; 3.3m at 1 kv

September 15, 1957

I All transistor amplifiers vi­
I tilizing the “hushed" fran­

. I sistor principle. Self con-
1 I tained battery operated. 1
t I



Reliability Achieved

80 »00

Voltage and Temperature Derating
LIFE EXPECTANCY IN THOUSANDS OF HOURS
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is an incipient weakness. If so, the entire lot is re­
jected even though it statistically passes the test.ONE electronic component is now so reliable 

that its quantitative reliability is virtually im­
possible to measure. In assessing the reliability of 
Sprague s newest “Hyrel Q” 125 C subminiature 
metalclad capacitors, Julian Sprague stated that 60 
computers using 6000 of these capacitors each 
would have to operate for 6 months before one 
failure could be expected to occur. This is relia­
bility, here and now! But, how was it achieved? 
What did it cost? How can it be applied to other 
components? What does it mean in overall system 
reliability?

Sprague was challenged 15 years ago to provide 
20 year life for electrolytics for use on long-distance 
telephone lines. Then, 10 years ago they began 
working in earnest on a program to provide capaci­
tor reliability based on one field failure in 50,000 
units in service. To this end, over 6,250,000 com­
ponent hours of test data have been assembled.

Design
Changes in capacitor materials are of interest. It 

was found that a combination of film paper dielec­
tric was superior for metal-clad paper capacitors; 
compression-glass terminals were found best; an im­
proved eyelette was designed, and, margins were 
extended to 1/8 in. to avoid contact problems. Wire 
for leads must be free of pitting as determined 
under a microscope. Tinning must be thorough. To 
this end, the leads are tinned, cleaned, and tinned 
again, by Sprague.

Cost
Somewhat surprising is the low cost of these re­

liable capacitors. In quantity, they cost only 2-1/4 
times as much as the standard subminiature capaci­
tors in spite of the extra work put into their manu-

AA—10°C ABOVE RATEO TEMPERATURE 

SB—RATED TEMPERATURE
CC— 10°C BELOW RATED TEMPERATURE
DO—2O°C BELOW RATED TEMPERATURE 
EE—3O*C BELOW RATED TEMPERATURE 

FF—40°C BELOW RATED TEMPERATURE

Reliability Built In
It became clear to Sprague that reliability had to 

be “built-in” beginning with quality and kind of 
raw materials used, fabricating methods, cleanliness 
of tools, equipment, and facilities. Where presently 
possible processing was automated to eliminate the 
human error possibilities. X-ray analysis was re­
sorted to at many points of fabrication. Frequent 
points of inspection and rejection of defective units 
proved necessary to assure minimum rejects at the 
end of the production line. Virtually nothing was 
left to chance. Then, just to be sure, 50 capacitors 
in every lot are life tested before shipment! The 
test is carried out at 1.4 times rated voltage at 125 C 
for 250 hours, and there must not be more than 1 
failure. Every failure is disected to see what caused 
it. If the reason for failure appears to be caused by 
operator error, all other capacitors in the test lot are 
individually examined to determine whether there

Trends in Components
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facture and the guarantee of reliability in the form
of certified test data supplied with each lot to the
customer. It is interesting to note that the price of
these ‘Hyrel Q capacitors is no higher than the
cost of the now standard subminiature metal-clad
paper capacitors when they were introduced to the
electronics industry by Sprague some eight years
ago. The extra cost of the high reliability capacitors
is undoubtedly more than offset in savings to the
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user by eliminating incoming tests and inspection 
and in avoiding failures in equipment that take 
time to trouble shoot. Cost will probably be still 
lower as production volume is stepped up and de­
velopment costs are absorbed.

One factor in keeping costs down has been stand­
ardizing on a relatively few case styles and values of 
capacitors, for the program. Special styles can be 
supplied but only at a substantially higher cost, 

and with considerable delay in delivery. Thus, the 
use of special units is to be discouraged.

Data Supplied
Typical of the application data supplied to users 

is the design nomograph on “Electrical vs Tempera­
ture characteristics” and the voltage derating curves

Sprague has made available to the electronics in­
dustry its Specification PV-100, written in MIL 
specification form which gives the complete story 
on these capacitors including qualification, sam­
pling, and production tests. Referencing of this spe­
cification by customers will avoid much unneces­
sary specification writing and other paper work.

Of particular interest in the specification is the 
derating and uprating information given for opera­
tion under different conditions of voltage and tem­
perature as shown. The chart shows life expectancy 
from 10 C above the rated 125 C temperature to 
40 C below and is based on extensive life test data 
which shows the failure anticipation rate may 
be considered consistent over any given period of 
time whether at the start of the test or at the end.

Sprague claims that its “Hyrel Q” capacitors 
presently are meeting a failure expectancy of ap­
proximately .05 per cent. This means one failure in 
2000 capacitors at any point on the chart If refer­
ence is made to Curve BB for rated temperature, 
at rated voltage the life expectancy is 2000 hours.
This may also be expressed by stating that one fail­
ure may be expected for each 2000 capacitors at 
rated voltage and rated temperature for each 2000
hours of operation.

A failure expectancy of .01 per cent may also be 
expressed as the failure of only one capacitor in 
10000 units per 1000 hours of operation or one fail­
ure in 2000 units for 5000 hours of operation. To de­
termine the proper derating for this failure expect­
ancy, refer to the point on the chart where BB 
crosses the 5000 hour line and note that it would be 
necessary to derate the voltage of the capacitor by 
about 17 per cent to use it at the rated temperature.
To operate these capacitors at full rated voltage for 
5000 hours, refer to the point at which the lines in­
dicating 5000 hours expectance and 100 per cent of 
rated voltage intersect. This point of intersection 
falls on line DD. The explanatory portion of the 
chart indicates that line DD is for a 20 C decrease 
in rated temperature; therefore, it would be possible 
to obtain a .01 per cent failure expectancy at full 
rated voltage by derating to a temperature of 105 C.

Implications For Other Components and Systems
Especially significant in Spragues approach on 

capacitor reliability is its obvious application to 
other components. When all components in a sys­
tem have been made reliable, the electronic 
system will have the kind of reliability now enjoyed 
by mechanical systems or possibly better.
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Compact, rugged, this reflectometer will provide 
laboratory accuracy for routine field testing.
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DESIGNED to provide laboratory accuracy 
in measuring load-line mismatch, these re­

flectometers are constructed so compactly and 
ruggedly that they can be used for production 
testing. The two instruments cover the range 
from 10 to 2400 me with an inherent error of 0.3 
per cent. Using directional couplers, the reflec­
tometer delivers both incident and reflected 
waves to a sensitive receiver with no loss m 
linearity.

Distributed by the Industrial Products Div. of 
Federal Telephone and Radio Co., 100 Kings­
land Rd., Clifton, NJ., the Type FT-ZUP and 
FT-ZDP reflectometers cover an unusually wide 
frequency range with a reflection coefficient ac­
curacy7 of ±(0.005 -J- 0.01). The FT-ZUP is de­
signed to cover a band extending from 10 to 'JOO 
me; the FT-ZDP from 300 to 2400 me. Since for 
rapid, precise determination of the reflection co­
efficient or of the mismatch between a load and 
a transmission line directional couplers are pref­
erable, the reflectometers use no crystals or other 
components that may contribute to the nonline­
arity of the incident or reflected signals. Refer to 
Fig. 1. The measuring coaxial line and two direc­
tional couplers of identical sensitivity are con­
tained in one unit. The signals are passed directly
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Leader in miniature and sub-miniature insulated wires and cables, 
Hitemp Wires, Inc. now keeps pace with the growing need for large 

diameter, multi-conductor cables which meet today’s toughest 
environmental problem... high temperatures.

Hitemp's cable engineers have already designed, developed and fabricated 
hundreds of custom, large diameter assemblies destined for unique 

high temperature applications. Cables with fifty or more individually 
color coded conductors - cables in combinations of insulated conductors 

with ratings of 1000, 600 and 300 volts - cables using Hitemp’s new 
"High Strength" conductor for 400% more flex-life.

Whether you’re in the blueprint stage or in prototype testing, whenever or 
wherever you need temperature control in large diameter (jumbo) cables 

call Hitemp for the design help you need.

Fig. 1. Type FT-ZDP reflec­
tometer construction. Two di­
rectional couplers of the same 
sensitivity deliver test voltages 
proportional A. to the incident 
wave, and B. to the reflected 
wave. The coaxial cable is fed 
at C. Resistive terminations to 
the magnetic loops, matching 
the loop characteristic im­
pedance, are at D and E.

* ’4-.“



When it has to be heated
rely on Safeway

Woven Heat 
Elements

Fig. 2. Partially disassembled view of the FT-ZDP.
Visible in the two recessed compartments are the re­
sistor caps of the loop terminations. At the outer side 
s of the compartments are the output leads from the 
directional coupler assembly.

I to a sensitive receiver via two separate outputs
I (Fig. 2), and the reflection coefficient determined
I from the ratio of the two voltages. In the low fre- 

iracy I quency unit a selector switch is used to apply 
3 re- I successively the incident wave, the reflected 
and I wave and the resultant voltage of the combined 

ction I waves to the test receiver. From the ratio of the 
ange I reflected wave to the incident wave the reflection 
>f 0.3 I coefficient is obtained.
eflec- I Impedance can be determined with the Type 
ected I FT-ZUP. The ratio of the combined waves to 
ss in ■ the incident wave yields the sum voltage of the

I reflected and incident waves referred to the in- 
iv. of I cident wave. With the reflection coefficient and 
Zings- I the latter ratio plotted as radii on a Smith dia- 
> and I gram, the circle intersections give two complex 
wide I conjugate impedance values. The value that rep- 

at ac- I resents the true impedance can be determined 
is de- ■ hy receiver detuning.
:o 600 ■ Both reflectometers consist ,of a die cast box 
ce for I housing the couplers and coaxial line; the FT- 
on co- I ZUP measures 8-5/8x15/16x4-5/16 in. and 
d and I weighs 3.5 lb, while the FT-ZDP measures 7-1/4 
>. pref- I x 3-3/8 x 3-3/8 in. and weighs 4.5 lb. Both units 
other ■ have a characteristic impedance of 50 ohms. The 

inline- I FT-ZUP has a reflection coefficient range of 0.005 
sferto I to 1; the FT-ZDP 0.02 to 1. Type N connectors 
direc- I used with the units.

e con- ■ For further information, turn to the Reader’s 
irectly I Sen ice Card and circle 42.
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... and the “it” can be just about anything from a 
simple tray to the curing blankets for honeycomb structures.

Safeway Woven Heat Elements are custom tailored 
, to fit specialized requirements of many

applications. A single aircraft, for example, may 
need upwards of 80 different heating and 

de-icing elements, all of which are made by 
Safeway. Other applications are on helicopter rotors, 

rocket tubes, missile launchers, and 
on a wide variety of molds, dies, tanks, 

ovens and dryers in industry.

If you have a problem that requires heat, 
let Safeway engineers study your 

requirements and—without obligation to you— 
submit an appropriate recommendation.

For your copy 
of a fact-filled folder, 
write to:

Safeway
680 Newfield Street * Middletown, Connecticut

CIRCLE 43 ON READER-SERVICE CARD FOR MORE INFORMATION
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Time
Delay 

Network
Design

Louis Weinberg
Hughes Research Laboratories

Normalized element values of the series arms of a 
lattice network that yields a maximally flat time 

delay are computed and given in Tables 1-4; the ele­
ment values of the cross arms are obtained by dual­
ity. The lattice may be driven by current source 
with a shunt conductance or a voltage source with a 
series resistance; that is, by use of the tables we 
may realize a transfer impedance Zti = Et/Iit a 
transfer admittance 'Yu = ItlE1} or a transfer volt­
age ratio K = Et/Et.

The lattice that is obtained is a constant-resistance 
i all-pass network. By constant-resistance is meant 
’ that the input impedance is constant for all fre­

quencies. This has two desirable features. The first 
is that a generator with a finite and nonzero in­
ternal resistance may be used as the source with­
out changing the desired transfer function except 
for its constant multiplier. Secondly, lattices with 

. the same value of constant-resistance input can 

. be cascaded without interaction effects. Thus, as 

. in a true transmission line, taps may be made at 

. desired values of time delay. The all-pass designa- 

. tion means that the lattices do not affect the magni- 

. tude versus frequency characteristic of the input 
signal. In short, for signals whose frequency spec-
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A practical need often arises for a lumped-constant 
time-delay network. Modern synthesis satisfies this need 
quite well. A constant-resistance all-pass network with 
maximally flat delay permits the design engineer to 
obtain 1. tap-off points at prescribed fractions of the 
total delay or, what is equivalent, the possibility of 
adding delay networks in tandem without using an in­
termediate isolating amplifier; 2. a magnitude charac­
teristic that is uniform throughout the linear range of 
the phase function.

The networks with a maximum flat time delay are an 
elegant solution to the problem1. Because of problems 
involved in working with Bessel and Lommel poly­
nomials and in solving for the roots of high-degree 
polynomials, these networks are often neglected by the 
practical engineer. This article, by presenting tables of 
element values, makes the networks available with little 
or no computation. The tables are directed primarily to 
those engineers without synthesis background; they 
should, moreover, be valuable to the synthesis expert 
since they allow him to devote his available computing 
time and facilities to the difficult network problems for 
which tables do not suffice.

This article is a condensed version of a part of the 
author's report, Constant-Resistance All-Pass Networks 

With Maximally Flat Time Delay, Technical Memoran­
dum No. 473, Hughes Research Laboratories, Culver 
City, California. For a complete derivation of the 
formulas used in this article the reader is referred to 
the Appendix of TM No. 473.

trum does not extend beyond the linear range of 
the phase function of the network, the output time 
function is of the same shape as the input time 
function, but delayed by the value of the time 
delay of the network.

Use of the Tables
A constant-resistance lattice with a one-ohm 

termination is shown in Fig. 1. The two driving­
point impedances labeled Za are called series arms 
and the two labeled Zb are called cross arms. Be­
cause of the constant-resistance property ZaZb = 1.

Fig. 1. Circuit diagrams of 
constant-resistance lattice 
terminated in one ohm.

Each of Tables 1-4 gives the element values for 
a different form of realization of the normalized 
impedances Za. The integer n represents the num­
ber of poles in Z9i: it is the degree of the denomi­
nator polynomial. In addition, n is equal to the 
number of elements in the reactance function Za. 
The general form of network identifying the ele­
ments is given along with each table. Note that 
for convenience (to accommodate even and odd 
values of n with only one scheme of notation for 
each table) the subscripts identifying the elements 
in the figures for Tables 1-3 run from 1 to n or 
from 2 to n +1. As indicated on the tables the 
values are in henrys and farads; this is also true 
of all the figures where, in addition, the termination 
is in ohms.

Any one of the realizations for Za given in 
Tables 1-4 may be chosen. A particular choice may 
be most satisfactory for meeting the practical re­
quirements of one problem whereas another may 
best meet a second set of requirements.

For Table 4 it is not necessary to tabulate the 
element values since for all values of n they are 
given by a known continued-fraction expansion 
about the origin. Thus the simple formula for 
computing the element values is given in Table 4.

The element values for Zb are found simply by 
taking the dual of Za. Note that in deriving Zb any 
table for Za may be used. In other words, if Table 
1 is used for Za any one of the Tables 1, 2, 3 or 4 
may be used to determine Zb.

To obtain the dual or reciprocal Za, an induc­
tance of L henrys becomes a capacitance of L 
farads, and conversely a capacitance of C farads 
becomes an inductance of C henrys. Series con­
nections become parallel connections, and con­
versely. Thus the reciprocals of Za given by Tables 
1 and 3 for n — 4 are given respectively by Fig. 2 
(a) and 2(b).

050 0.13

0. 190.81

0.10 0.46

✓TOT*

0 29 2= o.7i

(b)

Fig. 2. Networks for Zb obtained by reciprocation.
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Table 1. Element values (in henrys, farads) for the normalized impedance Z* (obtained by a partial
expansion of ZJfraction

Value of n
1.0000

0.1667

0.0667

0.0357

0.0222

0.0152

and every capacitance
may

Value of n

0.3333

0.10Ó0

0.4762

0.2778

0.1818
0.0188

n-2

ition

0.0226
0.0767

0.0356
0.0281

tance by R/o>, 
l/(R«>t) = To/R.
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Table 2. Element values (in henrys, farads) for the normalized impedance Zu (obtained by a partial 
fraction expansion of 1 /Za).

In Table 5 are listed the values of frequency u 
for which the time delay deviates a specified per­
centage from its zero-frequency value. The vari­
able u is defined as = co/“# and is a normal­
ized radian frequency.

In a typical problem the frequency band over 
which a specified time delay is desired will be 
given, and the permissible deviation of the time 
delay from its zero-frequency value will also be 
specified. Finally, the input resistance of the lattice 
or, what is equivalent, the value of the termination 
R is generally part of the specified data. The steps 
in using the tables to meet these specifications are:

■ Compute To as one half the specified time de­
lay; set the desired time delay equal to 2T„.

■ Assuming zero to a)! is the frequency range over 
which the specified time delay is required, com­
pute ut = ViTo.

■ With b representing the allowable percentage 
deviation of the time delay choose the smallest value 
of the tabulated deviations—1, 10, 20 and 50 per 
cent—that is not less than b. Now in the column of 
Table 5 that corresponds to this choice find the 
smallest value of u > Uj. Note the corresponding

I value of n.
■ Use the n determined above and any one of the 

I Tables 1-4 to find the element values of Zo. Using 
the configuration given with the selected table 

i draw the network for Za.
I ■ Determine Zb geometrically as the reciprocal of 
I the Za given by any one of Tables 1-4.

■ Now remove the resistance and time-delay nor­
I malizations by multiplying every inductance in Za 
I and Zb by RT0 and every capacitance by Tq/R.

Au ideal current source has been assumed, but 
I because of the constant-resistance property of the 
I lattice, this assumption causes no loss in generality; 
I when the source has an internal resistance, the 
I same Zn is realized except for a change in its con- 
| stan i multiplier. If the lattice is matched for maxi-

ents 
a or

0.0538
0.0400
0.0300
0.0234

। m­
imi-

0.0433
0.0333
0.0256

n m 
may

nduc- 
of L 

farads 
ì con-

con­
Fables 
Fig. 2

0.0346
0.1137
0.2154
0.3221

0.3333
0.4800
0.4988
0.5000 
0.5000 
0.5000 
0.5000
0.5000
0.5000 
0.5000

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0.3333 
0.2333
0.2078
0.2032
0.2027
0.2026
0.2026 
0.2026 
0.2026

1.0000
0.8333
0.8120
0.8106
0.8106
0.8106
0.8106
0.8106
0.8106
0.8106

0.2000
0.4082
0.4841
0.4983
0.4999
0.5000
0.5000
0.5000
0.5000

0.1255
0.0825
0.0620
0.0538
0.0513
0.0508
0.0507

0.0907
0.0620
0.0453
0.0371
0.0338
0.0327

0.0446 
0.1429
0.2624 
0.3736 
0.4492

0.1251
0.3192
0.4439
0.4889
0.4985
0.4999
0.5000
0.5000

0.0838
0.2418
0.3843
0.4644
0.4925
0.4989
0.4999

0.1880
0.1227
0.0988
0.0918
0.0903
0.0901
0.0901
0.0901

0.0597
0.1839
0.3201
0.4239 
0.4769 
0.4949

0.0687
0.0491
0.0361
0.0284
0.0247

The element values obtained for Zo and Zb m 
this manner are normalized with respect to the 
load resistance R and the time delay Tn, that is, 
they apply for R — 1 and for &T0 = 1. In this way, 
the frequency is normalized with respect to

= 1/TO. To convert the lattice with a one-ohm 
termination to a lattice with a termination of R 
ohms (and thus an input impedance of R ohms) 
we multiply every inductance value by R and di­
vide every capacitance by R, that is, we raise the 
impedance level of the network by R. To remove 
the normalization with respect to time delay we 
consider the desired zero-frequency time delay 
equal to 2T0; then To is equal to one half of the 
desired delay. Every capacitance and inductance is 
now divided by the radian frequency = 1/TO. 
The removal of the two normalizations can be 
combined into a single step: multiply every induc-

0.0277
0.0925
0.1786 0.0298

•- C 4 !
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Fîg. 3. Reduction of the lattice to a grounded network.
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mum power transfer to a current source I with a 
shunt resistance R, then Ij is equal to 1/2 by a 
current-divider relationship, so that the over-all 
transfer impedance is Z'tl = Et/I = Et/2Ii = Zn/2. 
Also by a Thevenin transformation of the input cur­
rent source and its associated shunt resistance it 
becomes clear that a voltage source with a series 
resistance may also provide the input. In this way a 
transfer voltage ratio or transfer admittance is real­
ized by the same lattice.

It is most often necessary that the total delay be 
realized by a cascade of lattices because tap-off 
points at fractions of the total delay are required. 
Then only the last lattice in the cascade chain is 
terminated in a resistance; the termination of each 
of the preceding lattices is automatically provided 
by the input impedance of the lattice at its output 
terminals in parallel with the input impedance of 
the tap-off network. The modification in the pro­
cedure for such problems is straightforward and 
is made clear by the illustrative examples.

Two final points are the introduction of dissipa­
tion into Za and 7^ and the reduction of the 
achieved lattice into a grounded bridged-T net­
work. It is possible to take account of the losses in 
the coils without changing the frequency charac­
teristic by introducing a flat loss2. If a grounded 
network is desired, the lattice transformation of 
Fig. 3 may be used3. Then if Za has a shunt induc­
tance branch and Z& a series inductance the ideal 
transformer may be converted to a real transformer 
by incorporation of these inductances.

Usir 
imp« 
we i 
tices

Illustrative Examples

1. An all-pass constant-resistance lattice is desired 
with a time delay of one msec over a frequency 
range of 0 to 1000 cycles. The time delay is not to 
deviate more than 10 per cent over this frequency 
range. The lattice is to provide maximum power 
transfer to its load. A cathode follower, which ap­
proximates quite closely a voltage source with an 
internal resistance of 200 ohms, is the input.

From the given data, 2T0 = IO-3, To = 0.5 X 10'3 
and coj = 2ji X fi = 6.28 X 103. Thus Ui = o>iT0 = 
3.14.

Consulting Table 5 for 10 per cent deviation we 
find Ui = 3.14 lies between n = 4 and n = 5. We 
therefore need n = 5.

Since any one of Tables 1-4 may be used for Zo 
and Zi, independently there are 16 possible net­
works provided by the tables. We show two of these 
networks. The first obtains Za from Table 1 and Z& 
as the reciprocal of the Za of Table 4; these imped­
ances are shown in Fig. 4. The second has Za and 
Z/, given by Table 2; these are given in Fig. 5.

The normalizations are now removed by multi­
plying every inductance by RT0 = 200 X 0.5 X 
IO-3 = 0.1 and every capacitance by To/R = 2.5 X 
10 6. The final impedances Z'a and Z\ are the arms 
of a lattice terminated in 200 ohms.

Fig. 4. Normalized impedances of first lattice Fig. 5. Normalized impedances of second lattice

Fig. 7. Network realization for the data of ex (2)



2. Assume some of the same data as in example 1 Value of n
1.0000

0.1667

0.0667

0.0357

0.0222

0.0152

Value of n

0.2000
150 X 100600X200

150, R
250800

The formula

0.785. Con

we

ese

Tins

0.2712
0.2639

0.3333
0.3333

0.7101
0.6231
0.3005
0.2827
0.1806
0.1811
0.1209
0.1269

0.5595
0.5111
0.2639
0.2465
0.1880
0.1708

0.3212
0.2986
0.2057
0.1916

0.4161
0.3955

0.3821
0.3487
0.2227
0.2129
0.1549
0.1499

1.0000
1.0000
1.0000

0.3333 
0.4800
0.1000
0.1948
0.0476 
0.1055 
0.0278
0.0660 
0.0182
0.0451

1.0000 
0.8333 
0.2899
0.3103
0.1400
0.1704
0.0823
0.1077
0.0541 
0.0741

0.4627
0.4215
0.2246
0.2288
0.1338
0.1463 
0.0886 
0.1016

0.4732
0.4424
0.2209
0.2175

u for 1% 
deviation

0.10 
0.56 
1.21 
1.93 
2.71 
3.52 
4.36 
5.22 
6.08 
6.96 
7.85

u for 10% 
deviation

0.34
1.09 
1.94 
2.84 
3.76 
4.69 
5.64 
6.59 
7.55 
8.52 
9.49

where An> is Ln> for m odd, and Am is Cm for m even.

ii for 20% 
deviation 

0.50 
1.39 
2.29 
3.31 
4.20 
5.95 
6.30 
7.30 
8.31 
9.33

10.34
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The above values are

Since for eâch lattice 2T0 = 0.25 X 10

1000 cps; total delay is 1 msec:

0.125 X IO-3 msec. Also Ui

Acknowledgement: The author expresses his thanks to the 
members of the Mathematics Section, Systems Analysis De­
partment, Hughes Aircraft) Company, who carried through 
almost all of the calculations for this paper.

maximum deviation in total delay = 10 per cent; 
the input is an E-source with an internal re­
sistance of 200 ohms; the load resistance is 200 
ohms. Maximum power transfer is not, however, 
required.

In addition, it is required that a tap be made at 
every 1/4 msec delay. The 3/4 msec tap introduces 
no loading; the 1/2 msec tap is fed to a network 
with a 600 ohm input resistance; the 1/4 msec tap 
feeds a network with a 100 ohm input resistance.

Because of the three tap-off points four lattices 
are required. These lattices will be identified by 
numbers 1, 2, 3 and 4, beginning at the output.

The input resistance of the lattice 1 is equal to 
the output resistance. The design resistance for 
lattice 2 is then 200 ohms. However the load on 
lattice 3 is comprised of the input resistance of the 
network connected to the tap at 1/2 msec in paral­
lel with 200 ohms; similarly, the load on lattice 1 
consists of Rs, the input resistance of lattice 3, in 
parallel with the 100 ohms of the tap-off network. 
Therefore

Table 5. Significant values of u for time delay of a maximally flat time-delay network (giving frequencies (u) at 
which time delay deviates a specified value from its zero-frequency value).

given only as illustrative examples. It is not necessary to tabulate all the values because the continued 
fraction expansion about the origin has a simple formula for the L's and C’s valid for all values of n.

suiting Table 5 for 10 per cent deviation we find 
that 2 is the smallest acceptable value of n. (For 
this small value of n the networks given by con­
tinued-fraction or partial-fraction expansions are 
the same; that is, all the tables yield the same Za.) 
Using Table 3 for Za and Z&, we get the normalized 
impedances of Fig. 6. To remove the normalizations 
we multiply the inductances of the respective lat­
tices by R.To = RtT0 = 2.5 X 10 2; RSTO = 1.875 
x 10 2; R^To — 7.5 X IO-3 and the capacitances by 
To^ = To/R2 = 6.25 X 10 7 T0/Rs = 8.33 X 
10 7; To/R^ = 2.08 X 10’6. The complete network 
is shown in Fig. 7.

ii for 50% 
deviation

1.00
2.20
3.40
4.60
5.78
6.97
8.15
9.33

10.50
11.67
12.84
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Table 4. Element values (in henrys, farads) 
for the normalized impedance Za (obtained by 
a continued-fraction expansion about the 
origin).
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Table 3. Element values (in henrys, farads) for 
the normalized impedance Za (obtained by a 
continued-fraction expansion about infinity).
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on Raytheon control knobs 
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color-styled equipment, Raytheon 
control knobs are available in 0 ||||||M||||r 

standard or special colors. Can be 
furnished in solid color, or with 
contrasting colored cap. A complete selection of Braille 
color cap knobs also available. Color helps it sell!

RAYTHION MANUFACTURING COMPANY 
Waltham 84. Massachusetts

CIRCLE 44 ON READER-SERVICE CARD FOR MORE INFORMATION

printed 

which 

hondlir

the design of the computer: reliability, maintain­
ability, rapid serviceability, adaptability. The tech­
niques used are not new. but the fact that they were 
applied, in the best reliability tradition, from the 
inception of the unit design and carried through to 
the finished product merits attention.

Reliability. Experience in the design of reliable 
equipment for military applications was applied. 
Each component—resistors, transformers, capaci­
tors, wire and printed circuit base laminates—had 
to meet special qualification tests. The quality of 
components is exceptionally high for a commercial 
equipment, but the reliability required in indus­
trial process control justifies these standards.

Circuits were designed to operate with maximum 
tolerance to component variation. Improved bond 
strength between the copper and resin in the 
printed circuits is provided by a flush circuit tech­
nique. The copper is embedded in the epoxy resin. 
Component replacement is easier as a result, and 
boards can be handled or stacked without damag-

ing the circuitry. The printed circuits used in the 
module have dip soldered connections.

Maintainability. The modular design described 
above represents the kind of thinking that went into 
the mechanical construction of the computer. Quick 
release panels permit rapid exposure of any portion 
of the electronic assembly. Handles for the panels 
are accessible and located out of sight beneath the 
main computer frame.

Any subframe can be reached and removed as an 
independent unit. The analog-digital unit can be 
reached by removing the side panel. The computer 
subframe is accessible by removing the back, and 
the magnetic drum is removable by the use of 
slides after the front panel is removed. Each module 
in a subframe can be removed and serviced inde­
pendently, to minimize computer ‘down time.”

Serviceability. The RW-300 includes a test and 
maintenance unit. This unit provides manual con­
trol of the speed at which the program runs, for 
program checkout and computer test and mainte­
nance. The entire system can be checked at this re­
duced speed, during initial computer checkout and 
periodic preventive maintenance.

The test unit also includes a built-in oscilloscope 
which can be switched to any of the circulating 
arithmetic and control registers or other points, and 
a bank of neon lights which can be connected by 
switch to various groups of flip flops to determine 
their static condition. There are marginal checking 
controls and program breakpoint switches in addi­
tion.

Trouble-shooting is accordingly simplified. The 
test unit, in conjunction with the modular design, 
keeps repair time to a minimum.

Adaptability. The computer can be tailored to fit 
specific applications with few equipment changes. 
Input-output units can be added easily. With only 
instruction program and external connection 
changes the computer functions can be altered to 
modify and improve its control actions.

For further information on this computer, turn to 
Reader’s Service Card and circle 66.

impute 
>e expo 
te remo

RELIABILITY, simplicity and adaptability were 
designed into this transistorized industrial com­

puter. The result is a unit that provides completely 
automatic control for process plants with a 500-hour 
mean time between failures. When a failure does 
occur the circuit malfunction can be detected and 
repaired w ithin minutes.

As a preliminary approach, Ramo-Wooldridge 
Corp., 5500 W. El Segundo Blvd., Los Angeles 
adopted modular design techniques for the RW-300 
computer. Each switching circuit is mounted on a 
printed wiring board called an insert; all switching 
circuits necessary to perform a particular function 
are installed in a single printed module; the mod­
ules are plugged into subframes; and the subframes 
are interconnected with cables. It is plain that the 
addition or subtraction of input-output—analog­
digital—units is a simple procedure, and contrib­
utes to the ease with which the computer may be 
adapted to meet special conditions.

RAYTHEON
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circuit, and subminiature types — are ruggedly built,

spring-pin contacts insure smooth prod insertion, low
contact resistance throughout long life. Nylon insu-
lators available m 9 colors.

handling.
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Waltham 54, Maaaaohusatta
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I. Computer inserts consist of active circuits mounted on
printed circuit boards. These inserts, also constructed with
printed circuit techniques, are attached to the modules,
which are fitted with plastic racks and handles for easy
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• Analog-digital subframe with modules inserted. In-
lv<dual modules can be serviced independently or re­
laced by spare modules during servicing to minimize
oniputer down time.” Any subframe in the RW-300 can 
• exj osed by removing a quick release panel and can
e removed as an independent unit.
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Raytheon’s sure-contact test jacks—standard, pnnted-

have passed gruelling tests. Exclusive berylhum-copper

Send for FREE Booklet 
on Raytheon's line of advanced* 
design test jacks. Please write to
Dept. 6120-C at address below.

4. Rear view of the input-output subframe shown in (3).
The modular design eliminates extensive hand wiring, 
printed circuits being used as extensively as practicable.
Subframes in the computer are interconnected by cables 
as in the photograph. Simply unplugging the cables and 
freeing the unit is all that is required for removal.
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AXIMUM benefit from the use of phase or fre­
quency modulation as a communications tech­

nique comes about when several hundred degrees 
of phase shift are obtained. Under this condition, 
noise disturbances have a negligible effect on the 
demodulated signal. Presently available techniques 
usually require many stages of frequency doubling 
or tripling in order to obtain the required phase 
deviation at the transmitted frequency. For ex­
ample, one common method is an active element 
(vacuum tube or transistor) with the proper type 
of feedback so that input impedance appears induc­
tive or capacities. This reactance can then be modu­
lated through the control of one of the bias voltages. 
Though the amount of necessary modulation power 
in this procedure is small, the change in phase is 
limited to ± 90 deg. Additional stages of frequency 
multiplication are then necessary.

The phase modulation system here described 
would permit modulation directly at or near the 
final carrier frequency. One method is to use a dis­
tributed constant delay line, Fig. 1, which is physi­
cally small but electrically many wavelengths long 
at the desired high-frequency carrier signal. In ad­
dition, if the delay line were constructed with high 
permeability ferrite materials it would be possible 
to modulate the permeability ferrite by controlling 
an applied magnetic field. Since the time delay per 
unit length of a distributed constant delay line is 
given by

distributed capacitance, the high permeability of 
the ferrite is its extremely low loss for high fre­
quency operation.
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COMPLETE DATA 
on captive hardware and other 
Raytheon mechanical compo­
nents. Please write to Dept. 
6120-F at the address below.

H. W. Katz
General Electric Co.

Syracuse, N. Y.
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The basic problem revolves about the ability to 
obtain sufficient time delay at high frequencies 
(e.g. to 10 me to 30 me). In order to accomplish this 
it is necessary to increase the inductance per unit 
length as can be seen from equation (1). Though 
this can also be effected by increasing the value 
of C, this procedure would yield a very low value 
for the characteristic impedance. Figure (1) illus­
trates one possible delay line configuration. A uni­
formly wound solenoid is placed on a ferrite rod 
which has several silver ground strips connected 
together at one end. The distributed capacitance is 
formed by the ground plane and the coil. The pur­
pose of the strips is to prevent a short-circuiting 
current from shielding the ferrite.

Both experiment and theory indicate that the in­
ductance (L) does not remain constant with fre­
quency but decreases rapidly as frequency in­
creases. Fig. 2 is a normalized plot of the ratio of 
inductance (L) at low frequencies vs the general­
ized parameter nDT ¿f; where, D = diameter of rod 
and Td = time delay per unit length. The family of 
curves shows the still greater decrease in L as the 
ratio of the permeability of the ferrite (|ii) to the 
free space value (p0) is increased. This additional 
feature is due solely to the geometry of the line 
and not the variation of the ferrite permeabiht

PANEL \ 
INSERT \

GASKET 
RETAINER

Fast, easy access — simple, firm closure... assured by 
this unique captive closure hardware.
No fumbling with loose nuts, screws or bolts. Con­
venient panel thumb screw lines up automatically with 
captive nut on rack or cabinet. Neoprene gasket seals 
against dirt and moisture. A variety of standard sizes 
available from stock. Deigned in accordance with gov­
ernment specifications.

TOP VIEW
NEOPRENE 

GASKET
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The curves in Figs. 2 and 3 show the same geo­
metric effect. In effect, the inductive coupling 
between neighboring turns becomes less as the fre­
quency increases. Since there is phase delay on the 
line, the adjacent turns have currents which become 
more out-of-phase as the frequency is raised.

with frequency. Ferrites can be produced whose 
permeability over the frequency range is relatively 
constant.

Hence, in order to compensate for this reduction 
it is necessary to use a ferrite sleeve over the entire 
structure. Further analysis of this configuration in­
dicates that a useful ferrite delay line should have 
a rather thin construction, i.e. thin rods and thin­
walled sleeves.

Another viewpoint on the problem is indicated 
by the general curves shown in Fig. 3. Here time 
delay vs frequency is plotted for two different 
values of the permeability. It should be noted that 
although one starts with a large p, and an increase 
in the applied magnetic field reduces the permeabil­
ity to pf, the total change in time delay is much 
larger at the low frequencies than at the high.

A schematic of the final delay line is shown in 
Fig. 4. The center ferrite rod is 0.080 in. in diam. 
The closely wound solenoid was constructed of No. 
40 gage single formex wire The outer ferrite sleeve 
had an 0.125 in. outside diameter. The mechanical 
fit was made as tight as feasible. The ground plane 
was silver paint placed on the outside surface of the 
sleeve. This formed the delay line proper. To mod­
ulate the ferrite, another coil was placed on a glass 
tube which was slipped over the entire ferrite line.

Fig. 2. Plot of L/Lo VS 
parameter including fre­
quency for various val-
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The life and operation of your equipment need not be 

affected by ups and downs in line voltage. Whether 

your line is 95 or 130 volts, the Raytheon voltage regu­

lator will supply rated output within ± %%. Response 

is within 1/20 second. Standard units from 15 to 2,000 

watts; specials from 5 to 10,000 watts.

wmuawemmun ut. um um wnmi wami k.

RAYTHEON

Fig. 1. Construction of ferrite modulator

Fig. 3. Variation of time delay per unit 
length of delay line (Td) with frequen­
cy (f). Note the effect of ferrite per­
meability on the shape of the curve.



\ Y

RAYTHEON MAGNETIC COMPONENTS

RAYTHEON MANUFACTURING COMPANY
Waltham 64, Massachusetts

CIRCLE 48 ON READER-SERVICE CARD FOR MORE INFORMATION

RAYTHEON

FREE DATA on 
this and other Raytheon 
magnetic components. 
Please write to Dept. 
6120-E, address below.

Excellence in Electronics

Size!
4 filter reactors and a 350-VA power transformer— 
all in 60 cubic inches! A ticklish design problem. The 
$64,000 question: how to get rid of the heat? Raytheon 
engineers did it with new “evaporative cooling” tech­
niques, using a high-dielectric liquid fluorochemical. 
Raytheon pioneering can pay off for you, too. Write 
us about your magnetic component problem. Our engi­
neers will study it and suggest a possible solution.
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This unique spherical pulse transformer (designed for 
blocking oscillator) measures just % inch in diameter. 
It was developed to meet a customer’s special space 
requirements without sacrificing electrical performance. 
Special configurations and sizes are no obstacle to 
Raytheon transformer design engineers. Let them tackle 
your problem.

Electronics Laboratory, under contract 
WADC.

se or time delay as the de current in

FREE DATA 
SHEETS:
Please write to Dept. 
6120-D, address below 
stating requirements.

RAYTHION MANUFACTURING COMPANY 
Waltham 64. Massachusetts 4
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Mr. A. Simone, who greatly aided in the constructional 
details. A paper on this same subject was presented at the 
1957 Electronic Components Symposium in Chicago.

The modulation characteristics of the delay line 
were determined from de and dynamic measure­
ments. A 10 mc carrier was inserted at the input to 
the line. With an oscilloscope synchronized to the 
input waveform, it was possible to observe the

Conversion of Phase To Frequency Modulation
This device also performs one additional function. 

In order to convert phase modulation to frequency 
modulation, it is necessary to de-emphasize the 
higher audio frequencies; i.e. the degree of modu­
lation should vary inversely as the audio frequency. 
This process is accomplished automatically in the 
modulation winding. If a low-impedance generator 
feeds the modulation winding, then the current 
through the winding will vary inversely as the 
audio frequency due to the inductive nature of the 
winding.

Fig. 1 is a pictorial diagram of the unit and shows 
the silver ground strips. Photographs of the various 
stages are shown in Fig. 7.

the modulation winding was varied. A typical plot 
of change in time delay vs bias current for a 4 in. 
line is shown in Fig. 5. This curve illustrates the 
typical saturating effect of the ferrite and the result­
ant hysteresis. Under actual operating conditions 
the modulation current would not be permitted to 
swing over the knee of the curve. The hysteresis 
effect is thus minimized.

Under modulation conditions a de bias current 
of 6 ma was inserted into the modulation winding. 
A permanent magnet could also have been used. 

I An audio signal of 1000 cps was used for the modu­
lation frequency. With a calibrated detector it was 
possible to obtain ±0.1 psec change in time delay 
which corresponds to ± 360 deg at 10 mc. The 

I audio power required was less than 50 mw, and 
the distortion less than 5 per cent. A similar experi- 

I went carried out at 30 mc, with a 2 in. line, pro- 
I duced ± 0.02 psec change in delay.
I Thus, it is extremely feasible to produce large 
I amounts of phase modulation with negligible audio 
I power directly at the carrier frequency or with at 
I most one additional stage of frequency multiplica- 
|don At lower carrier frequencies (e.g., 1.0 mc) it is 
■ possible to produce even larger changes in delay.

Temperature Sensitivity
A family of curves with temperature as the pa­

rameter is shown in Fig. 6. As the temperature in­
creases, there is an increase in the permeability of 
the ferrite, and hence, a somewhat greater change 
in time delay for a given bias current. If this effect 
is objectionable in a given application, then a tem­
perature sensitive resistor in the bias circuit could 
compensate for the temperature variation.

The actual line is shown in Fig. 7. Beginning at 
the top there is the original rod with its solenoid 
winding. Below this is a ferrite tube. The assembled 
line, with modulation winding and the final encap­
sulation, is also shown. The materials were devel­
oped by the Magnetic Materials Subsection of the

Fig. 7. Ferrite delay construction is illustrated by these elements. From top to bottom the pieces are 
rod with soleno>d winding, ferrite tube, assembled line with modulation winding and final encapsulation,
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Low Noise
Preamplifier

Fig. 1. Blower (B) forces air across 6280/416B tube (B). Air returns via 
holes (H) to space above chassis, where it is kept in turbulence by fan (F).

MOUNTING a receiving system preamplifier at 
the top of the tower next to the antenna greatly 

increases receiver sensitivity. Even when the very 
best low-loss cable is used between the antenna and 
the pre-amp on the ground, voltage standing waves 
result in a loss of 2 or 3 db. To compensate for this 
reduction in receiving system sensitivity, transmit­
ter output power would have to be almost doubled. 
For airborne telemetry this is impractical. A more 
reasonable solution is to take the pre-amp out of 
the ground receiving system rack—weatherproof it 
—and mount it at the antenna.

Past experience in mounting a preamplifier at the 
antenna has shown that the principal difficulties re­
sult from the equipment “breathing” salt, moisture 
laden air. The air eventually condenses on vulner­
able areas within the equipment, causing failure. 
This of course results from the preamplifier not 
being completely sealed. To prevent moisture from 
getting into the PR-200 preamplifier the housing is 
sealed and pressurized with dry air. Normally, a 
pressure of about ten pounds is used. Even if a 
minute leak should develop, the direction of flow is 
from the inside of the preamplifier to the outside 
instead of the opposite direction, which would 
bring contaminated air into the unit. Leaks induced 
in pre-production testing had a tendency to “reseal’ 
without a complete loss in pressure. As a final pre­
caution, a silico gel cartridge is clipped inside the 
housing to absorb any residual moisture present 
after pressurization of the unit.

The preamplifier PR-200, developed by Nems- 
Clarke, Inc., 919 Jesup-Blair Drive, Silver Spring 
Md., is designed for the most unfavorable environ-
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Pre-amp is placed at top of antenna tower to increase 
receiver sensitivity.
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mental conditions. All finishes are salt-spray resist­
ant. Designing for tropical sun ambient tempera­
tures as high as 115 F resulted in the unusual 
appearance of the preamplifier (Fig. 1).

A Division of Clevite Corporation
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the other end of the blower motor shaft. The tur­
bulence, aided by the high pressure inside the hous­
ing, permits an efficient heat transfer to the walls 
of the housing. From here the problem is to trans­
fer the heat to the surrounding atmosphere and at 
the same time prevent heating of the preamplifier 
housing by solar energy. This is accomplished by 
putting the preamplifier inside a silver-finished lou- 

rered box (sun shielded) which is mounted at the 
I antenna (Fig. 2). Now the purpose of fins on the 
I preamplifier becomes more evident. As the pream- 
I plifier heats the air in the space between it and the 
pun shield, flow of convection currents of air is from 
■the underside of the sun shield, which is open, up 
■ along the fins of the preamplifier housing, and out 
I of the sun shield. The sun shield is vented around 
I the top. These air currents aid in cooling the unit. 
I Some thought was given to the possibility of 

■counting only the RF section of the preamplifier at 
■the antenna and installing the power supply and

CLEVITE
TRANSISTOR PRODUCTS
241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330

a Large Signal D.C. Current Gain =12 to 40 at lc = 2.o amps, 
b Vcc 14V; Ic 750ma: Ru= 17u (choke coupled), R, -1 
c Vcc = -14V; Ic 420ma RL=30’i (choke coupled); R,= 1 
d Vcc = - 7V; Ic 420ma Rt=15u (choke coupled); R. - K

SIGNAL CORP» 
MIL-T-n679A/3î

Cooling
The major cooling problem is keeping the seals 

of the 6280/416B within ratings under the worst 
possible operating conditions. Fig. 1 shows the 
blower used to force air directly across the seals of 

| the 6280/416B. This air returns via a set of holes 
in the end of the chassis to the space above the

CLEVITE POWER TRANSISTORS

Brush Cleveland Graphite Clevite Harris clevite Ltd - Clevite 
Electronics Co. Bronze Co. Products Inc. * Research Centi

German Semiconductor Plant: Intermetall G.m.b.H.-Dusseldorf.

FOR MORE INFORMATION

EXPANDED LINE OF POWER TRANSISTORS 
FOR AUDIO OUTPUT, POWER SUPPLY 

AND SWITCHING APPLICATIONS
Clevite Power Transistors, available in production quantities, 
offer:
• HIGH POWER RATINGS • LOW THERMAL RESISTANCE
• HIGH POWER GAIN • RUGGED WELDED PACKAGE
• LOW DISTORTION • HERMETIC SEAL
Check the outline specifications for the type of performance 
you get from Clevite Power Transistors.
For on-the-job help with specific application problems, our 
engineers are available for consultation.
Data sheets B-211, B-214 and B-216 provide all the facts on 
Clevite Power Transistors. Write for your copies.

Outline

Type Military 
2N297

CTP 
1117 2N257 2N268

CTP 
1109

CTP 
1111 Unit:

Instantaneous 
Collector-to-base 
Voltage (absolute 
Maximum)

-60 -40 -40 -80 -20 - 80 Volts

Junction 
Temperature 
(absolute Max.)

85 85 85 85 85 85 eC

Average Tetal 
Power Dissipation 
(with inf. heat 
sink @ 25 0

25 30 25 25 25 25 Watt

Average Total 
Power Dissipation 
(with 36 sq. in. 
heat sink 
@ 25 0

—

15 18 15 15 15 15 Watt

Typical Power Gain a 33b 33c 30« 26c db
Frequency Cutoff 5 6 7 6 6 4 Kc/s



Fig. 2. Louvered box protects preamplifier from sun.
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controls in the receiving station. This arrangement 
proved cumbersome because of the number of in­
terconnecting leads required and the problem of 
filament drop to the 6280/416B tube. A decision 
was made to combine the RF section and power 
supply in one antenna-mounted unit with only a 
small control panel mounted in the receiving station. 
This panel contains the off-on switch, fuse, and 
pilot light. The preamplifier is supplied through a 
two-conductor cable, which carries 117 v 60 cycle 
power to the unit. Because of the critical filament 
requirements of the 6280/416B, it is recommended 
that the power be supplied from the receiving sta­
tion regulated line.

Amplifier Response
Overall response of the preamplifier, when used 

between a 50 ohm source and 50 ohm load, is flat 
within 3 db from 215 to 245 mc. Gain is approxi­
mately 23 db in the center of the pass band (Fig. 
3). This is sufficient to have the preamplifier deter­
mine the system noise figure, assuming a good re­
ceiver and reasonable loss in the line coimecting 
preamplifier and receiver.

Noise figure varies from approximately 4.2 to 5.2 
db. This is considerably higher than that specified 
on similar preamplifiers, and for a while was a 
source of some concern. To resolve the difficulty, a 
direct comparison was made using identical test 
equipment and changing only preamplifiers in the 
measuring setup. Tests showed that the PR-200 is 
equal to or better than preamplifiers specified to 
have noise figures as low as 2.5 db. Differences are 
probably the result of test equipment and tech­
niques. Since it equals or surpasses preamplifiers 
designed to do the same job and specified as being 
a great deal more sensitive, it does not represent a 
regression of the art. Authoritative noise figure 
standards would eliminate this problem.

ELECTRONIC DESIGN • September 15, 1957
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Power Supply
Since the power supply is an integral part of the

preamplifier, its efficiency is an important factor in 
the cooling problem. The power transformer is es­
pecially designed to keep heat dissipation to a mini­

Silicon diode rectifiers are used because of
their high efficiency and ability to operate in ele­
vated temperatures. A 5651 voltage reference tube
is used as a stable source of voltage to provide an
Sv bias on the grid of the 6280/416B. A high im-
pedance divider insures that the grid current rating 
is never exceeded, even when plate voltage is zero.

A thermal time delay tube is used to delay plate
voltage for approximately 90 seconds after turn on.
The time delay tube heater is part of the 6280/416B
filament series resistance circuits, which is supplied
from a 12.6 v winding on the power transformer.
Total series resistance is the proper value to drop
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filament voltage to 6.3 v when the preamplifier is in
operation. Under turn-on conditions, the filament
resistance of the 6280/416B is quite low; and an
excessive current, detrimental to tube life, would
flow if it were not limited bv some series resistance.
The arrangement described has been quite satis-
factory in obtaining long tube life, a helpful feature
in view of the price of the tube.

The design technique of placing the preamplifier
as close as possible to the signal picked up by the
antenna substantially increased receiving system
sensitivity. The qualtitative value of sensitivity in-
crease is equal to the transmission line loss incurred
in connecting the antenna to a preamplifier on the
ground.

For further information on the PR-200 preampli­
fier, turn to the Readers Service Card and circle

Write for complete information on
Frequency Standards microwave
frequency meters, or contact your
nearest representative . . . offices 
in principal cities.

^9- 3 Preamplifier characteristics for frequency range of
'5 to 245 me.
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MICROWAVE
FREQUENCY METERS

Cavity frequency meters manufactured by Frequency 
Standards, Inc. offer an order of accuracy and sta­
bility far above the ordinary. Invar steel construction,
precision-ground micrometer thread, superior 
electrical characteristics are all an integral part of
FREQUENCY STANDARDS frequency meters. Models
covering from 900 to 18,000 megacycles and in con­
structions for portable, waveguide, or special appli­
cation provide a wide range of instruments for the
engineer. Available in calibrated and direct-reading 
scales, at .01% accuracy on most models.



Design Forum

24 Hour

T 
ti

KEY SOURCE FOR 
SMALL MOTORS

a

Globe Industries should be your prime source for small, peak 
performance A.C. and D.C. motors for fundamental reasons. 
For instance, the four D.C. motors shown are just a beginning 
— not only can you have them in countless variations, but you 
can add scores of standard spur or planetary gear ratios. Also, 
a wide variety of governors, clutches, brakes and filters are 
available promptly to meet any need you have. All these vari­
ables are combined by Globe to give you a motor which out­
performs any other motor of comparable size.

An interchangeable standard part inventory, coupled with 
precision production techniques to match engineering efficiency 
are specific reasons why you can obtain quality custom built 
prototypes in 2 to 4 weeks. These same methods shorten lead 
time on Globe actuators, timers, rate gyros, blowers, servos.

Ask the largest D C. miniature motor manufacturer first. 
Send for your copy of the Globe D.C. motor catalog now.

GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio. HE 3741

THERE is nothing unusual or noteworthy 
about a tape recorder with a frequency re­

sponse of 200 to 3500 cps. However, when this is 
accomplished with a linear tape speed of 2-1/2 in. 
per minute, it merits investigation. The obvious 
advantages of such a slow tape-speed are mani­
fested in a new recorder/reproducer manufac­
tured by SoundScriber Corp., of North Haven, 
Conn.

The machine, (Fig. 1), known as the “24”, is 
capable of unattended continuous recording for 
24-1/4 hours on a 300 foot reel of 1.5 mil Mylar 
base tape. The reel has a diameter of only 3-3/4 
in. At 2-1/2 in. per min, head wear, and wear on 
mechanical drive parts are substantially reduced.

emf 
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spri 
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180 
spet 
mot 
on 1 
mai

STANDARD CHOICES: voltages to 120 V.D.C., output to 1/20 h.p., 129 
spur and planetary gear ratios, geared break away torques to 2500 oz.in , 
many varieties of governors, clutches, brakes, and filters are available. 
The graphs appearing above illustrate typical performances.

CIRCLE 54 ON READER-SERVICE CARD FOR MORE INFORMATION

Fig. 2. Underside view oS 
the gate and head whee 
assemblies. At the right ma) 
be seen the ratcheted topi 
drive capstan.

Fig. 1. Twenty-four hour recorder/reproducer.
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Fig. 3. Head wheel assembly showing slip rings.
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The slow speed is made possible by the use of 
a transverse recording pattern, similar to that 
employed in video tape-recording (headpiece, 
showing transverse recording pattern on 2 in. 
wide tape). A clamping action between a gear- 
driven capstan and a rubber pressure roller 
draws the tape through a gate assembly with 
spring-loaded contact shoes holding the tape in 
contact with a head wheel assembly rotating at 
30 rpm (Fig. 2). This assembly has two matched 
magnetic recording-reproducing heads spaced 
180 deg apart (Fig. 3). The effective recording 
speed is thus 1-7/8 in. per sec. A synchronous 
motor, flexible couplings, and a flywheel mounted 
on the head wheel assembly drive shaft serve to 
maintain constant head speed.

A calibrated time scale is printed on the tape 
for positive logging and place finding. The tape 
feed roller is equipped with a ratchet device to 
permit rapidly moving the tape forward or back­
ward manually. The detent action in the roller 
mechanism is an exact multiple of the track 
spacing. Thus, when the tape is moved manually, 
the head and tracks line up without further 
adjustment.

By recording transversely, with only 0.020 in. 
between recording tracks, 80 per cent of the 
available recording space on a two in. wide tape 
is utilized. The wide tape reduces the possibility 
of breakage, and its thickness reduces the effect 
of print-through” during long storage periods.

The tape cannot be erased accidentally. An 
accessory demagnetizer may be used to demag­
netize an entire reel in 15 sec.

The machine’s flexibility is manifested in the 
fact that it may be modified for two channel 
simultaneous recording, and its frequency re­
sponse may be increased by increasing tape and 
recording speed. For further information circle 
469 on the Reader’s Service Card.
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For better molded laminates
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LET MICA MOLD IT
Mica’s greater knowledge of materials, molding know-how, ability to vary materials 
as required, and problem-solving abilities pay off.

For savings, let MICA mold it. Our knowledge 
of base materials and molding methods, our un­
divided responsibility for quality of both mate­
rials and workmanship, and our specialized 
equipment save time and assure consistency, 
accuracy and prompt delivery.

For special applications, let MICA mold it Our 
molding materials include Lamicoid® phenolic 
papers and fabrics, polyester glass and scotch­
ply® epoxy glass. These materials offer light 
weight, high strength and stability, chemical re­
sistance, insulating properties, heat resistance and 
low moisture absorption. This wide range of prop­
erties meets many different application require­
ments.

For special processing, let MICA mold it. We
are fully equipped to mold parts of intricate

shape or difficult contours by matched metal die 
compression molding. Our facilities include com­
plete fabricating equipment for further machining 
and finishing of molded parts.

For creative engineering, let MICA mold it We 
are prepared to apply our knowledge of base 
materials, molding and fabricating methods, and 
application experience to the design and manu­
facture of prototype or experimental materials 
and parts.

For prompt quotation on your needs, send us 
your prints and specifications. We can also supply 
machined parts from paper, linen, canvas, nylon, 
asbestos and fibrous glass base materials. A Mica 
representative will be happy to give you any engi­
neering assistance needed.

scotchpl Y® is a registered trademark of Minnesota Mining and Manufacturing Co.

MICA INSULATOR COMPANY
777 Broadway, Schenectady 1, New York

A Subsidiary of Minnesota Mining and Manufacturing Company
CIRCLE 55 ON READER-SERVICE CARD FOR MORE INFORMATION
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British Component Show

Fig. 1 Flexible printed 
circuit (top); Printed cir­
cuit patterns used in the 
Mercury digital com­
puter (bottom).

ENGINEERS, buyers and executives from all over 
the world met recently at Grosvenor H( use, 

London for the annual British Radio and Electronic 
Components Show. One hundred and sixty-four ex­
hibitors displayed their equipment and components. 
Electronic Design has chosen some of the more 
outstanding developments presented at the show to 
pass on to American engineers. Many of the prod­
ucts listed can be purchased through an American 
Representative. When a company is represented in 
this country, the name and address of the American 
Representative are in the product description.

The exhibition, in past years, was generally 
known as the Radio Component Show, but this year 
a significant change to “The Radio and Electronic 
Component Show” was made. This fact, coupled 
with dividing the show between two hotels, indi­
cates that British electronics is a thriving industry. 
Visitors who were able to survive the walk around 
all 164 booths noticed several new names.

The show appeared to be bustling with potential 
prosperity. Most manufacturers spoke of full order 
books for months ahead. Electronic firms located in 
the new “satellite” towns built around London since 
World War II are prospering. Electronic compo­
nents made in these factories are being exported all 
over the world.

Electronics Industry Changing

The present boom in electronics is, however, un­
dergoing a slow and subtle change—a change that 
has only recently become apparent. Up till now the 
mainstay of the British electronics industry has been 
domestic radio and television. There have been 
many instances where development of professional 
electronic equipment was hindered because certain 
components, not used for domestic purposes, were 
not available at a reasonable price.

Now the position is beginning to reverse. Guided 
missile and government contracts are responsible 
for the shift in emphasis to industrial equipment.

Much of the work in components has been guided 
by the results of two Ministry of Supply sponsored 
committees—the Radio Component Research De­
velopment Committee and the Radio Component 
Standardization Committee. This standardization 
trend was very apparent at the show. Capacitors of 
the same basic type are almost identical whether 
made by manufacturer A or B. The same applies to 
many other components such as resistors and 
switches. Choice of a supplier in Great Britain is 
mainly determined by whether he can supply the 
components by a given date.
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Write for a copy of the Sendust 
Core Bulletin SDC-110, contain­
ing data on standard core sizes, 
electrical and magnetic properries, 
standard permeabilities, etc.

• Cores for filter coils

• Transformer cores for
voice and carrier

but SENDUST cores contain no scarce or

data sheet SDC-110.

Arnold sells SENDUST Powder Cores in

Printed Circuits

firms.
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Disappointing Speech
The rate of progress in electronics, however, lies

very much with the Ministry of Supply, which holds
the key both in regard to research and develop­
ment, and to increased exports. In this connection,
the speech by the new Minister of Supply, the Rt.
Hon. Aubrey Jones, M.P., at the opening luncheon
of the R.E.C.M.F. exhibition was both vague and
disappointing to British Manufacturers. Although
the Minister called for ‘a new balanced relationship
between the Ministry' of Supply and the industry.” it
is interesting to note that a British electronics maga-
zine commenting on the speech sarcastically pointed
out to its readers that at the IRE “conference on
missiles and electronics, which is to be held in
Washington, D. C., from June 17 to 19, there will
be some 130 professional papers delivered on sub-
jects which it is almost completely impossible to dis-
cuss in this country. The first step in the new rela-
tionship suggested bv the Minister must surely be
to allow manufacturers more freedom to release in­
formation on the more advanced of their electronic
developments.

The British are experiencing the same ‘trial and
erro/’ development of printed circuit techniques
common in the United States. The flexible base, sili-
cone-glass laminate printed circuit board is begin-
ning to receive rather widespread adoption.

One interesting example shown at the show by
Bakelite Ltd., 12/18 Grosvenor Gardens, London
S.W. 1, is incorporated in the Ferranti “Mercury
digital computer (Fig. 1). Another circuit, one of six
making up a sub-miniature Elliott radar receiver,
typifies the current British tendency to bring out
all connections to the periphery of the printed circuit
panel. Modular boards using periphery connections
and plug-in-assembly are produced by a number of

Many of the technical features of a product are
omitted in product literature released by British
manufacturers. For this reason American readers
may find product descriptions do not contain the 
technical information they desire. We feel sure that 
the manufacturers’ response to a Readers Service 
Card inquiry will supply any desired technical in­
formation.

Typical English vocabulary has been retained to 
give the reader an insight into British description. 
Ruggedized tubes in London are “values of a parti­
cularly robust nature.”

ELECTRONIC DESIGN • September 15, 1957

SENDUST POWDER CORES
They use NON-STRATEGIC MATERIALS
.. .you can avoid alloy shortages

SENDUST CORES this country under exclusive license from
cores is lower than that of Mo-Permalloy

The Tohoku Metal Industries Co., Ltd., of
powder cores, but the hysteresis loss of

in these typical
applications

• Cores for loading coils

frequencies

Japan. They are available in a wide selection
SENDUST cores is substantially higher, and

of sizes, ranging from .800" O.D. to 3.346
they also have higher values of electrical

O.D.—and in permeabilities of 10, 13, 25,
30, 50 and 80, although not all sizes are
available in all permeabilities.

SENDUST cores possess magnetic proper­
ties that are generally superior to iron powder
cores, but inferior to Mo-Permalloy powder

resistivity. In other characteristics of powder
cores, the two types are somewhat similar,

strategic materials and can offer a core source
in times of alloy shortage.

Sample SENDUST cores as well as pro-
duction quantities are available from stock.
For more detailed information, send for technicalcores in the audio and carrier frequency

range. The eddy current loss for SENDUST

56 ON READER-SERVICE CARD FOR MORE INFORMATION
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Pre-set Potentiometers

Sub-Miniature

Precision Resistor 

4 Types

This is a standard, stock item, voltage stabilizer 
having an input voltage range of 95 to 130 volts 
and a nominal output of 6.3 volts stabilized at 
±1%. Available from stock in 15, 25 and 50 VA 
capacities. No need to engineer special circuits
or design specially tapped transformers to pro­
vide for filament heating at the required 6.3 
volts. These stabilizers will do the job — better 
and usually less costly.
Output voltage stabilization is automatically 
obtained by a parallel combination of a fixed 
capacitance and a magnetic core inductance to

Voltage stabilization is further improved with 
a compensating winding to balance the output 
circuit.

Recovers 
Voltage Drop 
or Inductive 
Surge Within

1/30th 
second

The many design and performance features of 
Acme Electric stabilizers solve many problems 
caused by fluctuating voltage. Bulletin CVS- 
308, available on request gives full details and 
lists specifications of stabilizers up to 500 VA.

ACME ELECTRIC CORPORATION 
606 WATER ST. CURA. NEW YORK

1 Ac4njSLiJ>fc_£ Ladr i
TRANSFORMERS

British Products

The 4300 type of resistor is designed to meet the 
need of projects where a reliable high stability, 
close tolerance, resistor is required for critical cir­
cuits.

The range comprises four types: 1/4, 1/2, 3/4, 1 
w with tolerances of ±1 per cent in each type as 
shown. Maximum de voltage ranges from 150v for 
tlie 1/4 w resistors to 400v for the 1 w. Resistance 
valves as low as 10 ohms are available.

Standard Telephones & Cables Ltd., Dept. ED, 
Aldwych, London.

CIRCLE 58 ON READER-SERVICE CARD FOR MORE INFORMATION

Pulsed Magnetron

High-Power, X-Band, 
Fixed Frequency

The VF-10 a high-power, pulse X-band mag­
netron is capable of producing a peak power output 
of 1 mw at mean power levels up to 1 kw. Frequen­
cies in the range 9000-9500 me are available from 
the design presently available; this range may be 
extended to meet specific requirements.

The anode, which is a “rising-sun” type, is water 
cooled and fitted with integral polepieces. Drawings 
of a suitable electro-magnet for use with the valve, 
are available on request.

Ratings include a pulse length of 1.0 psec; a duty 
ratio of of 0.0015 and a rate of rise in voltage of 
220 kv/psec.

Ferranti Ltd., Dept. ED, Lancashire, England; 
Ferranti Electric Inc., 30 Rockefeller Plaza, New 
York 20, N.Y.

Sub-miniature pre-set rotary and strip potenti­
ometers type 170 (left), 171 (center), and 172 (right) 
are good, inexpensive components of minimum size. 
No larger than postage stamps, they have few parts 
and therefore promise high reliability. The po­
tentiometers are provided with several types of con­
nectors for various means of fixing.

Egen Electric Ltd., Dept. ED, Charfleet Indus­
trial Estate, Canvey Island, Essex.

CIRCLE 60 ON READER-SERVICE CARD FOR MORE INFORMATION

VHF Crystals

High Stability

Ci 
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Fc 

CIRCLI

These close tolerance fundamental mode crystals 
are designed for close channel spacing in mobile 
and airborne vhf equipment. Oven control is not 
necessary. The units contain specially processed 
AT-Cut crystals having very low frequency-tem­
perature and ageing characteristics. They have a 
standard fundamental frequency range of 5 to 15 
me, with a frequency/temperature deviation as low 
as ±0.003 per cent at 25 C. This is easily trimmed 
out in the user s circuit.

The holder is a Type 2M, equivalent to American 
H.C. 6/U, and finish is a bright nickel-silver metal 
case.

Cathodeon Crystals Ltd., Dept. ED, Linton, Cam­
bridgeshire.

CIRCLE 61 ON READER-SERVICE CARD FOR MORE INFORMATION
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FUNDAMENTAL DESCRIPTION OF

of a Series of
Data Sheets

CIRCLE 64 ON READER-SERVICE CARD FOR MORE INFORMATION

circuits.

of the brush holder.

ture rise of the circuit elements must
be determined.

3m* Leir A

W.3.
CIRCLE 63 ON

Ceramic Valve

at 15 KW

elements.

does not contribute further to this
cross talk.

Variable

Jackson Bros., Ltd., Dept. ED, London, M. Swed- 
gal Electronics, Dept. ED, 258 Bway., New York 7, 
N.Y.

Networks

Size

increased.

brush.

size of the cable chosen must take this
into consideration.

assisted within the
tube if the tube is
vertical and if the
ends are not blocked.

selected material.

Pulse Forming

Reduced Weight and

Encapsulated in epoxy resin, this pulse forming
network has an advantage of reduced weight and
size over liquid filled types. It is particularly suit­
able for use under extreme climatic conditions.

The model shown DNE 226 is a 45 ohm 2 psec
network. Peak working voltage is 6 kv.

Dubilier
Dept. ED,

Condenser Co Ltd., Ducon Works,
Victoria Road, North Acton, London,

Peak Power output

Capable of reliable operation where severe shock
and high ambient temperatures are encountered, the
UL-11 rf oscillator/amplifier operates at 1 k-mc cw
or 2 k-mc pulse operation. Mean anode dissipation
without forced air-cooling is 30 w. Max peak power
output 15 kw.

Ferranti Ltd., Dept. ED, Hollinwood, Lancs.

Twin Capacitor

A miniature variable twin capacitor, designed es-
pecially for transistorized receivers, with a maxi-
mum capacity of 208 pf (front) and 176 pf (rear). 
The cadmium-plate steel frame is 1-1/32 in. (long)

nerican 
r metal

and has a frontal area of 1-3/8 in. x 1-17/32 in. This 
includes the sweep of the aluminium vanes. The

POWER SLIP RINGS

In many cases, slip rings and brushes
used for power circuits can be the
same design and materials as found
in rotating electric machines. How­
ever, when circuit, space and en­
vironmental requirements impose
more severe problems, they can be
solved by special design and ad­
vanced techniques.

Currents carrying m excess of 20
amperes at power voltages and fre-
quencies are considered power

As m the case of rotating electric
machinery, copper or copper alloy
rings can be used with graphite or
metal graphite brushes. To achieve
the maximum performance in mini­
mum space and to satisfy environ-
mental requirements, silver rings
and silver graphite brushes are used.
The ring hardness is specified to be
125BHN for good surface wear.
Leaf type brushes may be used with
definite cost and space advantage at
currents up to about 100 amperes.
The leaf spring material is beryllium
copper. By using shunts or jumpers
made from finely braided copper
wire, the current capacity of the

brush assembly can be greatly

High currents require calculation of
the entire slip ring circuit for power
loss and temperature rise. The ring
is thermally insulated by the elec­
trical insulation, and therefore the
area for dissipating heat is limited
almost to the surface exposed to the

The ring cable within the tube may
be surrounded by other cables which
are also dissipating heat, and this
complicates the cooling problem. The

Heat dissipation is

Very high currents
have been earned by
leaf type brushes with
relatively small con­
tacts of properly

For motor type
brushes, the brush is

the limiting element in the circuit,
and the temperature rise of the brush

is greatest at that portion between
the ring contact surface and the end

If current surges exist in the circuit,
they must be examined for magni­
tude and time duration, and the
effect of the surge on the tempera­

Extremely high currents require the
examination of the electromagnetic
forces on the ring and circuit

There is electromagnetic cross talk
in alternating current circuits gener­
ated particularly in the tube. The
magnitude of this cross talk is not
greater than that produced by the
same set of parallel lines m an elec-
tric conduit: and the slip ring circuit

Makepeace SLIP RINGS

D. E. MAKEPEACE COMPANY Attleboro, Mass.spindle is 1/4 in. diam by 3/4 in. long; the air gap
0085 in and weight 2-1/4 oz.
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The TV station, the systems for 

music, paging, and intercom­
munication in the new 

Prudential Insurance Company 
of America's Building in Chicago 

have been—wired by Belden.
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Magnet Wire • Lead and Fixture Wire • Power Supply Cords, Cord Sets and Portable Cord • Aircraft Wires 
Welding Cable • Electrical Household Cords • Electronic Wires • Automotive Wire and Cable

British Products

Connectors-Terminals

Miniature Cable Connectors

Low standing wave ratio, greater mechanical 
strength and the fact that they are completely wa­
terproof are the main features of these connectors. 
They are interchangeable with their American 
counterparts and according to the manufacturer 
offer certain improvements. The cable grip is de­
signed to secure the connector firmly to the end of 
the cable. They are sealed when loaded on the 
cable.

The connectors can be used for frequencies up to 
at least 3 k me with a nominal characteristic im­
pedance throughout the range of 51 ohms. Contact 
resistance is less than one milliohm and leakage 
(sealing) less than 1 c. c. per hour.

Belling & Lee Ltd., Dept. ED. Great Cambridge 
Road, Enfield, Middlesex.
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Smallest in Britain

Claimed to be the smallest insulated stand-ofl 
made in Britain, and possibly smallest in the world, 
the W.8003 is only 3/8 in. high. For 1 KV working, 
it is available with either 8BA stud or tapped 8BA 
bases. Either a single or double top-solder tipped for 
ease of soldering—can be supplied.

Harwin Engineers Ltd., Dept. ED, 101 Nibth- 
waite Road, Harrow, Middlesex.
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Plugs and Sockets

■IIITerminal Blocks

Flexible

AATION
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Export Dept.: The Carpenter Steel Co., Port Washington, N. Y.—"CARSTEELCO 1

When you work with Carpenter, you have access to the 
most complete selection of these amazing alloys avail­
able today. You’re assured of precise and uniform qual­
ity, achieved by the closest steelmaking quality controls, 
proved in actual applications many times over. You’ll 
find Carpenter willing to work closely with you in any­
way you wish.

Complete technical data on Carpenter alloys for elec­
tronic, magnetic and electrical applications are available 
on request. Why not get in touch with us? Outline 
your requirements on your company letterhead and put 
it in the mail today.

; world, 
working, 
ed 8BA 
iped for

nd of 
i the

Belling and Lee Ltd., Dept. ED, Great Cam­
bridge Rd., Enfield, Middlesex.
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Where space is at a premium, this flexible termi­
nal block will bend to any curved or irregular sur­
face. Another unique feature is the ability to hold 
terminal screws captive. Even when the blocks are 
mounted upside down and the screws totally disen­
gaged from their inserts they cannot fall out.

The blocks can be easily cut with a knife into 
smaller sections. Three fixing holes are provided be­
tween each pair of terminals so that even a 2-way 
section cannot twist on its mounting. The terminal 
screws are fully shrouded in the moulding and pro- 
^cted against accidental contacts and short circuits, 

i md the shrouds will not break.
Peak working voltage is 2 kv between terminals or 

between terminals and chassis. Insulation resistance 
exceeds 10,000 megohms and current rating is 2 I Alloys for electronic, magnetic and electrical applications

The Carpenter Steel Company, 145 W. Bern St., Reading, Pa.
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It often takes a very special kind of “magnetic behavior” 
to solve development problems in the highly-advanced 
electronics of today. Bor instance, the curves above 
show the special permeability characteristics available 
in some of the Carpenter alloys for electronic, magnetic 
and electrical applications.

They illustrate one of the many ways Carpenter alloys 
provide special properties to meet the requirements of 
computer cores, special magnetic amplifiers and many 
other highly developed forms of electronic apparatus. 

Carpenter alloys for electronic, magnetic and electrical 
applications provide many other properties ideal for de­
velopment and production work, such as low thermal 
expansion, glass-to-metal sealing, high electrical resistiv­
ity, temperature compensation and corrosion resistance.

nical 
wa-

“J” type plugs and sockets have twelve resilient 
fingers engaged with each flat plug pin to provide 
exceptionally low contact resistance, high current 
carrying capacity and minimum insertion and with­
drawal forces. These special features combined with 
small overall dimensions and Mikacin mouldings 
support the claims for consistency of electrical and 
mechanical performance after some thousands of 
insertion and withdrawal operations.

The Carr Fastener Co. Ltd., Dept. ED, Stample- 
ford, Nottingham; Carr Fastener Corp., Cambridge, 
Mass.
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British Products
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Seven models —rugged enough 
for production line testing; 
versatile enough for almost 
all laboratory needs.

Price and delivery of both amplifiers 
and shakers are exceptionally good. 

For complete specifications and prices 
send for the new four-page 

illustrated brochure.

The Genisco-Savage 
Model V1OOO Shaker

was cc 
to inf c
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Here’s the new line of quality, high­
output amplifiers you’ve been waiting for! 
All seven models feature high power out­
put, low distortion, exceptionally high relia­
bility and stability, and excellent output 
voltage waveform.

The Model KLF, shown at left, is par­
ticularly useful as an exciter for vibration 
testing equipment and as a variable fre­
quency power supply for a multitude of 
production and laboratory needs. It will 
operate continuously with an output of 
1,000 watts from 6 to 2,000 cps.

Components of all Genisco-Savage 
/Amplifiers are mounted on 19" vertical 
panels to facilitate easy inspection and 
maintenance. Quick-release grill covers 
make all tubes readily accessible from the 
front. Numerous built-in safety features 
protect the equipment from operator errors.

Two New Shake Tables Available The 
new Model V1000 Genisco-Savage Shaker 
features a very light moving coil assembly, 
high thrust-to-weight ratio, automatic 
impedance matching, and an excellent out­
put waveform. A continuous alternating 
thrust of ±600 lbs. is produced at 1,000 
watts control power. Thrust can be 
increased to ±750 lbs. peak by use of a 
blower (Model V1000B). Both models have 
been stress-tested to withstand continuous 
operation at accelerations of 100 G’s.

me t 
recti«

Designed to operate in the frequency band 9600 
to 9800 me this ferrite switch provides a maximum 
attenuation of 30 db. By applying a current pulse 
of suitable magnitude to the solenoid the switch 
acts as a pulsed reflective attenuator so having an 
obvious application to aerial switching. The device 
can act similarly as a controlled calibrated attenu­
ator providing a method of age and as an amplitude 
modulator, if a suitable periodic current waveform 
is applied to the solenoid. This latter application is 
most important since it permits detection of micro­
wave signals at audio frequencies without the usual 
disadvantages of frequency modulation introduced 
by modulation of a klystron control grid or reflector

The insertion loss is 0.5 db; and peak attenuation 
30 db min.; coil inductance is 0.63 mh; coil capaci­
tance 127 pf and coil resistance 3.2 ohms, current 
for peak attenuation at 9750 me is 0.70 amp de. De­
lay of microwave modulation pulse with respect to 
current pulse is 1 psec, and power handling capa­
city is 30 w. -

Ferranti Ltd., Ferry Road, Dept. ED, Edinburgh

Genlaco, Incorporateci
2233 Federal Avenue 
Las Angeles 64 California

Reverse attenuation of this ferrite isolator is 
greater than 20 db over a 10 per cent frequency 
band from 8500 to 9400 me with a forward attenu­
ation of less than 0.8 db. It is designed for operation 
up to a peak incident power level of 75 kw or 
mean incident level of 75 w. VSWR is less than 1.2 
over the frequency band.

The isolator can decouple an oscillator from its 
load so that optimum oscillator performance can be 
obtained, with the elimination of such problems as 
frequency pulling and spectrum deterioration.

Ferranti Ltd., Dept. ED, Ferry Rd., Edinburgh 5. 
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Ferrite Switch 

9600 to 9800 me

Ferrite Isolator 
Medium Power X-Band

.. .with 
the new 
Genisco-

high-output 
amplifiers!

6 cos to 100.000 cps at

1,000 WATTS CONTINUOUS DUTY

•RIEF 
SPECIFICATIONS

MODELS

DM2 DM2 KM2 10K KM2S KLF KRF

Output 250 wat 
50 or 100 *

500 wat 
50 0» 100 v

1000 w at 
50 or 100 1

10.000 w 
maximum

1000 w at 
50 or 100 v

WOO w at 50. 
100, or 200 v

1000 w at 25. 
50 or 100 *

Frequency 
Ringe

50 to 10,000 
cos at 250 w

50 to 10,000 
cps at 500 w

50 to 10,000 
cps at 1000 w

40 to 10,00(i 
cps at 10.000 w

50 to 10,000 
cps at 1000 w

6 to 2000 cps 
at 1000 w

5 to 100 kc 
at 1000 w

Sensitivity
0.036 V at 
600 ohms

0.04 v at 
600 ohms

0.1 v at 600 
ohms

0.16 v rms at
600 ohms for 

10,000 w outout

0.1 v at 600 
ohms

0 05 vat 600 
ohms

0.5 v at 600 
ohms

distortion 1% at 250 w. 
1000 cps

0.75% at 500 w, 
1000 cps

Le ss than 0.75% 
at 1 kw. 1000 cps

Less than 3% 
at 10 kw 
1000 cps

less than 0.75% 
at 1 kw. 1000 cps

Less than 5% 
at I kw 10 to 

1000 cps



Instruments Twist wires... dip in solder 
joint is complete without stripping wire with Analac!

Oscilloscope

General Purpose

This oscilloscope is of a particularly robust nature 
and is designed for use as a general purpose instru­
ment. A flat faced cathode-ray tube 4 in. diam is 
utilized.

A new type of graticule is used allowing ready 
measurements in both axes. A hard time base hav­
ing extremely good synchronization characteristics 
is provided covering the wide range of frequencies 
from 2 cps to 100 kc and can be operated either 
free running or triggered. Horizontal and vertical 
amplifiers with push-pull output are provided. The 
latter is of high gain and has a frequency range ex­
tending from ten cycles to 6 me -J- 1/2 db and —3 
db. Both amplifiers have outputs corresponding to 
several screen diameters.

Taylor Electrical Instruments Ltd., Dept. ED, 
419 Montrose Ave., Slough, Bucks, England.
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Variable Attenuator

Wide Frequency Range
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Practically independent of frequency up to 100 
me these attenuators can be used with minor cor­
rections up to 300 me. Because they have an accur­
acy of ± 2 per cent, they can be used for gain 
measurement of amplifiers or for use in conjunction 
with existing signal sources.

They are unaffected by external fields. Attenua­
tion range is from 1 db to 99. db. in steps of 1 db. 
Characteristic impedance is 75 ohms and maximum 
input voltage 3v.

British Physical Labs., Dept. ED, Radlett, Herts. 
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This product sampling of the British Electronics Industry 
was compiled for two reasons. As always, our first goal was 
Io inform the Design Engineer of new electronic equipment 
and components. Our second purpose was to give the engi- 
aeer an opportunity to compare the “state of the art” in 
inerii a with that in England.

Anaconda’s Analac* film-insulated, solder­
able magnet wire can be used just as you use 
Formvar or Plain Enamel—except that it is 
solderable without stripping!
Saves time and money wherever many sol­
dered connections are to be made. Soldering 
by dipping, iron or gun produces a perfect 

joint.
Performs well in high-speed winding. Analac 
has the excellent abrasion-resistance and 
other good mechanical properties of the 
enamel wire you’re now using.

Distinctive red color simplifies identification 
... is highly visible, helping operators turn 
out higher quality work. Color is stable dye 
used for identical applications for years.

Available in exceptionally wide range of sizes.

The Man from Anaconda can give you more 
information and help with a production run 
in your plant. See “Anaconda’’ in your phone 
book—in most principal cities—or write: 
Anaconda Wire & Cable Company, Magnet 
Wire Headquarters, Muskegon, Michigan.

♦Re«. U. 8. Pat. Off. 578MA

See the Man from

Anaconda
for ready-to-solder

Analac
NEW CATALOG ON ANALAC 

• Your* for the asking.
Mail coupon 

for your copy.

Anaconda Wire & Cable Company 
Magnet Wire Headquarters, 
Muskegon, Michigan.

Please send me catalog C-95A on Analac ready- 
to-solder magnet wire. 
NAME A TITLE.....................................................................................

COMPANY...............................................................................................

ADDRESS..................................................................................................  

CITY, ZONE, STATE...........................................................................

INFORMATION

magnet wire
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New Products

450 F Synchros

High Accuracy

This size 10 synchro has passed tests at 450 F for 
100 hr and 350 F for 1000 hr. High accuracies are 
maintained. Available as transmitters, transformers, 
differentials, and resolvers, the synchros are made 
of stainless steel. Transmitter characteristics with 
rotor as primary include 26 v input, 0.145 a input, 
0.61 w input, 11.8 v output, sensitivity 206 mv/deg, 
phase shift 8 deg de; resistance is —22.5 ohms for 
the rotor, 9 ohms for the stator. Impedances are: 
Zro, 32 4- jl76; Zso, 9 -j- j31; Zrss, 61 -j- j21. Maxi­
mum null is 30 wv and length is 1.241 in.

Clifton Precision Products Co., Inc., Dept. ED, 
9014 West Chester Pike, Upper Darby, Pa.
CIRCLE 83 ON READER-SERVICE CARD FOR MORE INFORMATION

Magnetically-Held Switches

Prevent Continuity Errors

pull the switch closed. Company engineers state 
that the units will withstand vibration frequencies 
up to 500 cps at 10 g loads, and that the normal feel 
of toggle-switch operation is retained. The units oc­
cupy less than 2.5 cu. in. and weigh 4 oz. Errors of 
circuit continuity which ordinarily result from re­
sidual magnetic fields after a power failure are re­
portedly effectively eliminated and the necessity for 
on-off warning lights and similar devices is avoided. 
Switches are available in single-pole and double­
pole models in corrosion-resistant casings.

Lear, Inc., Dept. ED, 110 Ionia Ave., N.W., 
Grand Rapids, Mich.
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Frequency Deviation Meter

1 to 10,000 CPS Range, Digital Display

Semiconductor 
Diode Tester

Instant Quantitative 
Measurement

The Model 6005 permits rapid direct read-out of 
the deviation of a frequency from 1 to 10,000 cps in 
parts per million ±1 count. The unit consists of a 
preset counter section, gating and controlling cir­
cuits, a temperature regulated crystal controlled 
1 mc oscillator and a display section. Specifications 
include: frequency range of 1 to 10,000 cps; accu­
racy of ± 1 count ± stability; stability for short term 
is 1 part in 1,000,000 and for long term is 3 parts 
per 1,000,000 per week; display time of 1 sec; read­
out of 6 digits; time base of 1 sec when preset dec­
ades are set to frequency of unknown. The meter 
weighs 48 lb, measures 8-3/4 x 18-3/4 x 13-3/4 in.

Computer-Measurements Corp., Dept. ED, 5528 
Vineland Ave., North Hollywood, Calif.
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Miniature Flip-Flop 

DC to 20 Kc Range

These transistorized flip-flops, Series 7-1000, are 
for airborne data handling and control circuits. 
Each unit measures 1.5 x 0.75 x 0.25 in. plus termi­
nals. It consists of two transistors in an Eccles-Jor­
dan circuit, and a third transistor used as an output 
buffer amplifier. Frequency ranges from de to 20 kc, 
and the temperature from 0 to 85 c. Supply voltage 
is 28 v, and required signal voltage is —8 v, pulse or 
sq wave. Output swing is from 6.5 to 25 v with no 
load and 5 to 18 v with 1500 ohm load. Input and 
reset signals are diode isolated.

Dynalysis Development Labs., Inc., Dept. ED, 
11941 Wilshire Blvd., Los Angeles 25, Calif.
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The diode tester quickly checks all common types 
of semiconductor diodes for irregularities by means 
of the dynamic curve projected on a calibrated oscil­
loscope screen. Circuitry is designed for minimum 
noise and hum and provides instantaneous and ac­
curate quantitative measurements for use in re­
search labs or for volume testing on production 
lines. The cathode-ray indicator, having high deflec­
tion sensitivity, is a companion instrument.

Technitrol Engineering Co., Dept. ED, 1952 E. 
Allegheny Ave., Philadelphia 34, Pa.
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These automatic-disconnect switches are mag­
netically-held and are automatically disarmed when
the energizing voltage drops between 13 and 5 v. A
fail-safe feature ensures that the solenoid will not



Shipping Containers

Vulcanized Fibre
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This reusable vulcanized fibre shipping con- 
| tainer for the transportation of delicate instruments 
I and equipment consists of side walls and bottoms 
I which are of sandwich-type construction, with ply- 
I wood protected on both sides by vulcanized fibre. 
I The plywood provides a rigid core while the scuff- 
I resistant fibre armors exterior surfaces. This bonded 
I construction gives minimum weight and maximum 
I strength, durability and shock resistance with a 
I total wall thickness of only 1/8 in. Maximum pro- 
I tection to contents is provided by a thick, shock- 
I absorbing internal padding, mounted on plywood 
I panels and covered with durable cotton duck. The 
I lid, constructed of 1/4-in. bone fibre and hinged to 
I the recessed metal top molding, is secured for ship- 
I ment with two recessed Southco-type fasteners. It 
I closes flush and features a spring clip for freedom 
I from vibration ahd easy opening.

National Vulcanized Fibre Co., Dept. ED, 1057 
I Beech St., Wilmington 99, Del.
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model VC10GW 
actual size

Trimmer Capacitors for 
Miniaturization and Subminiaturization

WHERE DESIGNS CALL FOR
MAXIMUM RANGE IN MINIMUM PHYSICAL SIZE

VC16G Split stator series 
(panel type)

Industrial Pressure 
Switch

Burst Pressures to 
600 psi

Capacitance Range (MMF) 
Plate to Plate

Model Min. Max.

VC16G 0.8 2.5
VC17G 1.1 4.5
VC18G 1.8 7.5
VC80 0.4 1.0
VC81 06 1.6
VC82 085 2.8
VC83 3.0 6.0

ypes 
eans 
)scil- 
num 
1 ac- 
i re- 
?tion 
?Bec-

>2 E.

MION

The GIS-8000 is an industrial pressure switch 
designed for use in machine tool control panels, 
hydraulic test stands and lubrication systems. The 
vibration-proof switch is 2-1/2 in. in diam with 
an overall height of 2-1/2 in. The pressure sensing 
chamber is sealed and contains a diaphragm of 
suitable material for use with- a variety of fluids 
and gases. Factory pre-set, the switch will make 
pr break electrical loads of 110/220 v to 15 a in 

response to pressure changes up to 225 psi with 
[burst pressure up to 600 psi. A companion series, 2 
|11 in diam, GIS-8060 will similarly control systems 
■with burst pressures to 1800 psi. Each unit can be 
Supplied for operation in temperature to 275 F. 
I Corn Electric Co., Inc., Dept. ED, 845 Main St., 
■Stamford, Conn.
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VC9GW Trimmer series These new miniature types

VC9G Trimmer series VC20G Trimmer series
(lug & lead type for printed 
circuits)

Capacitance Range (MMF)

(panel type)
Capacitance Range (MMF) 

Model Min. Max.

Model Min. Max. VC20G 0.8 8 5
VC9G 0.8 ' 8 5 VC21G 0.8 4.5
VC10G 08 45 VC22G 0.7 12
VC31G 0.8 12 VC23G 08 18

« VC32G
VC42G
VC43G

0.8 
1
0.8

18
21
30

VC24G 1 30

PHONE DEWEY 1-1000

(4 wire type for printed 
wiring boards)

incorporate the exclusive new JFD 
telescoping tuning assembly. Both the 
telescoping piston and self-contained

Capacitance Range (MMF) adjustment shaft function as a low
Model Min. Max. inductance coaxial assembly within
VC9GW 0.8 8.5 the dielectric cylinder. This innovation
VC10GW 0.8 4.5 makes possible a highly compact

VC31GW 0.8 12 variable trimmer piston capacitor of

VC32GW 0.8 18
minimum size for the given 
capacitance range —up to 50%

VC42GW 1 21 reduction in overall length compared
VC43GW 0.8 30 to previous similar types.

' ELECTRONICS, INC.
7 PIONEERS IN ELECTRONICS SINCE 1929

' 1462 62nd Street, Brooklyn 19, New York

The new JFD Split Stator trimmer se­
ries was expressly engineered for 
critical push pull radio frequency cir­
cuits and similar sensitive networks. 
The extreme stability and low temper­
ature coefficient of the quartz dielec­
tric types recommend these trimmers 
for applications requiring extreme 
low-loss operation with maximum tun­
ing resolution. Where maximum range 
for physical size is needed, you have 
your choice of the JFD glass dielec­
tric split stator type.
JFD keeps pace with new trimmer ca­
pacitors ready to meet new chal­
lenges. The result is today's JFD line 
of 42 Precision trimmers (the indus­
try's largest) to meet your most criti­
cal network design and production 
needs.

Write for Bulletins 201 A, 202A, 
203A and 204A, for comprehensive 
electrical data on above JFD trim­
mers.
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New Products
Time Delay Switch

Thermal Operation

Your choice of 3 basic designs in... MULTI-TURN F

Time delay switches offering delay ranges from 5 
to 20 sec up to 1 to 5 min operate thermally and are 
generally used in conjunction with magnetic relays. 
The delay can be set at any point within the limits 
of the timing range by means of an adjustment screw 
that varies the contact gap. Switches with or with­
out immediate recycling are available. The principle 
difference between the two is that the immediate 
recycling type has two sets of contacts, one normally 
open and one normally closed. The other type has 
only one set of contacts, either normally open or 
normally closed. Both types can be supplied with 
contacts rated 1 or 2 a at 115 v ac. The switches can 
be had in versions with temperature compensation 
for applications where an accurate delay is required 
over widely varying ambient conditions. Typical 
units measure 3 x 7/8 x 7/8 in.

Betts & Betts Corp., Dept. ED, 213 W. 14 St., 
New York, N.Y.
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Push-Button Actuator

For Several Switching 
Circuits

I

-

i

The manually operated A4-67 actuator is de­
signed to accept any one of the manufacturer’s three 
standard basic switches without altering the actua­
tor bracket. This feature permits a wide range of 
circuit arrangements from spst to tpdt-6 circuit. 
The actuator button is housed in an independent 
threaded bushing unit which screws into the 
bracket to act as an adjustment for panel thickness 
variations and also as a lock nut for panel mount­
ing. Actuator can be mounted to panels from 1/16 
in. to 1/8 in. thickness. The knurled ring nut per­
mits fast, hand installation. All metal parts are 
corrosion resistant treated. The large actuator but­
ton is available in standard colors of black, red 
and green. Other special colored buttons are avail­
able upon request.

Electro Snap Switch & Mfg. Co., Dept. ED, 4218 
W. Lake St., Chicago 24, Ill.

This unique mechanical drive in a machined

case minimizes winding wear and electrical backlash

Here is a standard-for-quality line of multi-turn poten­
tiometers (shown at the right), which will hold tight 
tolerances over their entire ranges because backlash 
has been reduced to an absolute minimum.

These units utilize a unique mechanical drive per­
fected by Fairchild, which is separate from the helical 
coil of resistance wire. The contact wiper is advanced 
along the winding by a guide tab that rides in a groove 
parallel to the winding (see cutaway above). This 
design minimizes winding wear and electrical back­
lash, thereby extending both life and accuracy.

CIRCLE 93 ON READER-SERVICE

These precision units also offer you the advantages of 
tight linearity tolerances, high temperature perform­
ance, and low noise levels. This Fairchild design is avail­
able with resistance ranges between IK ohms and - 
megohms, and in 1" and 1%" diameters. Mounting 
plates are bushing, servo or 3-hole pilot types.

Standard temperature ratings for these units range 
from —55°C to H-85°C. However, Types 930 and 933 
are regularly available in ratings up to 150°C and Type 
908 to 125° C. Other types can be had with these higher 

ratings on special order.
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PRECISION POTENTIOMETERS

form-

and 2 
anting

range 
id 933 
1 Type1

Most economical 7/8“ 10-turn PHENOLIC 
CASE. Elec. Rotation: 3600°; Res. Range: 
100 to 100K; Tol.: ±5%; Std. Lin: ±0.5 
to ±0.1%; Power Rating: 2 Watts.

WEST COAST
6111 E. Washington Blvd. 
Los Angeles, Calif.

AC and DC 
Impedance Bridge 

High Frequency

Components Division, Dept. 140-90N
EAST COAST
225 Park Avenue
Hicksville, LI.. N.Y.
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it uses a helical slip bar, which serves also as a guide for the wiper. The 
wiper assembly straddles the slip bar, the wiper riding the resistance 
winding in the middle, thus eliminating wear at this point and improv­
ing the life characteristics of the unit.

Vg" 10-turn Metal Cate Type 908.
Elec. Rotation: 3600°; Res. Range:

100 to 100K ohms; Tol: ±5%; Std. Lin.: 
±.25 to ±.05%; Power Rating: 2 5 Watts.

No matter what factors govern your choice, you’ll find the best 
potentiometers for your application in Fairchild’s complete line. 
Write for a free folder or call Fairchild Controls Corporation,

1" 10-turn Metal Case Type 920.
Elec. Rotation: 3600', Ros. Range IK to 

I Meg.; Tol. ±5%; Std Lin.: ±.25 to 
±.05%; Power Rating: 3.5 Watts. Gangable

TV Bridging 
Amplifiers

L 10, and 25 Db Gain

Vhf TV bridging amplifiers with unity gain, 10, 
and 25 db gain are for 75 ohm systems and will 
handle up to 0.2 v per channel, maximum output. 
The amplifiers feature single control adjustable 
equalization and adjustable gain. Plug-in attenuators 
insure less than 0.5 db thru-line loss. Silicon power 
rectifiers contribute to low power consumption and 
very long life.

Entron, Inc., Dept. ED, P. O. Box 287, Bladens­
burg, Md.
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Elec. Rotation: 3600^; Res. Range: 100 to 
200K ohms; Power Rating: 2.5 Watts at 
40°C; Amb. operating temp.: —55°C to 
-j-150°C (on special order). Std. Line­
arity ±0.5 to ±0.05%. Unit is gangable.

1-13/16" 3-turn Metal Case Type 933.
Elec. Rotation: 1080s; Res. Range: 350 to 
600K ohms; Tol.: ±5% (±1% on specials);

Std. Lin.: ±25 to ±05%, 
Power Rating: 5 Watts; Gangable.

STEEL CASE 7s" 10-turn standard. (Avail

Fairchild’s complete line of precision potentiometers offers three basic designs giving 
complete coverage for most applications: 1. A machined aluminum case with insulating 
liner and unique mechanical drive; 2. All stainless steel case with wiper tab drive; 3. Eco­
nomical phenolic case. All these designs are available as linear or multi-tapped non-linear 
units. Whichever design you select, you’ll get consistent performance to meet your specifi­
cations in every potentiometer — even on a production basis. Fairchild assures you of this 
by insisting on rigid incoming materials inspection, sub-assembly and final inspection, 
plus performance testing, and environmental testing to destruction of random samples.

Type 909—STAINLESS ,
able from 3 to 20 turns.) The only nominally priced metal case 
10-turn on the market. Features all-stainless steel structural parts, and 
individually-insulated terminals welded to the case. This new design 
concept utilizes cylinders of stainless steel for the case, insulated from 
the mandrel by a dielectric film. Instead of the conventional slip ring.

This impedance bridge assembly, Model 291, con­
tains ac and de generator and detector units. For 
de measurements of resistance and conductance, 
the built-in de generator, operated from a 115 v, 
50 to 60 cps ac power line, can provide either 10 
or 300 v to the bridge. During the balancing opera­
tion, bridge nulls are detected on a light beam type 
galvanometer having a deflection sensitivity of 30 
mm per pa. An adjustable 0 to 15 v power supply, 
operable from 100 cps through 10 kc, is available 
for ac impedance measurements. Frequency selec­
tions are made by means of plug-in networks. Visual 
detection of bridge balance is provided for by use 
of a dual electronic ray indicator having instantane­
ous response to a wide range of signal changes. Ter­
minals are provided for accommodating other types 
of detectors when desired. Null indicator sensitivity 
is 20 pv or less.

Accuracies are 0.1 mohms to 1.2 megohms, accu­
rate to ±0.1 per cent; 0.1 ppmhos to 1.2 mhos, ac­
curate to ±0.1 per cent; 0.1 ppf to 1200 pf, accurate 
to ±0.2 per cent; and 0.1 ph to 1200 h, accurate to 
±0.3 per cent. The main LRC dial has a scale with 
11,000 effective graduations spaced approximately 
1 mm apart.

Electro-Measurements, Inc., Dept. ED, 7524 S.W. 
Macadam Ave., Portland, Ore.
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11 and COMPONENTS

1-3/16" 10-turn Mutai Caw Type 930.
Elec. Rotation: 3600°; Re». Range: 

IK to 2 Meg.; Tol. ±5% (±1% on specials), 
Sta. Lin.: ±0.1 ot ±.025%;

Power Rating: 5 Watts; Gangable.
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PYRAMID CQM
1. High reliability, ideally suited for computer requirements. 2. Highest purity aluminum used. 
3. Molded terminals for tight permanent seal. 4. Low leakage current 5. Long shelf life.
6. Low equivalent series resistance.
Computer circuits require electrolytic capacitors of the highest reliability. Pyramid type CQM capacitors 
fill this requirement. They are made with electrodes of the highest purity aluminum obtainable (99.99%) 
and specially formulated electrolytes. Carefully inspected materials, coupled with controlled manufacturing 
methods, produce a capacitor capable of meeting the most exacting computer specification.
The capacitors are made* in high purity aluminum containers hermetically sealed with molded tops held in 
place by rolling the can rim securely over a buna rubber gasket The terminals are molded into the top. 
These terminals and the buna rubber gasketing insure a tight, permanent seal.
Two types of terminals are available-. (1) a screw type terminal with tapped inserts, (CQM); (2) a lug type 
terminal, with anti-rotational locks, swaged to solid aluminum inserts, (CQML).
Internal connections to the aluminum inserts are made with straps of the same high purity aluminum as 
the electrodes. This feature contributes to low leakage and long shelf life.

Pyramid type CQM capacitors may be ordered in various capacitance and voltage combinations ranging from 
45,000 mfd at 5 WVDC to 850 mfd at 400 WVDC. Container diameters are 1%", 2", 2Mt" and 3*. The height 
for all units is 4Vs". Other sizes, or units for special applications may be obtained by inquiring of Pyramid’s 
Engineering Department.

New Products
Buffer Storage Unit
Holds 1092 Characters

Type 1092-BQ-8 coincident-current 
magnetic core storage unit can be 
used as a temporary store or buffer 
unit in data processing, computing 
and automation systems. Each of the 
1092 characters has a capacity of eight 
binary digits in length. The storage 
unit is completely transistorized.

Telemeter Magnetics, Inc., Dept. 
ED, 2245 Pontius Ave., Los Angeles 
64, Calif.

Electromagnetic Brake 
Servo Mounting, High Torque

PYRAMID TQ
1. Designed for high reliability electronic equipment, telephone networks, and industrial control 
systems. 2. Wide temperature range: -20°C. to +85°C. 3. Hermetically sealed aluminum 
can. 4. Low leakage current 5. Long life, trouble free operation. 6. Manufactured under 
quality controlled conditions.
Present day electronic equipment, telephone network systems, and industrial control systems, where a high 
degree of reliability is essential, require capacitors having a long life.
Pyramid Electric Company introduces type TQ, a high quality electrolytic capacitor which will meet the 
requirements of design engineers today and for some time to come.
From raw material to finished product, the Pyramid type TQ is manufactured under controlled conditions 
and constant supervision.

Type TQ Capacitors are available in single, dual and triple capacitances. They vary in voltage range from 
6 to 450 working volts DC. Can sizes are available in 1" diameter x 2W length, 1" x 3", 1* x 3^2", 1" x 4", 
I%"x2^", 1H"x3¥2" and 1H"x4".

For complete specifications write for technical bulletin.

4 PYRAMID c°
NORTH BERGEN, NEW JERSEY

braked when energized, are servo 
mounted units designed with the 
shaft out either or both ends. The 
brakes are available from 6 to 100 v 
de. Four standard sizes are available 
with typical performances extending 
from a minimum biake torque of 4 oz 
in. to a minimum brake torque of 64 
oz in. The units weight from 0.75 to 
7.5 oz.

Autotronics Inc., Dept. ED, Route 
1, Box 812, Florissant, Mo.
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PARK nameplate company, ine.
34-10 Linden Place, Flushing 54, N.Y

THINPLATE is the Park name for its 
selective color anodized aluminum foil 
nameplates in .003" and .005" gauges, 
with adhesive backing.
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Stop losing production line dollars 
on slow, costly rivet-mounted name­
plates that scrape, scratch, become 
hard to read.

Switch to THINPLATES®, the adhe­
sive backed anodized aluminum foil 
nameplates!

Thinplates mount in a moment to 
any surface, bond permanently. 
Thinplates’ anodized surfaces never 
scratch, scrape or peel, stay bright 
and legible for the lifetime of 
aluminum.

Thinplates go anywhere and stay 
there! For identification, decoration, 
nomenclature, operating instruc­
tions, Thinplates are used on every­
thing from aircraft to skillets.

Don’t entrust your product’s name 
to cumbersome rivet mounted name­
plates and 'easily damaged paper 
decals — use anodized aluminum 
Thinplates that save time and dollars.

FREE! Send today for samples 
of Thinplate that will spark 
your product design and econ­
omy ideas. Write on your letter­
head to Department ED9.

Users of Thinplate include:
Avco Manufacturing Co.
Bendix Aviation Corp.
Chrysler Corp.
Eastman Kodak Co.
General Electric Co.
General Motors Corp.
Minneapolis-Honeywell Regulator Co. 
Radio Corporation of America 
Sperry-Rand Corp.
Sunbeam Corp.
Westinghouse Electric Corp.
... and many more of the biggest 
names in American industry!

This 16 mm intermediate high-speed camera with 
200-ft film capacity and daylight loading spools is 
designed to operate remotely while mounted on air­
craft, missiles, sleds, or any vehicle where photo­
graphic information is required for test data or 
documentary purposes. The recorder movement is 
an intermittent walking claw type which insures ac­
curacy and against loss of loop while operating. 
Co-axially mounted film spools make recorder case 
extremely small and light. Timing lights, boresight, 
mount, C lenses, carrying case, interchangeable 
shutters, and speed change gears are available ac­
cessories.

Benson-Lehner Corp., Photo Instruments Div., 
Dept. ED, 11930 Olympic Blvd., Los Angeles 64, 
Calif.

Now Photocircuits Corporation offers you 
the services of its newly formed

PHOTO 
DIVISION

CIRCLE 170 ON READER-SERVICE CARD FOR MORE INFORMATION

Stable Amplifier 

For Proportional Counting

This Model 255S amplifier is a non-overloading, 
stable instrument designed for use with gas flow 
counters operating in the proportional region. The 
amplifier is designed to receive power from an 
associated scaler. High voltage for the instrument’s 
detector can be supplied from a scaler or separate 
high voltage supply. The unit measures 9-1/2 x 
4 x 2 in. plus tube height; weight is 4 lbs; shipping 
weight is 10 lbs. The amplifier has a gain of approxi­
mately 300 with a minimum output of 6 v negative, 
of 2 psec duration. Peak-to-peak noise at output 
is 50 mv. The unit contains a built-in double hv 
filter and delay line for pulse shaping.

Baird-Atomic Inc., Dept. ED, 33 University Rd., 
Cambridge 38, Mass.

for faster delivery of Printed Circuit Prototypes

Sales- Engineering Offices:
HOUSTON, TEX. • LOS ANGELES, CAL. • ATHERTON, CAL. • ROCHESTER, N. Y. • 
CHARLOTTE, N. C. • DENVER, COLO. • SPOKANE, WASH. • CHICAGO, ILL. •

KANSAS CITY, MO. 
PHILADELPHIA, PA.

• No need to wait weeks for a few engineering samples! We’ll deliver FULLY 
FABRICATED parts within days from receipt of your art work or negatives and 
specifications.
• This separate division is completely streamlined in its methods and systems to 
guarantee you the fastest possible service.
• To accomplish this result a special set of “ground rules” has been formulated. 
Your local factory Sales-Engineer will give you all the details.
• He can figure costs on the spot! You will not be delayed by having to write 
the factory for formal quotation.
The PROTO DIVISION combines speed with the three vital attributes that have 
made Photocircuits the leader in the industry ... EXPERIENCE, EQUIPMENT 
and CONTROL!
NOW you’ll meet that deadline and still benefit from all the cost and quality 
advantages of printed wiring.

71 0 TO DIVISION 

HMuHs 
CORPORATION

Dept. ED9, GLEN COVE. NEW YORK

PhOMS.

GLen Cove 4-1000 
Flushing 7-1100

Cabin PHOCIRCO

W SERVICE on ““‘HOPES
New Products

16 Mm High-Speed Camera

For Missiles and Aircraft
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New Products
Directional Couplers 

Cover 68 to 73 Kmc

A. C. Receptacle— 
Designed for econonpcal 
installation

Interlock Plug—3-pin
—positive grounding

could. have

1

Anti-corona Sockets
—Octal, 9-pin

Printed Circuit Sockets
—Octal, 9-pin, 7-pin

Counter Tube Socket
—with built-in 
zero-adjust

“Class 30” Transistor 
Socket—for standard 
100-mil grid

“In-line” Transistor 
Socket—with snap-in 
printed circuit contacts

The MA-668A and B side-wall directional cou­
plers for the range 68 to 73 kmc have nominal 
coupling values of 20 and 30 db, respectively. Di­
rectivity is 25 db minimum while maximum vswr 
in the main arm is 1.1 and in the auxiliary arm 1.15 
for both. These measurements are performed at 
mid-band and at specified band extremes. The cou­
pling accuracy is within ±1/4 db. UG-385/U cou­
pling flanges are used on all arms. Overall length 
is 3-5/32. The height from the center line of the 
main arm to the auxiliary arm flange surface is 
13/16 in. Each coupler is fabricated from coin silver 
waveguide. Mating surfaces are flat and mirror 
smooth to prevent rf leaks. All surfaces are silver 
plated. A coat of blue-gray lacquer is applied to 
external non-contacting surfaces.

Microwave Associates, Inc., Dept. ED, Burling­
ton, Mass.
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Strain Gage Power Supply 

For 120 Ohm Model

If you’re building circuits . . . 
chances are you’ve come across at 
least one socketing problem. Maybe 
it was an entirely new problem like 
socketing the “class 30” transistor or 
perhaps a recurring bugaboo like high 
voltage arcing.

Either way, if you brought your 
problem to Sylvania it didn’t take 
long to find an efficient, economical 
solution.

If you haven’t been checking Sylvania 
for your socket requirements, why 
not do it next time? Sylvania has 
produced millions of sockets in over 
150 varieties to fit every need. Many 
are now standard items and may 
offer an immediate solution to your 
problem. Write for specification sheets 
on the above sockets or let us suggest 
the best socket for the application 
you have in mind.

W I A 'M I A F A. FÒT S DIVISION
k J J Wr / W I I / ^k Sylvania Electric Products Inc., Parts Division. Warren, Pennsylvania 

LIGHTING • RADIO • TELEVISION • ELECTRONICS

MBTAL 
■TAMPINO

This unit is designed primarily for use as a power 
supply for a 120 ohm strain gage bridge. The out­
put of the power supply is available on the front 
panel for other than bridge applications as desired. 
The unit contains a wired bridge with front panel 
facilities for using from one to four strain gages as 
either active or dummy elements. Provided are 
initial balancing facilities with both coarse and fine 
adjustments. Specifications are as follows: internal 
impedance, less than 0.25 ohm; ripple, less than 0.1 
per cent of the output voltage; output range, 0.25 v 
de, 500 ma. The unit is 11 x 19 x 7 in.

Spar Engineering & Development, Inc., Dept. 
ED, Paxson and South Aves., Wyncote, Pa.
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Reduces Down Time

Honeywell
Motors'SWT

irror

ATION

TWO-PHASE INDUCTION

Honeywell0.25 V

HONEYWEU
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Adjustable Motor 
Base

The angular positioning of such components as 
synchros and potentiometers is accomplished with 
the Dial Assembly. A simple operation attaches the 
component to the dial assembly through use of a 
spring-loaded collet and two housing clips. Ade­
quate control of the dial position is obtained with 
a geared vernier knob. Specifications include: dial 
diameter, 5 in.; handles component sizes 15 and 
less; dial graduated in steps of 1 deg through 360 
deg with a vernier which indicates 0.1 deg. Overall 
angular accuracy, 0.1 deg.

Theta Instrument Corp., Dept. ED, 204 Market 
I St., E. Paterson, N.J.

cou­
cou-

Angular Positioner 
For Synchros and Pots

Now from Honeywell come these newly-designed syn­
chronous and two-phase motors of highest quality. 
New, sectioned die cast housing . . . new wicking to 
prevent oil leakage . . . ball bearings to reduce friction 
. . . printed circuits . . . are some of their many mainte­
nance-saving features. What’s more, you can replace 
any part in two minutes, usually without disconnecting 
the leads from your installation.

Order these motors in small quantities for prototype 
development, or by the thousands for production runs. 
Models charted at right are available for fast, depend­
able delivery.

Minneapolis-Honeywell Regulator Co., Industrial 
Division. Wayne and Windrim Aves.,Philadelphia 44,Pa.

for chart drives, servos, 
balancing circuits, remote positioners

Lost production due to stretched and sagging 
belts may be eliminated with the Adjusto-Slide 
motor base. With this base, belt take-up is accom­
plished by adjusting only one screw, an adjustment 
that is made without stopping the motor. Replace­
ment of belts is made simple, since the adjusting 
screw on most models can be loosened and swung 
aside, freeing the top plate and the motor to move 
far enough for removing the old and installing 
the new belt. Once the new belt is in place, the 
motor is moved back in place, the adjusting screw 
swung back, tightened and the machine is back 
in operation. The motor base accommodates NEMA 
frame sizes from 182 through 326 v in both old and 
new designations, from 1 to 30 hp. The base can 
be mounted vertically, horizontally or in an in­
clined position;

American Pulley Co., Power-Transmission Div., 
Dept. ED, 4200 Wissahickon Ave., Philadelphia 
29, Pa.
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t6.0 watts in field winding, balance in amplifier winding

SYNCHRONOUS

Namiaal 
Na-Laad 
RPM*

Gaar 
Ratte

later mitten! 
Rated Laad 

(az.-ia.)

Max. Start- 
in| Torqae 

(ez.-la.)

Pawer 
(watto)t 
Leaded

Carreat 
(«■U) 
Leaded

Temp. 
Maa 

Dai. F
330 44:1 4 10 7.6 .11 70
148 10:1 5 20 7.0 .11 70
44 30:1 15 50 7.6 .11 70 ,
22 60:1 30 120 7.6 .11 70

*1/6 les* at 50 cycles. Some speeds availabe at 25 cycles.

Weight: 29 oz. Write for Specification S900-3.

RPM* Gen 
Ratta

Pan-la 
Taraae, Mia.

(az.-ia. )

Caattaaou» 
Term 
(az.-ia.)

Pew« 
twathj 
Leaded

Carreat 
(»«H) 
LiaHd

Temp. 
Maa 

Dai. F
180 10:1 12 12 19 .21 100
180 10:1 3.5 4 13 .11 65
90 20:1 14 12 11 .095 55
60 30:1 13.5 12 13 .11 65
30 60:1 27.5 12 13 .11 65



New Products
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Brush Spring Caps

For Rapid Motor Attachment

A method of attaching caps to car­
bon motor brush springs has been de­
signed for use with the manufacturer’s 
automatic soldering machine to make 
brush cap attachments 2 to 3 times 
faster than old methods. The tandem 
caps are packaged on disposable reels 
and, since they are machine-fed, re­
duce work spoilage and eliminate 
loose-parts loss. The self-soldering ma­
chine automatically crimps, solders 
and cuts off the caps in one operation 
and completely eliminates the need 
for handling individual caps, open 
flames and soldering irons. Caps are 
now available in standard size from 
7/32 to 1/2 in. diam and special sizes 
are available on request.

Patton-MacGuyer Co., Dept. ED, 
15 Virginia Ave., Providence 5, R.I.
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35 Mi Minutes

Microwave cooking shaves hours from food preparation time. This is a home-type electronic oven developed by Raytheon for production by appliance manufacturers.

Meals in minutes by electronics- 

in permanent magnet equipped range

•rmanent magnet is C-shaped 
asting at right of magnetron; 
ox on top is filter assembly.

Microwave energy does the cooking 

in this domestic electronic oven based 

on Raytheon’s “Radarange” for the 

restaurant industry. Microwaves are 

far higher in frequency than 

broadcast waves—fact, the mag­

netron tube (at left) steps 

up the vibrations to an incred­

ible 2,450,000,000 times a second !

A vital part of the magnetron is

the Crucible Alnico permanent magnet shown in the inset.

This is one of many practical applications for Crucible 

Alnico permanent magnets. Crucible has been a leading pro­

ducer of permanent magnets, known for their consistently 
higher energy product, ever since Alnico alloys were devel­

oped. You can now order them sand cast, shell molded, or 

investment cast to every size, shape, or tolerance needed.

It’s why an increasing number of manufacturers find the 

answer to their magnet problem at Crucible. Crucible Steel 
Company of America, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa.

35 Kmc Balanced Mixers

For Waveguide Transmission Systems
A series of millimeter wave bal­

anced mixers has been designed for 
use with RG-96/U waveguide trans­
mission systems. When used with 
matched pairs of 1N53 or 1N53A co­
axial mixer crystals, the series pro­
vides high local oscillator noise sup­
pression in Ka-band radar receivers 
over the 34 to 36 kmc range. Ratings 
and general characteristics of the MA- 
1026 series include: vswr of 1.3 max; 
balance of 1/2 db; cross talk of 20 db 
(min); and output capacity of 3 |X|tf 
(nominal). Maximum overall dimen­
sions are 1-25/32 x 1-17/32 x 1-61/64 
in.

Microwave Associates, Inc., Dept 
ED, Burlington, Mass.
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CRUCIBLE first name in special purpose steels
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Crystal Oscillator

Stability of 1 Part in 10*
Miniature packaged crystal oscilla­

tors, ruggedized for missile and other 
airborne applications, have the fol­
lowing specifications designed to pro­
vide optimum frequency control: fre­
quency stability, up to ±1 part in 10*
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MAXIMUM RATINGS (Per Tubej
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TYPICAL OPERATION SINGLE-TONE SSB
1460 Watts2500 Volts OC Plate Current

Hâte Dissipation 
Screen Dissipation 
Grid Dissipation .

:o pro­
li: fre­

nate Voltage 
Screen Voltage 
Plate Current

Plate Voltag

1000 Watts Max.
12 Watts Max.
0 Watts Max.

3000 Volts Max. 
350 Volts Max, 
1.0 Amps Max.

Write our Application Engineering Department 
and data sheet describing this important new

the standard 7 pin plug 
other mountings.

Bulova Watch Co.,

max:
20 db

imen- 
61/64

for a brochure 
tube in detail.

with a frequency range of 180 kc to 
50 me; harmonic content, less than 5 
per cent with an available output 
voltage up to 50 v peak to peak; and 
input voltages, 75, 150, 250 v for tube 
circ aits and 6 to 24 v for transistorized 
circuits. The unit measures 1 x 1-1/2 x 
4 in. These oscillators are available in

RF Crystal Calibrator 
Diode Clips 

1 Part in 108 Stability

1.0 Amps Actual Power Ouput

Eimac fills another important transmitting need with this 
air-cooled, ceramic-metal, one-kilowatt tetrode . . . the 
4CX1000A. Specifically designed for single side band 
operation the 4CX1000A is a low-voltage, high-current 
Class AB] RF or AF linear amplifier tube, exhibiting high 
power gain and exceptionally low distortion character­
istics. The 4CX1000A achieves its maximum rated output 
power with zero grid drive, thus minimizing driver stage 
design problems and eliminating one source of distortion. 
Eimac stacked ceramic design gives the 4CX1000A 
excellent immunity to damage by mechanical and 
thermal shock. Electrical stability is assured by internal 
ceramic support of the tube elements and clean internal

Div., Dept. ED, Woodside 77, N.Y.
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The Model 542B rf Crystal Cali­
brator is a compact, portable source 
of accurate signals at 1 me, 100 kc, 10 
kc and the respective harmonics of 
these frequencies. The instrument 
finds application in frequency meas­
urements procedures or in the calibra­
tion of receivers and transmitters 
throughout the specified ranges. Pro­
vision is made for the comparison and 
adjustment of the basic crystal oscil­
lator frequency to the standard fre­
quency transmissions originating from 
the National Bureau of Standards 
Station WWV. The heart of the Model 
542B is an accurate (0.005 per cent) 
and stable (1 part in 10® per deg C) 
crystal controlled oscillator which is 
made to serve as both the generator 
of harmonics and a control for two 
stable multivibrators, one at 100 kc 
and the other at 10 kc.

Incorporated is a mixer and a three- 
stage audio amplifier to facilitate the 
comparison of the fundamental and 
harmonic frequencies of its source 
with external signals. The unit can 
utilize the mixer circuitry for compari­
son of two completely external signals 
in the range of 10 kc to 500 me.

Metronix Inc., Dept. ED, Mill 
Lane, Waterford, Conn.
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design. Ideal for applications where space is at a 
premium, this mechanically-rugged, electrically-reliable 
thousand watt tetrode measures less than 5 inches high 
and 3’/j inches in diameter. High temperature process­
ing, made possible by Eimac ceramic-metal design, 
produces an extremely clean tube. This ideal environ­
ment assures long life for the efficient oxide-coated 
cathode.
Efficient, trouble-free socketing and cooling is provided 
for the 4CX1000A by the new SK-800 Air System Socket 
and SK-806 Chimney.

UBRi

Breechlock-type base 
for large contact area, 
firm tube support. —

Accurate grid alignment, 
stability under sustained vi­
bration assured by ceramic 
pm which anchors grids to 
cathode can.

Bar type screen grid gives 
lower feedthrough capaci­
tance and improved thermal 
performance.

Conical and cylindri­
cal die-formed tube 
element supports for 
mechanical strength, 
precise element align­
ment and good heat 
dissipation.

Eimac stacked-ceramic 
construction through­
out for mechanical 
strength, higher tem­
perature processing, 
better thermal con­
ductivity and superior 
electrical efficiency 
at VHF and high tem­
peratures. —

Mechanically rugged 
high efficiency, indi 
rectly-heated, oxide 
coated cathode.

Integral finned cooler, fur­
nace brazed to external anode 
for high thermal efficiency.
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croammeter, WV-84B

TYPICAL SPECIFICATIONS

14^

POLYTECHNIC RESEARCH & DEVELOPMENT CO
CIRCLE 115 ON READER-SERVICE CARD

Line 
Size

Insertion 
Length

Three improved test instruments 
have been developed for immediate 
inclusion in the company’s test equip 
ment line. A highly sensitive de mi.

RG-52/U
RG-91/U

202 Tillary Street, Brooklyn 1, N. Y.
CIRCLE 114 ON READER-SERVICE CARD FOR MORE INFORMATION
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Ready for IMMEDIATE Delivery!
Whether you are working up VSWR or impedance data in the design 

or testing of new transmission line components, or are designing an impedance 
matching device for monitoring antenna and transmission line VSWR in 

communications systems ... PRD Slotted Sections provide the superlative answer 
for precise and accurate information with simplicity and dependability of use.

They have no equal in providing precise standing wave and impedance measurements. 
PRD Slotted Sections are built of precision-machined “micro-finished” transmission line.

The probe is secured to a ball-bearing carriage that travels in precision-ground, 
hardened grooved runways. Thus the probe travels in a path exactly parallel 

to the axis of the transmission line. A marked advantage of PRD Slotted Sections 
is their permanent adjustment, at the factory, to zero slope—there is no need 

for adjustment to correct for changing slope characteristics. PRD Slotted Sections 
are designed to mate with standard MIL type connectors and flanges. Low reflection 

adaptors are available where additional types of connectors are used.
The ultimate in precision measurements is achieved when PRD accessory items 

such as Type 250-A Broadband Probe and Type 218-K Accessory Kit are used.

Equivalent 
Wave Guide 

Type

Frequency 
Range 

kmc/sec

1.0 to 4.0
1.0 to 4.0

-<.20 to 12.4
12.4 to 18.0

Model

200-C 
215-A 
203-E
210-A

Test Instruments Line

For Service and Research

FINEST, MOST COMPLETE LINE 
of Precision Slotted Sections

operated vacuum tube microammeter, 
featuring 6 de ranges for measuring 
currents from 0.0002 to 1000 pa. The 
WR-49B rf signal generator, a port­
able all-purpose radio and television 
service signal generator, is offered for 
uses requiring a modulated or un­
modulated rf sine wave signal between 
85 kc and 30 me. The video test 
adapter, WG-306B, a plug-in adapter 
designed for simplified service trouble­
shooting in the video output stages of 
color TV receivers, makes it possible 
to inject video signals from the adapter 
directly into the control grid circuit of 
the video amplifier stages.

Radio Corp, of America, Compo­
nents Div. Engineering Labs., Dept. 
ED, 30 Rockefeller Plaza, New York 
20, N.Y.
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For full technical details on the complete line 
of PRD Slotted Sections, or for consultation 
on the particular model best suited ro your 
needs, call your local PRD Engineering Rep­
resentative: or write to Applications Engineer­
ing Group H.

Be sure to take in the PRD Exhibit 
at the NEC Show, Ruoth 162-163.

High Output Pressure Pickup 
±0.5 Per Cent Accuracy

A new line of flange mounted pres­
sure transducers combines high out­
put and small size with high accuracy 
of measurement. Output of the unit 
varies from 25 to 100 mv full scale 
depending on the pressure range. The 
minimum output is 5 mv per v of ex­
citation; the maximum, 10 mv per v of 
excitation. The total weight of the 
unit is 7 g. The dimensions are as 
follows: the diaphragm diam, 1/2 in., 
the flange diam. 5/8 in., and the 
height including- the terminal pins. 
7/16 in. The 18-8 stainless steel unit 
is designed so that it may be mounted 
flush with the inner surface of the 
pressure chamber to measure fast 
pressure variations. Accuracy of ±0.5 
per cent full scale (with hysteresis of 
0.25 per cent) has been achieved 
Temperatures may vary from —IO*1 
to +300 F.

Dynamic Instrument Co., Dept 
ED, 28 Carleton St., Cambridge 42, 
Mass.



mpo- 
)ept. 
York

pres- 
out-

uracy 
! unit 
scale 

!. The

SILICON RECTIFIERS

AM, FM, and CW Receiver 
40 to 180 Me Range

The special purpose receiver, Type 
1503, is an am, fm, and cw receiver 
operating in the frequency range of 
40 to 180 me.

News-Clarke, Inc., Dept. ED, 919 
Jesup-Blair Dr., Silver Spring, Md.
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Miniature DC Motor
Continuous 1 Oz-ln. Torque

Operating on 12 to 16 v de, a motor 
capable of operating in dry nitrogen 
gas at 30 mm of mercury pressure 
absolute for 200 hr has been devel­
oped. This motor is rated 1/100 hp at 
10,000 rpm. It draws 2.5 a at full load 
and 0.7 a no load, and it develops 
1 oz-in. of torque in continuous duty 
or 1.85 oz.-in. intermittent service. 
Designed for missile application, it 
measures 1.127 in. in diam and 1.75 in. 
in length.

Western Gear Corp., Dept. ED, 
P. O. Box 182, Lynwood, Calif.
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Pressure Calibrator
0.05 Per Cent Accuracy
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Silicon RectifiersSilicon DiodesTransistorsGermanium Diodes

Designed either for the calibration 
of pressure instruments or for direct 
pressure measurements, this pressure 
standard has an overall accuracy of 
±0.05 per cent up to 2500 psi, and 
±0.1 per cent up to 10,000 psi. 
Weighing approximately 25 lb, the 
unit can be adapted to measure other 
parameters such as force, acceleration, 
and displacement.

Wiancko Engineering Co., Dept. 
ED, 255 N. Halstead Ave., Pasadena, 
Calif.
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If you are currently using rectifiers of 
any type, it will pay you to check with 
Transitron to find out how silicon can do 
the job better . . . and quite likely at a 
lower cost.

Major price reductions have recently 
been made in nearly all of Transitron’s 
wide range of silicon rectifier types. 
These reductions are the result of econo­
mies in mass production and expanded 

usage.

The technical superiority of Transitron’s 
silicon rectifiers has become a well estab­
lished fact over the past four years. Now, 
the technical advantages of silicon can be 
had at a cost oftentimes below that of 
other rectifiers including germanium and 
selenium.
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Peak Average
Recurrent Rectified

Inverse Current
Voltage Per Cell

Type (Volts) (Amps)

Peak Average
Recurrent Rectified

Inverse Current
Voltage Per Coll

Type (Volts) (Amps)

Peak Average
Recurrent Rectified

Inverse Current
Voltage Per Coll

Typo (Volts) (Amps)

........ ..............................................................—1
Peak Average

Recurrent . Rectified
Inverse Current
Voltage Per Cell

Type (Volts) (ma)

1N412A 100 35

1N413A 200 35

TH302 300 35

TH402 400 35

1N249A 100 20

1N250A 200 20

TR302 300 20

TR4O2 400 20

TM27 200 3

TM47 400 3

TM24 200 1

TM44 400 1

1N483A 70 50

1N484A 130 50

1N486A 225 50

1N488A 380 50

MAXIMUM RATINGS AT 150°C _____________________________________________

j AVAILABLE JAN TYPES: 1N253, 1N254, JN255^_1N256^1N457^JN458^2N222,m.^mm^^mm^^mmb„m^^BM|
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Triode Modulator

modulator, the F-6920, forA hard tube triode

Printed Circuit Connector

oR
©1-27 138TH PLACE

CUCLI
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Damped oscillation output at twice the input frequency 
for use in telemetering and relaying ... is the function 
of the Interceptor Transformer. This miniaturized system 
is compatible for carrier frequencies from 200 cps up 
into the megacycle range. Previous designs for this 
type of system using conventional components 
were bulky, and expensive.
Wiegand gave the problem of miniaturization to General 
Transistor. Following GT engineer’s recommendation, 
a GT-81 transistor was used. This transistor met 
the specs ... a response to signal amplitudes below 
1 microvolt... it had to be highly reliable and able 
to withstand shock, vibration, and heat.. . ready 
availability for mass production in printed circuits ... 
and finally, competitively priced.
Many of the leaders of industry turn to GT for the 
solution to their problems ... strict quality controls, 
selected raw materials, environmental testing, 
engineering know-how, and modern production 
techniques assure a complete reliable product. 

This is one more example why
General Transistor is the fastest growing name in transistors.
Send for Bulletin G-l 10.

GENERAL TRANSISTOR

CIRCLE 120 ON READER-SERVICE CARD FOR MORE INFORMATION

use in instrumentation radar, has a peak plate cur­
rent and hold-off voltage of 150 a and 35 kv respec­
tively. The unit is intended for switching applica­
tions within the range of 0.002 duty factor and 15 
psec pulse length. The anode is forced air cooled 
and is capable of dissipating 10 kw at ambient air 
temperatures of 50 C. The filament is designed to 
operate over a voltage range of 11 to 11.9 v depend­
ing on the peak plate current requirements. Fila­
ment current is approximately 300 a. The F-6920 
has a maximum overall length of 24 in., a maximum 
overall width of 8 in. and an approximate weight 
of 60 lb.

International Telephone and Telegraph Corp., 
Components Div., Dept. ED, 100 Kingsland Rd., 
Clifton, N.J.
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Measures 9-7/32 In. Long

This connector is a one piece molding of Plaskon 
reinforced (glass) Alkyd. The 34 contacts have 0.25 
in. spacing including heavy barriers for extra protec­
tion and long creepage path. Patented Bellows Ac­
tion contacts are conservatively rated to accept 
printed circuit board thickness of 0.054 to 0.072 in­
while maintaining low contact resistance and posi-
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These Little
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ENCAPSULATION

UNTIL TODAY

NOW

cur-

■■■i

IATION

E-FORMS eliminate:

Wasteful mixing of hardener and resin

’laskon

protec-
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The "E-FORM” pellet and electronic component are inserted into the "E-CASE”. 
in that order. The assembly is then subjected to heat, with a gentle pressure 
exerted on the component. The heat causes the pellet to liquefy and flow 
around the component. Further heating gels and then cures the epoxy. The 
result is a completely epoxy-encased unit, resistant to humidity, temperature 
variations and corrosive influences.

Write for 
complete 
information.
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"E CASES" plus "E-FORM" pellets make mass production and auto­
mation techniques feasible since these combinations can be automat­
ically fed, positioned and assembled with the use of standard available 
machinery.

14-Stage Multiplier 
Phototube

The trouble of tedious mixing and measuring of hardener and resin, the danger of 
toxicity, the waste of material due to the instability of the compound... all of these 
factors combined, make epoxy encapsulation an extremely inefficient operation.

For Scintillation 
Counters

tive pring action grip over the entire printed circuit 
con* ict area. Self-alignment of Bellows contacts 
alloy’s for any residual warpage of printed circuit 
board. The connector accepts a board length of 
8-3 4 in. An anodized aluminum shield for dissipat­
ing heat is available as an optional accessory.

Dejur Amsco Corp., Electronic Sales Div., Dept. 
ED, 45-01 Northern Blvd., Long Island City 1,

accept 
072 in. 
d posi-

137 Coit Street, Irvington, New Jersey • Essex 5-6000

A dry, stable, non-toxic pellet of preformed, premixed Epoxy compounds, tailored to 
your exact requirements, can make encapsulation one of the simplest operations in 
your manufacturing process.
Developed by Epoxy Products’ experienced staff of plasticists, these pellets, though 
designed primarily for use in conjunction with Epoxy “E-CASE” Shells, are being 
widely used wherever epoxy resins are required for bonding, sealing or encapsulation.

d 15 
)oled 
it air

Dermatitis problems (completely non-toxic)

Dixie cups and liquid metering machines
The need for a trained chemist to supervise operation

-6920 
mum This 14-stage head-on type of multiplier photo­

tube (RCA-6810-A) is intended for use in scintil­
lation counters for the detection and measurement 
of nuclear radiation and in applications involving 
the measurement of low-level light sources. The 
tube supersedes the 6810. The spectral response of 
the 6810-A covers the range from about 3000 to 
6500 A, with maximum response occurring at ap­
proximately 4400 A, and is, therefore, highly sensi­
tive to blue-rich light with negligible sensitivity to 
red radiation.

Among its design features are a semi-transparent 
cathode on the curved inner surface of the face end 
of the bulb; a minimum cathode diam of 1-11/16 
in.; a faceplate with a flat external surface to facili­
tate the mounting of flat phosphor crystals in direct 
contact with the surface; fourteen electrostatically 
focused multiplying (dynode) stages; a focusing 
electrode with external connection for shaping the 
field which directs photoelectrons from the cathode 

I onto the first dynode, and an accelerating electrode 
I with external connection for minimizing the space- 
I charge effect in the region of dynode No. 12.
I Radio Corporation of America, Electron Tube 
I Div., Dept. ED, Harrison, N.J.
I CIRCLE 498 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products
LOOKING

Spurs with Threaded Huí

Spiral Ring Gears
Special Shapes

Spnned Shafts with Mating Couplings
Film Sprockets

Worm Wheels Right Angle Spiral Gears

Spur Gear Clusters

Spur Gear Clusters

Thermistor Division

METUCHEN, NEW JERSEY
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Quadruple 
Thread Worm*
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The initial high resistance of a Glennite wafer thermistor greatly 
extends vacuum tube life by preventing quick surge 
filament burnout.
As shown above, a self-regulating Glennite thermistor inserted 
in the filament circuit of a vacuum tube offers several 
thousand ohms resistance as current starts its initial flow.
This gives the vacuum tube time to warm up. After 
several minutes, as the current increases, the 
resistance of the thermistor decreases to a negli­
gible value allowing normal circuit operation. 
Thermistors have been used successfully in 
this and other control applications which 
range anywhere from gas analysis 
ro volume limiting

Time Delay Relay

With Adjustable 
Recycling

SAMPLE APPLICATIONS 
OF GLENNITE THERMISTORS 

ARE GIVEN IN ■ HOW TO 
USE THERMISTORS.* WRITE 

FOR YOUR COPY

Miniature Yokes 

For 7/8 In. CRT

Providing Surge Suppression 
in Vacuum Tubes
with 
GLENNITE® Thermistors

If your requirements 
include 

W'to 5HO.D.-180-16 D.P. 
AG MA Precision 

Then, write us for 
prompt response, today1. 

H. O. Boetime» Inc. 
Designers and Manufacturers 
Communication Equipment 
Precision Electro-Mechanical 

Apparatus Since 1917 IH ■
915 Broadway III I )]
New York 10, N. Y-

Miniature yokes for the 7/8 in. neck cathode-ray 
tubes have been developed for transistorized de­
flection circuits. The yokes can be supplied in a 
wide range of inductance and resistance for hori­
zontal and vertical deflection coils. For high altitude 
and high humidity operation, yokes are manufac­
tured with epoxy encapsulation and eight external 
leads. Standard units measure 2-3/8 OD x 1 ID x 
1-5/8 in. long for minimum weight and space re­
quirements.

Celco, Constantine Engineering Labs. Co., Dept. 
ED, 70 Island Ave., Mahwah 1, NJ.
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This double head time delay relay, Model DED, 
provides adjustable recycling, which is accom­
plished by a two-way action. In addition, a separate 
time delay can be set on each head to allow an ad­
justable on and an adjustable off from 0.1 sec to 15 
min. The time delay occurs in the upper portion of 
the unit immediately upon energization. At com­
pletion’ of the delay interval, a switch breaks one 
set of contacts and makes another. The switch re­
mains in the transferred position as long as the con­
trol circuit is energized. Upon deenergization, the 
relay recycles slowly, depending upon the time de­
lay setting of the lower timing head.

The relay is available in two types. Type DED-11, 
spdt, double-break, has a contact rating of 15 a at 
115 v, 60 cps resistive load. Type DED-12, dpdt, 
single-break, is rated at 8 a per contact at 115 v, 60 
cps resistive load. They are available for both ac 
and de operation. v

Elastic Stop Nut Corp, of America, AGA Div., 
Dept. ED, Elizabeth, N.J.
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Performance relies on circuit control... made possible by 

output measuring instruments. When you use Tl panel in­

struments, you can measure the exact output of your expertly 

designed equipment... you can control this output for peak 
performance. Regardless of the high quality, close-tolerance 

components in your applications, your precision circuitry is 

only as accurate as your indicating instruments. Rely on Tl! 

All Tl panel instruments are built to exceed MIL-M-6A and 

MIL-M-10304A ... and are accurate to within 2% or less of 

full scale deflection. Custom-designed instruments can be 

built to your closer tolerance requirements. For reliable 

measuring instruments with lasting calibration plus long 

service life, specify Tl.

maximum ratings
Peak Inverse Voltage at—65 to 4-150C 
Average Rectified Forward Current at +25°C 
Average Rectified Forward Current at +150°C 
Recurrent Peak Forward Current at +25°C 
Surge Current 1 Second DC at 4-25 to 4-150°C 
Power Dissipation at 4-25°C

movement — ac, de, thermocouple, rectifier, 
elapsed time, vu, db
style — front-of-board, semi-flush, flush 

enclosure — phenolic, hermetic, ruggedized 

shape — square, rectangular, round, fan
case — molded phenolic, metal
size (inches) - IM, 2M, 3, 3M, 4K, 4M
special — any modification to your specifications

For your magnetic amplifiers, modulators, 
demodulators, networks, or subminiature 

power supplies, Texas Instruments new 
diode/rectifier series — with its extremely 

wide 225 to 600 voltage range along with 

a 2 million-to-1 forward-to-reverse current 
ratio — will meet your exacting circuitry 

needs.

insure pin-point circuit accuracy 
with Ti panel instruments

specifications
Minimum Breakdown Voltage at + 100C
Maximum Reverse Current at PIV at +25°C 
Maximum Reverse Current at PIV at 4-100°C 
Maximum Voltage Drop at l0 =■ 400 mA. at = -+-25"C

To see why, check these significant 
parameters (match parameter title to 
parameter value hy number) —

precision circuit control demands 
precision indicating instruments

400mA 
600V PIV

Texas Instruments 
INCORPORATED

POST OFFICE BOX 312 . DALLAS . TEXAS
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CIRCUIT AMPLIFIERPHILBRICK PRINTED
Model USA-3
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Underside of Model USA-3 showing printed circuit, 
amplifier connection scheme, and connecting terminals.

Model USA-3 showing one of the several types 
of modular packaging available at extra cost.

High performance combined with the reliability 
and compactness of a printed circuit design are fea­
tured in the new Philbrick Universal Stabilized Ampli­
fier, Model USA-3. It is ideally suited for applications 
to instrumentation, control and analog computation. 
Extremely high open-loop d-c gain, wide bandwidth, 
low noise and wide output range are important per­
formance characteristics of this new chopper stabilized 
amplifier. An interesting design feature makes this in­
strument safe against self-destruction, even under pro­
longed overload conditions or direct grounding of its 
output. At a price of only $95.00, it offers more per­
formance per dollar than any other amplifier on the 
market today. Write to George A. Philbrick Re­
searches, Inc., Dept. 13, for Bulletin USA-3.

• OUTPUT VOLTAGE RANGE; ±115 volts.

ELECTRONIC DESIGN • September 15, 19
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A high power, high vacuum diode, designate® 
the F-7030, for use in charging, shunt or rectifies 
applications, has a maximum peak inverse voltag® 
rating of 25 kv. Under shunt conditions, maximun 
peak plate current of 75 a and average plate cur« 
rent of 200 ma are obtainable. In rectifier applica 
tions the ratings are 30 a maximum peak plat« 
current and 6 a maximum average plate currentJ 
respectively. Tube impedance at 250 plate volts ii 
within the range of 65-80 ohms. The external anode 
is forced-air cooled and is capable of dissipating 
2.5 kw at 2.5 in. of water, static air pressure, anc 
150 cu ft per min air flow. The tube is also obtain­
able with the anode liquid cooled with plate dissi« 
pation ratings up to 6 kw. Filament excitatioi 
requirements are 13 and 13.75 v for rectificatio: 
and shunt applications respectively at approx 
mately 36 a. It measures 7 x 3-17/32 in. and weigh 
6 lbs.

International Telephone & Telegraph Corp 
Components Div., Dept. ED, 100 Kingsland Rd 
Clifton, N.J.
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• SIZE:7" x 2Vî" board.

• MOUNTING: Any convenient method.

• PRICE: $95.00.

GEORGE A.

PHILBRICK 
RESEARCHES, INC.

230 Congress Street, Boston 10, Massachusetts

High Power Diode 

25 Kv Max Peak Inverse

Transistor Transformers 

Transistor Impedance Matched

• PRINTED CIRCUIT: Economy, reliability 
and compactness.

• OPEN LOOP D-C GAIN: 10 million.

• LONG TERM DRIFT, NOISE and OFFSET: 
under 100 microvolts.

Two types of transformers, audio and rectiha 
are available for transistor requirements. 11 
audio transformers, ranging in size from 1/8 to 
cu in., are wound to match the impedances of

CIRCLE 132 ON READER-SERVICE CARDl
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New Beckman Berkeley Universal EPUT and Timer. . . 

a completely self-contained unit!

MATH
Capable of direct measurements up to 10 me—without heterodyning 
or requiring plug-ins—Model 7370 meets growing test instrumenta­
tion needs with the design and performance superiority characteristic 
of Beckman/Berkeley timer-counters, acknowledged standards of 
the field.

KEY FEATURES

rectifié 
ts. Tl
L/8 to 
ces of

£ CAW

No meter indicators—7-place direct digital 
readout

Frequency measurements atO.lv. rms

Three input channels for greater flexibility, 
more logical operation

10 operating functions without plug-ins

Small, compact, moderately priced

0.1 microsecond resolution

Providing three input channels, selectable time base and 7 Decimal 
Counting Units, Model 7370 handles every phase of counting and 
timing, including frequency ratio measurements. A simple switch 
permits the operator to select any of the following functions: 
“Events/Unit Time”, “Period”, “Time Interval Measurement”, 
“Events/Time A-B”, “Count Events”, “Gate”, “Events/Unit Time 
X 10”,“Period X 10”,“Events/Time A-B X 10”,“Scan”, and “Test”.

The EPUT function permits accurate measurement of frequencies 
up to 10 me by direct counting for a precise period of time. The 
versatile Model 7370 also serves as a reliable secondary frequency 
standard. Other applications include phase measurement, telemetry, 
stability check, calibration of frequency or pulse generators, events 
timing, and ballistics, viscosity, and elasticity measurement.

For further description, design specifications, and prices of 
Beckman/Berkeley 7000 series EPUT meters, timers, and acces­
sories—see following pages.
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All 7000 Series Models

DIGITAL PRINTER Model 1452

Portable Universal EPUT and Timer Model 5230 (1OO kc)

Combines many features of the popular Beckman/Berkeley 7000 series 
in a new, lightweight, portable instrument to perform the functions of a 
counter, timer, time interval meter, EPUT meter, frequency ratio or 
period meter. Printed circuitry contributes to compact design, increased 
reliability, and low cost.

With their variable preset "count down” time bases, 
Models 7351 and 7361 Preset Universal EPUT 
Meters are unique multipurpose instruments. Re­
gardless of transducer conversion factors, results 
may be read in direct digital form by merely 
selecting the proper time base. These instruments 
make fast, accurate measurements of time intervals 
of any preset number of periods from 1 to 10,000 
over the frequency range 0 to 10 kc. They totalize 
a selectable sequence of events, divide frequency, 
function as single preset counters, generate pulses 
of varying frequency.
Applications include precise measurement of veloc­
ity, pressure, flow, viscosity, low and high 
frequency, frequency ratio and period, and 
tachometry.
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Preset Universal EPUT and Timers 
Models 7351 (1OO kc) and 7361 (1 mc)

Automatically and permanently records 
information from any 7000 series instru­
ment or the 5200 portable series. Prints 
data in digital form on standard adding 
machine tape, with printer and scanner in 
one compact unit. May be modified to print 
"Time” or “Code^’ information simultane­
ously with data. Rack or bench mounted 
... available in up to eight digits ... one 
printout every 0.85 seconds. Price (8-digit 
unit) $950.00.

0.1 v rms sensitivity
AC or DC coupling of input circuits
Step attenuators—trigger-adjusted noise 
discriminators
Binary-coded output with direct connection 
to digital printers, data converters, in-line 
readouts, etc.
Stable frequency dividers
Electronic reset—not relay type
External frequency standard input 
connection
Multivoltage accessory socket to power 
photocells, etc.
Crystal-controlled time marker output
Unitized modular design
Large, bright, direct digital readout
Modern all-aluminum cabinets

O.1 MSEC, TIME INTERVAL METER Model 7270
The Beckman/ Berkeley Model 7270 Time Interval Meter will measure 
elapsed time between two events to an accuracy of dhO.l microsecond. 
Time intervals of 0.1 or I microsecond may be selected, and time 
intervals of I or 10 seconds may be displayed. Accurate timing signals 
are provided by a I mc, oven-stabilized, crystal-controlled oscillator 
and frequency multiplier. Externally generated timing signals up to 
10 mc may also be used. The Model 7270 makes Period and Time 
Interval Measurements to a minimum of 0.3 microseconds and, with 
two independent input channels and an XIO function, performs exceed­
ingly accurate frequency ratio measurements. The timing signals are 
available for external use, and four-line binary-coded information 
from the Decimal Counting Units is also provided.

1O MC EPUT TIMER Model 7170
The 10 mc Model 7170 EPUT Timer automatically counts and displays 
the number of events that occur during a precise time interval. This 
new instrument has been developed for applications requiring the 
measurement of frequencies above the range of conventional EPUT 
meters. Its range is from 10 cps to 10 mc. Seven Decimal Counting 
Units are employed to give direct readout up to 9,999,999. The time 
base consists of a 1 mc, oven-stabilized, crystal-controlled oscillator 
and a series of frequency dividers. Connections are provided for driv­
ing Berkeley digital recording and readout units.



Standard Universal EPUT and Timers 
Models 7350 (1OO kc) and 7360 (1 me)
These Beckman/Berkeley universal instruments 
are standard in the 7000 series. They combine high­
speed electronic counting with a precision time base 
in multipurpose circuitry. They function as coun­
ters, timers, time interval meters, EPUT meters, 
frequency, frequency ratio or period'meters, or as 
secondary frequency standards.
All 7000 series universal models have provisions for 
standardization against WWV and may be coupled 
to external frequency standards. Connections are 
provided for driving Berkeley digital printers, data 
converters, or in-line remote readout indicators.

SPECIFICATIONS & PRICES

3

‘Variable from 0.1 millisec to 0.9999 sec In 0.1 millisec Increments and from 1 millisec to 
9.999 sec in 1 millisec increments

“Modification for 5 millivolt sens. @ 5 cos available, $50.00 extra

BRIEF SPECIFICATIONS Model 5230 Model 7170 Model 7270 Model 7350 Model 7351 Model 7360 Model 7301 Model 7370

RANGES-FREQUENCY 0 cps to 
100 kc

10 cps to
10 me

0 cps to 
100 kc

0 CDS to 
100 kc

0 cps to 
1 me

0 cps to 
1 me

10 cps to
10 me

TIME INTERVAL 100 Msec 
to 10« sec

0.3 Msec 
to 10» sec

10 Msec 
to 10* sec

10 Msec 
to 10» sec

1 msoc 
to 10» sec

10 msoc 
to 10’ sec

0.3 msoc 
to 10» sec

PERIOD 0 cps to 
10 kc 0 to 3 me 0 cps to 

100 kc
0 cps to 
10 kc

0 cps to 
1 me

0 cps to 
10 kc 0 to 3 me

TIME BASES 0.1 and 
1 sec

0.1 Msec 
to 10 sec

0.1 Msec 
and 1 Msec

10 Msec 
to 10 sec

Time Intervel* 
Generetor

1 msoc to 
10 sec

Time Intervel* 
Generotor

0.1 msoc 
to 10 see

CODED OUTPUT FOR DRIVING 
DIGITAL RECORDER, ETC. $30.00 extra Yes Yes Yes Yes Yes Yes Yes
COUNT CAPACITY 
(READOUT) 4 digit 7 digit 7 digit 6 digit 5 digit 7 digit 6 digit 7 digit
ACCURACY -+- 1 count, ■+■ oscillator stability

OSCILLATOR STABILITY
1 part 
in 10* 
per day

3 parts 
In 10» 
per week

3 ports 
in 10» 
per week

3 parts 
In 10* 
per week

1 port In 
10* per day

3 ports In 
10* per week

1 port In 
10* per day

3 ports In 
10» per week

INPUT SENSITIVITY * 0.25 v. 
rms

0.1 v. 
rms

0.2 v. 
rms 0 1 volt rms** A A B—0.2 v. rms 

E—0.1 v. rms

INPUT IMPEDANCE 1 megohm, 
direct

1 megohm, 
ac coupled

1 megohm, 
oc or direct 
coupled

10 megohm, ac or direct coupled
A A B—1 megohm, 
ac or direct coupled 
E—1 megohm, 
oc coupled

TRIGGER SLOPES Positive 
or Negative Positive or negative

CABINET 
DIMENSIONS

12" H x
8" W x 14" D

10V4" H x 20H" W x 16%" 0 ,
(Reck Panel—«%" x 19")

APPROX. SHIPPING WT. LB. 30 60 60 60 50 60 50 70
PRICE: (F.O.B. FACTORY) $575.00 $1675.00 $1675.00 $945.00 $1295.00 $1245.00 $1445.00 $1975.00

IN-LINE READOUT Model 5916
Large, illuminated, in-line in-plane figures 
reduce fatigue and error. Ideal for remote 
observation of data. It can connect directly 
to any 7000 series instrument or 5200 
series portable. Presentation rate up to 15 
per second; accepts binary voltages. Price 
(6-digit unit) $775.00.

See us at NEC ...
For a close look at these advanced counting and timing instruments, 
be sure to visit Booths 241-244 at the NEC show in Chicago, October 
7-9. Technical data and specifications are available from Beckman/ 
Berkeley representatives or at the factory. Please address Dept. D9.

Berkeley Division
2200 Wright Avenue • Richmond 3, California, 
a division of Beckman Instruments, Inc.

TRANSDUCERS—A large number
of transducers especially designed for use
with Berkeley counting, timing, and fre­
quency measuring equipment is available.
These include tachometer pickups, photo­
cells, and light sources. Specifications and
technical description on request.
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CLEVELAND 28, OHIO 
J. R. Dannemiller Assoc. 
3955 Loe Road
Phone: Longacre 1-4567

DALLAS 9, TEXAS 
John A Green Co.
6815 Oriole Drive 
Phone: Fleetwood 2-9918

HOUSTON 6, TEXAS 
John A. Green Co. 
P.O. Box 6445 
(Fairview Station) 
Phone: Jackson 6-2959

ROCHESTER 10, NEW YORK
Edward A. Ossmann & Assoc.
830 Linden Ave. 
Phone: Hillside 5-0460

BOSTON, MASSACHUSETTS 
Broger Instrument Sales Co. 
48 Pearl St., Brookline, Mass. 
Phone: Beacon 2-4804

NEW HAVEN 10, CONNECTICUT 
Broger Instrument Sales Co., Inc. 
42 Church Street 
Phone: Spruce 7-6279

SEATTLE, WASHINGTON 
Hawthorne Electronics 
107 Administration Bldg. 
Boeing Field 
Phone: Mohawk 3962PORTLAND 14, OREGON

Hawthorne Electronics 
703 S. E. Hawthorne Blvd. 
Phone: Belmont 4-9375

INDIANAPOLIS 2, INDIANA 
Ridgway Engineering Assoc. 
1606 N. Illinois St.
Phone: Walnut 5-6464

TULSA 1, OKLAHOMA 
John A. Green Co.
P.O. Box 911
Phone: Riverside 2-4657

CHICAGO 39, ILLINOIS 
Ridgway Engineering Assoc. 
6100 W. North Ave.
Phone: Tuxedo 9-5715

MIAMI 43, FLORIDA
Murphy & Cota 
11375 S.W 46th St. 
Phone: Mohawk 5-1563

SAN FRANCISCO, CALIFORNIA 
Berkeley Division, Beckman Inst.
2200 Wright Ave., Richmond 
Phone: Landscape 6-7730

WASHINGTON, D. C.
Gawler-Knoop Co. 
8732 Flower Avenue 
Silver Spring, Md. 
Phone: Juniper 5-7550

KANSAS CITY 14, MO. 
Lee Mark Associates 
706 E. 73rd St.
Phone: Jackson 3-9299

HONOLULU 17, HAWAII 
Gene Piety
2030 Home Rule St. 
Phone: 8-3105

MINNEAPOLIS 3, MINNESOTA
Pinkney & Hine 
1925 Nicollet Ave
Phone: Federal 8-0523

WINSTON-SALEM, NO. CAROLINA 
Murphy & Cota 
1102 Burke St 
Phone: 4-0750

ALBUQUERQUE, NEW MEXICO
V. T. Rupp Co.
8009 Bellamah, N.E.
Phone: Albuquerque 3-3585

ALBERTA & BRITISH COLUMBIA 
Hawthorne Electronics 
107 Administration Bldg.
Boeing Field, Seattle 
Phone: Mohawk 3962

SALT LAKE CITY 1, UTAH
Gates Company 
200 South Main St , 
Phone: Elgin 9-1101

MONTREAL, QUEBEC 
R-O-R Associates.
6201 Cote St. Lue Road 
Phone: Dexter 0845

CHARLOTTE, NORTH CAROLINA
Murphy & Cota 
2036 Norton Rd.
Phone: Edison 2-7356

DETROIT, MICHIGAN 
J. R. Dannemiller Assoc. 
1 204 North Woodward 
Royal Oak, Michigan 
Phone: Lincoln 8-4440

ST. LOUIS 17, MISSOURI 
Lee Mark Associates 
2683 Big Bend Blvd. 
Phone: Mission 7-1470

SYRACUSE, NEW YORK
Edward A. Ossmann & Associates 
308 Merritt Ave
Phone. Howard 9-3825

DAYTON 2, OHIO
J. R. Dannemiller Assoc.
384 W. First St.
Phone: Hemlock 0662

PHILADELPHIA, PENNSYLVANIA
Gawler-Knoop Co.
835 Glenside Ave., Wyncote, Pa 
Phone: Waverly 7-1820

SAN DIEGO 4, CALIFORNIA 
V. T. Rupp Company 
3150 El Cajon Blvd.
Phone: Cypress 6-0483

BINGHAMTON, N. Y.
Edward A. Ossmann & Associates 
147 Front St., Vestal, N. Y.
Phone: Endicott 5-0296

DENVER, COLORADO 
F. Y. Gates Co.
4910 South Huron 
Englewood, Colorado 
Phone: Sunset 1-8566

NEW YORK, NEW YORK 
Gawler-Knoop Co.
178 Eagle Rock Ave., Roseland, N. J. 
Phone: New Jersey, Caldwell 6-4545

TORONTO, ONTARIO
R-O-R Associates
1470 Don Mills Rd., Don Mills, Ontario 
Phone: Hickory 4-4429

LOS ANGELES, CALIFORNIA
V. T. Rupp Co.
307 Parkman Ave. 
Phone: Dunkirk 7-8224

ATLANTA 9, GEORGIA
Murphy & Cota 
2110 Peachtree St., N.W. 
Phone: Trinity 6-3020

Beckman*
Berkeley Representatives

Berkeley’s world-wide staff of factory trained 
.engineering representatives work closely with 
our sales office and the customer. They help 
the customer set up newly-purchased equip­
ment, acquaint personnel with its operation and

operating order. The representative’s job is not 
completed until he has “followed-up” to insure 
that the customer receives maximum use from 
his instruments. These men will be glad to give 
you personal assistance at any time. A list of 
Berkeley representatives follows.
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New Products

Over-Voltage Relay

For High Altitude and 
Speed

systems and for highFor multiple generator
speed, high altitude aircraft, a hermetically sealed 
over-voltage relay, described as Model TD-812A, 
has been introduced. The relay is insensitive to 
high frequency vibrations in the order of 10 g to 
500 cps. The unit has a selector winding to detect 
the generator that has gone over-voltage.

Hartman Electrical Manufacturing Co., Dept. 
ED, Mansfield, Ohio.

CIRCLE 139 ON READER-SERVICE CARD FOR MORE INFORMATION

Bandpass Filter

Insertion Loss of 
0.15 Db

The bandpass filter, Model HFF-T-3, has an in­
sertion loss of 0.15 db, with an input-output vswr 
of 1.03 in the pass band. The filter incorporates 
triple-tuned distributed constant networks and op­
erates at a center frequency of 425 me with a band­
width of 50 me. The unit has a power rating of 
100 w and an impedance of 50 ohms. Bandpass fil­
ters with similar characteristics and center fre­
quencies of 30 to 2000 me are available.

Applied Research Inc., Dept. ED, 76 S. Bayles 
Ave., Port Washington, N.Y.

CIRCLE 140 ON READER-SERVICE CARD FOR MORE INFORMATION

Coaxial Relay
VHF and UHF Switching

CIRCLE 138 ON READER-SERVICE CARO FOR MORE INFORMATION

The Type K-18 relay is a spdt coaxial relay as­
sembly in a protective housing for switching vhf 
and uhf at low voltage and low current. It is pack­
aged into a box in a manner such that the installer 
need not manufacture his own special mounting,
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CIRCLE 141 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCLE 142 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCLE 143 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 122 ON READER-SERVICE CARD FOR MORE INFORMATION

Solenoid Valves 

Two- and Three-Way 25-40 watt« 
30 db min. 
.01 inax.
2250 volts 
-t 27 volts

Advanced wave tube design being discussed 
at Varian by Jack Ruetz, Monty Rogers, Willis 
Yocom, John Sullivan and Wells Dodds.

Power Output 
Saturation Gain 
Duty Cycle 
Beam Voltage 
Grid Pulse Voltage

VA-121 traveling-wave 
amplifier-synchrodyne 
or serrodyne driver for 
high power S-band 
pulse applications. Per­
forms to detailed speci­
fications of phase and 
amplitude stability to 
meet the stringent re­
quirements of phase- 
coherent MTI radar 
systems.

Power Output 30 to 120 mW 
Anode Voltage 150 to 600 volts 
Permanent Magnet

Size: 4 Vs x 5 x 6^2 inches 
Weight: Approx. 6 lbs.

THE
MAUK OF 

LEADERSHIP

VA-161 backward wave 
oscillator for use in tun­
able radar local oscilla­
tor, countermeasure 
and bench and test ap­
plications. In the fre­
quency range from 8.2 
to 12.4 kMc.

Flat-Top Resistors 

For Printed Circuits

ELECTRONIC DESIGN • September 15, 1957

Traveling-wave tubes, as any of the men above will tell you, 
are slated for an important place in the world of electronics. 

And these men, backed by Varian know-how, are out to assure the 
fullest possible realization of the wave tube’s promising future.

------------- Representative» in all principal cities 
KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 
R F SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES

The flat top, encapsulated wire wound precision 
Type P resistor is designed for easy, rapid mounting 
on printed circuit panels with no support required 
other than the wire leads. The resistor is a single 
ended, miniature series available in 7 sizes—from 
1/4 in. diam by 5/16 in. long up to 3/8 in. diam by 
3/4 in. long. Resistance values are to 3 megohms. 
Ratings from 1/10 w to 0.4 w. These units can be* 
operated in ambient temperatures up to 125 C. 
Tolerances from 1 per cent to 0.02 per cent.

Resistance Products Co., Dept. ED, 914 South 13 
St., Harrisburg, Pa.

Many new ideas and applications are on the way, to back up 
the success of tubes like the VA-121 and VA-161 shewn here. 

The entire Varian wave tube team is ready to go to work for you, to 
shape up a wave tube application or come up with the answers 

you’ve been looking for. Write or call your Varian representative 
or Varian’s Application Engineering Department.

With one of the industry’s most competent wave tube 
development groups, Varian is geared to meet a wide range of 

difficult challenges in its field ... applying to newer systems 
problems the same know-how and teamwork that just a few 

years ago established Varian’s leadership in klystrons.

coi lector, and protective housing. The relay can be 
use<l for switching one antenna to a choice of trans­
mit ers or receivers, or one transmitter or receiver to 
a choice of antennas. The unit is normally for use 
in aircraft where frequencies are from 100 to 400 
me and where 24 to 28 v de are available for actuat­
ing the relay, which pulls in at 20 v. Cross-talk 
factor exceeds 60 db.

Aircraft Radio Corp., Dept. ED, Boonton, N.J.

Two- and three-way solenoid valves suitable for 
manifold mounting are of forged brass with crown 
type seats. Valve solenoids have stainless steel cores 
and soft composition discs for tight closure. Each 
valve can be quickly removed from the manifold 
body without disturbing other valves or pipe con­
nections. They may be mounted in any position 
without affecting operation and are suitable for 
handling air, gas, water, light oil, and refrigerants, 
up to a maximum temperature of 212 F. Pressure 
range is 0 to 300 psi. The 3-way valves may be 
changed from normally closed to normally open 
operation or vice versa by merely revolving the 
valve body 180 deg.

Automatic Switch Co., Dept. ED, Florham Park,



New Products

Dept. ED,

$175.00Upper Left: HP-1 unregulated hi-pot tester, 0-2.5 KV, 0-2 MA DC
Center H-50 industrial HV supply 0-30KV, 0-5 MA DC, basic 20 safety and perfor

$630.00mance features
Right: CS-46H59 super-regulated custom HV supply, 0-70 KV, 0-10 MA DC,
regulated to 35 ppm! Ripple less than 70 ppm $15,600.00

*3 3
<3(9

Bomac Labs
Salem Rd., Beverly, Mass.

CIRCLE 145 ON READER-SERVICE CARD

Pressurizing Window 
For S-Band

Printed Circuit Digital Cards
For Digital System Assembly

Eight transistorized printed circuit 
digital element cards may be plugged 
into a special mounting chassis ca­
pable o£ holding a total of 15 cards 
for rapid assembly of digital systems. 
Six additional logic cards are also 
available which, in combination with 
the digital element cards, form logical 
inter-connections for any type of com­
puter or control system.

Comptron Corp., Dept. ED, Bel­
mont, Mass.

CIRCLE 125 ON READER-SERVICE CARD 

< CIRCLE 144 ON READER-SERVICE CARD

This pressurizing window for the 
S-band, BL713, can be used on RG- 
48/U waveguide and UG54A/U 
choke flange. The frequency range is 
from 2600 to 3700 mc with a pressure 
differential of 30 psi.

Instruments and Control Shunts
15 to 10,000 A

Mercury conduction heating equip­
ment for shunt soldering operations 
creates idea soldering temperatures 
assuring a better bond between shunt 
block and manganin blades. Shunts 
from 15 to 10,000 a, in 50, 75 and 100 
mv sizes, are available. A specially 
designed multi-contact calibrating 
machine is used to assure greatest pos­
sible accuracy, indicating to less than 
1/10 of 1 per cent.

Ram Meter Inc., Dept. ED, 1100 
Hilton Rd., Ferndale, Detroit 20. 
Mich.

CIRCLE 146 ON READER-SERVICE CARD

From The Simplest Standard To The Most Sophisticated Custom 
Design, NJE Leads The High Voltage Power Supply Field.

27 STANDARD MODELS, HUNDREDS OF CUSTOM DESIGNS AVAILABLE ON SHORT, DEPENDABLE DELIVERY CYCLES.

MANUFACTURINGELECTRONIC DEVELOPMENT

345 Carnegie Avenue. Kenilworth, New Jersey
COMPETENT ENGINEERING REPRESENTATION EVERYWHERE

TELEPHONE.
CHestnut 1-1500
TELEFAX:
FFP. TWX Roselle 51

WRITE FOR 
CATALOG AND 

CUSTOM DESIGN FILE
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE

Enamel resists moisture and chemicals
1100
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your own tests. And send today for the new 36-page 
catalog containing complete information on ratings, 
dimensions and ordering directions.

Industry Control Department, Roanoke, Virginia.

No harmful effects from moisture or active chemicals 
. . . that’s what was learned from actual laboratory 
tests on General Electric resistors. After 360 hours of 
actual contact with water, salt water, solvents, and 
alkalies, the special vitreous-enamel coating on General 
Electric resistors was still giving air-tight protection 
to the delicate wire windings!

General Electric resistors are available in over 1400 
combinations of ratings (5 to 200 watts), types, and 
mountings. They will hold their rated tolerance even 
under extreme temperature conditions ( + 700° F to 
— 70° F). Their terminals will hold up to 21 pounds of 
right-angle pull—and a special terminal is available 
to hold up to 34 pounds of pull I

Like more information? Ask your General Electric 
salesman for a free set of sample resistors and conduct

Temperature Rise Bridge 

Accuracy of +1 C

'ress Is Our Most Important Product

2-In. Rectifier Unit

Operates 115V DC Switch

A rectifier unit to rectify 115 v 60 
cycle ac to operate any 115 v de step­
ping switch is available. The device 
will operate either a single switch or 
a group of switches, one at a time. 
Within its ratings, it may also be 
used to operate a relay or a group of 
relays. The device measures 2 x 2-1/4 
x 2-5/16 in. It can be mounted on 
either of two surfaces by two No. 6-32 
machine screws. The tapped mount­
ing holes are on 2-in. centers.

C. P. Clare & Co., Dept. ED, 3101 
Pratt Blvd., Chicago, Ill.

CIRCLE 148 ON READER-SERVICE CARD

Lightweight Molded Transformers 

1/5 to 1-1/2 Lb

Ten standardized mold sizes are 
available for units ranging from 1/5 
to 1-1/2 lb. The dimensions of Type 
Ml, the smallest, are 1-3/4 x 1-5/8 x 
2 in. The largest, Type M10, is 
2-13/16 x 2-7/8 x 3 in. The units meet 
military specs and are available for 
standard and high temperature uses.

United Transformer Corp., Dept. 
ED, 150 Varick St., New York 13, N.Y.

CIRCLE 149 ON READER-SERVICE CARD

CIRCLE 134 ON READER-SERVICE CARD >

SEND TODAY FOR FREE 
RESISTOR CATALOG

Section C784-7
Gonorol Electric Co., Schenectady, N Y.

Please send a copy of GEA-6592, G-E Resistor Catalog

Nanto________________________________________________________________ ______

.Hi fi 

: pos-

Designed for direct measurement of 
the temperature rise of electric mo­
tors, transformers, and similar devices, 
the Thermo-Bridge is essentially a spe­
cial purpose bridge with a calibrated 
dial, reading directly in Centigrade. 
The unit is easily incorporated into a 
circuit and readings may be taken to 
an accuracy of ± C sec in less than 
5 sec of operating time.

Dynamic Development Co., Dept. 
ED, 59 New York Ave., Westbury, 
L.I., N.Y.

CIRCLE 147 ON READER-SERVICE CARD
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New Products
A New Concept of TIME. . .

INDUCTOR MOTOR

Carbon Film Resistors

1/10 to 2 Watts

00^

400 CPS MOTOR

CLUTCH 
MOTOR

DIRECT CURRENT

... this Complete 
NEW Line of

HAYDON
TIMING MOTORS

Here is a complete line of timing motors that includes the right 
choice for every APPLICATION... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac­
curacy, quieter operation and longer life.

HYSTERESIS... the ideal general-purpose motor.

INDUCTOR... extra torque (30 ounce inches) for display and other 
heavy-duty jobs.

CLUTCH... allows automatic re-setting without external clutches.

REVERSIBLE. a hysteresis type with 2 coils, each producing 
opposite rotation.

DIRECT CURRENT.. .a permanent magnet type for 6 to 32 volts.

400 CPS... miniature and heavy-duty models for airborne instru­
mentation.

FOR COMPLETE INFORMATION,write today for new catalog ... or 
contact the HAYDON Field Engineer nearest you.

~~ I ‘Trademark Reg. U.S. Patent Office

HAYDON
AT TOPIIINQTON A SUBSIDIARY OF GENERAL TIME CORPORATION

HEADQUARTERS FOR

TIMING HAYDON Manufacturing Company, Inc.
2233 ELM STREET, TORRINGTON, CONN.

Carbon film resistors which exceed the require­
ments of MIL-R-105909B, characteristic B, are pro­
duced in seven sizes rated from 1/10 to 2 w. The 
five key types, KC60 through KC80, correspond to 
the five military types RN60 through RN80. Key 
types KC50 and KC55, rated at 1/10 and 1/8 w 
respectively, are smaller than the military style.

Key Resistor Corp., Dept. ED, 321 W. Redondo 
Beach Blvd., Gardena, Calif.

CIRCLE 151 ON READER-SERVICE CARD FOR MORE INFORMATION

Blocking Oscillator 
Circuits

0.1 to 5 psec Pulse 
Widths

A series of six plug-in blocking oscillator circuits, 
covering pulse widths of 0.1, 0.2, 0.5, 1, 2, and 5 
psec and designed for triggered operation, will ac­
cept high pulse repetition frequencies. Two sepa­
rate outputs are available: a positive output and 
a reversible positive or negative output. Each com­
plete unit is encapsulated in epoxy resin. The tube 
used is a 12AU7. Where individual requirements 
must be met, a free engineering service is provided. 
This service includes the design of the pulse trans­
former alone or the design of the complete blocking 
oscillator circuit. No obligation or limitation is 
placed on the engineering service, and orders may 
be for pre-production or sample quantities.

CBC Electronics Co., Inc., Dept. ED, 2601 N. 
Howard St., Philadelphia 33, Pa.

CIRCLE 152 ON READER-SERVICE CARD FOR MORE INFORMATION

At left: typical 
Mallory Mercury 
Battery: 250 milli­

ampere-hour*. Right: 
STNT capacitor; ratings 
40 mfd., 3 VDC to 4 
mfd., 50 VDC. Both 
components actúa I size.

Save space—without sacrific­
ing performance — in your 
subminiature circuits, by de­
signing around Mallory com­
ponents. Those pictured here 
are typical of Mallory designs 
that lead the parade of min­
iaturization.

Mercury batteries, pioneered 
and perfected by Mallory, 
give high energy output in 
tiny physical size . . . provide 
constant discharge ideal for 
use with transistors.

New Type STNT Subminiature 

Tantalum Capacitors pictured 
are hardly bigger than a bulge 
on the lead wires; only 0.145" 
in diameter, 0.250" long . . . 
ratings from 40 mfd., 3 volts 
to 4 mfd., 50 volts. Four other 
Mallory subminiature electro­
lytic models include types 
suitable for miniaturized elec­
tronic product, commercial or 
military.

Write to Mallory today for 
technical data, and for engi­
neering consultation on your 
specific subminiature circuit 
application.

P. R. MALLORY & CO. INC.
Indianapolis 6, Indiana

M âllorY
CIRCLE 150 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 153 ON READER-SERVICE CARD
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to DC and DC to AC
Capacitance Bridge 

0 to 120 pf 
MeasurementloM-state power tonverfers 

offage, regulated, fregvency 
tontrolled, hr missiles.

Interelectronics Inter- 
verter solid-state thyra­
tron-like elements and 
magnetic components 
convert DC to any num­
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
officioncy-

Ultra-reliable in opera­
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac­
celeration, vibration, tem­
perature, RF noise.

Now in use in major 
missilos, powering tele­
metering transmitters, ra­
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag­
netic amplifiers.

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro­
duces its own solid-state 
gating elements, all mag­
netic components, has the 
most complete facilities 
and know-how—has de­
signed and delivered 
more working KVA than 
any other firm!

For complete engineer­
ing data write Interelec­
tronics today, or call 
LUdlow 4-6200 in N. Y.

This capacitance bridge was designed specifically 
for laboratories, production lines and incoming 
or outgoing inspection stations where critical meas­
urements are required. Seven ranges are supplied, 
providing an accuracy of better than 0.2 per cent 
from zero to 120 pf. Measurement can be made to 
within O.Olppf on the lowest range. Dissipation 
factors from 0 to 1.05 at 1 kc can be measured on 
the three ranges provided, and readings of 0.0001 
per dial div. are available on the lowest range. The 
capacitance dial has 12,000 effective graduations, 
spaced approximately 1 mm apart.

For selecting the oscillator’s frequency of op­
eration, a single plug-in set of networks sharply 
peaks the gain of the generator-detector at the 
frequency of operation, and provides for maximum 
harmonic rejection. Ample gain allows null indi­
cator sensitivity to 20 pv or less. Plug-in networks 
are available for any frequency of operation be­
tween 100 cps and 10 kc. The Model 270 capaci­
tance bridge operates from a 105 to 125 v, 50 to 60 
cycle power source. The bridge weighs less than 
22 lb and measures 13 x 9 x 7 in.

Electro-Measurements, Inc., Dept. ED, 7524 S.W. 
Macadam Ave., Portland, Ore.

CIRCLE 155 ON READER-SERVICE CARD FOR MORE INFORMATION

Magnetic Amplifier

Regulates 60 CPS 
Alternators

ARD

1957

INTERELECTRONICS 
CORPORATION

2432 GR. CONCOURSE, N.Y. 58, N.Y.

This voltage regulator maintains output voltage of 
60 cps alternators constant. The unit is a sin­
gle-stage magnetic amplifier unit utilizing selenium 
rectifiers and wire wound resistors. It is extremely 
simple to install, with only six terminal connections. 
It works into a 20 to 100 ohm exciter field resistance 
without adjustment, and supplies exciter field cur­
rent within a range of 0.15 to 1.35 a. It connects 
directly into any 208 to 240 v alternator without 
need of a potential transformer. When used with a 
500 va potential transformer, it operates with alter­
nators of any output voltage.

Vickers Inc., Dept. ED, 1815 Locust St., St. 
Louis 3, Mo.

The next two pages 
tell how you 

can benefit from 

500 years 
</ r rr. •oi amplifying 

microvolt-level signals 
from thermocouples, 

strain gages, pressure 
pickups, and every 

other type of 
transducer with... 

unsurpassed accuracy 

dynamic response 

reliable operation

HECTRONIC DESIGN • September 15, 1957
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(KAY LAB)
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New Products
Only with the KIN TEL DC amplifier!

You benefit byyears
applications

Input

102

provides simple, accurate measurement of dynamic 
physical phenomena. It is a proven component for 
testing missiles, aircraft, buildings, bridges, ships, 
guns, heavy machinery...for medical research...for 
evaluating strength and riding quality of vehicles... 
for control of atomic reactors, and of chemical and 
industrial processes.

It's the basic component 
for all data transmission

ELECTRONIC DESIGN • September 15, 1957

strain, torque, flow, 

temperature, vibration

pressure, noise, 
displacement and 

other physical 

phenomena

CHECK THESE OUTSTANDING FEATURES:
±2 microvolt stability...less than 5 microvolt noise 
...±35V, rt40 ma output...high input impedance... 
low output impedance... 10 accurate, continuously 
variable gain ranges ... 6-unit rack mounting ... 
integral power supply.

The kin tel “drift-free,” wideband DC amplifier

This Gear-Train Series GT-1 incorporates a com­
pletely enclosed train with 0.047 in. input shaft 
and 1/8 in. steel output shaft. Reductions may be 
provided in ratios of from 3 to 1 up to 32,400 to 1. 
The gearing is engineered to withstand a static 
loading of 5 in.-lbs and a 20 in.-oz continuous run­
ning load. The reductions are supplied with a 3/64 
in. hardened steel shaft rotating in oil-impregnated 
sintered bronze bearings. The output shaft also 
rotates in bronze bearings. Intermediate gear as­
semblies are made of brass while the steel pinions 
rotate on fixed polished steel studs. At the time of 
assembly lifetime lubrication is applied assuring 
trouble free operation. The gear train is 2 in. in 
diam and 5/16 in. deep. The reduction can be 
mounted from either side through the tapped 4-40 
mounting studs.

Vocaline Company of America, Inc., Bristol Mo­
tor Div., Dept. ED. Old Saybrook, Conn.
CIRCLE 159 ON READER-SERVICE CARD FOR MORE INFORMATION

This frequency detector operates directly from 
the transistor amplifier of a tachometer, speed 
meter, frequency meter, telemetering receiver, or 
automatic control. Designated the Magmeter De­
tector, this component can be driven from a push­
pull class-C transistor amplifier. It develops a de 
output that is linearly proportional to input fre­
quency. The detector is made for any band from 0 
to 50 cps to 0 to 10 kc. Output is independent of 
input waveshape and amplitude over wide ranges. 
Linearity is better than 1 per cent of full scale. 
Plug-in types are available for convenience during 
circuit development. Types with solder lugs are 
available for production equipment. The detectors 
are available for operation from 6, 12, or 24 v 
transistors.

Airpax Products Co., Dept. ED, Middle River, 
Baltimore 20, Md.
CIRCLE 158 ON READER-SERVICE CARD FOR MORE INFORMATION

Frequency Detector 
Bands from 10 CPS to 10 Kc

Gear Trains
3-1 to 32,400-1 

Reduction

experience 
in critical

Output
strip recorders, wideband 
oscilloscopes, voltage-controlled 

oscillators, recording galvanometers, 

tape recorders, analog-to-digital 

converters, computers, 
process control elements



Indiana

Iowa

Montana

Nebraska

Nevada

New Mexico

New York

Less (han 3 sec.

19" wide,Input Impedance 100,000 ohms.

ÍC

)r

Cabinet, with fan and connector

Frequency Response 0.3 db (±3%) DC to 10 KC, lessid
Wisconsin

WyomingRepresentatives in all major cities. Write for free demonstration or detailed literature today.

1957

I

Arkansas
California

Alabama 
Arizona

Michigan 
Minnesota 

Mississippi 
Missouri

.. .Less than 10 n sec. 
Less than 5° to 2 KC.

Overload Recovery Time
Dimensions:

Amplifier Unit..............
Unit in Cabinet...........

than 3 db down at 40 KC.
Rise Time....................................
Phase Shift................................

Rack Adaptor Module for 6 Amplifiers 
8%" high, 18% " deep.

KIN TEL ENGINEERING REPRESENTATIVES EVERYWHERE 
Call TODAY for free demonstration or detailed literature

11 pounds. 
...$575.00* 
.. .$105.00

New Hampshire 
New Jersey

Rhode Island 
South Carolina 

South Dakota 
Tennessee 

Texas

5725 Kearny Villa Road 
San Diego 12, Calif. 

Phone: BRowning 7-6700

.2%" wide, 7%" high, 14%" deep. 
5-7/16" wide, 10" high, 18% " deep.

North Carolina 
North Dakota 

Ohio

Oklahoma 
Oregon 

Pennsylvania

117V (105-125V), 60 cycles, 70 VA.
....................... 117V. 60 cycles, 15 VA.
........................117V, 60 cycles, 45 VA.

JS, 

jr
6-Unit Module, with fans and connectors... .$200.00 

Amplifier must be operated in Module or Cabinet

ELECTRONIC DESIGN • September 15, 1957

PROVEN reliability. Yes, kin tel DC amplifiers have 
more than 500 years’ cumulative operating time. In 
one installation alone, they have logged an amazing 
record of over a million hours of stable, trouble-free 
operation. This kind of record is the result of strin­
gent quality controls in every stage of manufacture 
...of thorough testing and calibration prior to deliv­
ery... and of years of experience gained in the design 
and manufacture of thousands of chopper-stabilized 
DC amplifiers.
AMPLIFY MICROVOLTS WITH STABILITY. KIN TEL 111 

series DC amplifiers provide unsurpassed dynamic 
performance, maximum stability and the lowest drift 
of any commercially available wideband DC ampli­
fiers. They incorporate kin tel’s proven chopper­
amplifier circuitry and provide ten extremely precise, 
feedback-controlled gain ranges, plus continuously- 
variable gain adjustment between normal gain set­
tings. Several feedback loops assure high accuracy, 
stability and uniform frequency response, unaffected 
by load or gain changes.
REPLACE COMPLEX, OBSOLETE CARRIER SYSTEMS. Exist­
ing carrier systems can be replaced by a kin tel 
packaged “plug-in” DC instrumentation system.

model 111BF DC Amplifier
Gain (Phase Inverting)...Steps of 0, 20, 30, 50, 70, 100, 200, 

300, 500, 700,1000 with continuous variation between steps 
by potentiometer.

Gain Accuracy.... ± 1%, DC to 2 KC; 3 db down at 40 KC.

Output Impedance. . . .Less than 1 ohm in series with 25 juh.
Equivalent Input Drift........... .................................................±2 gv.
Equivalent Input Noise... .0 to 3 cps. less than 5 peak to 

peak. 0 to 750 cps, less than 5 ¿¿v RMS. 0 to 50 kc, less 
than 12 pv RMS.

Chopper Intermodulation.................................... Less than 0.1%.
Maximum Output Cable Capacity..................1.0 pi (external).
Linearity............................................... Better than 0.1% to 2 KC.
Output Capability...................0 to 35V where Rl> 1000 ohms.

0 to ±40 MA where Rl is 10 to 400 ohms.

These systems are complete from input transducer 
to output device. They provide greater accuracy and 
bandwidth, operational simplicity, and eliminate the 
capacitive balance problems of carrier systems.

WIDE CHOICE OF MODELS. The operational version of 
the kin tel DC amplifier permits the user to employ 
his own external feedback networks to provide up 
to 100% resistive or capacitive feedback around the 

amplifier...to obtain many desired amplifier charac­
teristics, such as specific gains, integration, active 
filters, bandwidth limitations, and the generation of 
complex linear transfer functions. Floating input 
models eliminate the problem of ground loops, and 
are especially useful for grounded thermocouple 
measurements.

Colorado 
Connecticut 

Delaware 
Florida

Georgia 
Idaho 

Illinois

NATIONWIDE ENGINEERING STAFF. There are KIN TEL 
representatives in every major city. An experienced 
application engineer is always available to assist in 
solving your needs, and to prepare a detailed proposal. 

FAST DELIVERY, kin tel offers immediate delivery 
from stock on reasonable quantities of standard am­
plifiers. Call the kin tel representative nearest you 
for information, or write us direct.

Kansas 
Kentucky 
Louisiana

Maine 
Maryland 

Massachusetts

Bivins & Caldwell, Inc., Atlanta, Ga., CEdar 3-7522 
Phoenix: Neely Enterprises, CRestwood 4-5431 
Tucson: Neely Enterprises, MAin 3-2564
E. Lipscomb Assoc., Dallas, Texas, FLeetwood 7-1881 
North Hollywood: Neely Enterprises, STanley 7-0721 
Sacramento: Neely Enterprises, Gilbert 2-8901 
San Carlos: Neely Enterprises, LYtell 1-2626 
San Diego: Neely Enterprises, ACademy 3-8106 
Lahana & Company, Denver, Colorado, PEarl 3-3791 
Yewell Assoc., Inc., Bridgeport, Conn., FOrest 6-3456 
Horman Assoc., Inc., Baltimore, Md., HOpkins 7-2290 
Bivins & Caldwell, Inc., Orlando, Fla., CHerry 1-1091 
Bivins & Caldwell, Inc., Atlanta, Ga., CEdar 3-7522 
ARVA, Seattle, Washington, Murdoch 7337 
Northern: Crossley Assoc., Inc., Chicago, Illinois, 
SHeldrake 3-8500 
Southern: Harris-Hanson Company, St. Louis, Mo., 
Mission 7-4350 
Crossley Associates, Inc., Indianapolis, Indiana, 
CLifford 1-9255
Eastern: Crossley Associates, Inc., Chicago, Illinois, 
SHeldrake 3-8500
Western: Crossley Associates, Inc., St. Paul,.Minn. 
Midway 5-4955
Harris-Hanson Co., Kansas City, Mo., Hlland 4-9494 
Bivins & Caldwell, Inc., High Point, N.C., Phone: 3672 
E. Lipscomb Assoc., Houston, Texas, JAckson 4-9303 
Yewell Assoc., Inc., Burlington, Mass., Phone: 7-2561 
Horman Assoc., Inc., Baltimore, Md., HOpkins 7-2290 
Eastern: Yewell Associates, Inc., Burlington, Mass., 
Phone: 7-2561
Western: Yewell Associates, Inc., Bridgeport, Conn., 
FOrest 6-3456
S. Sterling Co., Detroit, Mich., BRoadway 3-2900 
Crossley Assoc., Inc., St. Paul, Minn., Midway 5-4955 
E. Lipscomb Assoc., Houston, Texas, JAckson 4-9303 
Eastern: Harris-Hanson Company, St. Louis, Mo., 
Mission 7-4350
Western: Harris-Hanson Company, Kansas City, Mo., 
Hlland 4-9494
Eastern: Lahana & Co., Denver, Colo., PEarl 3-3791 
Western: ARVA, Seattle, Wash., Murdoch 7337 
Eastern: Crossley Associates, Inc., St. Paul, Minn. 
Midway 5-4955
Western: Lahana & Company, Denver, Colorado 
PEarl 3-3791

Six standard amplifiers 

in compact 19-inch 

rack mountable module I
- ideal for multiple 

channel installations.

Power Requirements: 
Amplifier..................  
Cabinet......................  
6-Unit Module.......

Net Weight (Amplifier) 
Price: Amplifier .........

Utah 
Vermont 
Virginia 

Washington 
Washington, 

D.C. & Environs 
West Virginia

Northern: Neely Enterprises, Sacramento, Calif., 
Gilbert 2-8901
Southeastern: Neely Enterprises, North Hollywood, 
California, STanley 7-0721
Yewel Assoc., Inc., Burlington, Mass., Phone: 7-2561 
Northern: RMC Associates, Bogota, New Jersey 
Diamond 3 5926 
Southern: I. E. Robinson Company, Asbury Park, 
New Jersey, KEIIogg 1-3150 
Albuquerque: Neely Enterprises, Phone: 5-5586 
Las Cruces: Neely Enterprises, JAckson 6-2486 
New York City. RMC Associates, New York City, 
TRafalgar 9-2023 
Southeastern: Yewell Associates, Bridgeport, Conn., 
FOrest 6-3456 
Northwestern: J. D. Ryerson Associates, Inc., 
Syracuse, New York, GRanite 6-8344
Bivins & Caldwell, Inc., High Point, N. C., Phone: 3672 
Crossley Assoc., Inc., St. Paul Minn., Midway 5-4955 
Eastern: S. Sterling Company, Cleveland, Ohio, 
E Vergreen 2-4114
Western: Crossley, Associates, Inc., Dayton, Ohio, 
OXmoor 3594
E. Lipscomb Assoc., Dallas, Texas, FLeetwood 7-1881 
ARVA, Portland, Oregon, CApital 7-1281
Eastern: I. E. Robinson Company, Upper Darby, 
Pennsylvania, FLanders 2-7017
Central: I. E. Robinson Company, Camp Hill, 
Pennsylvania, REgent 7-6791
Western: H. E. Ransford Company, Pittsburgh, 
Pennsylvania, TUxedo 4-3425
Yewell Assoc., Inc., Burlington, Mass., Phone: 7-2561 
Bivins & Caldwell, Inc., Atlanta, Ga., CEdar 3-7522 
Crossley Assoc., Inc., St. Paul, Minn., Midway 5-4955 
Bivins & Caldwell, Inc., High Point, N. C., Phone: 3672 
Dallas: E. Lipscomb Assoc., FLeetwood 7-1881 
El Paso: E. Lipscomb Assoc., Phone: 2-7281 
Houston: E. Lipscomb Assoc., JAckson 4-9303 
Lahana & Company, Denver, Colo., PEarl 3-3791 
Yewell Assoc., Inc., Bridgeport, Mass., FOrest 6-3456 
Bivins & Caldwell, Inc., High Point, N. C., Phone: 3672 
ARVA, Seattle, Washington, Murdoch 7337 
Horman Associates, Inc., Washington, D.C., 
DEcatur 2-5705
Northern: H. E. Ransford Company, Pittsburgh, 
Pennsylvania, TUxedo 4-3425
Southern: Bivins & Caldwell, Inc., High Point, North 
Carolina, Phone: 3672
Eastern: Crossley Associates, Inc., Chicago, Illinois, 
SHeldrake 3-8500
Northeastern: Crossley Associates, Inc., St. Paul, 
Minnesota, Midway 5-4955
Lahana & Company, Denver, Colo., PEarl 3-3791(KAY LAB)
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New Products

Oscilloscope

Improved 
Synchronization

1 Here’s the EASY Way 
Ito Work Up A Nyquist, 
I A Bode, A Nichols

DESIGNS RELAYS

TAILORED FOR AIRBORNE SYSTEMS

... relays designed to overcome environmental problems for suck 
customers as: Boeing • Douglas Aircraft • Ford Instrument • Hughes 
Aircraft* Lockheed Aircraft* Minneapolis-Honeywell • Radio Corpo­
ration of America • Reeves Instrument.

Now . . . Relays TAILORED for Flight Control e Automatic Approach e Engine 
Control e Missile Guidance e Missile Stabilization e Bomb-Navigation e Inertial 
Navigation e Fire Control • Automatic Flight.

Why not test Leach's ability to solve some of your toughest environmental prob­
lems? Please write Sales Manager, Relay Division or contact your nearby Leach 
representative. Send for your copy of the Leach Balanced-Armature Catalog.

LEACH CORPORATION
LEACH RELAY DIVISION

RELAYS

5915 Avalon Blvd., Los Angeles 3, California

District Offices and Representatives in Principal Cities of U. S. and Canada

CIRCLE 161 ON READER-SERVICE CARD FOR MORE INFORMATION

104

Smooth, automatic trigger synchronization by the 
vertical input signal over the whole pass band from 
less than 10 cps to more than 10 me are features in 
the latest improvement of the Model 411A oscillo­
scope. Synchronization is attained by the use of a 
single control and is independent of positioning or 
amplitude adjustments. Vertical amplifier sensitivity 
is 20 mv/cm of display with a pass band of de to 
10 me. Sweep speeds range from 0.1 psec/cm to 
0.1 sec/cm. Diversification of the instrument is ob­
tained through the use of several plug-in units. For 
example, one unit introduces trigger delays between 
1 psec and 0.1 sec. Other plug-ins are a dual trace 
video switch, a TV trigger shaper, and a long sweeps 
generator.

Laboratory for Electronics, Inc., Dept. ED, 75 
Pitts St., Boston 14, Mass.
CIRCLE 162 ON READER-SERVICE CARD FOR MORE INFORMATION

Magnetic Amplifier

Controls Low Power 
Devices

This miniaturized magnetic amplifier offers high 
gain and fast response which is achieved in the 
single stage unit by operating at a supply frequency 
of 5000 or 3600 cps. The amplifier is suitable for 
controlling low power output devices such as hy­
draulic servo valves. The amplifier characteristics 
are such that a complete high performance electro- 
hydraulic servo loop can be achieved without the 
use of additional amplifying elements. The mag­
netic amplifier is supplied with dual input windings 
to facilitate signal mixing. Additional control wind­
ings can be furnished. These units may be cascaded 
if necessary for additional gain. A static converter 
from 400 to 5000 or 3600 cps is available from the 
manufacturer.

Magnetic Amplifiers, Inc., Dept. ED, 632 Tinton 
Ave., New York 55, N.Y.
CIRCLE 163 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC

If you’re working on servosystem 
test or design, you’ll want to have 
these FREE chart forms ... a 
wonderful time-saver! The coor­
dinates are already lettered and 
the legend imprinted. They are 
transparent “masters”. Almost 
any duplicator assures you of an 
immediate supply of charts at 
any time.

When you get the frequency, 
phase angle, and amplitude loci 
plotted on these worksheets, 
you’ve got a “standardized” per­
manent record of the system you 
are checking.

The Complex Plane Conver­
sion Chart, Worksheet #104, 
should be particularly helpful. 
On it are plotted the loci of con­
stant closed-loop gain (in units 
of voltage ratio) on the horizon­
tally axial circles, and the con­
stant-loop phase (in degrees) on 
the vertically axial circles. These 
loci are plotted over Cartesian 
coordinates, the ordinate of which 
represents the unreal, and the 
abscissa the real, component of 
the gain vector.

Suggestions for an uniform 
procedure in working up the dif­
ferent curves are included.

SERVO
CORPORATION

OF AMERICA

| 20-20 Jericho Turnpike, New Hyde Park, L I.. N.Y. |

I For your free SERVO Work Forms, call ■ 
your nearest Servo Corporation represen- I 
tative, or write directly to Servo Corpo- |

■ ration of America, Inc., Room 9A, New
Hyde Park, New York. |

CIRCLE 164 ON READER-SERVICE CARD
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Power Factor 
Correction Coils

For 400 CPS Lines
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1157 East 23rd Street, Indianapolis 7, Indiana 
CIRCLE 168 ON READER-SERVICE CARD FOR MORE INFORMATION

SPECIALISTS IN 
MAGNETIC MATERIALS

Ultrasonic Cleaning System 

For Small Precision Parts

çæïAW
Chassis-Trak

ELECTRONIC DESIGN • September 15, 1957

• Ultra thin slide design (.350’) for 
maximum use of cabinet interior

• Permanent, dust-repellent, dry lubri­
cant finish

• High corrosion resistance
• Easy installation
• 8 stock lengths, standard width
• Push button emergency chassis 

removal

A series of power factor correction coils for re­
ducing capacitive current in filtered power lines of 
screen rooms has been introduced. Correction is 
usually necessary when 400 cps (or higher) power 
line frequencies cause an excessive reactive-capaci­
tive load component to be applied to the generator. 
Since screen room filters apply a fixed capacitive re­
active load to the power line, there is a possibility 
of no-load current problems when high attentuation 
is required in the range of 14 kc to 100 me due to 
the large capacitive component. If the power source 
has enough reserve to furnish this additional reac­
tive current, there is no difficulty. On the other 
hand, if the course is limited, power factor correc­
tion coils must be employed to cancel the unde­
sired capacitive-reactive load component.

Filtron Co., Inc., Dept. ED, Flushing 55. N.Y.
CIRCLE 166 ON READER-SERVICE CARD FOR MORE INFORMATION

WRITE: DEPT. 2ED

This three stage ultrasonic cleaning system 
washes, rinses, and dries transistor parts, precision 
valve parts, bearing assemblies, lapped surfaces, in­
strument parts, and potentiometers. With its acces­
sories, it constitutes a complete cleaning system 
and can be used with almost any combination of 
solvents. High frequency permits removal of con­
taminating particles down to a few microns in size. 
The unit features stainless steel lift-out transducer 
cleaning chambers, parts holding baskets and 
covers. It is finished in gold alumilite and is the 
smallest in the WC series of wash-rinse-dry ultra­
sonic units. Operating at about 35 w at a frequency 
of one me, the units prov ide suitable power for such 
applications as dispersion, degassing, agitation, 
chemical reaction study, and aging experiments.

McKenna Labs., Dept. ED, 2503 Main St., Santa 
Monica, Calif.
CIRCLE 167 ON READER-SERVICE CARP FOR MORE INFORMATION

New Chassis-Trak roller r 
bearing slides make your M

electronic equipment more 
accessible ... faster and easier to 
service. Chassis Trak’s ultra thin 
design, wider bearing rollers sup­
port up to 175 lbs. with chassis 
extended. Rollers assure perma­
nent, smooth slide operation.

Thomas & Skinner says: This is a hell’uva way to run a space ship!

But we’re not blaming the space crew — just the engineer who 
designed the highly complex astral navigation equipment. He didn’t 
know about T & S’s new, exclusive three-phase laminations ... which 
offer balanced voltages in all three phases and completely eliminate 
third harmonics.

These compact laminations are now available in standard pro­
duction sizes . . . for 400-cycle applications, 4 mil thicknesses with 
leg widths from to % inches ... for 60-cycle applications, 14 and 
18.5 mil thicknesses with leg widths from 1.2 to 3.6 inches.

This is just one more reason why you can depend on T & S for 
all your magnetic material needs . . . for permanent magnets . , . 
wound cores ... laminations ... and SiFeMag tapes.

Chassis-Trak, Inc
I 525 S. WEBSTER AVENUE 

I INDIANAPOLIS 19, IND.

ROLLER BEARING
CABINET
SLIDES llX
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Pictured above are only a few ot 
Western Gear’s complete miniature 

motor line, ranging from l/500th 
to 4 HP. Choose from cycle ranges of 

50 to 400 at any voltage required. 
Furthermore, if our basic designs do 

not meet your particular requirements, 
our engineers will be glad to work 
with you on your rotary electrical 
problems WITHOUT OBLIGATION!

□ Data sheet on Strain Gage Power Supply 
11 Data sheet on Lab-type Power Supply 
□ Data sheet on Stroboscope Unit

bulb 
Neo.

Measuring Receiver 
100 Db Range

cons 
You

Glenn Malme • WESTERN GEAR CORPORATION • P.O. Box 182, Lynwood, California

Cathode-Ray Recording 
Oscillograph

LABORATORY-TYPE POWER SUPPLY-
New from Western Gear, Electro 

Products Division, is this lab-type, 
voltage-regulated power supply, 

available in either cabinet or rack 
type mounting. Input voltage is 105 

to 125 volts at 50 to 60 cycles 
per second. Three output voltages are 

available... continuously variable 
0 to 300V OC at 150 MA; continuously 

variable 0 to negative 150V DC at
5 MA; and 6.3V AC at 8 amperes. 

For full information, use the 
coupon below.

TRANSISTORIZED VOLTAGE REGULATOR—Rugged conditions are 
made to order for this precision unit, especially where performance, - 
space and weight are of extreme importance.
The circuitry employs a shunt power transistor and a 
temperature-compensated Zener diode reference voltage Input W 
voltage is 31V DC plus or minus 4V. Output of the 7VR12 is ■
5V DC at 100 to 200 MA. Regulation less than plus or minus *
.1 per cent for combined variations of input voltage, load current, 
temperature, drift and vibration. Dimensions 2x2x2. Weight 85 ounces. 
For more of the story, check and mail the coupon below.

MULTIPLE CHANNEL STRAIN GAGE POWER SUPPLY—Model 7P01 
single or multiple channel strain gage power supply, 115 V, 60 cycle 

input, 10V DC output, adjustable from 9-1IV DC with a 10-turn 
potentiometer. Output voltage changes less than plus or minus 

MKb .05% due to temperature change from 0 to 45°C; outputKV voltage changes less than .1% due to 2% change in load
current. Output ripple is less than 300 microvolts RMS, 

isolated from ground as follows: insulation resistance to ground, 
10,000 megohms-, AC pickup voltage to ground, 5 microvolts peak. 

(Six channel unit shown.) For complete information, mail coupon below.

STROBOSCOPE UNIT—Now available, 
a reasonably-priced, compact, 
true-cdor stroboscope for viewing 
rotary, reciprocating or repetitive 
motion, as designed and 
manufactured by Western Gear’s 
Electro Products Division.
SPECIFICATIONS: Flash duration, 
10 microseconds; light output, 
5 Lumen seconds per flash; 
repetition rate, 0 to 100 pulses 
per second; dimensions, 6" wide, 
5" high, 5%" deep.
For complete information, mail 
the coupon below.

A laboratory receiver, Type 20'0, 
operates in effect as a linear voltmeter 
having a 100 db range in 20 db steps. 
The receiver contains an output meier 
which has a logarithmic scale cali­
brated between 1 and 10. An i-f gain 
control and a 20 db step attenuator in 
this receiver permits the microvolt­
meter to be set at any desired full­
scale range from 10 pv to 0.1 v. Audio 
frequency circuits in the receiver per­
mit oral monitoring of both am and 
fm transmission. An output is pro­
vided for connection to an Esterline- 
Angus 1 ma recorder and has provi­
sions for making either linear or 
compressed scale (log) recordings of 
signal input. The power supply is self 
contained and operates from a 115 v 
ac, 50 to 60 cycle power source. The 
receiver is supplied in a cabinet and 
the panel is a light blue smooth finish.

Nems-Clarke, Inc., Dept. ED, 919 
Jesup-Blair Drive, Silver Spring, Md.

CIRCLE 99 ON READER-SERVICE CARD

»lease send information checked:
□ Motor Catalog No, 254-A
□ Data sheet on Voltage Regulator

Mame----------------------------------------

16 Channels, up to 100,000 CPS
A recording oscillograph, which 

can record simultaneously up to 16 
channels of phenomena at frequencies 
as high as 100,000 ps with excep­
tional clarity on a single 8 in. wide 
record, is now available. The CR-1B 
oscillograph uses eight dual-gun, 
cathode-ray tubes. Traces developed 
across the faces of the tubes are 
sharply focused by the optical system 
and recorded on photographic film or 
paper. Eight speeds, from 3 to 400 in 
per sec, may be selected through 
front-panel push-buttons, which actu­
ate separate magnetic clutches. No 
gear or pulley changes are required. 
Continuous 400-ft records can be run, 
or shorter records from 1 to 50 ft long 
can be taken automatically by means 
of a preset length selector. Standard 
commercial film and paper are used 
The unit is 48 x 65 x 27 in. and weighs 

1500 lb.
Consolidated Electrodynamics Corp­

Miller Div., Dept. ED, 300 N. Sierra 
Madre Villa, Pasadena, Calif.

CIRCLE 100 ON READER-SERVICE CARD
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Sub-Miniature
Pilot Lights

Transistorized 
Electrocardiograph

Weighs 18 Lb

...facilitate the solution of 
miniaturization problems.
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On your next miniaturization project, 
consult DIALCO for the Pilot Lights. 
You will quickly find the proper unit 
for use with either tiny Incandescent 
bulbs (T-13A); or with sub-miniature 
Neon bulbs (NE-2D).

TWO-TERMINAL units are fully insulated. 
SINGLE-TERMINAL units are for use on 
grounded circuits. Also DIMMING or NON­
DIMMING sub-miniatures for every 
requirement. Meet 
all applicable Mili­
tary Specifications.
Samples for design 
purposes on request 
at once — no charge.

(actual size)

No. 134-3830-375-9 No. 101-3830-951
Foremost Manufacturer of Pilot Lights

DIRLICHT
CORPORATION

46 STEWART AVE., BROOKLYN 37, N. Y. 
Hyacinth 7-7600

i .rp 
sierra

l
I ^alight Corp., 46 Stewart Ave., Brooklyn 37, N.Y.

L J Send brochures on Sub-Min. Pilot Lights 

j 3 Brochures on other Dialco Pilot Lights 

|l Name

Position
L Company ........................................................................................................................

f Address
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This direct-writing Model 300 electrocardiograph 
weighs 18 lb complete, as compared to about dou­
ble the size and 32 to 36 lb weight of other com­
parable instruments. Three vacuum tubes and a 
dozen transistors and diodes are used in the circuit, 
which records fractional mv action potentials of the 
heart as a permanent tracing on a strip chart, by 
means of a recording galvonometer. A three-stage 
vacuum tube input amplifier drives a three-stage 
transistor amplifier, which uses pairs of 2N104’s, 
2N108’s and matched 2N156’s from which the gal­
vanometer power is taken. All amplifier circuitry 
is contained on plug-in printed wiring panels, to 
facilitate any servicing that may be necessary. The 
power supply uses selenium and germanium recti­
fiers, and both high and low voltage outputs are 
regulated.

Sanborn Co., Dept. ED, Waltham, Mass.
CIRCLE 174 ON READER-SERVICE CARD FOR MORE INFORMATION

Differential 
Transformer

2 Mv Null Voltage

This linear transducer meets specifications for 
a null voltage of less than 2 mv. Frictionless, with 
no sliding or bearing surfaces, the differential trans­
former makes possible simple, reliable, low-imped­
ance circuitry. The unit, measuring 7/8 in. long with 
7/8 in. OD, has a coil designed for an armature 
range of ±0.02 in. Output, from two series aiding 
secondaries to a transistorized amplifier, is linear 
within 0.1 per cent. Input is 6.3 v at 400 cps. 
Continuous operation at any temperatures up to 400 
F is assured by use of glass impregnated melamine 
bobbin, silicone vacuum impregnated coil, and 
teflon insulated wire. The case is cut with micro­
meter threads (40 per in.), which permit precise 
positioning after installation.

Automatic Timing & Controls, Inc., Dept. ED, 
King of Prussia, Pa.
CIRCLE 175 ON READER-SERVICE CARD FOR MORE INFORMATION

4950 N. HIGH ST. • COLUMBUS 14, OHIO

*4 Polar Recorders
4 Rectangular recorders (hbw available for 100:1 synchro ratio!
5 Model Support Towers and 8 Azimuth Elevation Mounts.

60 products In all

W _ .. w

'NTLABmc

A Line of 
PRICED EQU! 
ddlfion to

1 “budget” pricec 
is designed specif 
in programs whict 
e the highly com 
mt generally em 
roups recording

details.

ib RF in Sq Rt.: 30 db in linear 
.... 2 % of full scale or better 
36:1 driven by size 5 Synchro 

Oyjxll with 7'/5" Polar Circle

get priced at 
call Anflab na'

........................ ............................................ ........................200 lbs.

. .....................................................................  : . . 1/10 -2 RPM
Size 5 Generator Geared 36:1 (slip"rings optional)

Recorder model #3001 
Dynamic Range.
Accuracy. . . . 7 , v 
Turntable. .... ......

' Chart..........................................
Mount A Control model #8130 

Capacity. . .. .•...  .
Speed..................  
Synchro

Model No. 8130

FROM ANTLAB

CIRCLE 176 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products

MAN-DAYS SAVED for the application

in research and testing involving transients

do so

Trademark of Hughes Aircraft ( ompany

INFORMATION

15, 1957108

Introdui mg Number 1 of a Factual Series 
about the Hughes memo-scope* Oscilloscope

Make your request to.
HUGHES PRODUCTS
MEMO-SCOPE OSCILLOSCOPE
International Airport Station
Los Angeles 45, California

system is expected.
Moore Associates, Dept. ED, 2628 

Redwood City, Calif.
CIRCLE 179 ON READER-SERVICE CARD FOR MORE

Power Control 
Systems

Minimize System 
Downtime

O 1957 HUGHES AIRCRAFT COMPANY

CIRCLE 177 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • September

We are pleased to report a major breakthrough by a 
Hughes product that will significantly reduce the mo­
notonous man-days spent pursuing elusive transients. 
Practically a promise of all things to all men in research 
and testing procedures involving traces, this new instru­
ment of benefaction is the Hughes memo-scope* Storage­
Type Oscilloscope. A transient recorder with a “memory” 
it can retain single or successive writings for an infinite 
length of time or until intentionally erased.
Heretofore, the tedious trial and error methods and 
repetitious hair-triirger photography necessary to “cap-

Telemetering and Control Terminals 
Dual-Channel

If you're in pursuit of an elusive transient, ask yourself if a memo-scope 
Oscilloscope wouldn't best serve you. Better yet, ask a Hughes represent-
ative to arrange an eye-opening demonstration. He'll gladly 
your area, at your convenience and with no obligation.

ture” transients on conventional scopes has mercilessly 
wasted time, film and precious effort, not to mention 
ruffling dispositions. But, never again. Now, you may 
instantly “freeze” any number of selected w ave forms in 
brilliant clarity on the face of a memo-scope Oscilloscope 
—study, compare and analyze them at leisure. Or if 
desired, take convenient photographs with just one 
camera setting—one exposure—for each permanent rec­
ord required. Superbly engineered and completely elec­
tronic, memo-scope Oscilloscope involves no slide wires, 
no bothersome paper and ink problems.

These self-contained units are designed for tele­
phone lines or cables with up to 20 db attenuation 
between associated transmitter and receiver. When 
keyed by switches for control applications or pulse­
width signaling transducers for metering, the Model 
55 transmitter provides two independent signaling 
tones in the frequency range 2.8 to 100 kc. The 
plug-in relays can control up to 1 hp motors without 
the need for auxiliary contactors. The stable plug-in 
networks permit channel spacing closer than 1.5 per 
cent in frequency. This makes available more than 
200 separate control channels over one telephone 
line using frequencies between 3 and 100 kc with­
out interfering with the use of the line for normal 
voice communication. Their design objective has 
been toward simplicity, versatility, and low initial 
and operating cost to make them especially suitable 
for use where it is desired to control a few func­
tions initially but where future expansion oi the

Creating a 
new world 

with i

ELECTRONICS 

: HUGHES PRODUCTS

power and protection of electronic equipment are 
constructed to minimize downtime for the entire 
system. They contain the following features: auto­
matic application and removal of power, gradual 
increase of filament voltage, sequencing of de volt­
ages, voltage and temperature monitors, indications 
and alarms for quick trouble shooting, detection of 
power line transients, and automatic or manual 
marginal checking for the detection of weak com­
ponents.

Dynamic Controls Co., Dept. ED, 1955 Massa­
chusetts Ave., Cambridge, Mass.
CIRCLE 178 ON READER-SERVICE CARD FOR MORE INFORMATION

These control systems
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Axial Wirewound 
Resistors

Tension Free Windings

Wirewound resistors featuring tension-free wind­
ings are now available with axial leads. The ten­
sion-free windings practically eliminate resistance 
drift with age and shorts or opens. For maximum 
strength, resistive elements are welded to wire ter­
minals, and welds are protected by cones of epoxy 
plastic cast to the ends of bobbins. The units are 
available in standard resistance ranges of 150 K to 
8 megohms over an ambient temperature range of 
—55 to -j-85 C. Windings are coated and filled with 
a resin-base varnish to permit normal operation 
under conditions of high humidity.

Kelvin Electric Co., Dept. ED, 5907 Noble Ave., 
Van Nuys, Calif.

CIRCLE 180 ON READER-SERVICE CARD FOR MORE INFORMATION
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AVC Amplifier
Constant Output ±1 Db

RICHARDSON 
.______PLASTICS_____

LAMINATED and MOLDED
DEPT. 23 • 2682 LAKE STREET •
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Founded 1858 
MELROSE PARK, ILLINOIS • SALES OFFICES IN PRINCIPAL CITIES
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An automatic volume control amplifier which 
maintains a constant output within ± 1 db with in­
put changes of 30 db has been developed. Exceed­
ingly rapid automatic gain reduction prevents syl­
lable clipping, and slow automatic gain increase 
avoids automatic control at syllabic frequencies. 
The AVC Amplifier basically consists of a two stage 
push-pull circuit. The input may be connected di­
rectly either to a balanced 600 ohm line (with 
either or neither side grounded), or it may be 
bridged across a 600 ohm line without upsetting 
line impedance.

Its frequency response is rated at ±1 db from 
20 to 20,000 cps. It has an overall gain of 35 to 38 
db with a signal-to-noise ratio or 60 db. Its rated 
power output is 6 mw at 2 per cent total distortion. 
Maximum distortion is less than 5 per cent under 
conditions of full 30 db compression. An adjustable 
gain reduction and gain increase speed control en­
ables variation in its attack and release timing. 
Equipped with a self-contained power supply 
w^ich is designed for 110/220 v, 50/60 cycles with 
a power consumption of 30 w, it is housed in a 
ventilated and shielded cabinet designed for stand­
ard rack-panel mounting. It is 19 x 7 x 8-3/4 in.

Amplifier Corp, of America, Dept. ED, 398 
Broadway, New York 13, N.Y.

CIRCLE 181 ON READER-SERVICE CARD FOR MORE INFORMATION

Printed Circuitry with 
Richardson INSUROK* XT-896
NEW Low temperature punching 
copper-clad laminate

XT-896 punches clean and sharp at room tem­
peratures. Eliminates the problem of dimensional 
changes encountered in hot punching laminates. 
Tool and die planning and production are simplified 
because shrinkage is not a factor. Accurate punch­
ing also effects savings in mechanical assembly as 
well as in printed circuitry.

The dielectric constant of XT-896 is low and 
extremely stable under changing temperatures. 
This makes it ideal for circuits and components 
where “drift” is undesirable.

Richardson has a complete line of NEMA and 
special grades which meet virtually all electrical 
and/or mechanical needs of industry. For more 
information, write or phone Chicago—MAnsfield 
6-8900.

•Room condition* 50% RH @23°G
••After Immersion in water for 24 hour* at 23°C.
f After conditioning for 96 hour* at 40°C at 90% relative humidity.

Since etching can degrade laminates, Richardton publishes only average 
properties after etching. This reflects the normal conditions you would find 
in the use of printed circuits.

CHARACTERISTIC PROPERTIES 
(Values shown are average)

Cold punch 
XT-896 

After Copper- 
dad etching

Hot punch 
T-725 

After Copper- 
dad etching

Hot punch 
T-812 

After Copper - 
dad etching

Thickness tested VU* VU* VU*
Water absorption 0.46% 0.40% 0.53%

*Power factor 0.027 0.030 0.029
**Power factor D/24/23 0.033 0.031 0.031
♦Dielectric constant 3.71 4.2 4.5

♦♦Dielectric constant 
D/24/23 3.86 4.3 4.6

*Loss factor 0.102 0.126 0.131
♦♦Loss factor D/24/23 0.127 0.134 0.142

Insulation resistance 
Megohms C/96/40/90f 1,000,000 125,000 290,000
Flexural strength 

Lengthwise 
Crosswise

14,000 
12,000

19,000 
15,000

19,500
15,500

Bond strength lbs/in 
Copper to laminate 7 8 8
Blister resistance 
Seconds at 450’F. 15 20 18



New Products

TUNGSTEN

60/00 TUNGSTEN 
MOLYBDENUM

MOLYBDENUM

...when your product demands the 
highest standard of uniformity

Because of high metal purity plus exceptional uni­
formity in size and physical properties, Sylvania wire 
will help you hold rejection losses to a minimum . . . 
help you maintain consistently higher product per­
formance standards.

Quality-controlled to the exacting standards known 
to be needed for producing the world’s finest vacuum 
tubes—every step in the wire-making process is done 
in Sylvania's own plants. From metal refining to draw­
ing and finish plating . . . one manufacturer bears the 
entire responsibility of supplying the exact kind and 
quality of wire you need.

There is a Sylvania wire for every vacuum and gas tube 
application, in a full lange of sizes down to the finest 
available—bare or plated with gold, rhodium, silver 
or nickel. Extra-long lengths can be supplied on order.

As the specifications for tube characteristics vary— 
so your wire requirements will vary. Next time you 
need standard or special wires, call in your Sylvania 
sales engineer. He will help you get exactly what you 
need, when you need it!

Sylvania Electric Products Inc.
Tungsten and Chemical Division, Towanda, Penn.

PHOSPHORS SEMI-CONDUCTORS

Coaxial Cable Connector
Snap-Lock

The sub-miniature snap-lock coaxial cable con­
nector and mating receptacle is available in 50, 
75, and 95 ohm sizes. This design of coaxial cable 
plug is spring loaded and snaps into position to 
engage its special receptacle firmly. The plug can­
not be removed by pulling on the cable, or by vi­
bration, but only by sliding the knurled sleeve 
toward the cable end. These connectors will with­
stand a temperature range of —70 to -4-550 F and 
shock of 100 g on any axis. Vibration at 5 g from 
10 to 20,000 cps.

Automation-Engineering Corp., Dept. ED, 723 
Sonora Ave., Glendale 1, Calif.

CIRCLE 184 ON READER-SERVICE CARD FOR MORE INFORMATION

Miniature Ceramic Capacitors 
47 ppF to 0.1 pF

A ceramic capacitor, maintaining 90 per cent of 
room temperature capacitance at critical tempera­
tures up to 150 C and down to —55 C, is offered 
through the full RETMA decade of capacitance rat­
ings from 47 ppf to 0.1 pf. The smallest measures 
0.1 x 0.1 x 0.1. Rated voltage is 100 to 200 wvdc, 
with up to 1000 wvdc.

National-El Ray Corp., Dept. ED, North Holly­
wood, Calif.

CIRCLE 1 85 ON READER-SERVICE CARD FOR MORE INFORMATION

TUNGSTEN MOLYBDENUM CHEMICALS

CIRC-2 1«3 ON READER-SERVICE CARD FOR MORE INFORMATION

CRT Adapter
For Testing Color TV

A CRT adapter for testing and rejuvenating color 
I TV and 110 deg picture tubes is designed for use
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NW'. A complete single-turn-pot line
with all the Models 400 and 350 CRTs in the field. 
The C40 tests each gun of the color picture tube 
separately for continuity, inter-element shorts, 
opens or leakage and checks each gun for emission 
and cut-off voltage. By comparing the emission 
readings of red, green, and blue guns, difficult color 
troubles can be isolated and detected. If the emis­
sion of one color gun is low, that gun can be re­
juvenated. Life or slump test indicates variation 
between color guns which will cause difficulty in 
color response. The adapter weighs only 1 lb.

B & K Manufacturing Co., Dept. ED, 3731 N. 
Southport Ave., Chicago 13, Ill.
CIRCLE 186 ON READER-SERVICE CARD FOR MORE INFORMATION

Codes for Digi-Coder
Three New Outputs

Three more code outputs with the Digi-Coder, 
the manufacturer’s shaft position analog-to-digital 
converter, are available. With these new codes, a 
Digi-Coder can convert angular position into digital 
output in the form of: degrees and tenths of a deg 
with a full scale capacity of 0 to 359.9 deg and 
through zero; any part of a 24-hr time cycle, ex­
pressed in hr and min; and an 8-channel Teletype 
or Flexowriter code. These new codes are in addi­
tion to the decimal, binary, binary-coded decimal, 
and 5-channel Teletype codes presently available.

Fischer & Porter Co., Dept. ED, 94 Jacksonville 
Rd., Hatboro, Pa.
CIRCLE 187 ON READER-SERVICE CARD FOR MORE INFORMATION

Oil
Coaxial Connector

11 Push-Button Disconnect

Rf coaxial connectors with a built-in push-button 
disconnect switch permit quick disconnect without 
the necessity of removal of cable from the assembly. 
The hermetically sealed 50-ohm rf connectors are 
available with type N or HN hermetically sealed 
coaxial receptacles. In the off position, the isola­
tion exceeds 60 db down from 500 to 5000 me, and 
50 db down from 5000 to 10,000 me. The unit 
weighs 0.6 oz.

Don-Lan Electronics Co., Dept., ED, 1101 Olym­
pic Blvd., Santa Monica, Calif.
CIRCLE 188 ON READER-SERVICE CARD FOR MORE INFORMATION
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Built, tested, and certified* to such rigid specifications as AIA, RETMA, JAN-R-19, MIL-E-5272A, and 
other applicable military specifications, this new line of pots packs reliable performance into tight spots. 

* Complete test data available on request.

Waters PRECISION MINIATURE POTENTIOMETERS

wp % wp r/u WP 1 '/a WP 1 %

Sizes from 
linear and

Vi" to I5/»" . . . values from ’/i ohm to 500K ohms . . . high-precision 
non-linear . . . write for catalog that describes the complete line.

Waters ROTARY TRIMMER POTENTIOMETERS

AP 1 %

¿i !

API AP l'/,a RTS % RT % ap y2

. . . include the most compact half-inch pot on the market . . . resistances to 500K . . . non-linear models 

. . . bushing, servo, or 3-hole mount . . . solder terminals or wire leads . . . write for complete catalog.

Waters LOW-TORQUE PRECISION POTENTIOMETERS
Ball-bearing and jewel-bearing models for ultra-low torque 

. servo or 3-hole mounting . . . solder terminals or 
wire leads.

Check Water» first for all your single-turn-pot need».

Big-pot performance in miniature-pot size.

MANUFACTURING, inc.

----------------- Wayland, Massachusetts -------------
APPLICATION ENGINEERING OFFICES IN PRINCIPAL CITIES

CIRCLE 467 ON READER-SERVICE CARD FOR MORE INFORMATION



New Products

NEW from HEARD EVERYWHERE fi fiJ^owJUb
AMPLIFIER 
CABINETS

Wide Enough

Deep Enough

To Accommodate

Pulsating Relay

Contact Burning 
Eliminated

Incorporating a variable multivibrator driving 
one or more mercury-wetted contact relays, the 
F-2C Flasher provides rate control of pulsation and 
eliminates the burning of contacts. Sturdiness of the 
mercury relay is attested to by the manufacturer, 
who rates its operation in the billions before failure 
is anticipated. One feature is that the circuit is com­
pleted through a resistance, so that if the relay is 
used to flash an indicator, the indicator will stay lit 
despite relay malfunction.

General Electronic Corp., Dept. ED, 17 Madison 
Ave., Montgomery, Ala.

CIRCLE 190 ON READER-SERVICE CARD FOR MORE INFORMATION

Available in Two Sizes

Senior, Model DW-3116

Height 31"
Depth 16"
Width 21"
Panel Space 28"

Junior, Model SW-1616

Height 16%"
Depth 16"
Width 21"
Panel Space 14"

Amplifiers!

Sturdy cabinets, carefully designed and pre-

cision-built to house amplifiers or other elec-

tronic equipment. Completely welded con­

struction. Facilities for wall mounting. Louvred

sides and back for ventilation. Complete with

cabinet shelf and locking handle. Silver Gray

hammertone finish.

Miniature Low Pass Filter

Insertion Loss of 0.75 Db

This 400 me low pass filter, using air dielectric 
trimmer capacitors, measures 1 x 1 x 4 in. The filter 
combines low maximum insertion loss from 200 to 
400 me of 0.75 db with rapid attenuation above 
the passband. Minimum attenuation above 450 me 
is 45 db; and at 1000 me, 60 db. Maximum rated 
power handling capacity of the miniature filter 
is 100 w. Passband swr is 1.5:1, and input and out­
put impedance are both 50 ohms.

Radio Condenser Co., Dept. ED, Davis & Cope­
wood Sts., Camden 3, N.J.

CIRCLE 191 ON READER-SERVICE CARD FOR MORE INFORMATION

Order from stock today.

LOWELL MANUFACTURING COMPANY
3030 Laclede Station Road, St. Louis 17, Missouri

In Canada: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto 10, Ontario

Potentiometer

2 In. Diameter

CIRCLE 189 ON READER-SERVICE CARD FOR MORE INFORMATION

A high resolution 2 in. diam potentiometer has 
been developed with a small diameter cylindrical
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Typ. TS\ 
1/10 watt

Typ. EB
Va watt

N.w RCA transistorized microphone 
provides high fidelity response

Typ. ES—1 watt. 
Hermetically sealed

ACTUAL 
SIZE

Type GB N 
1 watt Type HB

2 watt

Available in all RETMA 
values from 2.7 ohms 

to 22 megohms
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HOT MOLDÉD.COMPOSITION RESISTORS 
'^^QUPIITV^=>

200 to 
above
50 me 

rated

You cannot go wrong with Allen-Bradley quality 
components—composition resistors; ceramic ca­
pacitors, and ferrite parts. Write for technical 
information, today.

Allen-Bradley Co., 1344 S. Second St., Milwaukee 4, Wis 
k In Canada—Allen-Bradley Canada Ltd., Galt, Ont.

Type TS—CUO watt, 
Hermetically «Wiled

The reliability of your product is no better than 
the reliability of the components you use. That’s 
why it is sound design procedure to specify Allen- 
Bradley hot molded resistors. They are recognized 
by electronic engineers throughout the world for 
their conservative ratings and stable characteris­
tics. The solid molded insulating jacket assures 
superior humidity resistance after subjection to

high humidity for long periods of time ... as nor­
mally encountered in actual practice. These re 
sistors cannot “open circuit.”

1 and 
)f the 
turer, 
ailure
com-

with an output comparable 
io carbon microphones. It 

uses throe A-B composi­
tion resistors.

Weather Proof 
Housings

Cast-Aluminum

Non-Resonant Inverter

Over 75 Variations

The Syncroverter Switch, a precision, non-reso­
nant inverter, is available in over 75 optimized 
variations in contact ratings, vibration and shock 
resistance, and frequency ranges for low power and 
dry circuit applications. Mounting arrangements to 
meet particular conditions are offered, including 
standard 7-pin plug-in bases or solder lug connec­
tors with mounting flanges. The chopper can be 
furnished in either spdt or dpdt switching action.

The Bristol Co., Dept. ED, Waterbury 20, Conn.

CIRCLE 193 ON READER-SERVICE CARD FOR MORE INFORMATION

Cast-ahiminum weatherproof housings with clear 
glass windows provide easy visual inspection of 
the housing interiors. Housings can be supplied 
with clear plastic windows. The hinged-type cast- 
aluminum housing illustrated is an enclosure for 
a refinery installation. The 6x6 glass windows 
allow easy visual access to the ammeter mounted 
within the housing.

Adalet Manufacturing Co., Dept. ED, 14300 
| Lorain Ave., Cleveland 11, Ohio.

CIRCLE 194 ON READER-SERVICE CARD FOR MORE INFORMATION

Koblrausch resistance element enclosed in slim, one 
piece housing molded of glass reinforced Alkyd.

Se ries HP-200 can be supplied singly or as multi­
ple ganged units. Mountings include piloted servo 
or three tapped holes. Power dissipation is 3 w. 
Mechanical rotation is 360 deg. Up to 16 taps can 
be provided, depending on spacing. Precious metal 
brush, collector and tap contacts, together with 
hard gold plated terminals and slip rings are stand­
ard design features.

Dejur-Amsco Corp., Dept. ED, 45-01 Northern 
Blvd., Long Island City 1, N.Y.

CIRCLE 192 ON READER-SERVICE CARD FOR MORE INFORMATION

Type CB —only ’/4 inch long 
Hot molded insulating

. jacket Rated at 70 C

NEW!
’/4 WATT RESISTOR



New Products

The CTC family of kollet knobs, taking, from left to right, a Yi” shaft only, a Ys" to Ji* shaft, and a Ji* shaft only.

Three who’ll dress to please you
»

CTC’s family of kollet knobs is care­
fully made of prime materials, as are 
all CTC components. And they have 
this added feature, being in the open as 
they are: They’re good-looking and 
adaptable.

Made of molded Tenite II in matte 
finish their metal face plates snap into 

. place, completing the design and cover­
ing the kollet locking device. You have 
a choice of ten color inserts for instru­
ment panel coding, and can have the 

1 knobs with or without skirts or indi­
cating lines.

I Reliability is the key characteristic 
। of every component CTC makes. Every 
। component is unconditionally guaran- 

- teed in quantities from one to millions. 
. Other CTC components include coil 

forms, coils, terminal boards, terminals, 
। diode clips, insulated terminals and 

• hardware.
. For sample specifications and prices, 

write now to Sales Engineering Dept.,

Cambridge Thermionic Corporation, 
457 Concord Ave., Cambridge 38, 
Mass. West Coast stocks maintained 
by E. V. Roberts Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California.

CTC Panel Hardware meets or betters govern­
ment specifications. Typical quality hardware 
shown: oval handle, adjustable handle, folding 
handle, thumb screw, plug and jack, shaft lock. 
Other quality hardware includes battery clips, ter 
minal boards, diode clips, dial locks. Variety of 
finishes available.

CAMBRIDGE THERMIONIC CORPORATION
makers of guaranteed electronic components 

custom or standard
CIRCLE 195 ON READER-SERVICE CARD FOR MORE INFORMATION

Teflon Wire 

Adhesive

A Teflon insulated flexible lead wire that has had 
its surface treated with sodium will provide ade­
quate adhesion with impregnated and casting ma­
terials. Heretofore, the lack of adhesion caused 
serious moisture paths, which greatly degraded the 
hermetic seal. The treated Teflon wire exhibits the 
same thermal and electrical characteristics as con­
ventional Teflon insulated conductors. Pilot pro­
duction runs indicate that it is now possible to pro­
vide the new lead wire in all the available color 
codings.

Hitemp Wires Inc., Dept. ED, 1200 Shames Dr., 
Westbury, L.I., N.Y.

CIRCLE 196 ON READER-SERVICE CARD FOR MORE INFORMATION

Electronic Timer

Multiple Functions

Tl 
the : 
half 
over 
quer 
plitu 
pulsi 
justa 
be s 
ing 
mou 
ual 
19 ir

Bi 
Dep

CIRCI

The CK Electronic Timer, Model 120, provides 
all the features found in over 40 timers designed 
and developed for special applications. These spe­
cial features include: stop-motion control by means 
of an external control switch that discharges the 
timing condenser; self-reset timing with several 
units in sequence by hold-in of load relay; momen­
tary-start with non-repeat, self-reset feature; sus­
tained starting with immediate reset on opening 
of start switch; emergency timing-out in middle of 
time cycle to permit delay circuit conditions; ad­
justable timing between fixed pulses, repeat-cycle 
timing; de starting relay to permit use of 115 v, 25 
to 400 cps; load contacts isolated from timer and 
line circuits; two sets of spdt 8 a contacts, one set 
to operate at start, one set at end of time delay; 
identical enclosed plug-in de relays for reliability 
and easy servicing. Eight time ranges are available, 
namely 0.2, 0.5, 1, 3, 6, 12 or 24 sec.

Farmer Electric Products Co., Inc., Dept. ED, 
2300 Washington St., Newton Lower Falls, Mass.

CIRCLE 197 ON READER-SERVICE CARD FOR MORE INFORMATION
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Pulse Generator

1.6 to 10.4 Me New Westinghouse WL-6249A 
tunable x-band Magnetron

had 

ade­

ma- 
used 
I the 

! the 

con- 

pro- 
pro- 
:olor

This pulse generator, Type 1050, operates in

ITION

the range from 1.6 to 10.4 me. The unit produces 
half sine wave voltage pulses continuously variable 
over its operating range in four overlapping fre­
quency bands. The generator is equipped with am­
plitude and pulse duration controls and an output 
pulse polarity switch. The output amplitude is ad­
justable from 1 to 30 v and the pulse duration may 
be selected from one of five different widths rang­
ing from 0.03 to 0.07 usee. The generator is 
mounted with its own power supply in an individ­
ual cabinet, but can be mounted in a standard 
19 in. relay panel rack.

Burroughs Corp., Electronic Instruments Div., 
Dept. ED, 1209 Vine St., Philadelphia 7, Pa.

CIRCLE 198 ON READER-SERVICE CARD FOR MORE INFORMATION

Frequency Meter

200 to 2400 Me

102-
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A series of direct reading uhf detectors cover 
the frequency range from 200 to 2400 me. The 
models are absorption-type frequency meters with 
very low insertion loss. Each instrument includes 
a resonant cavity, coaxial switch, crystal detector, 
current meter, sensitivity control, and Type N input 
and output terminals. The input signal causes a 
meter deflection approximately proportional to the 
signal level. Frequency is indicated on the direct 
reading dial by a sharp dip in meter reading when 
the cavity dial is tuned to resonance. Alternatively, 
the instrument may be inserted in a transmission 
line and the resonant dip may be detected in the 
external circuit. In this manner the meter may be 
used as a high-Q absorption marker when used 

I with fm signal generators. Continuous coverage in 
I frequency measurements from 200 to 18,000 me is 
I now provided by these units, Models 804, 805, and 
1806, in conjunction with previously announced 
I Models 802 and 809 through 812.
I The Narda Corp., Dept. ED, 160 Herricks Rd., 
I Mineola, N.Y.

I CIRCLE 199 ON READER-SERVICE CARD FOR MORE INFORMATION

Highest power tunable x-band Magnetron 
commercially available.

Now Westinghouse brings you a new high-powered mechan­
ically tunable x-band Magnetron designed to operate over a 
wide frequency range. The tube meets U. S. Air Force Speci­
fication MIL-T-8128A, and is designed for airborne radar 
and missile applications.
An air cooled pulsed type Magnetron with integral magnet 
and unipotential cathode, the WL-6249A has excellent sta­
bility during warm up and operation.
Electrical characteristics: Frequency: 8500-9600 Me.
Minimum Power Output: 200 watts average. Duty: .001
Write for detailed data sheet today. The WL-6249A can fit 
into your present or future design needs.

you CAN BE SURE... IF it's

A^festinöhouse
Electronic Tub« Division Elmira, N.Y.

CIRCLE 200 ON READER-SERVICE CARD FOR MORE INFORMATION

HIGHER PEAK POWER VERSION UNDER DEVELOPMENT! A modifica­
tion of the WL-6249A now undergoing experimental work by 
Westinghouse may be the answer to your need for a more power­
ful tunable x-band Magnetron. Westinghouse engineers will be 
happy to work with you on new higher power applications. Sub­
mit requirements to Westinghouse, P. 0. Box 284, Elmira, N. Y. 
c/o Industrial Tube Sales Manager.

piMamMim clip and mail coupon mb bm mb bm rm an

■ Commercial Eng. Dept., Electronic Tube Div. 
Westinghouse Electric Corp., Elmira, N. Y.

* Please send me complete information on your new
I WL-6249A tunable x-band Magnetron. I

NAME.

TITLE

COMPANY.

ADDRESS
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New Products

tie your future to the 

unlimited potential of

system electronics

* . at The Garrett

Corporation

• TECHNICAL DEVELOPMENT ENGINEERS — 
ELECTRONICS Graduate engineers 
required for preliminary design and 
analysis of electronic-mechanical sys­
tems involving closed-loop servos and 
low frequency amplifier circuitry. A 
mathematical background and experi­
ence with problem setups on digital 
and analogue computer? are essential.

• TECHNICAL DEVELOPMENT ENGINEERS—FLIGHT 
INSTRUMENTS & TRANSDUCERS Graduate 
engineers required for preliminary 
design and analysis of small, precision, 
electro-mechanical, pneumatic devices 
involving bellows, diaphragms, cams, 
proportional pickoff sensors, pneumatic 
amplifiers, servo loops, etc. A mathe­
matical background and experience 
with problem setups on digital and 
analogue computers are very desirable.

• OPERATIONAL ENGINEERS Graduate engi­
neers for follow-on development of the 
above mentioned product categories. 
This work includes such activities as: 
laboratory circuit development of 
breadboards and prototype hardware, 
specialized test equipment design and 
construction, liaison with design draft-

As communication and control prob­
lems multiply, one of the most rapidly 
growing of all missile and aircraft 
fields is that of system electronics. 
Stick-force reversal problems are 
solved by the air data system above.

ing group, liaison with customer during 
initial equipment installation in air­
craft, engineering instruction writing 
for inspection and production depart­
ments, and additional engineering 
functions necessary for establishing 
efficient production of the equipment 
hardware.

COMPONENTS ENGINEERS Graduate engi­
neers to act as consultants in matters 
of vendor contact on electronic and 
electro-mechanical components. These 
positions require experience in com­
ponent testing as on potentiometers, 
capacitors, etc., and a knowledge of 
relative qualities and state-of-the-art of 
such components as manufactured by 
various vendors. Familiarity with mili­
tary aircraft specifications desirable.

DRAFTING DESIGN ENGINEERS Designers 
required for board work in originating 
packaging designs of electronic, 
electro-mechanical, and precision 
miniature pneumatic mechanisms.

Send resume of education and 
experience today to:

Mr. G. D. Bradley

DIVISIONS:

CORPORATION
9BS1 S. SEPULVEDA BLVD.. LOS ANGELES 45. CALIFORNIA

, AIRESEARCH MANUFACTURING. LOS ANGELES • AIRESEARCH MANUFACTURING. PHOENIX

• AIRESEARCH INDUSTRIAL • REX • AERO ENGINEERING

. AIRSUPPLY • AIR CRUISERS • AIRESEARCH AVIATION SERVICE

CIRCLE 551 ON READER-SERVICE CARD FOR MORE INFORMATION

Thermocouple 

Reference Junction 

48 Channels

stabilized thermocoupleThe series of bridge
reference junctions provide a controlled tempera­
ture reference for multi-channel thermocouple meas­
urements, with precision beyond the capabilities of 
ice bath and cold junction compensators now in 
general use. Up to 48 channels are available in cab­
inet or rack-mounting standard models. Also avail­
able in standard models are three-wire junctions al­
lowing a choice of thermocouple materials in each 
channel. Long-term temperature stability within 
1/5 F is achieved with an integral resistance bridge 
temperature sensing system and magnetic-amplifier 
controlled heater. The reference temperature may 
be set to any specified level from 25 deg above am­
bient to 250 F; thermocouple tables are available 
for the standard temperature of 150 F. The unit 
weighs 25 lb, measures 10 x 10 x 15 in., and operates 
from the 115 v 60 cps line.

Pace Engineering Co., Dept. ED, 6914 Beck Ave., 
North Hollywood, Calif.

This

low cost

/ HARD\ 
/BRIGHT! 
' GOLD I

has practically

no free cyanide

Technic HG Gold provides all the 
attributes you have needed in hard 
bright gold. In particular, cyanide is 
less than 1/10 oz. per gallon . . . cost 
is less than 10^ per troy oz. over reg­
ular 24 kt. gold. In addition —

TECHNIC HG GOLD QUALITIES:

Bright smooth-grained deposits; super 
hardness (130-150 DPH); low stress, 
less porosity than usual bright gold; 
high karat (23+).

CIRCLE 201 ON READER-SERVICE CARD FOR MORE INFORMATION

VHF-UHF Sweep 
Generator

15 to 400 Mc

TECHNIC HG GOLD ADVANTAGES: 

Wide operating range (60° to 95°F), 
no cooling or heating required; no 
organic brighteners; high efficiency 
(requires less gold to meet most 
specifications).

The Model SG-132 combines all the essential 
features of a standard cw and a-m signal generator 
and a wide sweep generator. Among its many ap­
plications are testing and aligning vhf-uhf com­
munication receivers, measuring sensitivity, selec­
tivity, image rejection and gain of receivers, i-f 
amplifiers, broadband amplifiers, TV, and other 
equipment. It offers a very wide sweep width—40 
per cent of the center freq, from 15 to 400 mc, 
with a dial accuracy 0.01 per cent crystal corrected. 
The output, which is entirely fundamental (not 
beat-freq oscillators), is calibrated from 0.1 to 
150,000 pv throughout the freq range. Output varies 
less than ±0.2 db over the entire range. The equip­
ment also has an integral de coupled oscilloscope.

Transitron, Inc., Dept. ED, 186 Granite St., 
Manchester, N.H.

Only Technic HG Gold fills all your 
requirements. We invite you to apply 
any practical performance tests — 
prove to yourself that it meets every 
standard of what hard bright gold 
should be.a
Send for Brochure: TECHNIC HG GOLD

CIRCLE 203 ON READER-SERVICE CARDCIRCLE 202 ON READER-SERVICE CARD FOR MORE INFORMATION
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25 Msec Time Constant
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NAME TITLE

FIRM

ADDRESS

CITY

IN CANADA: W. R. WATKINS CO., LTD., 41 Kipling Ave. S., Toronto 18, Ont
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3HCT 
3HDG

5HDG 
1HG400* 
1F400* 
1HCT400

1HG400* 
1F400* 
IHCT400

for extreme accuracy in 
transmitting signals . . .

your 
ipply

USES HOI-COIL SCREW-LOCK INSERTS

lency 
most

Total Temperature 
Probe
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ZONE_____ STATE.

uper 
ress.

HELI-COIL CORPORATION
A Division of Topp Industries, Inc.

The Model 601 Planimeter for integrating linear 
strip chart recordings is a small, desk-size precision 
analog computer, which can be used for integrating 
data from chart recordings of all process charac­
teristics, such as flow, pressure, temperature, spe­
cific gravity; also control system characteristics such 
as current, voltage, and frequency. Designed to 
accept chart sizes up to 3-7/16 in., the unit features 
a variable speed, foot-control drive, which permits 
the operator to traverse at a speed directly propor­
tional to his ability to follow flow irregularities 
with the pointer which is positioned by a hand- 
controlled knob. This unit is capable of handling 
two feet of chart (24 hr of recording) in 15 sec, 
with an optimum accuracy of 0.1 per cent. Ac­
curacy is dependent upon the operator, and is 
limited only by the stability of the chart paper 
itself. The unit measures 8-1/2x10x4-1/8 in. and 
weighs 10 lb. It requires 35 w; 115 v, ac or de.

Librascope, Inc., Dept. ED, 808 Western Ave., 
Glendale, Calif.

Currently the world’s highest force electro-dynamic vibration exciter, 
the MB Model C250. made by the MB Manufacturing Co., is vital 
to government research in today’s air age... has a frequency range 
of 2-500 cps., and a total force output of 25,000 lbs. It can be adapted 
to operate in chambers where temperatures range from — 100°F to 
300'F and simulated altitudes hit 125,000 feet
Test specimens of up to 2190 lbs., subjected to accelerations of 10 g., 
must be securely held to the unit’s moving assembly.
The thread assemblies within the vibrator, and joining test speci­
mens to the unit, are subjected to grueling shock and vibration. Yet, 
even under these extreme conditions, Hell-Coil Screw-LOCK Inserts 
(277 of them) function perfectly... protect threads against strip­
ping ... hold fasteners securely.
Meeting military specifications for torque and vibration, this new, 
one-piece stainless steel Screw-LOCK Insert:

1. positively locks screws against loosening under impact and 
vibration

2. prevents thread wear, stripping, corrosion, galling, seizing
3. eliminates the need for lock-nuts, lock-wiring, and other sup­

plementary locking devices
4. offers high re-usability on repeated disassembly and reassembly. 

Heli-Coil Screw-LOCK Inserts are available in many sizes. including 
the new miniature 4-40. For further information, write ®«««’

le is 
cost

* Available to 
commercial spec« only.

□ Units should meet 

military specs.
C Please send me 

FREE booklet.
Nome

Foilflaw .

Company____________________

Street________________________

Strip-chart Integrator
Variable Speed Drive

SHIPMENT GUARANTEED 
WITHIN 10 DAYS FOR 
COMMERCIAL UNITS 

... and within 30 days 
for MH Spec units.

THESE UNITS 
ARE NOW ON THE SHELF

(subject to prior sale)

1HDG 3HCT 5F
3HG 3HDG 50
3F 5HG 5HDG

HELI-COIL CORPORATIOH
409 Shelter Rock Lane, Danbury, Conn.

□ Send me complete design data on Hell-Coil Screw-LOCK Inserts 

Q Who is my local Heli-Coil Applications Engineer?

*400cy unit* are available to commercial spec* 
only. All other* are available to both military 
and commercial tpect.

In addition to above units, Ford 
Instrument currently has many sizes 
and types of synchros in production 
and approaching shelf status — also 
specials. Call or wire R. Banka, Com­
ponent Sales Division (STillwell 
4-9000 Ext. 513) for prices, or check 
and mail coupon below, stating quan­
tity. Check coupon space indicated if 
you wish FREE booklet on Ford’s 
complete synchro line.

of the units

□ 1HG
□ IF
□ 1HCT
□ 1HD6
□ 3HG

—to hold parts securely 
under extreme shock and vibration

The Model 102 total temperature probe is espe­
cially designed for flight test applications. With a 
time constant of less than 25 msec the probe ex­
hibits extremely small recovery errors, namely, less 
than 0.1 per cent of the absolute temperature for 
supersonic flight, and even less for subsonic flight. 
Removal of internal boundary layer air avoids the 
usual upstream particle deflector which is slow in 
response and contributes a slow transient into the 
response of ordinary fast designs. This same design 
eliminates all but the very finest water droplets. 
The Model 102 probe has a 50 ohm platinum re­
sistance thermometer element.

Rosemount Engineering Co., Dept. ED, 9424 
Lyndale Ave., So., Minneapolis 20, Minn.

CIRCLE 205 ON READER-SERVICE CARD FOR MORE INFORMATION

NOW YOU CAN BUY
OFF THE SHELF!

Bra

Component Sales Division 

FORD INSTRUMENT CO.
DIVISION OF SPERRY RAND CORP

31 10 Thomson Ave., long Island City 1, N. Y



New Products

Improving signal-to-noise ratio

CIRCI

IECT
DESIGN • September 15, 1957ELECTRONIC

Null Indicator 
For Relay Rack Mounting

Relay Test Set 
For Polar Relay Adjustment

Progress k Our Most Important Product

GENERAL ELECTRIC
CIRCLE 208 ON READER-SERVICE CARD FOR MORE INFORMATION

Tuneable 
S-Band 
Transmitter Cavity- 
re-entrant type, pulse out­
put 150 w., operates at extreme altitudes 
and under extreme conditions of tem­
perature, humidity and salt spray.

Tuneable 
UHF 
Pre-Selector— 
relatively low frequency 
coaxial resonator with very low inser­
tion loss, extreme selectivity and very 
high signal-to-noise ratio. Especially 
adapted to use in aircraft or in crowded 
communication bands.

14,000 G-E GLOW LAMPS KEEP 
2,000,000 PEOPLE PER YEAR 

ON TIME!
Cleveland, Ohio—The flight information board at Hopkins Air­
port contains more than 14,000 G-E Glow Lamps that are turned 
on and off from a master control panel to form letters and numbers 
in lights. And although glow lamps are not primarily designed for 
lumen output, this board is easily readable from any spot in the 
spacious terminal. But—functional as this application might be . . . 
and dramatic as it is . . . General Electric Glow Lamps have many 
electrical characteristics that are stirring real enthusiasm in the 
electronic design field. So, consider G-E Glow Lamps for every live 
circuit in your design plans. General Electric Co., Miniature Lamp 
Dept., Ncla Park, Cleveland 12, Ohio.

A Single G-E Glow Lamp May Serve As A:
RELAXATION OSCILLATOR . LEAKAGE INDICATOR

SWITCH • VOLTAGE REGULATOR . POL7.4GE INDICATOR

NOW...ANY MICROWAVE 
COMPONENT CAN BE 

BUILT AND ENGINEERED 
TO YOUR PARTICULAR 

APPLICATION

The Model 4501 Relay Test Set permits five sepa­
rate testing and adjustment measurements to be 
made on high speed polar relays of the type com­
monly used in pulse equipment, such as computers 
and teletypewriters. The operations it performs are: 
measurement of trip or operate currents manually; 
automatic indication of trip currents, for making 
adjustments; measurement of contact bias and per- 
cent-break, under various operating conditions; and 
application of 500 v rms ac hipot between coils and 
frame. All tests except hipot may be made on either 
or both coils of dual coil relays. Hipot is applied to 
both coils simultaneously. Terminals are also pro­
vided for connecting an external drive directly on 
coils, and for connecting an oscilloscope for observ­
ing contact performance during bias and break tests.

Sigma Instruments, Inc., Dept. ED, 47 Pearl St., 
So. Braintree 85, Mass.
CIRCLE 209 ON READER-SERVICE CARD FOR MORE INFORMATION

Regardless of complexity, de­
sign or tolerance problems—you 
can get UHF or microwave com­
ponents that are job-engineered 
to your application. All units 
are delivered, electrically tested 
and proven, ready for immediate 
operation.

Components can be built from 
your prints or can be designed 
and built to integrate with the 
application. Close and confi­
dential coordination is main­
tained from drawing board stage 
to installation.

Range of assemblies is prac­
tically unlimited—from de. to 
over 40,000 me., military or in­
dustrial. Typical examples are 
these components, delivered 
ready for field use

Telemetering . .

This null indicator for de bridge measurement 
is designed for mounting on any standard 19 in. 
telephone relay rack. Designated as Model 2HG-1R, 
this instrument retains all the performance features 
of the portable Model 2HG-1P. Either instrument 
may be used as a null balance detector or for linear 
deflection measurements. Both instruments utilize 
a contactless magnetic converter to provide com­
plete input isolation and extra immunity to power 
frequency interference. Performance characteris­
tics include: a sensitivity less than 2 pv per division; 
an input circuit which may be as much as 500 v de 
above ground; a low noise level with less than 2 pv 
equivalent input; high stability where zero drift is 
less than 1 division per hr after warm-up. Moreover, 
linearity over full scale range is ±5 per cent. The 
unit can withstand inputs up to 10 v de and momen­
tary overrange of up to 45 v de.

Minneapolis-Honeywell, Boston Div., Dept. ED, 
1400 Soldiers Field Rd., Boston 35, Mass.
CIRCLE 210 ON READER-SERVICE CARD FOR MORE INFORMATION

Calibrating... designing 
S-Band 
components...

S-Band 
Signal 
Generator 
Cavity-
re-entrant type, 
complete with thermistor mount and 
calibrated variable attenuator. Fre­
quency range 2700 to 3400 me.

Get the facts on our com­
plete design, engineering 
and mechanical fabrication 
facilities. Have us quote 
on your needs—cavities, 
mixers, duplexers, multi- 
Eliers, rotary joints, twists, 

ends and other com­
ponents or assemblies.

Contact us today. Request catalog

p-V M ENGINEERING 
. r —7 COMPANY
P 463S LAWNDAIE AVENUE, IVONS, IUWOS

(Chicago Suburb)
CIRCLE 211 ON READER-SERVICE CARD
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DEARBORN

Designated TG-025, thisA personal tool for every engineer

CIRCLE 213 ON READER-SERVICE CARD FOR MORE INFORMATION

5, HUNO
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Forced-Air Cooled 
Triode

This transmitting tube, ML-6623, for power am­
plifiers and oscillators in the 2 to 5 kw power level 
is particularly suitable for induction heaters in 
this power range. Brazed radiator construction is 
used to prevent anode hot-spotting and its un­
wanted effects. Quick final seal-in by rf heat pro­
vides a contaminant-free stress-free tube. Maximum 
ratings of 5 kv plate voltage and 5 kw plate input 
apply at frequencies to 30 mc. A large radiator 
reduces air-flow requirements to 150 cfm at 0.9 in. 
water for full dissipation. Low’ power thoriated 
tungsten filament operates at 6 v, 60 a.

Machlett Laboratories, Inc., Dept. ED, Spring­
dale, Conn.

mounted thermocouple vacuum gage operates on 
two size D flashlight batteries contained within its 
housing. Two terminals are provided on the bottom 
of the instrument for connection to an external bat­
tery power supply. A range of from 0 to 1000 mi­
crons Hg of dry air pressure is covered on one non­
linear scale, with 5 microns the smallest indicated 
marking. The pressure range from 0 to 60 microns 
Hg extends over more than half of the entire scale. 
The gage is equipped with an all-metal sensing 
tube and is not harmed by exposure to atmospheric 
pressure. Low heater current reduces zero drift by 
decreasing the rate of thermal decomposition of 
organic vapors. The gage is also operable as a 
moderately sensitive leak detector in the range from 
1 to 1000 microns Hg.

Consolidated Electrodynamics Corp., Rochester 
Div., Dept. ED, 1775 Mt. Read Blvd., Rochester 3, 
N.Y.
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Thermocouple 
Vacuum Gage

Battery-Operated

Golindo Street 
Concord, California
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ANALOG COMPUTER 
¡MODEL 3000

Simplified analog computer solves wide va- 
pty of engineering problems. Detachable 
Iproblem boards and plug-in components fa- 
L ‘ate rapid problem set-up.

ICan be expanded building block fashion to 
|®rger computing system. Function generator; 
■multiplier, chopper stabilizer, and other ac- 
l*$ories available. Write for complete data. 
■Model 3000, $1150, FOB Factory.
■hblem board $95

4 colatoi
ERIN!

WRITE FOR BULLETIN RL-3

wu

Teflon*, the new dielectric noted 
for its exceptional electrical prop­

now available at Dearborn in a 
comprehensive line of capacitors.

Capacitance values from .001 to 
10 mfd are available in hermeti­
cally sealed metal tubes or drawn 
rectangular cans. Standard volt­
ages are 200, 400, and 600.

Minimum insulation resistance 
is one million megohm-micro­
farads at 25°C . and 1000 at 200 ( 
Capacitance change over the en­
tire temperature range is less than 
4 percent. Dielectric absorption is 
second only to polystyrene. Dissi­
pation factor reaches a maximum 
if about 0.2 percent at 200 C.

• DuPont trade mark

electronic laboratories
1421 NORTH WELLS ST. 
CHICAGO 1O, ILLINOIS



New Products

MEDIUM-SPEED

L-Band Slotted Line

TECHNICAL DATA—RCA-2N404 and RCA-2N269

Panne Values

150m»12 ma)

4Mc

micoulombs

TECHNICAL DATA—RCA-2N398

Max. Ratines

105 volts

Characteristics' (at ambient temperature of 25*C unless otherwise specified)

R. rge Valuer

'All voltage values are given with respect to the base unless otherwise specified

CIRCLE 495 ON READER-SERVICE CARD FOR MORE INFORMATION

105 volts

105 volts

1400 
pucoulombr

-45wa

110m v

12Mc

Typical 
ValuesSpecifically designed to meet critical military 

and industrial computer applications

SWITCHING TRANSISTORS
RCA-2N4O4 (JETEC Size Group 30 
Case), and RCA-2N269

• have high current gain
• provide reliable operation over 

wide temperature range
• have controlled stored charge

1O5-VOLT SWITCHING

tie = 0.4 ma, lc = - 
Alphs Cutoff Frequency

lie = 1.0 ma, Vc - ■ 
Stored Base Charge

(Ic = -10 ma Ig =

TRANSISTOR
RCA-2N398

uses JETEC Size Group 30 
Case designed for automation 
requirements 
improves system reliability 
simplifies neon-indicator 
circuitry

Duplex Cycling Timer

1/4 Per Cent Repeat Accuracy

The Type 742 duplex timer cai 
control the operation of process wor| 
equipment, regulate both idle and op 
erating time on a wide variey of prq 
duction machinery, or perform a larg< 
number of m-plant functions autd 
matically. After an initial starting eft 
cuit is closed, each of two motd 
driven automatic reset timers operate 
in turn providing a timed interval d 
delay, restarting the other at the coa 
elusion of each timed period, and the! 
resetting within 1/2 sec ready for 1

RCA-2N404, RCA-2N269 — feature a maximum collector-to-emifter saturation 
“bottoming" voltage of only 150 millivolts with a current gain of 30. This feature 
makes possible the design of stable “on” circuits and allows highly flexible 
design of digital equipment. Specification of Ico at 80°C as well as at 25 C 
permits the design of “off” circuits which are stable (absolute) for wide variations 
in temperature. A new method of controlling switching-time is achieved by 
controlling the maximum stored charge in the base region. Circuits using 
RCA-2N404 and -2N269 can thus be designed to have predictable switching speed 
and complete unit-to-unit interchangeability.

RCA-2N398- features an exceptionally high collector voltage rating which now 
permits the design of neon-indicator circuits where the transistor is capable 
of directly switching the total firing voltage of the indicator lamp. This simple 
circuit design provides for improved system reliability. The high collector voltage 
rating is also useful m the design of other high-voltage “on-off” control circuits 
such as relay pullers, incandescent lamp drivers, and direct indicating counters.

For information on how to apply COMPUTER TRANSISTORS in your designs, 
contact the RCA Field Representative at the RCA Field Office nearest you.
For technical bulletins, write RCA, Commercial Engineering, Section I-18-NN-2 
Somerville, N. J.

SEMICONDUCTOR DIVISION
( RADIO CORPORATION OF AMERICA

Somerville, New Jersey

Low Level Radiation

L-Band slotted section, Model 
OXZ-L, covers the entire L-Band fre­
quency range of 1120 to 1700 me. A* • 
curate probe travel along the length 
of the slot is assured by employing 4 
hardened and precision ground wad 
on both sides of the waveguide body. 
Radiation from the slot and carriage 
assembly is held to a very low level 
by the design of both the slot and tha 
carriage. The line is designed to ac-l 
commodate many of the presentM 
available probe assemblies.

Omega Labs., Inc., Dept. ED, Rovl 
ley, Mass.

CIRCLE 217 ON READER-SERVICE CARD I

Collector Breakdown Voltage 
(lc - — 50pa Ie - 0)

Collector-to-Emitter (Punch-Through)
Voltage (VE = —Iv, lt = 0)

Collector Cutoff Current
(Vc = -2.5v, lE = 0)

DC Current Transfer Ratio
(Vce — P 35v. Ig — —0.25 ma)

East: 744 Broad Street, Newark, N. J. 
HUmboldt 5-3900

Midwest: Suite 11 81, Merchandise Mart Plaza 
Chicago. III. Whitehall 4-2900

West: 6355 E. Washington Blvd., Los Angeles, Calif. 
RAymond 3-8361

Gov’t: 224 N. Wilkinson Street, Dayton, Ohio 
HEmlock 5585

1625 "K" Street, N. W., Washington, D. C. 
District 7-1260

Power Supply

Current Regulated

A current regulated power supply 
which will maintain the output cur­
rent at a set value regardless of a 
change in the resistance of the load 
has been developed. The output of 
the supply is variable from 2 to 10 a, 
0 to 100 v. Ripple is less than 0.5 per 
cent peak. The supply will maintain 
current within 1 per cent for a 50 per 
cent change in load resistance. The 
current regulated supply is useful for 
exciting focus coils and electromag­
nets or any application where it is de- j 
sirable to maintain a constant current. !

Jobbins Electronics, Dept. ED, 771 
Hamilton Ave., Menlo Park, Calif.

CIRCLE 216 ON READER-SERVICE CARD .

Collector Cutoff Currenl (Vc = -12v, I.
Collector Cutoff Current

WC = - 12v, It 0. Ta = 80"C) 
Collector-to-Emitter Saturation Voltage

Typical 
Values

150 volts

■150 volts

Storage 
Temp.

-65’Cto 
+85’C

Collector 
Dissipation

50mwat25°C
10 mw at 55°C

Ckaractertrl r (at ambient temperature nf 25’C unless otherwise specified)

Mar Ratiep Vc Ie
Collector 

Dissipation
Storage 

Temp.

-25 volts -100 ma 120 mw at 25’C 
35 mw at 55”C 
10mwat71’C

—65”Cto 
+85*C
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■ Higher transconductance
ARD

■ Low transit time

■ Low capacitances

■ Better grid and plate current division

ADDITIONAL FEATURES

■ Passive cathode for long life

Ruggedized construction
■arnagf

■ New 'dimple* anode

D, Row-

ruggedized, low-noise, broad-band twin triodengle coaxial3 to 12.4 kmcCARD

here*s What THIS MEANS TO THE DESIGN ENGINEER

j racy

.rting
100 to 200 ohms, and rf

vswr max
temperature rating

300 ohms 
0.75 volts

impedance is 
impedance (
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fRAME GRUI

oying4 
id ways

:) is 2. Ambient
—40 to —* 0 C.

Amparas 
FRAME GRID 
(actual tire)

MQ7A 
Conventional 

Tuba 
GRIO

■ Reliable radar cascode stages

■ Higher speed computer operation

■ Lower noise, higher gain RF amplifiers

■ Minimum guaranteed 10,000 hour lite

Amplification Factor ... . 
Equivalent Noise Resistance 
Grid Voltage (rms) .............-

ful for 
omag-i 
is de- \

urrent, 
D, 771

frame grid, 

construction

mer < 1 
ess worl 
3 and op 
y of pro 
in a larg

Sy Ivania Electric Products Inc., 
Dept. ED, 1740 Broadway, New York 
19, N.Y.

CIRCLE 219 ON READER-SERVICE CARD

In the Amperex 6922 Frame Grid, note the fine wires 
under tension with the tight tolerances of the grid-to- 
cathode spacing determined by the carefully controlled 
diameter of the centerless ground grid-support rods 
and the frame cross-braces between these rods.
In conventional tubes, the grid dimensions are ob­
tained by stretching on a mandrel. The tolerance of 
grid-to-cathode spacing is therefore dependent upon 
this operation as well as the tolerances uj the holes in 
the top and bottom mica rod supports.

Broadband Mixer 
Diode

next cycle. Each load switch is oper­
ated within a repeat accuracy of 1/4 
per cent of the full scale reading and 
is rated at 15 a, 125 v non-inductive. 
The unit is rated for operation on 
115 v or 220 v, 60 or 50 cps power 
supplies. Adjustment on each timer is 
independent of the other. Standard 
time ranges list 11 choices from 6 sec 
to 24 hr, offering more than 60 pos­
sible timer combinations.

Cramer Controls Corp., Dept. ED, 
Centerbrook, Conn.

CIRCLE 218 ON READER-SERVICE CARD

holder. Its characteristics contribute 
to a simplified, more compact system 
for radar applications. The unit is 
3/4 in. long and about 0.2 in. in diam, 
and is the mixer counterpart of the 
manufacturer’s low-level tripolar 
video detector. With a built-in rf by­
pass capacitor, the diode has a sepa­
rate output terminal for i-f which 
eliminates rf chokes. At 25 C, maxi­
mum over-all noise figure is 9.5 db, if

ask Amperex
about “premium quality” frame grid tubes 
for communication, instrumentation
and industrial applications.

TYPICAL OPERATION
Plate Supply Voltage 100 volts
Grid Supply Voltage .................... +9 volts
Cathode Bias Resistor 680 ohms
Plate Current 15 ma
Transconductance (min. 10,500; max. 15.000)

12.500 umhos

Amperex ELECTRONIC CORPORATION, 230 Duffy Avenue. Hicksville, L. U N.Y.

In Canada: Rogers Electronic Tubes & Components, 11*19 Brentc'iffe Rood, leaside. Toronto 17

CIRCLE 220 ON READER-SERVICE CARD FOR MORE INFORMATION

This broadband mixer diode, the 
INI 132, is of tripolar construction 
and covers the frequency range from

■ Tighter Gm tolerance
(all tubes—Gm = 12.500 l^OOO)



New Products

Size :
9'A" x IVA" x 17 W

31.5 Pound*

SAR
PULSES!

Pulse Delay Unit

O.OO5 to 0.1 pSec Delay

PRICE: 
$995.0°

MODEL S-4-C

DIRECT-READING 
DELAYED SWEEP 
ACCURATE TO 
0.1%

SEE US AT
N.E.C. BOOTH No. 70
ANOTHER EXAMPLE PIONEERING...

The SAR PULSESCOPE, model S-4-C, is JANized (Gov’t Model No. 
OS-4), the culmination of compactness, portability, and precision in a pulse 
measuring instrument for radar, TV and all electronic work. An optional 
delay of 0.55 microseconds assures entire observation of pulses. A pulse rise 
time of 0.035 microseconds is provided thru the video amplifier whose sensi­
tivity is 0.5V p to p/inch. The response extends beyond 11 me. A and S 
sweeps cover a continuous range from 1.2 to 12,000 microseconds. A directly 
calibrated dial permits R sweep delay readings of 3 to 10,000 microseconds 
in three ranges. In addition, R sweeps are continuously variable from 2.4 to 
24 microseconds; further expanding the oscilloscope’s usefulness. Built-in 
crystal markers of 10 or 50 microseconds make its time measuring capabilities 
complete. The SAR PULSESCOPE can be supplied directly calibrated in 
yards for radar type measurements. Operation from 50 to 400 cps at 115 volts 
widens the field application of the unit. Countless other outstanding fea­
tures of the SAR PULSESCOPE round out its distinguished performance.

This Pulse Delay Unit allows delays of 5, 10, 15, 
25, 50 and 100 mpsec and combinations of these 
delays. Standard co-axial cables of 53, 73 and 93 
ohms are used for these delays in order to maintain 
a fast rise time and minimize pulse shape distortions. 
The rise time for a step function input is less than 
1 mpsec for pulse delays of 25 mpsec or less and 
less than 5 mpsec for a 100 mpsec delay. BNC con­
nectors are mounted on the front panel at the be­
ginning and end of each delay. Adaptors from BNC 
to either uhf or Type N are provided so that varia­
tion of the delay inserted in a cable with these con­
nectors can be effected in a simple manner. The 
unit measures 12 x 7 x 7 in.

Electrical and Physical Instrument Corp., Engi­
neering Div., Dept. ED, 42-19 27th St., Long Island 
City 1, N.Y.
CIRCLE 222 ON READER-SERVICE CARD FOR MORE INFORMATION

High Temperature 
Strain Gage

Operates to 1100 F

WATERMAN PRODUCTS CO., INC.
MANUFACTURERS OF

PHILADELPHIA 25, PA.
CAME ADDRESS: POKETSCOPE

WATERMAN PRODUCTS

FANILSCOFI* 
S-4-C SA« FULSISCOFI* 
S-S-C LAB FULSISCOFI* 
1-11-A INDUSTRIAL FOCKITSCOFI* 
I-1B-B MNisa. RAKSCOFI* 
HB-C SYSTIMS RAKSCOFi* 
S-14-A HIGH GAIN FOCKITSCOFI* 
S-14-B WIDi BAND FOCKITSCOFI* 
S-14-C COMFUTIR FOCKITSCOFI* 
S-1S-A TWIN TUBI FOCKITSCOFI* 
RAYONIC* Calhada lay Tobe* 
•6. Olhar A»»a«laiad IqwipaieM 

*T. M.

CIRCLE 221 ON READER-SERVICE CARD FOR MORE INFORMATION

A new line of precision high temperature strain 
gages for measurements up to 1100 F is offered, 
in standard, rosette and cross types. The gages have 
all the design features required for use in high 
temperature test work without any on-the-spot fab­
rication. The strain sensitive element is Karma wire, 
the nominal resistance is 120 ohms, and the gage 
factor is 2.25. Each unit is furnished with 6 ft long 
fiberglas-covered Nichrome V lead wires and a sup­
ply of AP-1 ceramic cement for installation.

Columbia Research Labs., Dept. ED, MacDade 
Blvd. & Bullens Lane, Woodlyn, Pa.
CIRCLE 223 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 224 ON READER-SERVICE CARD

LABORATORIES
LOS ANGELES 64. CALIFORNIA

Do you 
think of 

pressure 
transducers?

WHEN THE NEED 
IS TO KNOW...FOR SURE 

SPECIFY STATHAM
Accelerometers

Pressure Transducers 
Load Cells 

Catalog, complete with prices, 
available upon request.

ATOMICS 
INTERNATIONAL OIVtSK>N OF NORTH AMERICAN AVIATION, INC.

does..• and uses Statham 
pressure transducers as part of the 
control instrumentation in the con­
struction of its nuclear reactors 
which open entirely new fields in 
industrial research and develop­
ment by providing an on-the-spot 
source of high-energy gamma rays 
and neutrons.
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Ask us to send you TIN 
NEWS, a monthly letter. 
It will keep you posted 
on tin supply, prices, new 
uses and applications.

Tin Bureau
Ave., Washington 6, D.C.

* For immediate attention, 
call DAvis 7-1123 
— or write today.

New developments in
the production, mar-
keting and uses of tin

rosion resistance.

Electrical

CIRCLE 226 ON READER-SERVICE CARD FOR MORE INFORMATION

Continued

Straits Nylon Strap
For Wire Assembly

Tin

Report

a new measure
A number of new tin-zircomum alloys This self-locking nylon strap, which secures wire 
developed for use in the constructional
elements of nuclear power plants have

bundles against vibration or loadings, is replacing 

been patented by the U.S. Atomic nylon cord and twin as a securing means and per­
Energy Commission. These alloys, con-
taining from 1.8% to 4.5% tin and

mits faster production of wire harnesses. The unit, 

between 0.3% and 3.3% molybdenum,
designated as Model IT 1 Bundle Tie, is a one- 

are said to have high tensile strength at
elevated temperatures and excellent cor­

piece detented strip of Zytel nylon with a buckle 
on one end and a tab on the other. The strap is 
wrapped around a wire bundle, and the tab passed 

A new group of alloys containing titani­ through the buckle and pulled tight. Excess strap 
um, copper, aluminum and tin are said
to react to heat treatment very much

may then be trimmed off with cutters. No special 

like steel. They are strong and ductile tools are needed for installation. Unit is adjustable 
at temperatures up to 1000°F. and
should have important applications in

to any size wire bundle from 1/2 to 3 in. diam. It 

a variety of industries.
is resistant to solvents and non-nutrient to fungi.

Dakota Engineering, Inc., Dept. ED, 6641 Cren­

* August 31 was Merdeka (Inde- ★
* pendence) Day in the Federation *
* of Malaya. It then became a new 
♦ self-governing nation in the Brit-
I ish Commonwealth. The Chief

shaw Blvd.,' Los Angeles, Calif.

Minister, Tengku. Abdul Rah-
man, who proclaimed the Federa-
tion’s independence, had previ­
ously declared that a primary £ 
concern of the Government is the * 
well-being of the tin-mining J 
industry. Limit Stop Devices

Mechanical and
Tin plating large engineering compo-
nents—a problem for years—for the first
time now has a commercially practical 
solution. ~Dalic” plating brings the 
anode and the electrolyte to the work­
piece, instead of vice versa. There are
further advantages. The tin film deposit­
ed is finer grained. Deposition is both 
speedy and controllable to precise time 
limits.

Two types of limit stop devices for controlling 
mechanical or electromechanical functions, such as 

experiments in bonding 
aluminum-tin bearing alloys to steel 
have brought greater improvements. By 
hard rolling the aluminum-tin so that 
its hardness is close to that of soft mild 
steel, the alloy can be rolled directly 
onto steel without aluminizing the steel 
first. This cuts out several manufactur- 
®g steps, with resultant savings.

the drive or a limited rotation potentiometer, have 
been developed. Limit stop BP-525 is a cam-oper-

IB
I 1=^

The Malayan
13-J, 1028 Connecticut

ated actuating or limiting device which consists of 
an spdt microswitch and two adjustable matching 
cams which may be preset to provide circuit make- 
or-break points over any desired rotational arc. 
Cam assemblies are available to cover a combined 
range in degrees of valley or either 0 to 180 deg 
or 180 to 270 deg. BP-522 is designed to provide 
both electric and mechanical stop operation by de­
energizing the driving motor just before the me­
chanical shock. Manually adjustable to limits be­
tween 1 and 100 rev of the input shaft, the stop 
positions are indicated on a large direct-reading 
scale.

Helipot Corp., Dept. ED, Newport Beach, Calif.
CIRCLE 227 ON READER-SERVICE CARD FOR MORE INFORMATION
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Whether it’s a complex 10 winding magnetic 
amplifier or a simple choke ... at Celco each toroid 
is precision-made. New core materials are used in
Toroidal magnetic amplifiers, reactors and trans­
formers to achieve maximum performance.

At Celco, the proper matching of cores, winding, 
handling, impregnation, encapsulation and electrical 
history of the final assembly is carefully controlled 
to maintain the original design characteristics.

Our years of design, development, and produc­
tion know-how are available for application to your 
specific TOROIDAL problems.

^TRONIC DESIGN • September 15, 1957 123



announcing______
A NEW CAMLOC

New Products
Guarded Wheatstone Bridge

Speeds Resistance Readings

MAGNETRON 
ENGINEERS:

ELECTRONIC

CHASSIS LATCH

for easier handling 
off heavy equipment

Larger—for easier carrying 
Lighter—to save weight 
Cam operated safety guard 
against accidental release 
Simplified mounting 
One motion release —lock 
operation 
Interchangeability permits 
use of two types of fork 
assemblies

The 4735 Guarded Wheatstone Bridge has a range 
of 0.01 ohm to 1111 meg with a limit of error of 
±0.05 per cent -j-0.001 ohm up to 100 meg and 
±0.5 per cent above 100 meg. Features include 
guarding of measuring circuit against effects of 
static, leakage and humidity; elimination of plug 
and block connections by the use of a single mul­
tiplier dial; and a table on top plate giving ratio 
settings for each resistance decade value through­
out the range of the bridge. The instrument is de­
signed for bench use and is housed in a gray metal 
case?. Another model is available for mounting in a 
19 in. relay rack.

Leeds & Northrup Co., Dept. ED, 4934 Stenton 
Ave., Philadelphia 44, Pa.
CIRCLE 230 ON READER-SERVICE CARD FOR MORE INFORMATION

Servo Motor 
1/4 HP

----------5" MAX.

1AX

MAX.—

Camloc’s newly-designed Model 27L Elec­
tronic Chassis Latch incorporates all the 
proven features of the 21L which has found 
wide acceptance since its introduction two 
years ago...yet offers the added advantages 
of larger handle size for greater ease in 
carrying heavy equipment (up to 600 pounds, 
ultimate load) and is 30% lighter! The 27L 
also provides cam action for engaging and 
disengaging multiple contact plugs. Handles 
are interchangeable with smaller Model 21L, 
creating a selection of fork assemblies to 
meet varied requirements. Handle and fork 
comprise a working unit.

Uses for Camloc Electronic Chassis Latches 
include airborne radio racks; various elec­
tronic equipment; automatic pin spotters; 
aircraft ground handling equipment; food 
process machinery.
Complete information is available on request. 
Ask for Bulletin No. 27L.

"Specialists 
in fasteners 
for Industry"

FASTENER CORPORATION
61 Spring Valley Road, Paramus, N. J.

West Coast Office: 541u Wilshire Blvd., Los Angeles, Calif. 
South West Office: 2509 W. Berry St., Fort Worth. Texas

This 200 v ac, three phase, 400 cps induction mo­
tor for intermittent duty application requires a max­
imum of 1/4 hp. Designed to operate servo and 
similar mechanisms, the motor is of internal plane­
tary gear construction. The rotor shaft is supported 
on precision, anti-friction bearings. Motor housing, 
shafts and driving gears are of stainless steel. All 
parts not stainless are protected with corrosion-re­
sistant plating. Stator laminations are heat treated 
and zinc phosphate coated to reduce eddy current 
losses. The motor is reversible and is designed to 
operate at ambient temperatures of from —100 to 
-f-200 F. Models are available with output shaft 
speeds of 20,000, 4000, 800 or 200 rpm under full 
load, but gear ratios may be altered to suit appli­
cation.

American Bosch Arma Corp., Dept. ED, Spring­
field 7, Mass.
CIRCLE 231 ON READER-SERVICE CARD FOR MORE INFORMATION

Microwave Associates 
offers you unique 
opportunities to

ESCAPE 
RED TAPE!

Your original contributions to new 
and better microwave systems will 
win quick recognition when you join 
this fast growing organization. Oral 
reports, speedy okays, close teamwork 
at the engineering level help you get 
new things done fast.

Small-company flexibility speeds new 
ideas through design, development 
and production. Cooperation of 253 
skilled personnel encourages and sup­
ports creative efforts.

Large-company stability makes you 
feel secure. Financial support of 
American Broadcasting - Paramount 
Theatres, Inc. and Western Union 
Telegraph Company backs you up 
with up-to-the-minute engineering, 
production and testing facilities. So, 
you’ll keep in step with technological 
progress.

Ideal working and living condition» 
keep you happy at Microwave Asso­
ciates. Here, in our modern plant 
near Boston, you’re right next door to 
educational and recreational advan­
tages no other area can equal.

Take this first step toward a brighter 
future in electronics. If you’re inter­
ested and experienced in developing 
new magnetrons, duplexer tubes, di­
odes, rectifiers and othei* microwave 
system components, write or phone 
Mr. T. N. Farrel at...

MICROWAVE
ASSOCIATES ING 

Burlington, Massachusetts 
Burlington 7-2711

CIRCLE 232 ON READER-SERVICE CARDCIRCLE 229 ON READER-SERVICE CARD FOR MORE INFORMATION
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OVER 250 MODELS
OF JOY FANS
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logical
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LINE VOLTAGE 
CONTROL OF

Write for FREE 
Bulletin 135-57

HEAT, LIGHT, 
POWER, SPEED

FOR SMOOTH, 
CONTINUOUS

Vacuum-Tube Voltmeter
Independent Zero Adjustments
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WORLD’S LARGEST MANUFACTURER 
OF VANEAXIAL-TYPE FANS

This highly efficient transformer is 
designed for single-hole, back-of- 
panel mounting for variable AC 
voltage control of up to 165 VA 
applications.
The 100 BU features the LoRes 
alloy-plated brush track to assure 
long life and low maintenance by 
eliminating commutation service 
oxidation and deterioration. Its spe­
cially designed rotor spring provides 
uniform pressure from full-brush to 
no-brush condition. It also incor­
porates a new snap-in brush design. 
This compact transformer, which 
delivers any output from zero to 
17% above line voltage, contains 
high-performance strip silicon steel 
core. Coils are bank-wound on to­
roidal machines of our own design 
and manufacture.
To control larger amounts of power, 
our compact 300 BU is also avail­
able with a maximum load rating of 
0.4 KVA. Write for the complete 
Adjust-A-Volt catalog. There’s no 
obligation involved, of course.

Independent zero adjustments for ac, de, and 
resistance measurements insure accurate meter 
readings in this laboratory-type vtvm that can be 
bench or rack-mounted. High stability is achieved 
by regulation of both plate and filament voltages in 
the power supply. The unit has 9 full scale de 
ranges from 0.1 to 1000 v (plus or minus), 8 ac 
ranges from 0.1 to 300 v, 9 de current ranges from 
0.001 ^a to 100 ma, 9 resistance ranges from 0.2 
to 500 with X0.1 to X10 megohm multipliers. De 
accuracy is ±2 per cent and ac accuracy is ±3 
per cent, both on the 1-v range and higher. Fre­
quency response is 15 cps to 100 mc. De input im­
pedance is 100 megohms; ac input impedance is 
5 upf and 10 megohms.

Acton Labs., Inc., Dept. ED, 533 Main St., Acton, 
Mass.
CIRCLE 234 ON READER-SERVICE CARD FOR MORE INFORMATION

LIGHTWEIGHT because they are made of 
aluminum or magnesium castings pro­
duced in Joy’s own foundries.
COMPACT design—with motor mounted 
inside the fan—permits installation any­
where ..« even inside a duct.
EFFICIENT vaneaxial design provides more 
air per given size than any other type fan.

ELECTRONIC DESIGN • September 15, 1957

Shaft Position Transmitter
Infinite Resolution

Physical configuration consists

This shaft position transmitter having infinite 
resolution and a null point at the center of rota­
tion consists of a standard three turn, slide-wire 
spiralpot potentiometer. Incorporated within its 
case are fixed resistors wired in a bridge circuit 
One leg of the bridge is shunted with the variable 
section, and output can be read on a sensitive light 
beam galvanometer. Linearity over ±360 deg rota­
tion is about zp0.ll per cent. Over the entire ^540 
deg range linearity is ±0.37 per cent or better.

mounted black anodized aluminum case 1.5 in. 
diam by 1.5 in. long. The precision ground, corro­
sion resistant shaft is supported in miniature ball 
bearings and an indexing pin is provided for pre­
cise panel alignment.

G. M. Giannini & Co., Inc., Dept. ED, 918 E. 
Green St., Pasadena 1, Calif.
CIRCLE 235 ON READER-SERVICE CARD FOR MORE INFORMATION

AVAILABLE on a production line basis ... 
Joy has over 250 standard models with 
1300 designs available to your specs ... 
from 1/5 00th horsepower up.

f ! G t because of simple design. . . the 
outer casing, the vanes and motor mounts 
are cast in one piece . . . vibration free. 

Get more information from the world’s 
largest manufacturer and supplier of 
vaneaxial fans to companies like G.E., 
Hallicrafters, Lear, R.C. A., Motorola, Ray­
theon, Sylvania.

Write to Joy Manufacturing Company, 
Oliver Building, Pittsburgh 22, Pa. In Canada: 
Joy Manufacturing Company (Canada) 
Limited, Galt, Ontario.

wsw ies4e-i3s BKKKKtKH
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Electronic Designers

TYPE 100 BU
VARIABLE TRANSFORMER

STANDARD 
electrical products co.
2240 E. THIRD ST., DAYTON, OHIO
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On-board mounting eliminates the necessity for the costly and 
often not reliable RF link.

Data Recorder
Logs 50 Analog 

Variables

The Data-Master will sequentially log up to 50 
analog variables, continuously, on demand or at 
timed intervals. Data can be presented in tabular 
form on a typewriter, or on punched cards for 
further processing. Standard models will record the 
outputs of strain gages, thermocouples, resistance 
bulbs, pressure transmitters, flow meters, tachom­
eters and all other standard transducers. Optional 
features include high and low limit alarms, red 
print-out of off-limit variables, digital printing 
timer, and thermocouple linearizing and cold end 
compensation.

Hanson-Gorrill-Brian, Inc., Dept. ED, 85 Hazel 
St., Glen Cove, N.Y.

CIRCLE 239 ON READER-SERVICE CARD FOR MORE INFORMATION

CENTURY MODEL 409D 
RECORDING OSCILLOGRAPH

The ruggedness and reliability of this 12-channel oscillograph 
have been demonstrated many times. One agency reports 
having recovered 42 satisfactory record rolls out of 43 firings. 
Another, using special mounting configuration, reports record­
ing at 60 Gzs without damage.

Custom Meters
Interchangeable Range 

Scales

DESIGN • September 15, 195-

Custom meters, 2-1/2, 3-1/2, and 4-1/2 in. rec­
tangular, with a special patent-pending design 
feature consisting of interchangeable scale faces, 
shunting and multiplier resistors, will permit cover­
age of more than 100 voltage and current ac and de 
ranges. The meters feature D’Arsonval moving 
coil design, accurately polished jewels and pivots, 
fatigue-tested springs, and stress-released assem­
bled units, within 2 per cent accuracy, enclosed in 
a plastic case. Six meters are available to cover the 
following ranges: de 1000 ohms/v from 0.05 
through 1500 v in 19 ranges; de 2000 ohms/v from 
0.05 to 1500 v in 19 ranges; de 20,000 ohms/v from 
0.1 through 1500 v in 19 scale faces; ac 1000 ohms/v 
from 1 to 1500 in 17 ranges; de current from 50 pa 
to 1 a in 15 ranges; and ac current from 1 ma to 1 a 
in 10 scale faces. Special scales such as VU, db, as 
well as zero center galvanometers are also available.

Precise Development Corp., Dept. ED, 2 Neil 
Ct., Oceanside, N.Y.

CIRCLE 238 ON READER-SERVICE CARD FOR MORE INFORMATIONNumerous agencies engaged in the manufacture and evalua­
tion of missiles have turned to the Century Model 409D Re­
cording Oscillograph as a reliable means of collecting missile 
performance and control data.

This 13 lb. instrument is compact enough to be installed in 
most missiles and all electrical connections including remote 
control are accomplished through a single multi-pin AN con­
nector.

ON-BOARDRECORDED

saturable reactors 
self-saturating transformers 
industrial transformers

1333 North Utica, Tulsa, Oklahoma

Chicago Electronic
ENGINEERING CO., INC. 
3223 WEST ARMITAGE AVENUE 

CHICAGO 47, ILLINOIS

MISSILE
Performance Data
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ELECTRA MANUFACTURING CO
Kansas City, Mo.4051 Broadway
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Three basic circuits for temperature 
measurement with thermistors:

For Automatic 
Production

Designers: if you are not already familiar 
tith the tremendous possibilities of ther­
mistors, write for details to Fenwal Elec­
tronics, Inc., 310 Mellen St., Framing­
ham. Massachusetts.

The first has a thermistor in series with a 
relay, a battery, and a variable resistor. 
By adjusting the resistor, it is possible to 
make the relay operate at any desired tem­
perature of the thermistor.

The second is more sensitive, and has a 
thermistor as one leg of a bridge circuit, a 
variable resistor in another leg, and a 
polarized relay across the output. Even 
lore sensitive control can be had by apply­
ing AC to the bridge and placing a high- 
gain amplifier between the bridge and the

Sealed in impervious ceramic sleeve with special silver alloy to meet your tough­
est, most rigid requirements. Eleven sizes, Vs to 3 watt, 10 ohms to 50 megohms

The cases in point for the first column 
temperature measurement and tempera­
ture control.

The first is a battery, a thermistor, and 
a micro-ammeter. The second, more sensi­
tive, has a thermistor as one leg of a bridge 
circuit. The third incorporates two ther­
mistors in a bridgq, making possible even 
more precise temperature differential meas­
urements.

Printed-Circuit 
Toroids

Makers of Precision Thermistors 
CIRCLE 241 ON READER-SERVICE CARD

Thermistors, with their almost incredible 
sensitivity to temperature change, now get 
a news column all their own.

for precision that assures 
. brilliant performance

DEPOSITED 
CARBON 

RESISTORS
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Two basic circuits for temperature con­
trol with thermistors:

after time . . . reads like a Who’s Who of the electronics in

Using 
Thermistors

Edited by
FENWAL ELECTRONICS

MOLDED - —
Encased in tough plastic to give you extra mechanical protection, longer load 
life, better insulation against electrical shock and humidity. Five sizes, Vs to 
2 watt, 10 ohms to 40 megohms.

Power Transistor 
Analyzer

Measures DC 
Characteristics

STANDARD - —
Optimum combination of high capacity, small physical size and economy. 
Now available in Electra’s improved, exclusive insulation for greater accuracy 
and stability. Nine sizes, Vs to 2 watt, 2 ohms to 50 megohms.

Printed circuit subminiature toroids for use with 
automatic production techniques, are available with 
inductance values up to 4 h. These toroids are round 
case type with a 0.675 in. OD and a height of 0.312 
in. They have Q values of 45 at 5 kc to 165 at 5 me.

Torotel Inc., Dept. ED, 11505 Belmont, Hickman 
Mills, Mo.
CIRCLE 242 ON READER-SERVICE CARD FOR MORE INFORMATION

dustry. These users know that they can depend on Electra 

Deposited Carbon Resistors for outstanding performance on 

extra close tolerance applications that require extra pre­

cision. They know, too, that Electra service is the kind of 
I 
service that keeps production on schedule, makes their jobs 

easier all around.

In Deposited Carbon Resistors, Electra leads the field. The 

users of these resistors . . . users who order time after time

This power transistor analyzer, PTA Model 3, 
measures the de characteristics of power transistors 
over a collector voltage range from 2 to 36 v and 
from zero to 15 a of collector current. The measure­
ments are made in the common emitter connection, 
with the input and output voltages and currents 
being presented simultaneously on four 1 per cent 
de meters. Ilb0 is measured on a separate meter 
with a separate variable regulated power supply. 
A constant current base supply which is continu­
ously variable from 100 pa to 1.5 a provides ease of 
operation and permits testing large numbers of 
transistors with only one setup of base current.

A meter and power supply patch panel permits 
any meter or power supply to be replaced, shorted, 
removed from the circuit, or brought out separately 
to any test point desired. Break points for inser­
tion of special circuitry or bringing out test termi­
nals are available on the panel.

Quantum Electronics, Inc., Dept. ED, 1921 
Virginia St., N. E., Albuquerque, N. Mex.
CIRCLE 243 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products DUAL PURPOSE

For Computer Use

CIRCLE 246 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC PARTSFOR MINIATURE

Teflon’s Outstanding Properties

• Dielectric Strength, Volts/mil. .400-500
1015 ohm-cm

Stock Shapes Readily Available
POLYPENCO Teflon rod, tubing and

USEFUL FEATURES include a 5-volt 

unbalanced output for amplifiers and 

oscilloscopes, and a one-milliampere output 

for sensitive recorders; a polarity reversing 

switch; and zero drift below 3 mv/hr.

details about the Model 220 are given 

in Keithley Engineering Notes, Vol. 5 

No. 2. A request on your company 

letterhead will bring a copy promptly.

Dielectric Constant 
Power Factor........... 
Dissipation Factor.

• Services entire frequency range
• Arc Resistance—Good, leaves no car­

bon path regardless of time of exposure

. ..2.0 
0.0005 
0.0002

Volume Resistivity 
Surface Resistivity

100% R.H............
Water absorption.. 
Fungus Resistance

1013 ohm
...........Zero
. Excellent

POLYPENCO TEFLON* Assures Superior Performance
With increased emphasis on the miniaturization of electronic systems, Teflon tape and 
spaghetti tubing are being subjected to more severe requirements than ever before. 
Uniform density and controlled properties in thin-walled sections are of major impor­
tance. That’s why POLYPENCO Teflon is being used so widely in the electronics field 
today. Polymer’s rigid in-process testing assures you unvarying quality . . . the quality 
necessary to design and fabricate more minute parts and components for top performance.

sheets are available in a wide range of 
sizes. POLYPENCO Teflon Tape and 
Spaghetti Tubing are made in 10 fade­
proof colors for coding. Spaghetti Tubing 
is available in 26 AWG sizes from No. 30 
to 0. Nationwide stocking and service 
points assure prompt delivery. The name 
of your nearest representative is immedi­
ately available on request.

Fabricating Service
Custom fabricated parts are available 
from The Polymer Corporation of Penna., 
engineered for the best in design, quality 
and tolerance.
Write for latest data and bulletins.

THE POLYMER CORPORATION OF PENNA.
Reading, Pa.

Export: Polypenco, Inc., Reading, Pa., U.S.A.

DU PONT TRADEMARK

128

POLYPENCO

POLYPENCO nylon, POLYPENCO Teflon* FERROTRON® and NYLATRON® GS 

CIRCLE 245 ON READER-SERVICE CARD FOR MORE INFORMATION

Germanium 
Transistors

Three transistors, types 2N385,2N377 and 2N388, 
specifically designed for computer use, are npn ger­
manium alloy junction transistors, hermetically 
sealed in cases which meet EIA size group 30 di­
mensions. Total dissipation of each of the transistor 
types is conservatively rated at 150 mw, with am­
bient temperature at 25 C. Junction temperature is 
100 C.

Sylvania Electric Products Inc., Dept. ED, 1740 
Broadway, New York 19, N.Y.

Power Measuring 
Thermistor

Fits Standard Crystal 
Holder

This thermistor, the MA-677, for power measure­
ments in the frequency range from 10 to 12,400 me 
is mechanically interchangeable with the 1N21 and 
1N23 series of microwave silicon mixer diodes and 
the 1N32 and MA-408 series of microwave video 
diodes. This feature allows its use in coaxial or 
waveguide holders designed for these crystals. Op­
erating resistance is 200 ohms and the bias is 6 ma 
approximately. Power rating of the thermistor is 
10 mw. Proper operation over the frequency range 
listed above is dependent upon the type of trans­
mission system and detector mount with which the 
thermistor is used. The exact value of bias current 
for an operating resistance of 200 ohms is delivered 
with each unit.

Microwave Associates, Inc., Dept. ED, Burling­
ton, Mass.

CIRCLE 247 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC

TRANSISTORIZED 
ELECTROMETER

combined preamplifier and de vtvm has 
10u ohms input, 1 mv sensitivity

high input impedance is only part of the 

story with the new Keithley Model 220. 

As a sensitive de vtvm, it’s especially convenien 

when measuring voltages of transistors, 

de amplifiers and computers, as 

well as many electrochemical and biological 

tests. In its alternate role as a de pre­

amplifier, the 220 has gains of 0.05 to 167 

with suitable outputs. Uses include 

recording the variations in piezo-electric 

and pH voltages; currents in photocells, 

vacuum tube grids and ion chambers; and 

other long-term monitoring functions.

DC VTVM

KEITHLEY
Model 220

LINE-OPERATED« the 220 has 8 voltage 

ranges from 30 millivolts to 100 volts 

full scale. With added accessories, the 

instrument measures voltages from 1 mv 

to 20 kv, currents from 10'8 to 5 x 10'u 

ampere, resistances from 104 to 1016 ohms.

KEITH LEY
INSTRUMENTS. INC.
12415 Euclid Ave., Cleveland 6, Ohio

CIRCLE 248 ON READER-SERVICE CARD



INVERTERTRANS-SONICS

riveniei

igical
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Eicor rotary electriovoltage

Ceramic Planar
and electronic components

mv

ohms.

also manufactured for many commercial requirements

e given

Ohio
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Inverters • 
DC Motors

; output 

versing

precisely engineered to rigid government 
specifications

produced in the widest range of output ratings 
in the most compact sizes and weights

to meet strictest requirements of

• TELEMETRY
• MISSILE RESEARCH
• AIRCRAFT CONTROL

TRANS-SONICS 
iNCORFORATID

4233 WEST NORTH AVE., CHICAGO 39

Another F. L. Jacobs Division

for measurement and control of

w TEMPERATURE
400F to + 2000F

• PRESSURE
0-5 to 0-5000 psi

Converters • Power Supplies • Generators
• Dynamotors • Transistorized Power Supplies

Xerographic Printer

Prints Drawings from 
Microfilm

^CTRONIC DESIGN « September 15, 1957

PRESSURE POTENTIOMETERS, Type 
75, are precision linear priosurt measuring 
instruments designed to withstand the severe 
physical conditions of mi**ile and aircraft 
flight. Absolute, gauge, or differential pres­
sures up to 5000 psi can be measured to an 
accuracy erf ±1% of full scale with a 0.3% 
repeatibihty. Operating temperatures range 
fronf—65Fto + 160F Ultrapoiseconstruction 
allows instrument to withstand 30g shock m 
anj direction, IGg vibration to 200 cps, 25g 
to *2000 cps Up to 75 volts full-scale output. 
Entire operating mechanism of absolute pres­
sure instrument is hermetically sealed from 
external environment. Calibration Certificate 
giving precise 5-point pressure calibration sup­
plied with each unit . Most pressure ranges 
a' aihible from stock. Send for new Technical 
Bulletin 75

A ceramic planar triode, 3CX100A5, has been de­
signed to overcome all disadvantages of the 2C39 
types, and is mechanically and electrically inter­
changeable with that series. Among the advantages 
achieved over the 2C39 family are: longer life, 
10 per cent more power output at 2500 mc, full 
ratings to 60,000 ft, lower inter-electrode leakage 
and sustained performance at temperatures to 300 
C. It can be used to 3000 mc. High quality and 
close tube-to-tube uniformity are achieved by a 
series of rigid production tests, including a long 
pulse cathode evaluation test and a positive grid 
voltage-current division test.

Eitel-McCullough, Inc., Application Engineering 
Dept., Dept. ED, 198 San Mateo Ave., San Bruno, 
Calif.

A low-cost method of producing enlarged engi­
neering drawings from microfilm is done in a 
XeroX Copyflo 24-in. continuous printer, an auto­
matic device that produces drawings up to two ft 
wide at a speed of 20 fpm. The time for any one 
frame is only a few seconds. No ink is issued. The 
prints are dry on emergence and may be used im­
mediately. The printing process is completely auto­
matic. Individual microfilm frames are mounted in 
die cut apertures of cards punch-coded for various 
sorting purposes, and emerge from the printer in 
the order of entry”. Up to 400 prints of a single 
frame may be had via push button that repeats the 
exposure. A miss detector is built into the film head 
and will stop the card-feed mechanism if a card 
fails to appear. Another function of the detector 
is to stop the machine when the card stock is ex­
hausted,

The Haloid Co., Dept. ED, 2-20 Haloid St., 
Rochester 3, N.Y.

an example of
TRANS-SONICS
ADVANCED INSTRUMENTATION

EICOR

PRECISION TRANSDUCERS

220

EICOR
Burlington Massachusetts

Type 75 PRESSURE 
POTENTIOMETERS



New Products

Filtered DC Power Supply 
3/4 Per Cent Ripple

In the electronic industries, tomorrow’s sales are being formed in the 
minds of today’s design engineers. If you want to sell this 

market of the future, now is the time to tell your story to the men who 
will specify your products. Your electronics advertising 

will be read in ELECTRONIC DESIGN.

DC Power Supplies
Up to 1 Kw

This filtered de power supply, with 
less than 3/4 per cent ripple at top 
load, is designed for voltages from 0 
to 32 with current loads from 0 to 15 a 
while operating on a 115 v 50/60 cps 
input. Characteristics of the supplv 
include a front panel circuit breaker 
full view voltmeter, and a heavy dut) 
transformer and choker.

Electro Products Lab., Dept. ED 
4500 N. Ravenswood Ave., Chicagc 
40, Ill.

CIRCLE 253 ON READER-SERVICE CARD

Transistorized regulated de powe 
supplies with voltages from 3 to 350 \ 
and current ratings from 50 ma to 2 
a, are available. These units are usei 
in applications which may requir 
power levels up to 1 kw. Typical per 
formance characteristics are: ±0.5 
at 300 v, 0-1 a, or ±50 mv at 30 i 
0-10 a; internal impedance of 0. 
ohms max at 300 v, 0-1 a, or 0.1 ohi 
max at 30 v, 0-10 a; ripple and nois 
of 10 mv rms max at 300 v, 0-1 a, or 
mv rms max at 30 v, 0-10 a.

Perkins Engineering Corp., Dep 
ED, 345 Kansas St., El Segundi 
Calif.

CIRCLE 254 ON READER-SERVICE CARD

An early photograph of the Earth Satel­
lite. Dr. John Hagen — Director. Project 
Vanguard Naval Research Lab.
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Speer Carbon Co. Du Bole. Pennsylvania 
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$ Lo« Angele«
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Warehouses: 
New York • Chicago • Dallas

That fastener is

CIRCLE 257 ON READER-SERVICE CARD FOR MORE INFORMATION

you need.
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NEW
SPEER

CERAMIC
CASE
COIL

new talent

Subcarrier Oscillator

For FM/FM

Write letterheadcompany

Wood Screws Stove Bolts Machine
Screws & Nuts A,B,C&F Tapping
Screws Roil Thread Carriage Bolts

Hanger Bolts Dowel Screws-
Wood & Type U Drive Screws

As

•Tl

$
$

8

conditions.

SURE AID TO High-Speed Sampling Switches

60 to 170 Shorting Channels Per Pole

)J NEW PRODUCTION
RECORDS

This switch, having miniature multipin connec­
tors attached to cables of convenient length, con­
sists of two to eight poles and 60 to 170 shorting 
channels or 30 to 85 non-shorting channels per pole.
The switch is easily adapted to a variety of motor 
drives. It is equipped with a precision machined 
ball bearing output shaft, constant force perma 
brushes, and lifetime semi-molded contact plates 
for long service-free life. The inside-out construc­
tion of the switch affords replacement of all brushes 
in a matter of minutes without force or phase ad­
justments. The two cover plates are easily removed 
for inspection while the switch is in operation. Both 
of the two rotors and all brushes may be replaced 
as a unit. Typical dimensions are 3.653 in. in diam 

These fast-moving days of new x 4.225 in. in length plus shaft extensions 1/4 in.

ideas, bigger orders, and harder in diam x 1 in. in length.

competition call for General Devices, Inc., Dept. ED, P. O. Box 253,
Princeton, N.J.on your assembly line. A new

listener and its more exacting
application to your special need

may provide the specific talent

probably waiting
for you ... in the great variety
of Southern Quality screws and
bolts on hand for prompt shipment
to you—from factory or from a

Telemetering

Southern warehouse near you.
• ■

Pass your problem on to us. Samples
This transistorized voltage-controlled subcarrier 

and Stock List free upon request
oscillator for fm/fm telemetering system will oper­
ate with specified performance under vibrations of 

Southern Screw Company, Box 1360-
50 g up to 500 cps and 20 g up to 2000 cps. It 

ED, Statesville, N. C.
will similarly withstand shocks and accelerations of 
200 g or greater and is unaffected by altitude. The 
unit includes a precision, temperature stabilized 
band-pass filter. An input impedance of 500,000 

* ohms assures successful operation with high im­

Rs pedance sources. Linearity and stability are main­
tained over an operating temperature range up to

COMPANY

+180 F. The unit is packaged in a modular form 
employing a single connector. Dimensions are ap­
proximately 2 x 1.9 x 3 in. with an approximate 
weight of 12 oz. Units operating at all standard 
frequencies and deviations with standard input 
signal levels are available.

United Electrodynamics, Dept. ED, 1200 S. 
Marengo Ave., Pasadena, Calif.
CIRCLE 258 ON READER-SERVICE CARD FOR MORE INFORMATION
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Non-flammable,
hermetwally

sealed

superior to
any tested

Now producers of precision electronic equipment have at hand a highly reli­
able, long-life inductance coil in a hermetically sealed moistureproof ceramic 
case that is virtually unaffected by atmospheric conditions. Originally devel­
oped for use on high-speed computer equipment, it is eminently suited tor 
close tolerance inductance requirements under the most stringent operating

Protection under oil operating conditions, with no interference to 
the coil’s frequency response, is assured by the steatite case.
Exact dimensional conformance of the case makes these coils ideal
for automatic assembly.
Performance characteristics and properties of steatite housing mate­
rials are well known and defined, while its non-strategic, ample supply
avoids possibility of shortage delays.

The new Speer Ceramic Case Coils are available in a 
complete inductance range up to 20 millihenries, and in 
a variety of designs, coil forms and physical sizes to meet 
every requirement. For complete test data and informa­
tion contact:

RS



Services for Designers

2700-3600 me Hybrid T’s

209 SO. STATE ST. CHICAGO, ILLINOIS
CIRCLE 562 ON READER-SERVICE CARD FOR MORE INFORMATION

MODEL 
JC1OO

Normal 
Position 
Circuit 
Closed

Actual 
Size

OTHER SWITCHES, NORMALLY OPEN OR CLOSED, '6 AMP. TO 
3 AMP. ARE COMPLETELY DESCRIBED IN OUR NEW CATALOG

. an executive position which will definitely lead 
to assignment as V.P. in charge of Engineering within 
2 years.” Executive ability, broad practical back­
ground in all phases of engineering, and the desire 
to rise to the heights or success are the requirements. 
Profit sharing and the definite commitment to Board 
status are part of your future.

131« SHKRMAN AVINUI • IVANSTON, ILLINOIS
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EMPLOYERS PAY ALL OUR FEES 

STAFF ENGINEERS 
$600-$1,000

Young Grads A colossus of an industry is hiring im­
mediately. Top benefits to offer, so do the best for 
yourself here. Experience qualification, are light, and 

the firm is saturated with potantial. Staff functions 
for a corporate group; at first do liaison in produc­
tion, sales engineering, expediting or other spots that 
need attention in their growth, then assignment in the 
field of your liking or aptitudes.

MAGNETICALLY ACTUATED

. »C 10° 
SWITCH

Rated at I Amp, 115V A-C.

NO CONTACT BOUNCE • LARGE 
MERCURY POOL ELIMINATES STARVATION 

OVER 10 MILLION OPERATIONS AT FULL 
LOAD • NO LEADS TO FLEX AND BREAK 

STATIONARY SWITCH IS ACTUATED BY 1/10 
0Z. MOVING ALNICO MAGNET • CONTACTS 

CANNOT WELD • TRIPLE DISTILLED MERCURY, 
CLEAN COMPONENTS, AND HYDROGEN 

ATMOSPHERE ARE HERMETICALLY SEALED 
IN GLASS • UNAFFECTED BY DIRT, MOISTURE, 

OXIDATION OR ORGANIC COMPOUNDS. 
y2 INCH DIAMETER BY 2/i LONG.

Ideal for Liquid Level Controls.. .Weight 
Measuring Devices ... Temperature Limit 
Devices . . . Pressure Controls . . . Revolu­
tion Counters . .. Coin Operated and Pro­
tective Devices.

Actuated 
Position 
Circuit 
Open

DIRECTOR OF ENGINEERING 
$16,000 - $18,000 +

call . Write . wire
FRANK SANDFORD

BSEE Okla. '43 AIEE

BUSINESS MEN'S CLEARING HOUSE

4

Hybrid T’s are available for a wide range of fre­
quencies from 2700-3600 me, for most waveguides 
from 3 in. x 1 in. to 0.360 in. x 0.220 in. O.D. They 
are precision cast in either aluminum or beryllium 
copper, and are normally supplied terminated in 
Hat flanges but are available on request with spe­
cial adapters.

Operational characteristics include broad band 
width, low S.W.R., and high isolation. Developed 
and licensed by Hughes Aircraft Co., the Hybrid T
is made available in production quantities 
Microwave Development Laboratories, Inc., 
Broad St., Wellesley 57. Mass.

by 
92

Electron Accelerator Rental
A ten million electron volt linear accelerator, 

Mark 1-F2, is available on a rental basis by the kw 
hr to organizations interested in radiation process­
ing. The facilities are owned and operated by Ap­
plied Radiation Corp., 2404 North Main St., Walnut 
Creek, Calif. ARCO assists in planning experimen­
tal programs to the extent desired and users are 
under no obligation to divulge results or the nature 
of experiments. The Center may be leased for long­
term programs, for a single series of experiments, 
and for limited commercial radiation processing.

The Mark 1-F2 generates electrons, x-rays, or neu­
trons. Its electron beam is equivalent to 140.000 
curies of radioactive Cobalt-60 permitting deep 
penetration and uniform dosage with depth. Elec­
trons will effectively penetrate materials of unit 
density about 1-1/4 in. X-rays will treat similar ma­
terial up to 8 in. thick. High pressure chemical re­
actions occurring in heavy-walled reaction vessels 
may, therefore, be irradiated. Since the accelerator 
beam is scanned in air, ample space is available ad­
jacent to the beam for auxiliary experimental ap­
paratus. Temperature and other experimental con­
ditions are easily controlled.

CATALOG

W The big name in small tubing
NORRISTOWN, PA.

Johnson & Hoffman Mfg. Corp., Mineola, N.Y.—an affiliated company 
making precision metal stampings and deep-drawn parts.

CIRCLE 262 ON READER-SERVICE CARD FOR MORE INFORMATION

IT WILL P

GRCTSTOCK SHEET
Before you order gears or pinions, sec GRC's 

new Stock Sheet. All items listed are cast 
from stock dies, individually or in various 

combinations of gears, pinions, hubs, shafts, 
etc. Holes, shafts, spacers, shoulders, etc., are 
made to your exact specifications at no extra 
tool charge, quantity permitting. Maximum 0 D 
about D/a", with 1/6" face width; wider faces 

foi smaller diameters.

Unusual shapes, extra precise requirements 
available on special order.

Write Today for New Stock Sheet 
SEND SPECIFICA HONS FOR PROMPT 
QUOTATION, 100,000 TO MILLION'

«RIES REPRODUCER CORP.
World’s Foremost Producer of Sinill Die Castings
40 Second St., New Rochelle, N. Y. • NEw Rochelle 3-8600
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NEW 1957

Latest complete facts 
on cathodes, disc cathodes, 
glass sealing 
tubing—their 
characteristics, 
uses, variety

Superior Tube Company’s complete line of cathodes and 
other electron tube components in a single catalog. Many 
new facts not in last year’s edition. Properties of the new 
Cathaloys,* plus 19 other alloys fully covered. A 
detailed reference for electron tube designers on cathode 
materials, types of cathodes, fabricated tubular parts, and 
glass sealing alloys. Write for free copy. Superior lube 
Company, 2050 Germantown Ave., Norristown, Pa.

*Cathaloy: Reg. T.M. Superior Tube Co.
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Ceramic Printed Circuit Boards

NEOPRENE COATED BOLTS & NUTS
With it» 3 days of order!

Beckmancmenh NEOPRENE COATED TURNBUCKLE

TION

Custom Molding Services

Tube

WRITE: We'll forward literature of interest.the Co.

ompany

RATION CIRCLE 267 ON READER-SERVICE CARD FOR MORE INFORMATION

G. H leo Galilei 
1564-1642

New design problems call for new materials. Investigate 
GACO neoprene coatings where severe operating condi­
tions demand a tough, flexible, corrosion-resistant coat­
ing. A wise policy—insure the life of your product with 
GACO neoprene protective coatings.

ELECTRONIC DESIGN • September 15, 1957

Grinnel Company engineers had a tough design problem: 
to protect spring hangers against highly corrosive indus­
trial fumes and severe weather exposure without affecting 
the flex life of the spring.

Tough, flexible, GACO neoprene provided the solution. 
All parts of the hanger are neoprene coated to protect 
the base metal from a wide range of corrosives found in 
chemical plants and refineries. Flex life of the spring is 
unaffected by GACO neoprene . . . the flexible adhesive 
coating envelops metal parts . . . will not crack or flake 
over a wide temperature range. For outdoor installation, 
GACO neoprene was specified for the spring coating to 
avoid alteration of temper, hydrogen embrittlement and 
decreased flex life.

CIRCLE 266 ON READER-SERVICE CARD FOR MORE INFORMATION

Protetti Grinnel Spring Hangars from 

CORROSION AND EXPOSURE

Epoxy Products, Inc., 137 Coit St., Irvington, N.J., 
will make its compression and transfer techniques 
available for custom molding of electronic and 
chemical resistant products. Facilities have been 
expanded to insure efficient handling of all quality 
products, with or without inserts, which require 
the qualities of epoxy plastic. Many products, such 
as connectors, electronic embedments, impellers 
and housings, coil forms, slip rings, spacers, metal 
forming dies, and stators, can be custom molded. 
High precision and tolerances result from this mold­
ing. The molding of small parts for miniaturization 
is particularly well suited for this operation. The 
Epoxy Products engineering staff will aid in prod­
uct design and selection of the correct epoxy com­
pound for application requirements. Pilot and pro­
duction runs will receive prompt attention.

NEOPRENE 
COATED«* 
CASING

NEOPRENE 
COATED 
SPRING

» and 
Many 
e new 
id. A 
thode

DnWtbuPor* ifi principal citia* U.S.A. • AtHiroBa • latywm • England • Finland • France • kraal • Japan 
Norway • Okinawa • FhiKppina blond* • Fvario Fka • Sweden. In Canadet Gaea Product* Ltd., Brantford, Ontario.
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Helipot Corporation, Newport Beach, Calif 
a division of Beckman Instruments, Inc. 
Engineering representatives in principal cities.

GRC's 
r< cast 
various 
shafts, 
c, are 
I extra 
n OD. 

faces

Ceramic printed circuit boards capable of with­
standing temperatures up to 2000 degs F and all ex­
tremes of humidity have been developed by Glad­
ding, McBean & Co., 2901 Los Feliz Blvd., Los 
Angeles 39, Calif. In quantity production, the fin­
ished cost of the new board should be substantially 
the same as a standard XXXP phenolic board. The 
development permits the use of much larger ceramic 
boards with the major limitation being the design 
strength of the board at the thickness chosen. 
Sheets 12 in. square or larger with excellent flatness 
and uniform thickness are possible.

In a manner very similar to punch pressing sheet 
metal, the shapes are blanked prior to the final fir­
ing. Tolerances of 0.5 to 1.0 per cent are maintained 
on hold locations and outside dimensions. Toler­
ances of plus 0.001 to 0.002 in. may be obtained by 
impact (ultrasonic) and diamond grinding, if re­
quired. A variety of metals such as silver, gold, 
platinum, palladium and copper can be silk 
screened directly on the ceramic board.

with blinding speed’.'
£ beckman/breadboard parts 

For the standard parts 
to breadboard your system, 
Send for catalog 95C, 
where we show ’em and list ’em.

Wherever I am, 
whatever my need, 
They're delivered to me

THE MARK OF CORROSION PROTECTION

GATES ENGINEERING COMPANY 
Wilmington 99, Delaware

PIONEER LEADER IN PROTECTIVE COATINC*

Wilmad
FOR

engineers

precision glasswai engineers wel

Wilmad

The reason is simple: the amoz- 
ing tolerance limits, the low cost, 
and the unbelievable accuracy and 
uniformity of Wilmad pre­
cision glassware have made 
many metals, plastics and 
ceramics far too expensive.

GLASS COMPANY. INC

To keep costs down and yet get 
the maximum efficiency in electronic 
parts and sub-assemblies, more

If you design electric or electronic 
devices of any kind such as wave guide 
tubes, UHF tuners and cavities, voltage 
regulators, capacitors, dashpots, etc , in­
vestigate the economy and efficiency of

ECONOMY AND EFFICIENCY 
DESIGN WITH 

PRECISION GLASSWARE'

ELECTRONIC 
ENGINEERS!

come the opportunity of discussing any 
of your design problems with you. Send 
for our new bulletin todoy.



CORNING GLASS
ELECTRONIC COMPONENTS

DIRECT TRAVERSE 
TRIMMER

ROTARY*TRIMMER

LOW POWER 
PRECISION RESISTORS

FIXED CAPACITORS

HIGH POWER 
PRECISION RESISTORS

'J through these authorized 
ERIE Distributors

DISTRICT OF
COLUMBIA: Capitol Radio Wholesalers, Inc. 

Washington, D. C.
FLORIDA: Electronic Supply Co.

Melbourne, Florida 
ILLINOIS: Newark Electric Co.

Chicago, Illinois
INDIANA: Brown Electronics

Ft. Wayne, Indiana
Ft. Wayne Electronics Supply

Ft. Wayne, Indigna
Radio Distributing Ce.

Indianapolis, Indiana 
IOWA: Gifford-Brown, Inc.

Cedar Rapids, Iowa 
MINNESOTA: Hall Electric Company 

St. Paul, Minnesota 
NEW YORK: Radio Equipment Corp.

Buffalo, New York
Morris Distributing Co., Inc.

Syracuse, New York
NO. CAROLINA: Dalton-Hege Radio Supply Co., Inc. 

Winston-Salem, N. C.
OHIO: Sun Radio Company

Akron, Ohio
Hughes-Peters Inc.

Cincinnati, Ohio
Radio & Electronic Parts Corp.

Cleveland, Ohio 
Hughes-Peters, Inc.

Columbus, Ohio 
OKLAHOMA: Oil Capitol Electronics Corp.

Tulsa, Oklahoma _____

o.i v i n i o

ERIE RESISTOR CORPOR 
ERIE. PA
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READ THESE NEW RIDER BOOKS!
Authoritative • Informative • Up-To-The-Minute

First Omnibus on the Transistor Art
TRANSISTOR ENGINEERING REFERENCE HANDBOOK

by H. E. Marrows
Covering transistor performance characteristics, operat­
ing specifications, manufacturing processes, applications, 
testing, sources, etc. Related components—electrical char­
acteristics, physical dimensions, sources, etc.
The most complete handbook for use in engineering, scien­
tific research and manufacturing of transistor devices.

The content of the handbook
Section I: Chronology, translator material«, structure and fabrication of all types 
of transistors; characteristics of all types of junction transistors; special bibliog­
raphy on transistors.
Section 2: Numerical index of tranaiator types, data sheets showing physical 
specifications, electrical specifications, typical operating parameters, characteristic 
curves, performance curve, of all types of transistors.
Section 3: Index of related components (capacitors, transformers, batteries, ther­
mistors. miscellaneous items) designed for use with transistors . . . ihowing 
physical specifications, electrical specifications, manufacturers’ type number and 
part number. List of transistor test sets.
Sestion 4: Commercial application of transistors with schematic diagrams.
Sestion 5: Directory of manufacturers making transistors and components designed 
for use with transistors.
Large 9" x 12” coated paper for easy readability. Each section individually
,ndexed- #193 Cloth Bound, 288 pp., $9.95

PICTORIAL MICROWAVE DICTIONARY by Victor J. Young & Meredith W. Jones
A pictorial dictionary serving as a ready reference which defines and explains 
present day microwave terminology. Derivation, explanation, definition are com­
bined for complete coverage of microwave activity.«188, soft tovor, 116 pp., $2.95 
BASICS OF PHOTOTUBES I PHOTOCELLS by David Mark
Explains the principles and practices surrounding phototubes and photocells with

«184. soft w»sr, 136 pp„ $2.90the utmost in visual presentation.
IHTRODUCTIOH TO PRINTED CIRCUITS by Robert L. Swiggett
Comprehensive text on Printed Circuits by an authority In the field covers thor­
oughly the various manufacturing processes used. Numerous practical applications 
discussed. Explains the maintenance techniques peculiar to printed circuits.

«185, soft «over, 112 pp., $2.70
FUNDAMENTALS OF TRANSISTORS by Leonard Krugman
Explains the BIO thing In electronics today ... the transistor! Written by one 
of the pioneers in transistor development, this book deals with basic operation, 
characteristics, performance and application. «160, soft sever, 144 pp.. $2.70

Buy these RIDER BOOKS at your electronics parts jobber or bookstore If your 
favorite store does not sell the Rider books you want, order direct. Add state. 
_________ city tax where applicable. Canadian prices 5% higher.

JOHN F RIDER PUBLISHER. Im: 116 West 14th Street. New York 11. N Y
In Canada Charles W Pointon, Ltd 6 Alema Ave Toronto,, Ontario
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New Materials

Phenolic Resin Base
Chemical Building Block

Trimethylolphenol in sample quantities is avail­
able for research testing and field evaluation from 
Bakelite Company, Division of Union Carbide Cor­
poration, 260 Madison Ave., New York 16, N.Y.

Tests conducted at the company’s laboratories in­
dicate that trimethylolphenol has a broad potential 
for use in industrial coatings, impregnations, plas­
tics alloy in the formation of resins, and wherever 
its unique structure and high reactivity could be of 
advantage.

The material represents a significant advance 
over previous water-soluble phenolic resins in that 
it is a single chemical species; whereas previously 
the available phenolic resins were not monomeric. 
Thus it can be used as a building block to form new 
chemical compounds.

The 70 per cent aqueous solution, BRLA 1030, is 
dark red in color as is typical of phenolic deriva­
tives. The viscosity of the solution is 50 to 70 centi­
stokes at 25 C. It can be mixed with methyl alcohol, 
ethyl alcohol and acetone. It will react as a one-step 
phenolic resin, slowly converting to a resin at room 
temperature. But in the range of 150 to 160 C, it will 
harden in 80 to 100 sec. The reaction may be cata­
lyzed by acids such as oxalic, phosphoric, or any 
water-soluble acid. Used as a treatment for paper­
base battery separators, trimethylolphenol reduced 
water absorption and improved electrical properties 
in laboratory tests. When used where polar surfaces 
were involved, it improved adhesion. It improved 
the cure rate and lowered water absorption when 
used in electrical-grade alminates.

Bakelite Co., Div. Union Carbide Corp., Dept. 
ED, 260 Madison Ave., New York 16, N.Y.
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Teflon Adhesive Tape
Provides Firm Bond to 500 F

This pressure sensitive self-stick Teflon adhesive 
tape can be readily attached to any metal, glass, 
plastic, and most other surfaces. The silicone ad­
hesive used will provide a firm bond with high peel 
strength at temperatures up to 500 F. The tape is 
available in widths up to 2 in. in 36-yd rolls of 
0.006 in. thickness and 18 yd rolls of 0.013 in. thick­
ness. Both types can also be supplied in 12 in. 
sheets. The tape can be used as Class H insulation. 
It can be used as an antifriction surfacing and to 
provide dry lubrication for moving parts.

Chicago Gasket Co., Dept. ED, 1271 W. North 
Ave., Chicago 22, Ill.
CIRCLE 274 ON READER-SERVICE CARD FOR MORE INFORMATION

100%

i

Uo SHAFT ROTATION

Potentiometer linearity 
and phase shift problems? 
Chances are there is a Vernistat a.c. potentiometer that 
will solve them. The Vernistat potentiometer uniquely 
combines an accurately tapped auto-transformer with a 
linear interpolating resistance element. It has precise 
linearity, long-term stability, and low output impedance 
which minimizes loading error.

The Vernistat potentiometer is available in models 
with linearities as low as ±0.02% and output imped­
ances as low as 45 ohms. For additional information, 
write:

vernistat0 dvi.io„

PERKIN-ELMER CORPORATION
Norwalk, Connecticut

CIRCLE 275 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE

r T prNEW “Eas,GN 
Il I I \ PRODUCTION 
W 1 w TECHNIQUES

through
HIGH HEAT 
DISSIPATION 
★ Cut Cost« over conven­

tional designs yet still 
improve quality.

★ Provide superior shield­
ing—totally encased con­
struction.

★ Longer Life — potted to 
withstand severe humid­
ity conditions.

★ Highest commercial qual­
ity appearance.

We invita your inquiry.

i General Transformer Company
E, 

serving industry since 1928

18240 Harwood Avenue, Homewood, Illinois
(Suburb of Chicago)
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Binding Leads to Semiconductors

EATH

noN CIRCLE 277 ON READER-SERVICE CARD FOR MORE INFORMATION

capillary tube

BALLED WIRE

CIRCLE 278 ON READER-SERVICE CARD FOR MORE INFORMATIONniON CIRCLE 281 ON READER-SERVICE CARD FOR MORE INFORMATION

135

.14,600 

.12.100

— HEATED 
SEMICONDUCTOR

To MIL-W-12349 Specification« 
Insulated with Kel-F*

^CTRONIC DESIGN • September 15, 1957

This varnish provides protective insulation for 
electronics equipment circuitry. It is ideal for sol­
der connections, high voltage points and anti-corona 
protection. Excellent adhesive qualities and resis­
tance to heat, oil and acids are listed as additional 
features. Available in 4 oz bottles to 55 gal drums.

General Cement Mfg. Co., Dept. ED, 400 S. 
Wyman St., Rockford, Ill.
CIRCLE 279 ON READER-SERVICE CARD FOR MORE INFORMATION

Available from stock in 17 solid colors — AWG sizes 10 through 
30, also in 1, 2 or 3 stripes in any combination of 10 colors for 
almost unlimited color coding. Can also be supplied with braided 
shielding for special requirements.
Complete facilities for twisting single, insulated conductors in 
pairs, triplex or quads, cabling 808 conductors into a single core, 
and, for layer or sector type cabling are available. Application of 
braided shielding or spiral tape shielding over the core before 
jacketing o specialty. Jacketing done in polyethylene, vinyl, 
nylon, or Kel-F.

Forcing the balled end of a wire against a heated 
semiconductor by means of a capillary tube is one of 
the techniques developed for attaching leads.
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Send for compiei« technical data 
*T.M. M. W. Kellogg Co.

ELECTRONICS DIVISION

RMS VOLTAGE BREAKDOWN 
........................ 13,500

.13,500 
14,500 

...5,200

OFFER A NEW STANDARD OF 
QUALITY IN HOOK-UP WIRES 
FOR 1,000 VOLT SERVICE ATi 
L OPERATING TEMPERATURES^ 
k FROM —65°C to I75C.>M

A combination of heat and pressure is being 
used to provide a firm bond between soft metal 
leads and clean, single crystal semiconductor sur­
faces, providing a bond that is stronger than the 
lead itself. Temperatures and pressures required 
are not high enough to affect the electrical prop­
erties of the semiconductor material. The method, 
called thermo-compression, was developed at Bell 
Telephone Labs., New York, N. Y.

One technique of forming a suitable bond is to 
employ a heated element such as a wedge, a flat or 
a point, to press the metal against the heated semi­
conductor with a pressure sufficient to cause a 
slight deformation of the lead. Adhesion occurs 
within a matter of seconds. Another useful con­
nection may be made by butting the balled (or 
headed) end of a wire against the heated semicon­
ductor by means of a capillary tube.

Adhesion takes place in seconds with pressures 
of a few thousand lb per sq in. and temperaturfes 
well below the melting point of the alloy of the 
metal and semiconductor. A gold-germanium bond 
appears to be the easiest to make, but gold, silver, 
aluminum and a number of alloys can be readily 
bonded to either germanium or silicon.

Operating Temperatur* 
Continuous Operating Voltage 
Spark Test 
Dielectric Strength 
Fewer Factor 
Dielectric Constant 
Insulation Resistance 
Moisture Absorption 
Flammability 
Solvent Resistance

175°C to —65°C
1000 volts RMS
7500 volts RMS
5000 volts RMS 
.001 *.011
2.4-2.1 
«~5000meg/1000'
Nil
Non flammable
Impervious to corrosive chemical«

TEMPERATURE AND PERIOD
Initial Value ...... 
150°C <302°F»

I Week ......................
2 Weeks .. .....
5 Month« ..................

175’C (347°Fi 
1 Week 
2 Weeks ....... ............
5 Months .................

190°C (374°F)
2 Week« ....................

Insulating Varnish 
High Arc Resistance

THE /JE X CORPORATION
210 Hayward Road 

West Acton. Massochvsetts

MECHANICAL CHARACTERISTICS
• Good abrasion resistance
• Excellent resistance to cold flow
• Extremely flexible
• Smaller O.D. than wires of comparable values 

ELECTRICAL PROPERTIES
• Dielectric constant between 2.5 and 3.0
• Good arc resistance
• Zero moisture absorption
• Resists wetting and high humidity

GLASS
HERMETIC SEALING

EPOXY PREFORMS
PRESSED CERAMICS

LET US 
MAKE 
YOURS..

COILS

CLIPS 

TERMINALS 

CONNECTORS

from the material 
of your choice

Associated 
Spring 

Corporation
General Offices: Bristol, Connecticut

and, of course, all types of springs, wire forms, small stampings

Send for booklet — "Spring Design and Selection — in brief"

OF HEAT' AGING ON WIRE 
ED WITH “KEL-F” 5 0 0 RESIN



New Materials

NYLON
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RIGHT-OFF-THE-SHELF
for immediate delivery

*CTUAL S
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13Ó

• Tin
• Tw
• Vib
• Tef

Write, wire or 
phone for you, 
copy today!

• .00: 
cor
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TIES EASY, FAST AND TIGHT 

KNOTS WON'T SLIP

tewl TEFLON COATED FIBERGLASS TAPES 
WITHSTAND TEMPERATURES UP TO 600°

kJ Your “symptoms” may 
or may not mean heart 
disease. Don’t guess— 
don’t worry. See your 
doctor and be sure.

J Almost every 
heart condition 
can be helped by 
proper treatment.

JL Some forms of 
heart disease can 
be prevented... a 
few can be cured.

All heart cases 
can be cared for best 
if diagnosed early.

• FUNGUS-PROOF

• STRONGER

• Avoid costly production w"1"'/, 
and experimental delays!
• Brand new 1957 edition 
of Star Catalog now avail­
able.

Stainless Stan says 
‘Star's screws have 

dean, bright-and 
shiny heads”

The 48-C series of environmental cabinets are 
specifically designed and guaranteed to simulate 
high temperature and high humidity without con­
densation on the walls of the testing space, the door 
and door jambs or the specimens themselves. The 
cabinet will hold 48 cups, which can be taken in 
and out of the cabinet by means of a thermopane 
glass door located in the side of the cabinet. The 
temperature variation is from room temperature to 
140 F and the relative humidity is accurately con­
trolled between 80 per cent and slightly under 100 
per cent. By adding a freon compressor, the tem­
perature can be reduced to 45 F and the humidity 
to 35 per cent. Dry air circulation governs the tem­
perature of the inside surface of the cabinet. By 
this method the humidity of the air is accurately 
controlled without the use of a wet bulb control. 
This patented feature permits accurate control at 
high humidities without any precipitation.

Atmosphere Control Co., Inc., Dept. ED. 5315 
Chester Ave., Philadelphia 43, Pa.
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T Most heart 
patients can keep on 
working—very often 
at the same job.

DACRON
LACING CORDS and FLAT BRAIDED TAPES

STAINLESS STEEL
• Bolt & Cap Sciew»
• Socket, Set A Cap
• Nuts, Washers
• Machine Screws
• Sheet Metal Screws
• Wood Screws
• Pioe Fittings
• Dowel, Toper, 

Cotter Pins
• AN Drilled Fillister» 
• Stud Bolts

1 I in this book... 
J over 7,000 

STAINLESS STEEL 
I FASTENINGS

Epoxy Resin Flexibilizer

Gives Longer Pot Life

This epoxy resin flexibilizer reduces resin vis­
cosity, extends the resin’s pot life and improves its 
heat aging characteristics. Called Cardolite NC 513, 
the flexibilizer is a clear, deep amber liquid resin 
that has epoxy groups in its chemical structure. It 
can be used in encapsulating electrical components 
and electrical potting compounds, tooling resin ap­
plications and plastic forming molds, epoxy resin ad­
hesives, patching and splining compounds, glass 
fiber reinforced epoxy resins, and coatings.

The flexibilizer can be utilized with the same 
curing systems that are commonly used with epoxy 
resins. The working life of the mixed resin is ex­
tended about 80 per cent and the cure time is un­
changed from that of the unflexibilized resin, ac­
cording to the manufacturer. Electrical properties 
for potting or encapsulating applications are main­
tained with the use of the flexibilizer when the total 
resin contains no more than 20 per cent flexibilizer. 
In ratios of over 1 to 4, the electrical properties be­
gin to fall off. Of importance is the permanence of 
NC 513 under heat aging. Cured samples were heat­
aged for 100 hr at 400 F with no detectable loss of 
flexibilizer or change in hardness due to loss or 
degradation of the flexibilizer.

Minnesota Mining and Manufacturing Co., Irv­
ington Chemical Div., Dept. ED, 6 Argyle Terrace, 
Irvington 11, NJ.
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MEET NEW GOVT. SPEC. MII-T-713A

Tape» are available in both Nylon and Dacron and in wax, wax< 
free and resin-coated finishes. FREE! Write today for free samples.

STAR STAINLESS SCREW CO.
$3^ 663 Union Blvd., Paterson 2, N. J.

» Telephone: Little Falls 4-2300
U3* Direct New York phone: Wisconsin 7-9041

Humidity Test Chamber 

No Condensation

’EM I/f WAT

Your
Heart Heart

Hemmway & Bartlett Mfg Co. ELECTRONICS DIVISION. 500 5th Ave
' 36 Sales Offices Chicago. Philadelphia, Boston. Cincinnati, Sar 

. Detroit, Charlotte, N. C., Gloversville. N Y
hburg, Va Foreign Agent Turner, Halsey Co , Inc . 40 Worth St N Y
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Rome, N. Y514 West Court St
CIRCLE 288 ON READER-SERVICE CARD FOR MORE INFORMATION

Bettet

Silvered-Mies

half the size of standard BNC’s

‘CTUAL SIZE

Type 1409 Standard Capacitors: $32 to $130.

GENERAL RADIO

DAGE ELECTRIC CO., INC
CIRCLE 289 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 293 ON READER-SERVICE CARD FOR MORE INFORMATION

Engagements can be blind and frustrating in rack-and- 
panel installations. Yet, plugs and receptacles must 
join accurately for a perfect marriage. You’ll find such 
wedded bliss only with Deutsch Rack-and-Panel 
Connectors. They self-align and mate automatically, 
without guide pins or match plates I

The mated connector is environmentally-sealed, 
vibration-dampened, unaffected by pressure variations 
And, multiple connectors-in 7,19. 37 or 61-pin 
arrangements-can be married at once.

For complete information on Deutsch miniature 
connectors, write for Catalog 932

&CTRONIC DESIGN • September 15, 1957

67 No. Second St. 
Beech Grove, Ind.

Silvered Electrodes — eliminate 
flow of soft foil — area of electrode 
much more stable — much better 
contact between mica and electrode 
No Impregnants to change with time 
and temperature
Residual Moisture absorbed by 
silica gel sealed in case
Accurate Adjustment — within 
±0.1% of nominal value engraved 
on case

Calibration Certificate shows value 
for 2- and 3-termmal connections at 
specified temperature. Calibration 
to better than 0.01% by direct com­
parison with capacitance standard 
certified by NBS to accuracy of 
±0.03%.
Temperature Coefficient- - - - 1-35 
±10 ppm per Deg. C. between 10” 
and 70°C.
Ten Models Stocked — values be­
tween 0.001 and 1.0 microfarad

Broad Avenuo at Linden Ridgefield. N. J NEW YORK AREA 1000 N. Seward St LOS ANGELES 3S 

8055 13th St. Silver Spring, Md. WASHINGTON, D. C. 1150 York Road Abington, Pa. PHILADELPHIA 

1182 Los Alto» Ave., Lo* Alto«, Calif SAN FRANCISCO 6605 W North Ave.. Oak Park. III. CHICAGO 

In CANADAi 99 Floral Parkway. TORONTO IS

Contains 25 different test samples of high 
dielectric Insulating Tubing & Sleeving 
Includes samples and descriptions of: 
Varglas Silicone • Permafil-Impregnated 
Varglas Tubing • Varglas Tubing and 
Sleeving • Varglas Non-Fray Sleeving • 
Varflo Tubing and Sleeving • Varflex 
Cotton Tubing and Sleeving • Syntholvar

Extruded Tubing

Write today!

Ceramoplastics

For Missile Radomes

Supramica 555 ceramoplastic is a molding ma­
terial utilizing Synthamica synthetic mica. It has 
electrical properties superior to those of glass- 
bonded mica; total, permanent dimensional stabil­
ity; thermal expansion matching that of steel, and 
the ability to withstand temperatures as high as 
950 F. Mounting rings or metal reinforcements can 
be molded in as part of the manufacturing process, 
and will remain tightly anchored over the entire 
operating temperature range of the material, pro­
viding increased resistance to shock, impact and 
the high bending stresses resulting from flight di­
rectional changes. Ceramoplastics have a toughness 
that is not present in ceramics or glass, due to the 
presence of platelets of synthetic mica which act 
as crack-stoppers. The material has low loss tangent 
and a stable dielectric constant. Wall thickness dur­
ing molding can be held to ±0.005 in., and ma­
chining tolerances of ±0.001 in.

Mycalex Corporation of America, Dept. ED, 125 
Clifton Rd., Clifton, N.J.
CIRCLE 290 ON READER-SERVICE CARD FOR MORE INFORMATION

The Deutsch Company
7000 Avalon Blvd . Los Angeles 3, California

CIRCLE 292 ON READER-SERVICE CARD FOR MORE INFORMATION

MAKE
Deutsch Rack-and-Panel Connectors PERFECT

Magnetic Cores 

Powder and Alloy

Sendust Powder Cores are being sold by the com­
pany in this country under exclusive license from 
The Tohoku Metal Industries Co., Ltd., of Japan. 
They are available in sizes ranging from 0.8 to 3.346 
in. od, and in permeabilities of 10, 13, 25, 30, 50 
and 80, although not all sizes are available in all 
permeabilities. The cores possess magnetic proper­
ties that are generally superior to iron powder 
cores, but inferior to Mo-Permalloy powder cores 
in the audio and carrier frequency range. The eddy 
current loss for Sendust cores is lower than that of 
Mo-Pcrmalloy powder cores, but the hysteresis loss 
of Sendust cores is substantially higher, and they 
also have higher values of electrical resistivity.

Another material, called Supermendur, is offered 
for such applications as power transformers, pulse 
transformers, magnetic amplifiers, telephone re­
ceiver diaphragms, and switching and memory 
devices. Composed of vanadium, iron and cobalt, it 
work hardens slowly and can be rolled from 0.09 
to less than 0.001 in. without intermediate softening 
treatments. Even after severe cold reduction, it 
remains ductile and can be bent back upon itself 
without fracture. Experimental cores measured at 
room temperature showed a coercive force of 0.26 
oersted, a residual induction of 21,000 gausses, and 
a maximum permeability of 66,000 to 20,000 
gausses.

The Arnold Engineering Co., Dept. ED, Ma­
rengo, Ill.
CIRCLE 291 ON READER-SERVICE CARD FOR MORE INFORMATION

• Tiny but rugged, can withstand a cable pull of over 50 lbs
•Twelve polarity groups—two and three lug
• Vibration-proof bayonet locking (MIL-C-5015)
• Teflon insulators permit use over wide temperature-range 

with low electric loss
• .002" silver plate and gold flash affords excellent 

corrosion resistance
Dage Catalog 201-B gives full details with specifications on 
sub-miniature DMs. Write for your free copy.

VARFLEX CORPORATION

275 Massachusetts Avenue, Cambridge 39, Massachusetts, US A

MINIATURIZED EQUIPMENT 
GROWS SMALLER STILL

\ce SAMPLE FOLDER

U IV1 senes
RF Cable Connectors



FEATURES
| High accuracy

] Stability of 
frequency control

J| Self starting

J| Infinite

| Integral, 
magnetically 
shielded

J| Standard octal tu 
pin connectors

FRAHM
RESOtyANT- 
ll REED Vg

OSCILLATOR
CONTROLS

New Literature

APPLICATIONS

Electrical and Acoustical Measurements
Electrical Communication Systems (Selective Calling)
Remote Operation and Supervisory Control of Machinery 

and Apparatus
Electrical Computers and Telemetering Systems
Electro-Mechanical Bandpass Filters

Frahm Oscillator Controls. Type ROC, make possible the design and con­
struction of inexpensive, precision tone generators that are small and light 
weight. These generators will have accurate output frequency and output 
voltage with very nearly sinusoidal wave shape.

They can be made with any one nominal control frequency between 20 
and 1100 cps. They will control the output frequency of circuits, under 
specified conditions, constant within ±0.15% of the nominal control 
frequency.

We particularly encourage your inquiries and correspondence on special 
applications and problems. If you haven’t explored these Frahm Oscillator 
Controls we’ll be glad to send you complete specifications, characteristics, 
etc. Write for Bulletin 34-ED.

«-TO«

.1 A M ES G . Il I II II L E C II . 
HtriHUAL TESTIMI IXSl HUMES IS • SPEED MEASIIHIM! I\S1HI1MIMS 

LMIIIII \UIHi & SCHMIHC EUIHPMEXT 
unti AUCH ST HE ET, I* H I L A II E L P H I A 7, PI.

CIRCLE 294 ON READER-SERVICE CARD FOR MORE INFORMATION
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Temperature Sensitive Device 295

"The Story of the Spencer Disc,* second 
edition, is a 32-page pamphlet describing 
how this thermostatic device works. Dis­
cussed are the various applications and his­
tory of this disc. Metals & Controls Corp., 
Spencer Thermostat Div., Attleboro, Mass.

Meter-Relays 296

Very high sensitivity meter-relay models 
featuring recent design improvements are 
catalogued in Bulletin 104-A, a revision of 
104. Other units covered in the 12-page 
booklet are thermistor temperature con­
trols, thermocouple temperature controls, 
and plug-in controls for both internal and 
external meter-relays. The text gives de­
tailed attention to the specifications, con­
struction, operation, and circuitry of all de­
vices listed. Prices and ordering information 
are also given. The bulletin is illustrated 
with photographs, cutaways, dimensional 
drawings, and many circuit diagrams. 
Assembly Products, Inc., P.O. Box XX, 
Palm Springs, Calif.

Cable Fatigue

The fatigue characteristics of aluminum 
EC (Electrical Conductor Grade) wire 
drawn from redraw rod produced by slit­
sheet process have been demonstrated in 
tests conducted at three independent re­
search laboratories. Results of the tests are 
discussed in a new laboratory report.

All three laboratories reached the same 
conclusion—that the fatigue strength of EC 
aluminum wire is equal to wire drawn by 
conventional methods. The tests, according 
to the report, were undertaken to supply 
complete experimental data on fatigue 
properties of the product. For a copy of the 
report write directly to Reynolds Metals 
Co., 2500 S. Third St., Louisville, Ky.

Core Design Manual

Control Cables 297

Detailed technical and engineering infor­
mation is now available on control cables 
designed for industrial, utility and mecha­
nized research applications. The catalog is 
in loose-leaf binder form and subsequent 
product developments can be supplied to 
keep catalog up-to-date. Described in the 
illustrated catalog are many uses of plastic 
cables. The various types of cables avail­
able are explained in detail, specifications 
and characteristics for each cable are given 
and physical properties of plastic used as 
insulation material are listed. For further 
information about these cables write di­
rectly to the manufacturer. Ansonia Wire & 
Cable Co., Ill Martin St., Ashton, R.I.
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Written for production and design people sacrifie
concerned with manufacture of transformers 
and reactors this 24-page booklet B 7048 en­
titled “Type ‘C’ Hipersil Core Design andl 
Application Manual” is now available. It isl< 
illustrated with photographs, diagrams, and] 

data charts which explain what the type ‘Cw 
core is, how these cores are made, and howB 
they are best applied. Examples are given] 
to illustrate how transformer cost can be reW 
duced through use of ‘C’ cores. Westing-] 
house Electric Corp., P.O. Box 2099, Pitts] 

burgh, Pa.

Butyl Rubber

The resistance of butyl rubber to various 
solvents and chemicals is described in a 
16-page booklet just released. Quid 
reference charts and tables show reactior 
to certain hydrocarbons, corrosive solutions 
and halogen gases. Also covered is volumi 
increase in rubber when immersed in man] 
of chemicals. Thiokol Chemical Corp., 78( 
No. Clinton Ave., Trenton 7, N.J.
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Dote File Dust-Free Enclosures 305
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Among the subjects covered in the 9-page 
booklet entitled “Time Interval Measure­
ments and How to Make Them” just re­
leased, are a description of time interval 
meters, measurement of pulse width and 
elapsed time, low frequency period meas­
urements, timing relay operations, testing 
camera shutter speeds with a time interval 
meter, and measuring velocity with a time 
interval meter.

Well illustrated, Data File 112 contains 
[diagrams, photos and schematics describ­
ing techniques for using time interval 
meters. Beckman/Berkeley Corp., 2200 
Wright Ave., Richmond, Calif.

Catalog No. 255 and a bulletin describ­
ing dust-free plastic enclosures are now 
available. These enclosures are used for 
assembly of tubes, transistors, gyros, small 
instruments, and other applications. Con­
trolled Atmosphere Enclosures Corp., 230- 
11 141st Ave., Springfield Gardens 13, N.Y.

High Variable Transformers 306

Induction Brazing 302

same 
of EC 

wn by

Technical article covering advantages of 
induction brazing is now available. Bulletin 
1332 discusses the properties, formula for 
estimating power requirements, and neces­
sary tables for computing coupling effi­
ciency for various metals and coil types. 
General Electric Co., Schenectady 5, N.Y.

A concise, illustrated 28-page bulle­
tin P 257H features ratings and com­
plete information on standard line of 
powerstat variable transformers for high 
frequency applications is now available. It 
gives full data on 35 types of miniaturized 
manual and motor-driven powerstat trans­
formers for 28, 120, 240 and 480 v, single 
and three phase service in ratings from 
56 va to 8.7 kva. Superior Electric Co., 83 
Laurel St., Bristol, Conn.
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Ideas for Increasing Efficiency 303

Fifty-nine shortcuts to speed drafting and 
computation work are described in a handy 
booklet entitled “Time Saving Tips for the 
Draftsman and Engineer.” Leading engi­
neers and draftsmen were asked what 
techniques they used to save time without 
sacrificing precision in their work.

This booklet shows new approaches to 
old problems. The section on Engineering 
Data contains nine time-saving tips, includ­
ing “Determining Gear Inertia” and “Inter- 

Ipolating Between Family of Curves.” 
[Frederick Post Co., 3650 N. Avondale Ave., 
[Chicago 18, Ill.

Bulletin No. D deals with an expanded 
line of industrial thermowells which protect 
temperature sensing elements against 
mechanical injury and corrosive or con­
taminating atmospheres. It contains com­
plete descriptions of various types of 
thermowells, both bar stock and built-up, 
and the alloys in which they are available. 
Specifications for individual types are listed 
in chart form with corresponding ordering 
instructions. The four-page brochure is 
amply illustrated with photographs and 
drawings. Thermo Electric Co., Inc., Saddle 
Brook, N.J.

Springs 308

Audio Frequency Equalizers 304

various 
îd in a 
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“Audio Frequency Equalizers” is a 16- 
page catalog with product illustrations and 
two dozen charts. The catalog index is by 
subject and also by catalog identification. 
Listed are wave filters, variable equalizers, 
diameter equalizers, broadcast line equal­
izers, recording equalizers, variable high 
M low pass filters, graphic equalizers, 
program equalizers, variable dip filters, 
[equalizer kits, and equalizer knobs and 
[dials. Also presented are eight case studies 

F problems and solutions. Cinema Engi­
neering, Div. of Aerovox Corp., Burbank, 
■Calif.

A visual presentation of several types of 
springs is contained in a recent 8-page 
booklet. Shown are photographs of a diver­
sity of springs in each of the following 
categories: extension springs, torsion 
springs, flat springs, wire forms, and com­
pression springs. Superb Spring Works, 
Inc., 34A E. Sidney Ave., Mt. Vernon, N.Y.

309

The 1957 catalog of eyelets, ferrules and 
terminals for which tools are available has 
just been released. It includes detailed 
specifications on copper, brass and steel 
stampings—flat flange eyelets, rolled flange 
eyelets, special eyelets, regular and special 
ferrules and terminals. Waterbury Com­
panies, Inc., Waterbury 20, Conn.

Tailoring a complete antenna system 

to rf equipment can be easier, faster, 

more economical—if you put transco on 

the R&D. Ten years of rf work on military 

and commercial systems have produced 

a wealth of experience that you could 

be using. Extensive test facilities 

are your assurance of reliability.

TRANSCO designs and manufactures:

antennas 
antenna couplers 
antenna mounts 

baiuns & couplers 
coax switches 

filters 
multiplexers 

power splitters 
system control 

switches

P R O D U CTS, I N C.
The Finest in R F System Components

12210 NEBRASKA AVENUE, LOS ANGELES 25, CALIFORNIA 

REPRESENTATIVES IN MAJOR AREAS

CIRCLE 310 ON READER-SERVICE CARD FOR MORE INFORMATION
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32iScreen Process

KEARFOTT COMPANY

CIRCLE 312 ON READER-SERVICE CARD FOR MORE INFORMATION
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INC., LITTLE FALLS, N.J

New Literature Servomotor-Rate Generator 316

x

NEW
9

Interval Timer 312

EARFOTT
COMPONENTS

Catalog and technical data on manually 
set, motor driven interval timer, Model 271, 
are now available in bulletin PB-271 just 
released. Details of construction, operation 
and application are included. The bulletin 
also shows time range selections, ratings, 
switch capacity and special accessory in­
formation. Cramer Controls Corp., Center­
brook, Conn.

Data Sheet 869 features the Model 18 
MG 490/460 servomotor-rate generator 
The 2-page leaflet gives a description, com­
plete specifications, and the electrical char­
acteristics of this size 18,115 v, 400 cy gen­
erator. It is illustrated with a two-view 
drawing, a schematic, and a torque-speed 
curve. Beckman/Helipot Corp., Newport 
Beach, Calif.

Sound Films 317

FOR LIGHT, MORE RELIABLE 
SERVO SYSTEMS

SERVO MOTORS
Standard Kearfott servo motors and servo motor­
generator combinations are now available for 
operation with transistorized amplifiers. These 
units feature center rapped control phase windings 
rated 40 volts in series and 20 volts in parallel. 
Fixed phase excitation to size 8 and 10 units is 26 
volts 400 cps and to size 11, 15 and 18 motors 115 
volts 400 cps.

SUMMARY OF CHARACTERISTICS

Size Stoll No Lend Watt» Weight
Torque Speed Phase

8 .33 oz in. 6200 RPM 3 4 2 1 oz
10 28 oz. in. 6500 RPM 3 1 1 5 oz
1 I 63 oz. in. 6700 RPM 3 5 4 5 oz
15 1 53 oz in 5300 RPM 6 7.30 oi
18 2 4 oz. in. 5300 RPM 9 12.2 oz

TRANSISTORIZED AMPLIFIERS
A new transistorized servo amplifier suitable for 
driving size 8, 10, 11, and 15 servo motors is also 
available. This amplifier provides a 40 volt, 6 watt 
output. Designed to meet the requirements of 
MIL-E-54OO it is rated for operation over the am­
bient temperature range of —54°C to +71°C Two 
captured screws and a recessed connector are sup­
plied with unit. Dimensions I Ji" x 1^" x 1&" 
high, weight 4.7 oz.

Write Today For Descriptive Technical Data

Radiant Heat Elements 313

All the facts and figures on Thermflex, 
the radiant heat element that can be 
sprayed, dipped, or printed on any material 
or shape where heat is required is described 
in 8-page catalog just released. Unique is 
the inclusion of an actual sample of Therm­
flex which can be used in a manufacturer’s 
experimental department for testing. Ver- 
rall Moe Eectronics Inc., Thermflex Div., 
1008 Center St., Jefferson, Wis.

With illustrations, Booklet B-7077 de­
scribes 47 16 mm sound films offered free. 
Listed in the 28-page catalog are general 
interest films, product information films, 
and training films. Also presented is a de­
scription of instruction courses available to 
electric utility companies. Westinghouse 
Electric Corp., P.O. Box 2099, Pittsburgh 
30, Pa.

Dynamotors 318

Standard Terminal Insulators 314

Data Sheet 15F5 presents engineerin 
drawing of typical unit in the series an 
includes a performance curve on efficient 
versus output. All motors in the 1500 serie 
are designed to withstand vibration of 3 g’ 
from 5-600 cps along 3 mutually-perpen 
dicular axes; duration 30 minutes minimu
in accordance with MIL-T-5422C (ASG) 
Motors operate in ambient temperatur 
range of from —40 to +71 C standard 
with special units available for operatic 
up to 100 C ambient. Induction Motor 
Corp., 570 Main St., Westbury, N.Y.

KEARFOTT COMPONENTS 
INCLUDE;

Gyros, Servo Motors, Synchros, 
Servo and Magnetic Ampliners, Ta­
chometer Generators, Hermetic Ro 
tary Seals, Indicators «nd other Elec­
trical and Mechanical Components

KEARFOTT SYSTEMS INCLUDE.
Directk nal Gyro Compass Systems,
Three Gyro Stable Platform Systems 
and Inertial Navigational Systems A SUBSIDIARY OF 

GENERAL PRECISION EQUIPMENT CORPORATION

Sole» and Engineering Office»: 1378 Main Avenue. 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.

A line of standard terminal insulators is 
discussed in Bulletin 657. Combining the 
characteristics of a superior ceramic mate­
rial with an improved high temperature 
metallizing and brazing process, these in­
sulators offer high quality.

The technique described involves coating 
areas of the ceramic to be metallized with 
a molybdenum-manganese mixture and 
firing in a high-temperature, hydrogen at­
mosphere furnace. Coors Porcelain ,Co., 
680 9th St., Golden, CoIq.

Engineering Manual 31

Metal Hardness Tester 315

The outstanding features of an easily op­
erated, accurate, portable 30 oz instrument 
which can be used in any position to test 
the hardness of any size, shape or type 
metal is described in 4-page folder recently 
released. Eliminating the need for calcula­
tions or conversions since the operator 
places the unit on metal, presses the han­
dles toward material and reads large dial to 
get accurate answer in seconds in Rockwell 
or Brinell ranges is one of the features of 
the instrument as stated in the booklet. 
Newage Industries Inc., 222 York Rd., Jen­
kintown, Pa.

“Design Engineering Specification” C-10 
is available to designers, engineers an 
purchasing agents. This comprehensive e 
gineering manual describes materials, co 
struction, design criteria, specification co 
formance and other important features f 
determining correct electronic cable f 
specific uses. Pacific Automation Produc 
Inc., 1000 Air Way, Glendale 1, Calif.

A variety of products for the many phase 
in which screen process printing is an tq 
tegral method of manufacturing is dh 
cussed in a bulletin just released. Th 
pamphlet describes the various items U 
detail as well as the characteristics anj 
specifications of such products. Worn 1 
Process Paint Co., 1218 Long Beach Avd 

Los Angeles 21, Calif.
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323Power Supplies321

324Timing Devices
ree.

Plastics Molding 322
□use

■oducl

Reg TM Owens-Corning Fiberglas Corp
an n

DELAY LINES AND ELECTRONIC TEST EQUIPMENT'MANUFACTURERS OF PULSE TRANSFORMERS,

CIRCLE 325 ON READER-SERVICE CARD FOR MORE INFORMATION

Write us your requirements and we’ll send samples 
and performance data on the appropriate material.

♦ Wide pulse repetition frequency 
range from 20 cps. to 2.0 mcs.

* Stable pulse duration controlled 
by electric delay lines.

HEAT 
105 & 
JO5A'

SUPER 
HEAT

125 ,

♦ Trigger pulse precedes output

♦ Duration of pulse variable from 

0.2 ms to 5.0 ms in steps of 0.1 ms.

Check the properties your sleeving must have, the 
specifications it must meet... then select the 
Resinite material that conforms. The result of ex­
haustive research and development, exacting manu­
facture and rigid inspection, Resinite sleeving is 
absolutely uniform, completely dependable and in 
most cases exceeds specs. That’s why it is preferred 
by America's electronics and aircraft industries.

iCTRONIC DESIGN • September 15, 1957

| Of particular interest to manufacturers 
who call on the services of a custom plas­
tics molder is a brochure just published. 
The brochure describes the facilities for 

I impression, transfer and injection plastic 
holding, and their associated operations 

t mold making, engineering and design, 
ttsearch and assembly. Waterbury Com­

banies, Inc., Waterbury 20, Conn.

SPECIALISTS IN VINTI SUCV'NG ANO TUBING FOR THF AIRCRAFT, ELECTRONICS. ELECTRICAL ANO PHARMACEUTICAL FIELOS 

CIRCLE 326 ON READER-SERVICE CARD FOR MORE INFORMATION
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Tc help them choose the proper alloy 
and treatment for suggested applications, 
designers are offered a selector guide for 
nickel alloy spring wire. The publication 
discusses five methods of heat treating 
nickel alloys and processing springs: stress 
equalizing, stress relieving for uniform 
noduli, soft annealing, age hardening, and 
Ljlution annealing. The selector guide also 
points out recommended thermal treat­

ments for nickel alloy springs. A chart lists 
13 nickel alloy springs with the specific 
values of temperature and time for stress 

equalizing and age hardening. Techalloy 
Co., Inc., Rahns, Pa.

♦ Low impedance output, ampli­
tude continuously variable from 
0 to 40 volts without distortion.

VIMYL 
GLASS 

(Vinyl Coated 
^Fibertfas*)

♦ Pulse rise and fall times are 

symmetrical at 0.05 ms.

•ature 
idard 
ration 
lotors

T his reliable and versatile instru­
ment, developed for our own use, 
has wide possibilities for application 
in many laboratories.

Semi-conductor voltage regulated power 
supplies, de to de converters and magnetic 
amplifier voltage regulated power supplies 
are described in brochure B 576 just re­
leased. The brochure is well illustrated and 
lists the latest improved specifications on 
wide range and narrow range electronic 
type voltage regulated power supplies. 
Kepco Labs. Inc., 131-38 Sanford Ave., 
Flushing 55, N.Y.

ienc\ 
;erie<

Full information on a complete line of 
electric timing motors, timing devices, and 
clock movements is offered in a recent cata­
log of 30 pages. Hysteresis, inductor, clutch, 
reversible, de, miniature, and heavy duty 
electric timing motors; time delay, interval, 
and cycle timers; commercial elapsed time 
indicators; and rectangular and round elec­
tric clock movements are some of the prod­
ucts pictured and described. Dimensional 
drawings, circuit diagrams, and data on 
standard specifications and ratings are 
given for each unit. The Haydon Mfg. Co., 
Inc., Torrington, Conn.
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VINYL INSULATION

Resinite Department ^Horden COMPANY Chemical Division
Plants: Santa Rarhara, Calif. • No. Andover, Mass,

Og I < IIMIROI 
tNGINtMlNG COMPANY

1952 E Allegheny Ave Ph.Ia 34 Po

SLEEVING GUIDE 
to select the proper material

Also a complete range of 
vinyl tapes and lacing cords

OPERATING 
TEMPERATURE 
RANGE

185°F
—90° F

194°F 
—55°F

185 F 
-45°F

221°F
—5 F

257°F
-44'F

266° F 
—50?F

DIELECTRIC 
STRfNGTH

390 volts 
mil/aver.

750 volts 
mil/min

800 
volts/mil

1,000 
volts/mil

1,000 
volts/mil

8,000 
volts

CUT THROUGH 
RESISTANCE Good Good Good Excellent Out­

standing Outstanding

OIL 
RESISTANCE

Slight 
Swelling

Slight 
Swelling

Slight 
Swelling Excellent Excellent Excellent

RESISTANCE 
TO FLAME 
(Self Extinguishing)

6 sec. 8 sec. 5 sec. 10 sec. 1 sec. 45 sec./inch

FUNGUS 
RESISTANCE Yes Yes Available 

(105A only)

CORROSION 
RESISTANCE Good Good Good Good Good Good

APPLICABLE
SPEC MIL-I-7444A(2)

M11-163 IC 
Type F, 
Form 0. 
Grades 
a and b. 
Class 1 
and II.

Cat. 1 & 2

AMS 3630A

MIL I-631C 
Type F, 

Form U Gr C. 
Class I & II 
(105A only)

Class II 
(105 only) 
Cat 1&2

Also U.L.105 C

U.L. 
105°C

ASTM D372-531 
NEMA-VSI195Q 
MIL 1-3190(4)

j
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330Electrical Equipment

FOR HIGH RELIABILITY

332Mobile Air Monitor

Nickel Alloy Wire 333

DISTORTION ELIMINATING VOLTAGE REGULATOR

CIRCLE 329 ON READER-SERVICE CARD FOR MORE INFORMATION

142 CTR(

The Regulator that 
Eliminates Distortion

ELECTRONIC DESIGN • September 15, 19

“How to Design with Nickel Alloy Wire” 
is a 6-page handbook on designing with 
alloy wire such as Monel, nickel, Inconel, 
Inconel X, and stainless and heat-resisting 
steels. Taking actual situations, the article 
shows how successful answers were worked 
out to solve corrosion and heat-resisting 
problems. Along with case studies, the 
booklet contains a guide for selecting mate­
rials and using them in product design and 
manufacture. Graphs and photographs il­
lustrate the text. Techalloy Co., Inc., 
Rahns, Pa.
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PRICE 
$1,689.00 

FOB. Carlstadt, N. J
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M E P C O INC., MORRISTOWN, NEW JERSEY 
CIRCLE 328 ON READER-SERVICE CARD FOR MORE INFORMATION
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Dual-service electrical distribution sys­
tem comprised of two runs of metal duct 
under a single screw-type cover is reviewed 
in an illustrated, 4-page bulletin just pub­
lished for architects, engineers, electrical 
contractors, home builders and other speci­
fiers of electrical equipment. Featured in 
the bulletin are photographs of a finished 
installation and a series of drawings that 
emphasize ease of mounting and wiring. 
National Electric Products Corp., 2 Gate­
way Center, Pittsburgh, Pa.

MODEL 
EE 100 A 

Immediate Delivery

Mobile air particle monitor for continu­
ously monitoring and recording beta and 
gamma levels is described in 2-page form 
3004-7 now available. It states that the unit 
conforms to ORNL specifications Q-1740 
and the bulletin outlines special design 
features including block schematic showing 
applications, and fisting detailed specifica­
tion data. Victoreen Instrument Co., 5806 
Hough Ave., Cleveland 3, Ohio.

Composition Resistors 335

Molded composition resistors only 0.067 
in. in diam and 0.140 in. long are described 
in Bulletin 150 now available. Expanding 
the line of 1/2, 1 and 2 w “Little Devil” 
resistors, these tiny units are rated at 1/10 
w. Construction, dimensions, stock resist­
ance values and prices are covered in the 
bulletin. Ohmite Manufacturing Co., 3650 
Howard St., Skokie, Ill.

Film Comparator 336

Ballistic powered film comparator which 
utilizes precision lead screws and decimal 
digitizers to convert linear distances oh 
film into digital data for automatic record 
ing is described in bulletin CR 190 noil 
available. It consists of photographs show 
ing close-up details of film handling mech^ 
anism with the cowling removed. Coleman 
Eng. Co., Inc., 6040 West Jefferson Blvd! 

Los Angeles, Calif.

Heating Problems 334

“Heating Problems Solved * is an 8-page 
booklet of technical data which describes j 
solutions to four difficult problems created | 
by odd contour shapes, space and weight! 
limitations, and other characteristics. With 
illustrations, it describes sprayed-on, film] 
type heating elements adaptable to missilti 
applications. Electrofilm, Inc., P.O. Box 
106, North Hollywood, Calif.

I
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Telephone-Type Relay 331

A comprehensive report on a miniatur­
ized telephone-type relay, the type 9, is 
available in an engineering bulletin of 
four pages. The illustrated folder has stand­
ard stock and contract listings, technical 
data, and descriptions of characteristics and 
features. Both enclosed and hermetically- 
sealed types are covered. Phillips Control 
Corp., Joliet, Ill.

Magnetic Hum & Electrostatic 
Shielding 33!

How to wrap audio transformers, choki 
and other square or rectangular compor 
ents using newly developed “Co-netic 
flexible foil to prevent magnetic hum i 
described in Data Sheet 129 now availabl« 
The illustrated sheet includes 14 photos a 
well as complete information on the pro< 
ess. Perfection Mica Co., 1322 N. Elsto 
Ave., Chicago 22, Ill.

Insulation Samples

Samples of high temperature insulations 
are being offered on pocket-size cards. 
Typical samples available are Teflon and 
silicone insulated magnet wires, lead wires, 
sleeving, tubing, shielded and jacketed 
miniature cables, and multiconductor 
cables. To obtain the cards, write on com­
pany letterhead, specifying type, size and 
application, to American Super-Tempera­
ture Wires, Inc., West Canal St. Winooski,
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Furnishes 1.4 KVA of distortion- 
free, =tl% regulated power 
without phase shift
330 microseconds recovery time 
— fastest regulation available 
Reduces line distortion to less 
than 0.3%
Simultaneously provides 4 KVA 
of ±1% electromechanically 
regulated power
Electronic Equipment Sales Department

Applications:
Besides general laboratory use, this 
instrument provides simpler, more 
accurate calibration of meters . . . 
better design of transformers, syn­
chros, motors, magnetic amplifiers 
. . . easier testing of such compo­
nents, with fewer rejects . . . easier, 
more accurate measurement of 
magnetic properties and receiver 
sensitivity . . . better computer per­
formance . . . elimination of fast 
line transient effects. Write for de­
tails.

RESISTOR PRODUCTION ONLY!
(Environmental production testing optional, but recommended I 

Hermetically Sealed Deposited Carbon Resistors o Sealed Resistor Networks

• Encapsulated Precision Wire Wound Resistors

DEVR

ELECTRONICS DIVISION I '

CURTISS-WRIGHT
CORPORATION • CARLSTADT, N )
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phase Sensitive Demodulator 338

phase sensitive demodulator, and associ- 
Lted 400 cycle power supply, which serves 
L the link between a guidance system and 
a telemetering system is described in 4-page 
brochure now available.

The folder gives the design features and 
he specifications of this power supply, 
hoover Electronics Co., 3906 Liberty Hts. 
Lye., Baltimore 7, Md.
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“Fluidized Plastic Coatings for Corrosion 
Resistance” is the title of a special report 
Low available. This 6-page reprint of a 
kature article, covers such topics as the 
Mechanism of fluidization, coatings avail­
able, cost factors, and applications. Two 
fables provide technical data on corrosion 
Resistance of fluidized polyethylene coating, 
and fluidized coating materials. American 
Lgile Corp.. P.O. Box 168, Bedford, Ohio.

Corona Type Voltage Regulators 340

A bulletin has been issued to describe a 
Bine of corona type voltage regulators. The 
f page pamphlet, Form 3003-7, covers both 
Mass and metal types of construction. It 
pntains complete specification data with 
Lmensions, as well as suggested applica­
tions. Photographs, performance curves, 
drawings, and diagrams are provided for 
illustration. The Victoreen Instrument Co., 
i Hough Ave., Cleveland 3. Ohio.

iramic Design Helps 341

A summary of the principal standard de­
sign tolerances for alumina parts is given in 
pis new single-sheet bulletin. Joint Army­
Navy specifications are used as guides for 
pese design helps. JAN-1-8 is the reference 
n which this bulletin is based. It gives 
I nplete details concerning definitions and 
Ipts as they may apply to alumina cer- 
fciics. Electro-Ceramics, Inc., 975 E. Fifth 
I Salt Lake City, Utah.

¡odes 342

To help meet the needs of both commer- 
[al and military’ applications, a booklet de- 
pbing germanium point contact diodes 
p been released, as well as one on silicon 
peti on diodes. Both booklets are well il- 
prated and offer a complete description 
rhe various types of diodes available in- 
Hibg the characteristics and specifica- 
fns. Hughes Aircraft Co., Intnl. Airport 
ption, Los Angeles 45, Calif.

Variable Voltage Adjustors 343

Variable voltage adjustors are catalogued 
with illustrations in Bulletin VA 312. Sizes 
ranging from 150 w to 15 kva are tabulated 
with specifications and dimensions. The 
descriptive text emphasizes the importance 
of maintaining a constant voltage to obtain 
the maximum performance from electric 
powered or electric driven equipment. It 
also briefly covers the problem of voltage 
drop and voltage fluctuation as a result of 
overloads on distribution systems. Acme 
Electric Corp., Cuba, N.Y.

when
reliability
9e counts

Static Switching Systems 344

Another tool for automation—static 
switching systems—is described in Bulletin 
6364A just released. The 8-page pamphlet 
gives examples of the uses of each of the 
eight basic static elements; describes oper­
ation of units; explains how various unit 
combinations are wedded to make up an 
integrated system; and cites typical appli­
cations of static switching. It also lists the 
advantages of using static control in se­
lected applications. General Electric Co., 
Schenectady 5. N.Y.

Reliable Relays 345

RCA RELAYS
RCA Relays . . . for outstanding performance in high-speed, high­
altitude missile and airborne applications, and critical require­
ments in industry.
Miniaturized . . . hermetically sealed . . . RCA Relays are highly 
reliable under the most severe operating conditions. RCA Relays 
meet and exceed the electrical and mechanical requirements of 
MIL-5757C and MIL-R-25018 (USAF).

GENERAL FEATURES
• Rated for operation up to 80,000 foot. • Insulation resistance better than 1,000 
megohms aftur life test. • Balanced rotary motors for utmost stability. • EXCLUSIVE— 
Specially crimped mounting flanges provide potHivu contact at four point* on the mount­
ing turf act I

Use the coupon for more information about RCA Relays.

Handy engineering catalog No. 157 de­
scribing printed circuit relays, miniature 
and subminiature 6PDT and power relays, 
snap action relays, 400 cps relays, rectified 
relays for quiet operation and increased re­
liability on ac is now available. It includes 
a wide selection of relays with hermetically 
sealed and dust tight enclosures; with re­
movable dust covers; and with dust tight 
observation window enclosures. Magne­
craft Electric Co., 3350D W. Grand Ave., 
Chicago 51, Ill.

4 ï 0*0
e -L

RCA Type 2O3FW2—A 6 PDT miniaturized DC relay weigh­
ing less than 4% ounces. Withstands 50g deceleration shock 
for 11 milliseconds, and 10g vibration shock from 5 to 2,000 
cps. 26.5 volts DC coil. Contact rating 2 to 5 amperes. Life 
100,000 cycles plus! Contact resistance less than .050 ohm. 
Contact Bounce less than 300 microseconds. R.F. Capacitance 

Uess than 3 ppf. Temperature Range —55° C to 4-85° C.

RCA Type 204FW1—Same as the 
203FW2 except: Temperature Range 
—65° C to +125° C. Uses a "getter” 
which absorbs organic vapors and 
keeps contact clean—contact resis­
tance will be lower after life test than 
before life test.

RCA Type 206FW1 —A 2 PDT miniaturized DC relay weigh­
ing less than 0.9 ounces. Temperature Range —65° C to 
4-125° C. Like the 204FW1 uses a "getter” to keep contacts 
clean. All other characteristics the same as the 203FW2.

Waveguide Pressure Windows 346

A brochure describing waveguide pres­
sure windows and their uses has just been 
released. Performance curves, outline di­
mensions and drawings, and complete elec­
trical and manufacturing data are given in 
the brochure for each window type. Broad­
band-width, high power, cover-flange­
mounted windows for direct mounting be­
tween standard flanges in the frequency 
range from 2.5 kmc to 75 kmc, are listed. 
Microwave Associates, Inc., Burlington, 
Mass.

ILLUSTRATIONS ARE TWO-THIRDS ACTUAL SIZE.

RADIO CORPORATION of AMERICA 
COMPONENTS DIVISION CAMDIN, N.J.

MAIL NOW FOR RCA RELAY DAfA
RCA Components Division, Advertising Sect. I-18-PP, Bldg. 60-1, Camden, NJ.
□ Bulletin 203FW2 □ Bulletin 204FW1 □ Bulletin 206FW1 □ Have RCA Rep call

NAME_________________________________________________________________________________________________

COMPANY_____________________________________________________________________________________________

A D D R E S '___________________________________________________________________________________________ —

CII**ta?f .

CIRCLE 499 ON READER-SERVICE CARD FOR MORE INFORMATION
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permanent 
dependability in

small packages ;

for HIGH 
VOLTAGES
from (¡0(1 to 50.000 volts

tn tn

" yvw’w » 
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't v v
"glass-kase” capacitors

A proven line of hermetically sealed-in-glass, 
HIGH VOLTAGE capacitors... custom made with 

a variety of plastic film dielectrics to meet your 
requirements precisely. U. S. Edcor’s exacting quality 

control, functioning through newly developed tech­
niques and equipment, assures you of exceptionally 

reliable plastic film capacitors. Where your operational 
requirements are critical, you will find U. S. Edcor’s 

“glass-kase” Capacitors..
ta«««

OUTSTANDING FOR USE IN . .

a»aa«o

aaaaaaaaa« tannila»«

ma

Electronic Computers 
Differential Analyzers 
RF and Pulse Circuits

*•

Audio Coupling Bypass 
Integrating Circuits 
Electrometer Circuits
Oscilloscope Circuits
Geiger Counters«■«■■«■•a 

avaaaaaaa 
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«■■a»«»» ‘f aeeeeawwas

U. S. Electronics Development Corporation
1323 Airway. Glendale 1, California I 

J

A. &

Our /Wd Engineering Representatives welcome 
'the opportunity to consult with you on standard 
or special capacitor requirements. For address 
of office nearest you — or for complete technical 
data - WRITE TODAY to Sales Engineering 
Dept., U. S. Electronics Development Corp., 
¡323 Airway, Glendale 1, California, U.S.A.
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X-Ray Inspection 348

Reprint of article giving details on meth­
ods used for automatic x-ray inspection 
of subminiature electron tubes is avail­
able. Illustrated with photos and radio­
graphs, the bulletin describes mass quan­
tity inspection of components for missiles 
and aircraft systems. The text deals with 
x-ray work that involves welds on wire 
stock measuring 0.003 to 0.015 in. in diam. 
Philips Electronics Inc., Instruments Div., 
750 S. Fulton Ave., Mt. Vernon, N.Y.

Weight-Saver Locknuts 349

Self-locking nuts, 49 per cent lighter than 
their standard counterparts, are reviewed 
in a 4-page catalog folder now released.

The lightweight locknuts, approved un­
der government specifications AN-N-10A 
and MIL-N-25027, are forged, all-metal 
nuts. Threads employ a three-point locking

action. The nuts, cadmium plated to QQ-p. 
416 specifications, are available in five sizes 
ranging from No. 8 through 3/8 in. Stand­
ard Pressed Steel Co., Jenkintown, Pa

“Cats Eye” Photoelectric Controls 350

An extremely efficient optical system 
coupled with a unique “cats eye” slit for 
a photoelectric control allowing over 1000 
different uses is discussed in folder now 
available. It includes technical data, prices 
and partial list of multitude of uses. The 
high speed, sensitive control answers the 
demands of modern automation. Mason 
Instrument Co., 27 Elm Ave., Mt. Vernon 
N.Y.

Cycling Timer 351

Complete technical information on a new 
motor driven cycle timer, Type 571, is de­
scribed in Bulletin PB-571 now available. 
Application and operation data are pre­
sented in detail together with time ranges, 
ratings, material and construction specifi­
cations. Several non-standard arrangement 
for special applications are suggested. A

NEW CASE

FOR SMALL POWER-UNIT PANELS 
INDUSTRIAL TEST UNITS —COMMUNICATION EQUIPMENT, ETC. 

LONG LASTING AND ACCURATE TO THE DOT

ZEEDE
ELECTRIC METER

REASONABLY 
PRICED

BEEDE ELECTRICAL INSTRUMENT CO., INC.
PENACOOK N. H.
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357Rapid Reversing Motor

355

YD 200

YD300

YD 700

358Stainless Steel Hinges

YD 400Wire & Cable Assemblies 356

YD-500
ACTUAL SIZE

to put Silicone Rubber to work for you

! sizes 
Stand-

ystem 
lit for 
: 1000 
r now 
prices

NOW! Extended 
Capacity Ranges

rs the 
Mason 
emon.

have less height and depth than 
competitive makes. You save 
space, simplify assembly, reduce 
inventory, and eliminate testing 
of individual components. What’s 
more, Centralab PEC’s guarantee 
circuit performance under ex­
treme operating conditions.

See your local CRL distributor 
who has more than 90 standard 
circuits on hand, or write direct 
for complete information.

a new 
is de­

niable. 
e pre­
ranges, 
specifi- 
;ement 
ted. A

Transducer & Force Rings

Unique miniature rotary' transducer

FREE SAMPLES AND INFORMATION

Write today for product samples or a 
prompt quotation from your print or 
sample. Simply write .. .

Centralab PEC’s 
(Packaged Electronic Circuits)

PRODUCT DEVELOPMENT

Stability at extreme high or low tem­
peratures, electrical characteristics and 
other properties of silicone rubber may 
answer your design problem. Our engi­
neering staff, facilities and experience 
are at your disposal, to help you find an 
exact solution. Compound selection and 
custom molding are among the many 
additional, special services offered.
FAST, PRECISION PRODUCTION
Modem equipment and experienced

personnel assure you of fast delivery 
and lower costs on either large or small 
production quantities. Injection mold­
ing, constant control and careful in­
spection insure close-tolerance produc­
tion, high product uniformity. You can 
be sure your exacting requirements will 
be met.

More circuit flexibility 
...more compact design

Maximum capacities 150 to 600 volts up to 
.5 mf 6 volts up to 2.0 mf
This increases the scope of P.E.C.’s for your 
applications

All resistors are 
produced to nominal 

resistor values

Covering more than 30 different sizes in 
continuous or piano type stainless steel 
hinges as well as butt hinges, fixed pin type 
and loose pin type, the bulletin just re­
leased shows length, gauge, pin, joint and 
open width measurements. The bulletin 
also points up proper specifications for 
sound hinge practices and gives helpful 
suggestions for most efficient ordering. Star 
Stainless Screw Co., 655 Union Blvd., Pater­
son 2, N.J.

ELECTRONIC DESIGN • September 15, 1957

Circuitry performance is more stable because 
the tolerance is a distribution over the nomi 
nal and not fringe values.

Y-41S0

equalities. Phalo Plastics Corp., 25 Foster 
St., Worcester, Mass.

ploying variable permeance inductive prin­
ciple to meet severe environmental require­
ments and provide high accuracy and sensi­
tivity is described in bulletin now available. 
Also force applied to a ring causing change 
in its configuration which is sensed by a 
linear transducer mounted within the ring 
is discussed in data sheet also released. 
Crescent Engineering & Research Co., 5440 
N. Peck Rd., El Monte, Calif.

Centralab can adapt the five basic 
shapes shown into an infinite 
number of electronic circuit com­
binations to meet your require­
ments. In addition, you have a 
choice of leads — narrow tab 
(shown), wide tab, long wire, 
stub wire, and crimped wire.

These packaged electronic 
circuits incorporate resistors, 
capacitors, wiring, and often in­
ductance in one compact sub­
assembly. They’re thinner . . .

Bulletin 6645 gives design and applica­
tion information on motors from 1-1/2 to 
125 hp which have been developed spe­
cifically to operate machine tools requiring 
frequency stops, starts and reversals under 
heavy load. The 4 page bulletin describes 
the special rotor and stator design which 
reduces heat generation in the stator, re­
sulting in longer insulation life and a 
greater number of permissible starts. Gen­
eral Electric Co., Schenectady 5, N.Y.

set (f graphic instructions on specifying 
prog am schedules is also included. Cramer 
Controls Corp., Centerbrook, Conn.

Complete reference file on cord set as­
semblies, insulated wire and insulated 
cable and other products both standard 
and customized is described in catalog 57 
now available. The data is up to date and 
18 pages of the 40-page catalog are 
devoted to specification drawings. Con­
tents include inf ormation on operations and 
quality control, physical characteristics and

Dept. 312,

MINNESOTA SILICONE RUBBER, INC
5724 West 36th Street, Minneapolis 16, Minn.

Affiliated with Minn. Rubber & Gasket Co.—offices in principal cities.
CIRCLE 359 ON READER-SERVICE CARD FOR MORE INFORMATION

J A DIVISION OF GLOBE-UNION INC.
I O fl 9601 EAST KEEFE AVENUE • MILWAUKEE 1, WISCONSIN 

i„ Canada: 804 Mt. Floarant Rood • Toronto, Ontario

CIRCLE 360 ON READER-SERVICE CARD FOR MORE INFORMATION
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Electronic Components Guide 366

Comprehensive data on the complet: 1«^ 
of resistors and other electronic componl 
ents are listed in the 1957-1958 ElectroniJ 
Components Guide now available. Data 
given includes JAN or MIL equivalent] 
rated wattage, standard tolerance, tempera 
ture rise, temperature coefficient, maximuiJ 
operating temperature, ohmic values and 
dimensions. International Resistance Col 
401 N. Broad St., Philadelphia 8, Pa.

You’ll find this new, 70- 
page authoritative pub­
lication a great help in 
solving problems in de­
signing instruments or 
small electro-mechani­
cal- assemblies.
Write to: New Hamp­
shire Ball Bearings, Inc., 
Peterborough I, N.H.

dispersion curves which prov ide a 
means of determining bearing life on 
a probability basis. That is, they per­
mit the average life of a given group 
of bearings to be accurately specified.

For purposes of standardization, the 
“rating life” of a group of apparently 
identical ball bearings is defined as the 
number of revolutions that 90% of the

This figure is approximately one-fifth 
of the average life.

If two groups of similar bearings 
are run under different loads Fi and F2 
within normal operating range of load­
ing and rpm, their lives L, and Lj are 
inversely proportional to the cubes of 
the loads, i.e., The BASIC LOAD RAT­
ING C is that radial load which a group 
of apparently identical bearings can 
endure for a rating life of one million 
revolutions, with stationary load and 
rotating inner ring. Within normal 
operating ranges, rating life for any 
load is a constant number of revolu­
tions, so the following relationship, a 
restatement of the inverse cube pro­
portion, may be used to compute rating 
life when basic load rating and applied 
radial load are known:

of any individual bearing. The prob­
lem, therefore, is best approached by 

‘ ‘ ” derived

MODEL 1450
3 PHASE POWER, CONTINUOUSLY VARIABLE 

FROM 360 fo 440 CPS

12 pounds, P, a straight edge crossing 
these two values in their respective 
columns shows that the bearing could 
be expected to have a life, L, of 450 
million revolutions.

“EQUIVALENT LOAD”
Bearings whose loads are primarily 
radial are usually also subjected to 
axial forces. When the axial compo­
nent of the load is greater than a neg­
ligible value, this combined radial and 
thrust load may be expressed in terms 
of a simple ladial load in order that 
the basic load rating C may be calcu­
lated. This simple radial load is known 
as the “equivalent load”, which is that 
constant stationary radial load which, 
if applied to a rotating inner ring, 
would give the same life as that which 
the bearing will attain under the ac­
tual conditions of load and rotation.

A formula for determining “equiva­
lent load” and a more comprehensive 
discussion of static and dynamic loads 
is found in our design handbook.

DESIGN HANDBOOK OFFERED FREE MODEL 1452-B
3 PHASE VARIABLE FREQUENCY 

ELECTRONIC GENERATOR—250 VA 
OUTPUT FROM 360 TO 440 CPS

Mercury Plunger Relay 36

Engineers’ fact file on mercury plungi 
relays and related products is now avai 
able. It includes load ratings and contai

Load ratings of MICRO bearings aie 
based on standards established by the 
Anti-Friction Bearing Manufacturers 
Association and are the result of ex­
tensive tests.

The “life” of an individual bearing 
is defined as the number of revolutions 
the bearing makes before the first 
evidence of fatigue develops. Fatigue, 
in turn, is a function of bearing load 
and although other factors, such as 
contamination and high temperature, 
affect the life of a bearing, it is assumed 
that clean bearings running at normal 
temperatures are being considered.

It is not possible to predict the life

Designed to meet stringent military re­
quirements, the rectifiers described in this 
bulletin give you the ultimate in hermetic 
seal protection. The standard RETMA stud 
is of copper for optimum performance, and 
the hex base assures high-torque chassis 
mounting. High voltage insulation between 
stud and chassis can be eliminated by 
proper choice of either 1N1130 or 1N1131. 
Texas Instruments Inc., 6000 Lemmon Ave., 
Dallas 9, Texas.
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Indicating Silica Gels 361

Data are being offered on indicatin 
silica gel products, which show change! 
in relative humidity by changes in coloi 
Described is a recent product in this field 
the Indicating Gel 327. It operates iron 
0 to 4 per cent relative humidity. The lonj 
established indicator, Tel-Tale Silica Gel 
which functions between 20 and 60 pe 
cent R.H., is also discussed. Davison Chemi 
cal Co., Industrial Chemicals Div., Balti 
more 3, Md.

All data for an entire line of industrial 
wheels is presented in a recent catalog. 
Design and construction details are given 
for the Loadmaster” wheel with duPont 
neoprene tires and for standard aluminum, 
balloon-cushioned, pressed steel, and 
micarta wheels. Also listed are specifica­
tions and uses for various types of bearings, 
seals and rubber compounds. R & K Indus­
trial Products Co., 1945 N. 7th St., Rich­
mond, Calif.

output of 750 volt-amperes with output voltag' 
ion of better than 2% from no load to full 
Harmonic content is below 2% at full load.

Plain and Shielded Flanged and Shielded

Typical cut-away view» of inttrument-type retainer hall bearing».

HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE
CIRCLE 363 ON READER-SERVICE CARD FOR MORE INFORMATION

a tuning fork oscillator to give a frequency 
accuracy and stability of 1 part in 50,000 
independent of line voltage or frequency.

L=rating life in millions of revolutions 
where, C=basic load rating in pounds 

P=applied radial load in pounds
The nomograph illustrated permits 
the quick evaluation of any one of the 
three quantities when the other two 
are known. For example, if the C rat­
ing of a given bearing is 95 pounds, 
and the bearing is loaded radially with

Designed for gyro spin motor testing. This 
generator supplies 3 phase power in either 
3 wire "delta" or 4 wire "wye" output.
Voltage regulation is better than 2% from 
no load to full load and harmonic distor­
tion is less than 2%. Also available as a 
precise frequency unit (.001 %) within the 
frequency range of 300 to 1600 cps.

ABSTRACTS
by A. N. DANIELS. President 

New Hampshire Ball Bearings, Inc.

VARIABLE FREQUENCY GENERATORS
50 V A TO 60 KV4 - 1, 2 or 3 Phase Power

WRITE TOR

I COVERING OTHER
* CML GENERATORS

COMMUNICATION MEASUREMENTS LABORATORY, INC.
350 LEMNO AVENUE. PL4INEIEL0, NEW JERSEY
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372DC Voltage Meter

Prompt deliveries of from 1 to 1,000

THESE LEADING PARTS DISTRIBUTORSTHROUGH

distributed constant, lumped constant, ultrasonic

Constant, and Ultrasonic

CIRCLE 375 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 374 ON READER-SERVICE CARD FOR MORE INFORMATION
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ie lonj 
a Gel

Type 
CM-Xi 

(h watt)

A compact variable de standard and null 
voltmeter is described in Bulletin 13-3 now 
available. Direct reading calibrated dials 
provide instant voltage selection with 
standard cell accuracy and can be used to 
ad input voltage or output voltage of sup-

Type 
CM-1 

(IwottL

’ avai 
contai

"Thermosetting Electrical Tapes.” Property 
table listing physical and electrical proper­
ties for 15 tapes with paper, cloth, film and 
laminated backings ranging from Class A 
rlirough Class H temperature classifications 
is also included. Minnesota Mining & Mfg. 
Co.. 900 Bush St., St. Paul, Minn.

JAMAICA, N Y.
Norman Radio Dht. Ine.

JOHNSTOWN, PA.
Baker Radio Elech ic

JOPLIN, MISSOURI
Four State Radio Supply 

KANSAS CITY, MO.
Burstein-Applebee Co.

LAFAYETTE, LA.
Ralphs Radio Electronic Supply

LANSING, MICH.
Offenhauer Co.

LONG ISLAND, N Y.
Peerless Radio Distributors

LOUISVILLLE, KY.
Sutcliffe Co.

MANSFIELD, OHIO
Wholesaling Ine.

MILWAUKEE, WIS.
Radio Parts Co., Inc.

MOUNTAIN SIDE, N. J.
Federated Purchaser

NEWTON, MASS.
Leonard Greene Shaw Co.

NEW YORK, N Y.
Electronic Center

NORFOLK, VA.
Radio Equipment Co.

OAK PARK, ILL.
Melvin Electronics Inc.

OKLAHOMA CITY, OKLA.
Electronic Supply Co.

PASADENA, CALIF.
Electronic Supply Corp.

PHILADELPHIA, PA.
Aims Radio Co.

RICHMOND, VA.
Meridian Electronic Equip, Co.

SAGINAW, MICH.
Saginaw Distributors Inc.

ST. LOUIS, MO.
Van Sickle Radio Corp.

SCRANTON, PA.
Fred P. Pursell

SEATTLE, WASH.
Western Electronic Supply Co.

SPRINGFIELD, ILL.
Suter T. V. Supply Inc.

SPRINGFIELD, MASS.
Soundco Electronic Supply Co.

SYRACUSE, N. Y.
Morris Distributing Co., Inc.

TAMPA, FLA.
Thurow Distributors, Inc.

TRENTON, N. J.
The Dragon Co.

TULSA, OKLA.
S & S Radio Supply Co.

TUCSON, ARIZ.
Elliot Electronics Inc.

UTICA, N.Y.
Beacon Electronics 

WASHINGTON, D. C.
Electronic Wholesalers Inc.

WATERBURY, CONN.
Bond Radio Supply

WICHITA, KAN.
Interstate Electronic Sup. Corp.

around shafts and on concave or convex 
surfaces.

The booklet described how production 
costs are reduced by eliminating drilling, 
tapping or riveting operations. Park Name­
plate Co., Inc., 34-10 Linden Pl., Flushing 
54. N.Y.

Properties, recommended application 
procedures and advantages of electrical 
tapes with thermosetting adhesives are dis-

Delay Lines, and here you benefit from the expert knowledge, 
experience, and complete cooperation of one of the pioneer 
delay line manufacturers.

Available covering an extremely wide range of character­
istics. Meet MIL Specs. Send us specifications on your require­
ments.

surfaces over inside

page booklet entitled

ply. Other features included in the bulletin 
are the 0.01 per cent stability, 0.02 per cent 
accuracy, and 0.002 per cent line and load 
regulation. Kin Tel, 5725 Kearny Villa Rd., 
San Diego, Calif.

Advanced engineering and production techniques, most 
modern laboratory and test equipment, and large scale manu­
facturing facilities enable Brew to meet your most exacting 
delay line requirements. Here at Brew_you have the one source 
for Distributed Constant, Lumi ' *

ALBANY, N Y.
E. E. Taylor Co.

BALTIMORE, MD.
Kann-Eilert Electronics Inc.

BINGHAMTON, N. Y.
Morris Distributing Co. Inc.

BOSTON, MASS.
DoMambro Radio Supply 

BROOKLYN, N. Y
Quad Electronics 

BUFFALO, N. Y.
Radio Equipment Corp.

CANTON, OHIO
Video Wholesale Inc.

CEDAR RAPIDS, IOWA
Gifford-Brown Inc.

CHICAGO, ILL.
Newark Electric Co.

CLEVELAND, OHIO
Pioneer Electronic Supply Co.

COLUMBUS, OHIO
Hughes-Peters Inc.

DALLAS, TEXAS
Wholesale Electronic Supply

DAYTON, OHIO
Srepco Inc.

DES MOINES, IOWA
Radio Trade Supply Co.

EL PASO, TEXAS
Midland Specialty

HAGERSTOWN, MD.
Zimmerman Wholesalers

HARTFORD, CONN.
R. G. Sceli A Co., Inc.

INDIANAPOLIS, IND.
Rodefeld Co., Inc.

INGLEWOOD, CALIF.
Newark Electric Co.

Distributori' Dividen 
STACKPOLE CARBON COMPANY 
26 Rittenhouse Place, Ardmore, Pa.

data, coil characteristics mounting dimen- 
Lon , diagrams and illustrations, and gen­
ial information of particular interest to the 
engineer. Typical applications of the relays 
Ire iir conditioning and heating, automa­
tion equipment and communications equip­
ment. Ebert Electronics Corp., 212 Ja- 

Laica Ave., Queens Village, N.Y.

A six-page brochure entitled “How Ano­
dized Aluminum This Thin . . has been 
released. The booklet describes in detail 
the versatility of Thinplates. These ano­
dized aluminum nameplates are widely 
used for decorative trim, identification and 
information purposes, by manufacturers of 
appliances, automobiles, military equip­
ment, electronics equipment and many 
other industrial and consumer products.

Information on the flexibility of Thin­
plates is also contained in the brochure. It 
tells how they can be mounted on most

Richard 0. BREW and Company, Incorporated
Concord, New Hampshire • telephone: CApitol 5-6606 

— design • development • manufacture

pronto!
Stackpole Resistors meet or surpass to­
day’s critical performance requirements 
including MIL-R-11A specifications.

Brew Delay Lines
Brew will meet your requirements for . . .

„H- n • performance
• price . __ l __ *



ACEPOT*-ACETRIM* 
precision wire-wound 
and trimmers are 
new highs!

X-500 “Hotpot" 
freni —55° C. te 1 
%" size 
Mpt«250K 
± .3% linearity 
preved in use

New
X-500 

Sub-Miniature 
ACEPOT’ 

rated to
150C

ACEPOTS and ACETRIMS meet unusually rigid func« 
tional and physical requirements and are setting new 
standards for dependability in sub-miniaturization. 
The designs are the result of 4 years’ development and 
over a year of successful use by leading electronic, 
and aircraft equipment manufacturers.

Condensed Engineering Data

Resistane« Rang« 
Sire 
Linearity 
Resolution
Ambient Temperature 
Torque

ACEPOT 
(potentiometer) 

10-~ to 250K ± 2% 
% x %" 
±.3 % 
extremely high

ACETRIM 
(trimmer) 

10^- to 150K ± 3% 
% « %"

low or high

excellent 
—55’ C to 125’ C 

low or high

The above specifications are standard — other values on special order. 

All units sealed, moistureproofed, and anti-fungus treated. Meet ap­
plicable portions of JAN specs and MIL-E-5272A standards.

Ace also offers larger size precision potentiometers, to RETMA specifica­
tions, manufactured to highest standards to meet your most rigid require­
ments. Expedited delivery from special order section.

For applications where you must be positive, 
answer your potentiometer and trimmer needs 
with space and weight saving, highly accurate 
and dependable ACEPOTS and ACETRIMS.

Available in threaded bushing, servo, flush 
tapped hole or flange mounts, and ganged 
units. Special shaft lock is self-contained. 
Internal stops and taps as required. Indexing 
pin provides non-rotational mounting.

Expedited delivery on prototypes; prompt servicing of production orders. 
Write for Fact File and application data sheets.

♦trademarks applied for

ACE ELECTRONICS ASSOCIATES
Dept. ED—101 Dover St. • Somerville 44, Massachusetts

CIRCLE 379 ON READER-SERVICE CARD FOR MORE INFORMATION

New Literature

Environmental Cabinets 380

Testonic environmental cabinets featur­
ing combination of patented power-o-matic 
control system and constant-flow mechani­
cal refrigeration to give extreme accurate 
temperatures throughout entire tempera­
ture range, from 0 C to 180 C, are discussed 
in 2-page illustrated pamphlet now avail­
able. The Brochure No. 5690 gives com­
plete construction details, including prices, 
sizes of units available, and chart giving 
temperature cooling rate. Blue M Electric 
Co., 138th & Chatham St., Blue Island, III.

Thermostats

A 4-page bulletin 8400 on bimetal 
thermostats has been released. Printed in 
two-colors, the bulletin covers most thermo­
stats in the company’s line. They are illus­
trated in half-tone cuts, and information is 
presented on temperature ranges, ratings, 
mountings and terminal arrangements. A 
handy temperature conversion chart is also 
included. Stevens Mfg. Co. Inc., 45 N. Ply­
mouth St., Lexington, Ohio.

Strain Transducers

A high temperature strain transducer to 
meet the needs for a gage to measure 
strain without requiring complex installa­
tion is described in 8 page illustrated bool- 
let now available. Complete information, 
including schematics, characteristics and in­
stallation instructions are shown. Columbia 
Research Labs., MacDade Blvd. & Bullens 
Lane, Woodlyn, Pa.

Mobile Equipment Racks
Strong, lightweight racks for mobile elecj 

tronic equipment installations are listed iri 
a 4-page folder. Described in brief arj 
some of their outstanding features and sev­
eral accessories. The folder contains illus­
trations of the empty racks, the accessories 
and a number of installations. A table gives 
weights, dimensions, and stock numbers 
Craig Systems, Inc., Danvers, Mass.

White Print Machine

A bulletin describing Streamliner 200 
white print machine is now available. In 
eluded in the bulletin are the specifications 
advantages and features of the 200. This 
low cost, table model, which can be used

PR'^

... zFng inhering Forgot "Ío 
‘pPêciFy "ime (Reduction /

ETCHED AND PLATED 
send for literature 

CRONAME, Incorporated
1741 GRACE ST C H IC AGO 1 3. I LL.
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extec ively by engineers will accommodate 
materials of any length up to 42 in. wide. 
General Aniline & Film Corp., Ozalid Div., 
4 Corliss Lane, Johnson City, N.Y.

A2 Series Epoxy Putty 387

Semiconductors 388
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be used

A2 series of aluminum-filled epoxy resin 
compounds are shown in 4-page illustrated 
bulletin recently published. These products 
are designed for use in the aircraft, and 
metal-working industries and for any repair 
or maintenance activity requiring a chem- 
ically-stable, non-shrinking, and nonflam­
mable putty with good adhesion to iron, 
steel, aluminum, wood, glass or ceramics.

Bulletin 11 outlines many uses of Metal­
set and describes its numerous advantages, 
such as ease of mixing, convenient room­
temperature curing, and machinability. In 
addition, detailed illustrated descriptions 
are given as to how the oil and waterproof 

Imaterial should be used for successful ap- 
Iplication. The various curing agents avail- 
lable are enumerated. A description of the 
Lizes and packing of Metalset A2 is in- 
Icluded, as well as the proper proportions 

■for mixing of the epoxy compound and 
¡various curing agents. Smooth-On Mfg. Co., 
¡572 Communipaw Ave., Jersey City 4, N.J.

A 24-page booklet has been issued on 
transistors and semiconductor diodes. It 
contains a general explanation of transistor 
theory and operation, with a special section 
devoted to a drift type transistor. Complete 
characteristic data on 18 types of transistor 
and four semiconductor diodes are supple­
mented by equivalent circuits and dimen­
sional outlines. A feature of the booklet is 
an Interchangeability Directory. This direc­
tory has been prepared in a handy form to 
guide the designer, experimenter, and 
serviceman in selecting the proper replace­
ment, and to help identify and describe 
many transistor types introduced by differ­
ent manufacturers. The listings contain 
more than 500 type designations including 
junction and point contact types. The book­
let has eight pages of circuit diagrams illus­
trating 20 applications. Among these 
schematics, complete with values of com­
ponents and coil winding details, are 
two- four- and six-transistor receivers, 
phonograph preamplifiers, a sensitive relay, 
a low-drain power supply and a code 
practice oscillator. A copy of the booklet 
may be obtained by sending $0.25 directly 
to RCA Commercial Engineering, 415 S. 
5th St., Harrison, N.J.

ELECTRONIC 
COUNTING 

EQUIPMENT

• Printed Wiring & Modular Construction
• Simplified Circuitry, Low Maintenance
• Self-testing, Self-indication
• Low Power Requirement
• Counter Tube Life: 10,000 hours
• Competitively Priced

wt
the A. W. HAYDON COMPANY’S ELAPSED TIME INDICATORS

...0
INDUSTRIAL, 

AIRCRAFT 
and 

MILITARY 
applications

Preferred 
Where 
Performance 
is 
Paramount

CIRCLE 389 ON READER-SERVICE CARD FOR MORE INFORMATION

Shown at the left it the new 
A. W. Haydon Co. catalog de­
scribing the complete line of tim­
ing motors and devices: if you 
haven’t received your copy write 
for it on your company letterhead.

2. Notnt um STaifT.WATsaaueviO.coNNecncuT 

Daalpn e*- M«nrf«ctvf» rf Batlia Math—TMng Oaviaee

Now the Company offers a com­
plete line of timing motors and 
devices to record the operating 
time of any electrical or elec­
tronic equipment. Compact, mini­
mum weight, each unit has five 
digits. They can be used to pro­
vide daily running time plus a 
total running record, eliminating 
estimating or manual totalizing. 
In both AC and DC. continuous 
or manual reset for 50 or 60 up to 
400 cycle line frequency. Will 
measure hours or on down to lOths 
of seconds. All models can be 
supplied with Radio Interference 
Filtering, to meet MIL-1-6181B.

Electro-Pulse, Inc. counting 
instrumentation, using recently developed 
self-indicating glow transfer tube counters, offers significant 
advantages in a wide range of measurement and control 
applications. Simplified circuitry and advanced design pro­
vide laboratory accuracy and industrial reliability.

Packaging features include snap-off top and bottom cab­
inet plates—for easy maintenance access and conversion tr 
bench or relay rack mounting. Standard printed circuit mod­
ules utilized in this equipment may also readily be combined 
for OEM and other special test and control requirements.

Instruments available include single and dual preset counters, fre­
quency indicators with and without print-out, time interval meters, 
totalizers, combination frequency and time interval indicators.

Contact local Representative for further information—or...
Write for Compete» Data: Catalog IC-57/ED

Electro-Pulse, Inc. also offers a broad line of precision pulse instrumentation:

Pulse Generators, Time Delay Generators, Magnetic 
Core Testing Equipment, Pulse Code Generators, etc.

Write for Catalog 1-57/ED

11861 TEALE ST., CULVER CITY, CALIF. • Phon»: EXmont 8-6764 or TExos 0-8006

CIRCLE 390 ON READER-SERVICE CARD FOR MORE INFORMATION
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Staked Fastener

WHY h ne’

DC Hypots Test to 75,000 V 396
TYPE RV 7/8

TYPE RFT
une ci

nshvill

39 treenrectifier-amp
Broch

TYPE RWT

TYPE RV 1/2
free. filament

decor

• Fixed gain adjustment

• Parameter compensation

RV 1/2 wire wound
• Padding

POWER WITH REGATRONSRV 7/8 wire wound

• Balancing adjustments

• Adjusting scale factors

Complete information on request.

JEASUREMENTS COMPANY

555 Main Street, Acton, Mass. COIonial 3-7711

CIRCLE 395 ON READER-SERVICE CARD FOR MORE INFORMATION

150

FOR THE BEST IN 
STRAIN GAUGE 
PERFORMANCE

lie tl 
prin

These advanced design 
features provide for wide 
applications:

morati 
n man 
uh itei

• Threshold voltage ad 
just ment

• Critical magnetic and 
electric bias

• Establishing circuit 
values

Freeze-Drying Equipment

'New freeze-drying laboratory

rectifier tubes

RFT* metallic film

Available in voltage ranges 
up to 100 and currents up to 
3 amperes. All models have 
a continuously variable main 
voltage control and a vernier 
control for fine adjustments 
. . . and only REGATRON 
Power Packs are remotely 
programmable for process 
control and automation Write 
for bulletin

® Registered U.S. Patent Office. 
Patents Pending

RWT wire wound

volt power unit, and
employing long-life selenium rectifiers. 
This sealed unit also contains kilovoltmeter 
multipliers to keep all high potential cir­
cuit components oil-insulated and corona-

Catalog M-200 pictures and describe! 
the Type M staked fastener which provide; 
load bearing threads in thin free flowing 
material such as aluminum, brass, pane

lOOKohms -55° to +145°C

IQOKohms -55°to+145°C

TYPE TURNS RESIST. RANGE TEMP. RANGE

REGATRON Power Packs 
are ideally suited for excita­
tion of resistance-type strain 
gauges.
The REGATRON circuit is 
such that even with the out­
put control set at a fraction 
of a volt there is no loss 
of specified regulation, out­
put current capabilities or 
stability.

Three mobile type de hypots for high­
potential testing of high-voltage cables, in­
sulation materials, large rotating machinery 
and related high-voltage equipment are 
described in Bulletin 5-1.1. now available.

Among the features shown are the low- 
ripple de output obtained by use of ampli-

15Kohms —55°to+95°C

production quantities.

transformers are used. Controls on the 
sloped panel are simple and incorporate 
safety interlocks to prevent accidental en­
ergizing of test circuits. Full details on the 
de hypots as well as discussion of direct­
current high-potential testing merits are 
included in the bulletin. Associated Re­
search Inc., 3769 Belmont Ave., Chicago 18,

25Kohms -55° to + 125°C

ment for laboratories ' published in 1951 aporat 
Arthur S. LaPine & Co., 6001 So. Knox Ave pply < 
Chicago 29, Ill. ipids, 1

tener for various sheet thicknesses 
metals. My-T-Grip Mfg. Co., Inc., 
Broadway, New York 38, N.Y.

TIC« originator of trimmer pots, combines advanced 
design techniques and craftsmanship in its miniature 
and subminiature precision trimmer potentiometers. 
Pot size ranges from inch to inch . . . power 
ranges up to 4 watts.

All units are available from stock

MODEL 2I2A ... 0 Io 100 V de 
100 ma Regulation 0 1% or 0 02 
volt over entire range of load and 
input voltage. Weight 14 Ibi 
3W' H x 19" W x 9W D Price 
$129 00 unmetered.

TIC pots provide the ultimate in:
• Long Term Reliability by use of precious 

metal contacts, low temperature coefficient of 
resistance

• Sealing Design Techniques provide protec­
tion against moisture and salt spray

• Rugged Construction for resistance to shock 
and vibration

• Flexibility of Design Applications, a variety 
of shapes for optimum space use

• High Resolution

ment” is the topic of a four-page brochur 
now available.

It describes automatic freeze-dryin

CIRCLE 399 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • September

units that can be used for either manifol 
or tray freeze-drying.

This brochure is a supplement to th 
36-page catalog on “Freeze-drying equij

equipment, new types of tray dryers, man The p 
fold-type freeze-dryers with faster speec e part 
and greater capacities, and combinatio action

•Optimum spacing —as many as 7 in area of 1 sq. in. 
All designed for the most stringent aircraft and rocket 
applications.

steels and copper. The 4-page brochur« ata ai 
offers detailed views of the fastener, in Jse ti 
stallation drawings and a chart showing ¡Me 
torque values obtainable with the fastener I fo’ir 
There are tables showing the correct fas locking

TFCHNOIOGY INSTRUMENT CORP



WHY405G” Type Oil Capacitors403

SPARK GAP TUBES
ARE IMPORTANT

and how Bendix Red Bank can help
you with spark gap problems!

406Electronic Test Equipment

man

decorating wide variety of sheet mate

The thermo-jet dryer brochure indicatesto t

ìx Avi

in DC breakdown voltages does

DIVISION

CIRCLE 408 ON READER-SERVICE CARD FOR MORE INFORMATION

inatio 
anifo

j different turns ratios, data on each unit 
[ four different impedance levels, and 
jacking oscillator circuits with perform- 
nce data on different transformers in the

ipply Co., 572 So. Division Ave., Grand 
ipids, Mich.

einany applications and specifications of 
ch item.
The process decorating presses show they

404
printing and

West Coast Sales and Service- 
117 E. Provid encia Ave., Burbank, Calif. 

Export Sale* and Service! 
Bendix International Division, 

205 East 42nd St., New York 17, N. Y. 
Canadian Affiliate!

Aviation Electric, Ltd., P. O. Box 6102, 
Montreal, Quebec

Complete line of waveguide test equip­
ment, radar test equipment, bolometers and 
thermistors, and coaxial and uhf equip­
ment are described in 48-page edition of 
catalog “Microwave and UHF Electronic 
Test Equipment” now released.

The edition includes all the recent addi­
tions such as uhf frequency meter detec­
tors, coaxial detectors, broadband disc 
bolometers and thermistors, coaxial turret 
attenuators, coaxial pads and wave and 
power meters. Narda Corp., 160 Herricks 
Rd., Mineola, N.Y.

The “Rapid-Tooling” process is a 
newly developed method to pro­
duce small, medium or large runs 
of stamped parts at a fraction of 
normal costs. With a,large range 
of shapes, forms and sizes . . . 
with complete uniformity of pro­
duction and tolerances to .003" 
possible ... “Rapid-Tooling” main* 
tains your quality specifications 
and in many cases saves up to 
80% of conventional tooling costs.

Send blueprints for quotes

Brochures available on

A new Pulse Transformer Encyclopedia 
available to engineers who ask for it by 
riting on company letterhead. It has a 
jmprehensive summary of applications

i

nJ ’

tine circuits. There are 13 pages of text 
jd 39 pages of data. Aladdin Electronics, 
Ashville 10, Tenn.

V CUT
TOOLING COSTS 
STAMPING COSTS 
DELIVERY TIME 

with

RAPID 
TOOLING

High reliability “G” type oil impreg­
nated capacitors are shown in Catalog 
1134 now released. These capacitors are 
specifically designed for applications where 
limited space and mounting ease are major 
problems. The ”G” type capacitor features a 
threaded, molded mounting neck.

The catalog indicates this capacitor is 
especially desirable where application of 
high reliability under stringent operating 
conditions is required. Industrial Conden­
ser Corp., 3243-65 N. California Ave., 
Chicago 18, Ill.
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Bendix Red Bank “Spark Gap” Tubes 
are specially designed to do two big jobs 
in electronic circuits.

First, to act as a “triggering” switch­
es on jet ignition systems. Here. Bendix* 
Spark Gaps pass high currents with 
relatively low voltage drop and have the 
advantage of being able to handle high 
voltages in small space. Further, these 
tubes can be made insensitive to ambient 
temperature variations and are not 
normally affected by pressure, altitude, 
or humidity changes.

The second function of Bendix Spark 
Gaps is as a protective element—guarding 
radar equipment against voltage over­
load, to name one example. Here, 
Bendix Spark Gaps keep high voltage 
surges from getting through to damage 
circuit components.

Our design and manufacturing experi­
ence with spark gap tubes is extremely 
broad. If our extensive line of these 
tubes . . . ranging from 750V to 50KV

not already contain a type to fit your 
needs, we are in a position to design one 
to handle the job with the exact degree 
of efficiency that you require.

To find out more about what we can 
do to help you with your spark gap 
problems, get in touch with red bank 
DIVISION, BENDIX AVIATION CORPORA­
TION, EATONTOWN, NEW JERSEY.

* TRADEMARK

equij t principle is applicable to all types of 
i 1951 aporation drying. General Research &

speed e particularly adaptable to volume pro­
iction of printed electronic circuits and

equip
ochur îcorating and thermo-jet dryer describe

chun ata and ^esign criteria on low power 
>r ¡n ilse transformers. The encyclopedia lists

insuline
Division of Van Norman Industries 

18b Granitesi . Mani bester N H



mation on contact meter relays. A d< tailec md f j
general discussion of the instruments ant erials.

Standard Samples 413

meters, and indicating pyrometers. Photo ietho(

• Mica Capacitors “ STABILIDISC ”

Permanent Magnets 41
The three vital functions of a magnet«

in, Irengineering laboratory are discussed i
onn.

ECTR

relays, the booklet covers very high sensi 
tivity relays, load relays and plug-in units 
automatic temperature controls, pane

graphs and circuit and dimensional draw 
ings afford ample illustration. An alpha 
betical index provides a quick key ti 
contents. Assembly Products, Inc., Chester 
land, Ohio.
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their operation, circuitry and specification! fodu. 
is followed by full descriptions of specific 
models and types. In addition to mete kdhes

ELECTRICAL MFG. CORP.
233 WEST 116TH PLACE • DIVISION >0 
LOS ANGELES 61, CALIF. • PLymouth 5-1138

CIRCLE 412 ON READER-SERVICE CARD FOR MORE INFORMATION

industry
CAPACITOR KNOBS

• Uncoupling Knobs Types : CB UN and CB II P 
NORM MIL B 10 950 A

C

u <x>
<<

 
u Stability

n^c^iooo AC 
O$CA0$7O.IO ± (5.10^î.l pf)

C AÇ 
c △ e Stability

12$ C$1000 I!54I0$*Ea^4 5.I0'* (high stability) 

± (3.10 ±.l pf)

The high performance of the capacitors results from being hand-made 

The same high performance Is guaranteed In the large series

Write for samples :

TRY THEM AND VERIFY THE QUALITY ...AND THE PRICE

Uj«a f 
rood

i, 

■^r

on

17, rue Francœur, PARIS 18e (France) 
Tel. : MONtmartre 61-19 et 02-93

CIRCLE 410 ON READER-SERVICE CARD FOR MORE INFORMATION

of Aircraft and Industrial
solenoids
Look to WesCo engineers with your aircraft or industrial 
solenoid problem. Hundreds of proven designs available. 
WesCo will modify or furnish special designs to fit your 
specifications.
Here are some of the features available:
High temp units tested past 600°F. • Adjustable plunger 
travel • Plunger cavity pressure sealed • Push or pull types 
12 to 115 volts • Miniature, medium and heavy duty types 
• 400 cycle AC units also available.
Remember, when you need a solenoid, think of WesCo 
AC INDUSTRIAL SOLENOIDS-full line. Write for brochure. 
DC AIRCRAFT SOLENOIDS-send specifications, or write 
for catalog.

The trademark on 

millions of solenoids since Ì927

New Literature Meter Relays
ace

Catalog No. 4C offers 40 pages of infOr. d

The second edition of NBS Circular 552 
contains an up-to-date descriptive listing 
of the various standard samples issued by 
the National Bureau of Standards. Entitled 
Standard Samples and Reference Stand­

ards.” the 24-page booklet supersedes Cir­
cular 552 issued in August 1954. A schedule 
of weights and fees and directions for 
ordering are given. Summarized tables of 
analyses are presented to indicate the type 
of standards of composition presently 
available. The current status of the various 
standards will be indicated by a mimeo­
graphed insert. To obtain this booklet send 
$0.25 to the Superintendent of Documents, 
U. S. Government Printing Office, Washing­
ton 25, D.C. Prospective purchasers of 
standard samples may obtain the circular 
without charge from the National Bureau 
of Standards, U. S. Dept, of Commerce, 
Washington 25, D.C.

IDE F

UNDER ARMY-NAVY STANDARDSAPPROVED

WRITE F

201 E. SIXTH STREET DAYTON, OHIO 

CIRCLE 416 ON READER-SERVICE CARD FOR MORE INFORMATION

PROVIDE VIBRATION-PROOF HOLDING 
AND QUICK, FOOL-PROOF RELEASE!

Here's a simple, easy means of securely 
fastening assemblies to withstand shock or 
vibration, and yet allow quick removal for 
inspection or repair. Instant snap action en­
gages or releases fastener ... no tools 
are required! After installation, fasteners 
never need adjustment . . . even with re­
peated use.

Three sizes available for different load 
requirements. Large and medium sizes are 
made of corrosion-resistant stainless steel. 
Small size is made of nickel-plated brass. 
Stock parts fit various thicknesses of flanges 
and mounting plates . . . special parts 
can also be supplied.

a 12-page illustrated brochure. The pub 
lication points out how to get more fo 
your money with permanent magnets. I 
covers the engineering activities require) 
in evaluating magnetic circuit design 
establishing test methods and standard 
and investigating basic magnetic phenom 
ena. It also illustrates the facilities involve

152 ELECTRONIC DESIGN • September 15, 19



4U 

nfoil 
ailed!

ana
I

i.. d 
SPird 
units 
panel 
’hot J 
draw

accomplishing these engineering tasks, 
}nd describes how the engineering work 
kj facilities assist users of magnetic ma- 
[erials General Electric Co., Metallurgical 
Products Dept., Detroit 32, Mich.

dhesîves 419
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lester]
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i Four pages of data on adhesives, protec- 
L coatings and sealers are contained in 
Bulletin 650A. The recommended use, 
Lethod of application and properties of 
light typical adhesives are summarized in 
fables. Covered are thermosetting types 
lith phenolic, rubber-phenolic, and syn­
detic resin bases; a base primer with a 
Ihenolic resin base; a thermoplastic with 
I neoprene base; a modified phenolic resin 
lase; a thermoplastic with a synthetic resin 
Lse; and a synthetic resin base requiring 
In activator for cure. Raybestos-Manhat- 
In, Inc., Adhesives Dept., Rridgeport 2, 
tonn.

printed circular, Blue X-60 Series and 
“Tru-Rib” resistors. The catalog also pre­
sents a full line of power rheostats with a 
page illustrating samples and giving infor­
mation on dustproof, caged and 360 deg 
rheostats. Tru-Ohm Products, Div. of 
Model Engineering & Mfg. Inc., 2800 N. 
Milwaukee Ave., Chicago 18, Ill.

theostats and Resistors 420

idard 
lenor 
ivolvt

Complete information on resistors and 
lieostats is contained in a recent catalog, 
llustrated in multicolor, the catalog lists 
kstor selection data and provides full de- 
Lriptions of fixed enameled, adjustable 
nameled, oval • vitreous axial, caged,

Data Systems, Lab Instruments 421
Short Form Catalog 58-100 lists digital 

data systems equipment, rf laboratory test 
instruments, and nuclear instruments for 
medical and industrial use. Set up in table 
form, the listings contain a brief descrip­
tion for each unit. Under the data systems 
heading, digital pressure transducers, an 
accelerometer, miniature and subminia­
ture amplifiers, and several accessories and 
components are mentioned. In the rf test 
instrument category, signal generators, a 
uhf local oscillator, vswr indicators, and 
accessory equipment are listed. The nu­
clear test instruments include a linear 
amplifier, an electrometer, binary’ and dec­
ade scalers, and high-voltage power sup­
plies. The four-page illustrated folder also 
outlines company facilities. BJ Electronics, 
Borg-Warner Corp., 3300 Newport Blvd., 
Santa Ana, Calif.

reduce tube 
temperatures 
in JAN shields 

BELOW bare bulb 
temperatures 

with

BIRTCHER N.E.L. CORRUGATED INSERTS
MATERIAL 
.003 spring brass 
FINISH 
Matta black to
specification
SIZES
6 sizes available 
to fit all 
T-5% (7-pin) 
and T-6% (9 pin) 
miniature tubes.

Write for catalog

N.E.L. reports that 85% of all electronic 
equipment failures are caused by tube failures and 
the major cause of tube failure is excessive heat. 
The use of a Birtcher corrugated insert between 
miniature tube and JAN shield reduces tube 
temperatures well below bare bulb temperatures.

THE BIRTCHER CORPORATION

INDUSTRIAL 
DIVISION

4371 Valley Blvd., 
Los Angeles 32, Calif.

CIRCLE 423 ON READER-SERVICE CARD FOR MORE INFORMATION

MIL-Spec 
military cases, 
transit cases, 
combination 
cases

NO TOOLING COSTS 1
using Zero standard deep-drawn aluminum boxes
Choose from more than 1400 standard sizes and save tooling cost. 
All can be trimmed and modified to your specification by secondary 
operations... brackets and fasteners installed, holes and louvers 
punched, welding, painting, etc. Choose from rectangular, round, 
square boxes and covers. Custom deep drawn parts at nominal cost 
using exclusive ZERO-method tooling—send your print or contact 
your local ZERO representative for a quotation.

Write for 
complete new 
ZERO catalog

MANUFACTURING COMPANY
1121 CHESTNUT. BURBANK. CALIFORNIA

CINTEL MUTUAL and SELF INDUCTANCE BRIDGE

Coverage: 
0.001 to 30mH in 12 ranges 
lOO^D to 30000
Accuracy:
± 1 % of full scale on all ranges
Frequency: 
1592 cps (w=10,000)
Price: 
$625.00 f.o.b. N.Y.C.
Features:
• Direct reading of either mutual or self inductance.
• All measurements in form of 4-terminal network.
• Also measures very low resistance.
• Maintains accuracy at low values.
• LAR balances are independent.
G Built in oscillator and visual detector.

MODfL 1S52

CINTEL bridges simplify intricate measurements and all have wide 
range and high accuracy. Watch for future ads. Detailed specification 
on request.
ixclutlvt Sa lot and Sorvico In U.S.A.

MARCONI Instruments 44 Now Straat • Now York 4
CIRCLE 424 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 422 ON READER-SERVICE CARD FOR MORE INFORMATION
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with new wiping-squeegee attachment.Fig. 2. Conventional solder-bath

Ideas for Design

STAGGERED FOR INCREASED 
VOLTAGE BREAKDOWN

APPROX 003 
THICK

New
Printed-Circuit

Board

Fig. 1. Techniques for improv­
ing reliability of plug-in boards.
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INCREASED reliability has been attained in the 
fabrication of photo-etched, copper-laminated, 

printed-circuit boards by the use of two new tech­
niques. One technique concerns the improvement 
of the contact elements on the plug-in-edge of the 
board; the other is a solder-coat method, superior 
in several respects to the solder-plate process. De­
veloped jointly by Herbert Winsker and Horace L. 
Walters of the Norden Laboratories Division, Nor- 
den-Ketay Corporation, these techniques have been 
applied, with notable success, to printed circuits for 
military applications.

Plug-In Board Contacts

The contact-element improvement resulted from 
investigations concerning the tendency of conven­

154

tional printed- circuit contact strips to become loose. 
This tendency has been attributed to insufficient 
bond strength between the contact strip and the 
board. As a result, the rubbing action that occurs 
each time the board is inserted into a receptacle 
eventually loosens the strip. Occasionally, the ap­
plication of heat, while soldering will also cause a 
strip to be raised from the board. Because there is 
no practical way of refastening a loosened strip 
the entire board must be rejected—a costly action 
for a relatively minor defect.

To avoid these casualties, the general practice has 
been to fasten a right-angle connector to the board 
in permanent contact with the strips. At best, 
though, this solution is unsatisfactory for two rea­
sons: the cost of an additional connector and the 

increased bulk and weight of the final assembly. By 
contrast, an ideal solution would be cheaper and, 
more important, would be compatible with the over­
all emphasis on miniaturization.

The new technique utilizes preformed U-shaped 
beryllium copper strips which are mechanically 
fastened to the board in position to engage a suit­
able receptacle. These strips are positioned in 
milled slots along the board’s mating edge and 
secured either by eyeleting or riveting through 
previously punched holes. The positioning slots 
are cut during the key-slot milling operation, ob­
viating the need for an additional operation.

Applicable To Double-Sided Circuitry

To provide a superior conductive and protective
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coating, the strips can be plated before assembly. 
Additional strips can be added conveniently at any 
tim< to accommodate new circuit requirements. The 
outstanding feature of this technique lies in the fact 
that the metal strips, while providing a more posi­
tive contact with the receptacle, will not loosen after 
long usage. Since eyelets can be used to secure the 
strips, the application of this technique is especially 
suitable to double-sided circuit-board designs 
where eyeleting is a normal method of completing 
the circuits from one side of the board to the other.

Solder Coating

The development of the second technique, the 
solder-coat, was undertaken in an effort to simplify 
the over-all process of fabricating photo-etched 
boards. More specifically, a method was sought for 
applying an equivalent protective coating to copper 
conductors in a manner requiring fewer operations 
than plating.

Experiments with solder-coating proved success­
ful. Etched boards containing unplated copper 
conductors were dipped in a 60-40 solder-bath at 
approximately 500 F for three seconds. Upon 
removal from the bath, the boards were wiped on 
a silicon-rubber squeegee so that smooth coats of 
even thickness were formed both on top and along 
the edges of the conductors. After the coating, 
the boards were drilled; tinned eyelets were in­
serted; components were mounted; and the boards 
were again solder-dipped—this time to make the 
soldered connections.

Advantages

Several advantages were gained using this tech­
nique: 1. etching was simplified because the re­
verse-negative procedure, using the plated conduc­
tors as the etching resist, was no longer necessary; 
2. additional protection was provided by the solder 
coating along the edges of the conductors; and 3. 
the over-all time and cost for the process, which 
required no extra equipment aside from the wiping 
squeegee, were considerably reduced. The com­
bined effect of these advantages resulted in a sig­
nificant reduction of the rejection rate.

It should be noted that both of the techniques 
described here were used exclusively with copper 
conductors. Whether they can be applied effec­
tively to precious-metal conductors has not been 
determined.

Herbert Winsker, Horace T. Walters, and Harold 
pMfe, Norden-Ketay Corp., Commerce Rd., Stam- 
Ifwd, Conn.

IN ANALOG DATA

REDUCTION SYSTEMS

MX

Two companion units by Hycon Eastern provide 
automatic high-speed access to selected data in 
Ampex Recorders and similar multi-channel 
magnetic tape instrumentation systems.

DIGITAL TIMING GENERATOR, Model 201, gen­
erates numerically coded timing signals which are 
recorded on the magnetic tape throughout the data 
recording periods, providing a precise digital index 
in terms of elapsed time. The Generator also visually 
displays the exact time in hours, minutes and seconds 
as illuminated digits. MODEL 206A IS A MILITAR­
IZED AIRBORNE VERSION OF MODEL 201.

4^04 Search

DESIGN FEATURES
TIMING INFORMATION occupies only o port of the available 
bandwidth on a magnetic tape channel . . . remaining band* 
width in timing channel may be used for other purposes} e.g. 
to record other digital or analog data, or as a voice channel.

TAPE SPEEDS of 60, 30, 15, 7^, 3% or 1% inches per second 
may be used for recording. For playback, any one of these 6 
speeds or o high-speed search rate may be used. Other speeds 
may be incorporated as required.

TIMING TRACK contains a combination of complete time num* 
bers in hours, minutes, and seconds together with interpolation 
pulses so that time can be measured with a resolution of a 
few milliseconds.

ADDITIONAL SIGNALS for recording, recovery and display may 
be assigned to arbitrary control functions in tho data system.

FORWARD OR REVERSE directions may be used for tope search 
at either the high-speed search rate or any one of tho 6 nor­
mal record play back speeds.

MOUNTS in any RETAAA standard 19" relay rack.

MAGNETIC TAPE SEARCH UNIT, Model 202, 
operates during data reduction periods. On the basis 
of time indices recorded on the tape by the Digital 
Timing Generator, this instrument automatically 
locates and selects for controlled playback the tape 
data included between a “sequence start time” and 
a ^‘sequence end time” specified by panel dial set­
tings. The time index is visually displayed as il­
luminated digits on a small separate panel which 
may be remotely located for convenience. Model 202 
may be modified to search for timing formats other 
than those originated by Model 201.

Write for Technical Bulletin f'SG

HYCON EASTERN, INC.
75 Cambridge Parkway Dept F-9 Cambridge 42, Matt.

w
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WANT o® ♦

GENERATE PULSES
3 tu ta I

DELAY PULSES

WIDEN PULSES

REGISTER PULSES
CIRCLE 429 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLI

COUNT PULSES

SUM PULSES

DO BINARY LOGIC

DRIVE TRANSISTOR CIRCUITS

load impedance for TR-1where R]available in minia
Output impedance (2nd Stage)

Send for free data file!

where, R, generator impedance feeding Tr-2
Input impedance (2nd Stage)

CIRCLE 430 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 428 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE
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and small 
on Kodak

The small doH are photosensitive resis­
tan connected by gold conductors.

* and/or 
No back-

Thnusands of 
dia. x 11/1«*’

plication 
uses H ' 
long. Ft

programming equipment 
turized building blocks.

You can do all of these functions with the new 
integrated line of NAVCOR transitorized pulse

Series #1 
Actual Sili

The Kodak Ektron Detector makes possible new techniques 
for reading punched tapes, cards, code wheels, and the like. 
The lead sulfide photosensitive elements can be laid down in 
all sorts of complex and exact arrays and mosaics. Units are 
characterized by a broad signal response from 0.25 microns 
in the ultraviolet to 3.5 microns in the infrared, a high

gask 
tea

EASTMAN KODAK COMPANY
Rochester 4, N. Y.

Aspe 
ance 
wiper 
cosine 
sine c 
angle 
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gears, 
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analy; 
and c 
Send 1 
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will h<

Maximum power transfer occurs when output 
and input impedances are matched, within and 
outside the element. This condition can be realized 
using the suggested configurations. Using the 
equivalent T circuit, with a voltage generator in 
the collector branch;

Input Impedance (1st stage):

Renbrandt, Inc.
98B Kirkland Street

Cambridge 38, Mass.
Tel.: TRowbridge 6-6560Tinymlte Coupling 

Actual Size
Low cost for general ap-

Simplified Transistorized Audio Circuit
The circuit element described evolved as a result 

of the following objective: To devise a two-tran­
sistor circuit clement to replace the conventional 
transistor and transformer pair. Its features should 
include a. higher current amplification and greater 
ease of cascading than the aforementioned paid; b. 
a broader frequency pass band; and c. lower cost.

his 70-cell photosensitive resistor 
reads’* a punched tape ...

What do you want to read?

signal-to-noise ratio, stability under vibration, 
size. For a booklet giving detailed information 
Ektron Detectors, write Military and Special 
Products Sales,

3/16" shafts, 
lash Insulated

For exacting requirements, you’re sure uf 
best results with precision made Renbrandt 
Flexible Servo-Couplings. They have zero 
backlash and low inertia . .and they do 
not introduce velocity variations between 
driving and driven shafts. Available in a 
variety of sizes for 1/16" through %" shafts 
in all combinations. Widely used for servo­
mechanisms, computers, and for all precision 
applications.

Specify Renbrandt flexible Coupling*. Fast 
delivery on prototype or production orden 
Send for complete catalog.

Basic Schematic Diagram

This value exceeds that obtainable with the tran 
sistor and transformer pair.

ELECTRONIC DESIGN • September 15, 1951
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Control
1 to 100 points

where, R< generator impedance feeding Tr-1

Equating this we have

thermistors

27k

oOUT

2N79

Frequency Limitations

CIRCLE 431 ON READER-SERVICE CARD FORATION CIRCLE 433 ON READER-SERVICE CARD FOR MORE INFORMATION

Transistorized Deflection Amplifier

STANDARD STOCK

•rmation CIRCLE 434 ON READER-SERVICE CARD FOR MORE INFORMATION
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¡mall
>dak

External ( 
mounting 

feet

Blueprint 
holder «

30" x 20" x 6' 
30" x 24" x'6' 
30" x 24" x 8‘
36" x 24" x 8

20/if 
25v

Neoprene 
gasket 
leal \

‘Described in fuN in Radiation 
Laboratory Hand book. Vol. 17.

MORE INFORMATION

extremely 
accurate

treet 
Mass.
>560

jues 
like.
m in
are

rons

WEIGHT, SPACE 
and COST

nes #1 
tual Size

IMMEDIATE DELIVERY. Literature on request 

ARNOLD MAGNETICS CO 
4615 W. Jefferson Blvd., Los Angeles 16, Calif.
REpublic 1-6344

gn Fati 
n ordert

SIZES---------------
36" x 30" x 8' 
42" x 30" x 8' 
42" x 36" x 8'
48" x 36" x 8'

All welded 
enclosure. Seals 
out oil, water, 

dust.

sure of 
enbrandt 
ive zero
they do 
betweei

ble in a 
j" shafts 
or servo- 
precision

Heavy gauge 
Continuous, 

hinge
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External 
cover 
clamp

Padlock 
hasp

Baked 
enamel interior 

(white)

Removable 
——mounting 

panel
The problem was to design direct coupled tran­

sistor deflection amplifiers for a 3 in. cathode-ray 
oscilloscope. Minimum peak to peak voltage re­
quirement was 160 v. Bandwidth required was from 
de to approximately 150 kc at 3 db down.

The circuit illustrated was designed using tran­
sistors in series to develop the required signal 
voltage without exceeding the transistor Vcb ratings. 
Texas Instruments 953 Grown Junction Sihcon 
transistors were used, although lower voltage tran­
sistors would be satisfactory provided enough were 
added in series to stay within Vcb ratings on each 
transistor. Dan R. Bromaghim, Engineer, Massa­
chusetts Institute of Technology, Lincoln Labs., 
Lexington 73, Mass.

ARNOLD / TOROIDAL COIL WINDER
' sets up quickly... easy to operate.. • 

takes wide range of wire sizes

16" x 12" x 6' 
20" x 16" x 6' 
20" x 20" x 6'
24" x 20" x 6'

J.I.C-NEMATypel2 
Ä^PANEL ENCLOSURES

GAMEWELL 
Sinusoidal Precision

Potentiometers
specially designed oblong resist­

ance element rotating under 4 
wipers generates precision sine and 
cosine voltages, proportional to the 
sine or cosine of the shaft rotation 
angle. Functions produced to an 
inherent accuracy and smoothness 
unobtainable by other resistive 
methods. Can replace eccentric 
gears, cams and complicated 
mechanisms in computing, 
analyzing, navigational 
and control systems.
Send for technical data!

l w mn.il <1» l III, dirrn ri- 
sions .md spe< ificat ions HDB 
will help you apply.

THI GAMEWILL COMPANY 
Newton Upper Fall« 64, Ma»«.

These panel enclosures are strong, rigid, cleanly 
I/v finished, and comply fully with J.I.C. and NEAAA 
■- 12 specifications. No knockouts, no holes to

admit oil, water, dust. We have stock sizes at 
low cost for fast delivery. Or, We can make any 

size you want. We also make J.I.C. Wiring 
Boxes, Troughs, Push Button Stations and Rain­

proof Power Outlets. Can we help you?

SPBCIFICATIONS:
• Min. finished hole size: .18 in.
• Max. finished toroid O.D.: 4.0 in.
• Winding speed; 1500 turns/min.
• Wire range: AWG 44 to AWG 26
• Dual, self-checking turns counting system
• Loading (wire length) counter
• Core range: I.D. to 4* O.D. to I1// high

LABORATORY USB
• Change wire ond core size in 45 sec.

PRODUCTION USB
• 1500 turns per minute
• Insert core and load in 20 sec.

PRICE: $1200 includes all rings, counters and accessories

where, Rl = actual load impedance. 
Output impedance (1st stage):

No analytical approach was considered neces­
sary as the device covered the “Hi-Fi” audio band 
using regular low frequency transistors.

Frequency response of Tr-1 will mainly be re­
sponsible for the frequency response of the device 
as would be expected. Using a 2N79 and a 2N35 
resulted in a bandwidth of 60 cycles to 21kc—flat 
within 3 db. Actual circuit readings are:

Idc = 2.5 ma
Max. ac voltage amplitude: ± 2 v: (with less than 
5 per cent distortion)
Voltage amplification «=« 650 
current amplification ! 1200 
output and input impedances « 1800

N. Porsth, Design Eng., Remington Rand, 19th & 
Alleghany, Philadelphia 29, Pa.

ENGINEERING 
CORPORATION

Dept. JD-35, Anoka, Minnesota 
[circle 432 ON READER-SERVICE CARD FOR mum m" «/XMATION

Fenwal has combined 
an extremely sensitive 
thermistor with a simple electronic circuit to make a 
versatile temperature control system accurate to within 
.25% of scale.

Single units can be assembled with a common power 
supply to control up to 100 points. Sensing elements can 
be 200 feet away from the control center without losing 
sensitivity.

Four standard ranges, spanning — 100°F to 600°F.
Designers and process engineers — you will want de­

tails of this new advance in precision temperature con­
trol. Write Fenwal Incorporated, 179 Pleasant St., 
Ashland, Mass.

Ro2 — I (jRc1;2 Rb\-2 R<W Rml‘2 and Rif)

Thus, a wide variety of combinations of tran­
sistors and terminating loads are possible to fulfill 
any requirements.

(Tr-D
FN o--- j--- 4

<2.4k
(Tr-2) < «

in computing and control systems

Finwal
PRECISION POTENTIOMETER DIVISION



Report Briefs

FLE

For further information, request Bulletin 31 1 -CV-235 from CHICLI

CIRCLE 437 ON READER-SERVICE CARD FOR MORE INFORMATION
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Receiving Tube« 
Powe» & Go* Tube« 
Diodos A Transistors 
Relays & Switches

Test Instruments 
Meters & Supplies 
AN Connectors ‘ 
Metal Chassis Bases

25O°I 
tures
#4 a

• SMALLEST MADE
• TAKE STANDARD PLUG
• MOUNT FROM TOP OR 

BOTTOM OF FLAT 
BRACKET

• CHOICE PRE-WIRED 
STYLE, OR WITH 
SOLDERING 
TERMINALS

• PHENOLIC BLOCK 
HAS BARRIER TO 
PREVENT SHORTS

• AC and DC

HIGH-CURRENT, REGULATED 
DC POWER SUPPLY 1 send for the J most widely l od 

!IC SUPPLY GUSH
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ALLIED’S
COMPLETE 404-PAGE

1958 CATALOG

100 N. Western Ave., Dept. 69-J7 
Chicago 80, Illinois

No 221 (above) with soldering 
terminals and steel bracket 
with # 6 clearance mounting 
holes. Also No. 222 with 6-32 
tapped mounting holes. No. 
223 (left) with 8" #14 or #16 
plastic wire leads and steel 
bracket with #6 clearance 
mounting holes. Also No. 224 
with 6-32 tapped mounting 
holes.

FOR COMPUTER "PULti" LOADS

Many of the country’s leading computer manufacturers incor­
porate the Sola Constant Voltage DC Power Supply as a 
component in their equipment. It provides exceptional per­
formance under intermittent, variable, or pulse loads of com­
puter service. This moderately-priced static-magnetic assembly 
provides regulation within ±1% for line voltage variations up 
to ±10%. Ripple voltage is approximately 1% (rms) or less.

• KNIGHT Public Addru*« System«
Simplify and speed your purchasing of electronic 
supplies and equipment at allied. We make fast, 
expert shipment from the world’s largest stocks of 
everything in Electronics. Manufacturers' prices 
available on quantity purchase«. Send today for your 
free 1958 allied Catalog—the com píeteBuying 
Guide to Electronic supplies for Industrial and 
Communications use.

One Complete Depandablt Source for Everything in Electronin

Ferrite Losses

The work presented in this report covers the in­
vestigation of losses and loss mechanisms at small 
signal levels for various ferrites. An evaluation of 
samples of known processing history is given, and 
initial results of a pressure, pellet-size study are 
indicated. The results of the study of the effects of 
humidity on apparent losses at low signal levels are 
also given. NonmetaUic Ferromagnetic Materials. 
Nathan Schwartz and Aaron P. Greifer, General 
Electric Co., PB 131052, Dec. 1956, 36 pp, $1.00. 
Order from OTS, U.S. Dept, of Commerce, Wash­
ington 25, D.C.

Optimum Transistor Amp Design

An analytical procedure of design of common 
emitter transistor audio amplifiers is given. The con­
ditions of optimum design for maximum power out­
put are derived for resistance-capacitance and 
transformer coupled amplifiers, taking into consid­
eration the limitations of the collector character­
istics. Finally the distortion due to nonlinearity' of 
the collector characteristic is computed. Optimum 
Design of Common Emitter Transistor Audio Am­
plifiers, L. M. Vallese, Polytechnic Institute of 
Brooklyn, and Microwave Research Institute, Brook­
lyn, N.Y., PB 123970, Sept. 1955, 26 pp, microfilm 
$2.70, photocopy $4.80. Order from Library of Con­
gress, Washington 25, D.C.

special daslgn and asaambly service
In addition to the six stock sizes already discussed. Sola has 
designed numerous special ratings to meet the specific require­
ments of equipment manufacturers. A listing of 30 of the most 
useful ratings is available on request. Use of one of these avail­
able ratings may yield appreciable savings in delivery time; 
but inquiries are also invited on other electrical characteristics 
and other mechanical arrangements.

IKULKA ELECTRIC MFG. CO. Inc

send for it!
your buying guide to the world's largest stocks 
of ELECTRONIC SUPPLIES FOR INDUSTRY

SOLA ELECTRIC CO. • 4633 W. 16th St., Chicago 50, III 
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Heat-Storage Cooling

The feasibility of using non-expendable latent- 
heat sinks for protection of electronic equipment on 
high speed aircraft during cruise—cruise flight 
conditions was investigated. Several hundred 
chemical compounds were considered for possible 
use as non-expendable heat sinks. Of these, a list of 
thirty’ possible compounds having the best combina­
tion of properties for the intended application was 
prepared. A study was also made of the methods 
ol application of heat storage chemicals in various 
types of heat sinks. Advantages and disadvantages 
ol each method was studied, considering transient 
heat flow in the heat storage substances. Typical 
pieces of electronic equipment were subjected to 
ambient temperature increases from 50 to 400 F 
in a twenty minute period. The tests indicated that 
heat storage materials of the type considered would 
not adequately protect electronic equipment under 
the conditions stated. Final Report on Heat-Storage 
Cooling of Electronic Equipment, J. Kaye, R. M. 
Fand, W. G. Nance, and R. J. Nickerson, Mass. In­
stitute of Technology, PB 121980, Feb. 1957,108 pp, 
$2.75. Order from OTS, U.S. Dept, of Commerce, 
Washington 25, D.C.

H&H tbse foleianca part-mavlNi call form, nlame produced for d'Arswil tilrimmetei- 
Widtb .362 ± .182 • Leagtti .4219 ± .111 • Depth .161 ± .Ml • Wall thickness IM± MM

SPECIALIZED TUBULAR METAL PARTS
Want specialized metal tubular parts in extremely close 
tolerances? At lowest possible cost? H&H Machine Company 
volume produces an almost endless variety—to your 
specifications, in all commercial alloys, in sizes from 01 in­
to 8 8 in. diameter. No production difficulties—we do the 
complete job from tooling up to rigid inspection. No design 
problems—we make our own tools and dies to meet specced 
tolerances precisely. . . . ,
Write for literature, or send blueprint with quantities desired.

.V.W.-.V.M

H&H MACHINE COMPANY, INC. 
Noble & Jackson Sts. Norristown. Pa. 

Phone BRoadway 2-6453 BRoadway 9 2327

available stock ratings
Stock Sola Constant 
Voltage DC Power Sup­
plies are offered in six 
stock ratings ranging 
from 24 volts at six am­
peres to 250 volts at one 
ampere. Each is mount­
ed on a standard 19" 
relay rack frame only 
5%" high. Depth, front- 
to-rear, is 9%".

New Miniature POWER OUTLETS
For Small Electrical ano Electronic Units



microsize locknuts

our

STANDARD PRESSED STEEL CO

FLEXLOC LOCKNUT DIVISION
JENKINTOWN PENNSYLVANIA
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IATION

MODEL 69A
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1MATI0N

wn, Pa. 

y 9 2327

Special screws in small quantities of a dozen or more for 
pilot runs, samples or research and large quantities for 
production runs are available from one source. Unusual 
sizes in stock for immediate delivery include 00-90,00-96. 
0-80 and 1-72 brass.

Nylon 
Cap 
Nuts

1ECTRONIC DESIGN • September 15, 1957

MARKEM MACHINE CO. 
keene 19, new Hampshire

Tough, flexible Rod makes U-bolts, 
dielectric spacers, studs, etc. Use Cap 
Nuts with Rod or screws or as knobs. 
Write for literature and prices.

5703-05 Northwest Hwy. • Chicago 30, III.

< All Materials

• Standard and
Spacial Dimensions

• Fast Service

Smaller than regular Flexlocs of the same nominal 
diameter, Flexloc microsize locknuts make possible 
smaller mating joints and flanges. Standard materials 
are brass (plain or cadmium plated) and aluminum 
(plain or chemically treated), for temperatures to 
25O°F; alloy steel and 18-8 stainless steel, for tempera­
tures to 550°F. They are available in sizes #0 through 
#4 at your industrial distributor’s. See him for de­
tails. Or write for literature, samples, information on 
other materials. Flexloc Locknut Division, Standard 
Pressed Steel Co., Jenkintown 12, Pa.

Time Delay Relay
This report describes the development of a new 

type of time delay relay. All known types of timing 
elements were considered with respect to the 
specifications; models were built around several 
types. The development was unsuccessful in meet­
ing all the requirements of the specifications, but 
a new type of thermal timing element was evolved. 
Time Delay Relay, F. B. Foody, General Electric 
Co., PB 124798, Sept. 1954, 101 p, Microfilm $5.70, 
Photocopy $16.80. Order from Library of Congress, 
Washington 25, D. C.

Matching taps, dies and gages as well as high speed drills 
and punches also available.
Send now for FREE folder with data and stack price«*

CALL ON MORRIS 
for all your miniature screw requirements

Nylon 
Threaded 

Rod

Wideband Transistor Equivalents
The problem of choosing a transistor equivalent 

circuit of practical usefulness for wideband, low- 
pass (video) amplifiers is studied experimentally. 
The calculated response of several equivalent cir­
cuits of varying complexities is compared with the 
actual measured response. Approximate formulas 
are found which enable the cutoff frequency of 
such an amplifier to be calculated for all values of 
source and load resistance. An instrument was de­
veloped to measure accurately the phase response 
of the transistor amplifier. This resulted in a device, 
with a high input impedance, that could measure 
the relative phase shift between a reference signal 
and the low-level collector signal at frequencies 
from the audio range up to 10 Mc. PB 121752, 
Common-base transistor equivalent circuits for 
wide-band application, J. M. Mathias. Stanford 
University, Electronics Research Lab., Stanford, 
Calif. OTS, U.S. Dept, of Commerce, Washington 
25, D.C., Dec. 1955, 50 pp, $1.25.

O Extra fin* quality to meet exacting 
instrument requirements

• Threads from 56 to 160 per inch and 
Metric

• Special plating and finishes

mieten. 
I ±.«015
RTS

close 
npany

your 
.01 in. 
io the 
design 
ecified

desired.

. Typical marking problems solved by 
Markem include automatic color band­

ing with up to six colors on wire lead components; 
printed circuit work on the new 90S screen process 
machine; base branding TV tubes tn cartons and in 
sets; imprinting flat disc capacitors, ten foot lengths 
of rigid conduit, metal and glass tubes, odd-shaped 
automotive electrical parts.
Ask Markem to study your needs, then recommend 
the right machine, marking element and compound 
for your job. Forty-six years of marking experience 
are ready to help you. Write for Data Sheets

FAST, CLEAR

COMPONENT MARKING

MARKEM MACHINES

Xtals at Mm Waves
The art of crystal harmonic generation at micro­

wave and millimeter wave frequencies is reviewed 
and the results of a theoretical and experimental 
study are discussed. The causes of low efficiency 
are understood. Multipliers were constructed which 
gave better performance (4 to 10 db) for the second 
and third harmonics, than previously reported multi­
pliers. Improvement was achieved by improving the 
power transfer to the crystal and by control of the 
length, contact, and pressure of the whisker. Some 
improvement was also achieved by a two phase 
arrangement. Power inputs of the order of 30 mw 
were employed with harmonic outputs exceeding 
1 mw in many cases. PB 122997 Harmonic Genera­
tion by Crystals at Microwave and Millimeter Wave 
Frequencies, Y. C. Hwang, University of Maryland, 
College of Engineering, Glenn L. Martin Institute 
of Technology, College Park, Md., Library of Con­
gress, Washington 25, D.C. Jan 1956, 85 pp. Micro­
film $4.80, photostat $13.80.

One-piece, all-metal con­
struction

Resilient locking section 

Controlled locking torque 

Lock and stop nut in one 

Every thread carries its full 
share of the load

Made to Class 3B fit

MORRIS

MINIATURE SCREWS

THOUSANDS OF DOZENS

MORRIS COMPANY
Southbridge, Massachusetts
Precision craftsmen since 1920

in any quantity 
DOZENS OR



GOES DIELECTRIC STRENGTH
(Up to 2,500 VRMS* as required by 
MIL Specs—even up to 3,000 VRMS*)

Patents

GOES INTERNALTEMP. RISE
(25% cooler interna! hot spot)

50 WATT
<0.3 to 60,000 ohms

25 WATT 
0.1 to 16,0000 ohms

Tolerances 
from 3% 
to .05%

Meet ell requirements of applicable mili­
tary specifications in existence or in 
prospect.
•GUARANTEED (AT SLIGHT PREMIUMS)

SAGE

NEW SAGE Type“M” 
(Metal-clad) “Silicohm” 
Resistors Give You BOTH!
If you have been stumped because miniature, 
chassis-mounted resistors in the past offered 
only 1,000 VRMS dielectric, then here’s good 
news. Thanks to a superior, new type of filling 
material and new production techniques, SAGE 
now offers this new, improved, precision wire­
wound resistor with a standard rating of 1,500 
VRMS dielectric strength—and up to 3,000 
VRMS on special order. And the cooler hot­
spot means longer life, improved stability and 
greater all-around reliability.
Complete data available on request

ELECTRONICS CORPORATION

302 North Goodman St Rochester 7 N Y

»
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NEW TRANSISTOR CLIPS!
Augat Brothers have developed a new 

line of clips for the retention of transistors, 
crystals, diodes, etc.

Now available in all standard sizes, they 
are the answer to the engineers’ layout 
problems in regards to shock and vibration. 
Made of either 1065 spring steel or 25 alloy 
beryllium copper to retain shape, a mini­
mum of clamping action is lost in use.

If your requirements are not listed in our 
catalog, write us for information on clips 
made to your specifications.

4 Augat bros.inc
— " 31 PERRY AVENUE • ATTLEBORO, MASS.

Circuit Resonance Indicator
Patent No. 2,784,375. S. J. Mehlman. (As­
signed to Dynamic Electronics)

The resonance indicators presently used 
for determining resonant frequency of a 
circuit component are usually portable and 
of the grid-dip type. They are subject to 
certain inaccuracies inherent in their con­
struction particularly at high frequencies. 
At such frequencies, the coupling loop will 
change the frequency calibration of the os­
cillator with the result that accurate deter­
minations are not made. Also at the very 
high frequencies such as in the range from 
400 to 1000 mc the coupling inductance used 
as the probe is of such small size that ade­
quate coupling is practically impossible. 
Again such indicators can measure over a 
limited range only, the range being deter­
mined by the frequencies to which the os­
cillator can be tuned. Also the coupling 
probe is of critical size for each particular 
range of frequencies. As a consequence, the 
probe may be too large to secure an accu­
rate measurement particularly when the 
resonant circuits to be tested are located 
close together. The grid-dip indicators fre­
quently are lacking in adequate stability, 
overheat and are somewhat fragile and sub­
ject to the effect of rough handling. The 
indicator of the patent overcomes most or 
all of these difficulties.

In the indicator of the figure, the probe 
1 may be a limited number of turns and in 
fact may even be a half turn. It is an un­
tuned coupling means and hence can be 
used for the entire range. One side of the 
probe is connected with a frequency gen­
erator through the center conductor 8 of a 
coaxial conductor 3 and the other side of 
the probe is connected to a meter through 
the center conductor 10 of a second coaxial 
conductor 4 and a crystal rectifier 14. The

*
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two center conductors of the coaxial coj 
ductors are connected through a load 1 
sistor 13 in series with a by-pass capacity 
12. The resistor 13 has a value of about 51 
ohms to match the resistance of the coaxJ 
conductor. The shields of the conducto] 
are connected together and to the junctij 
of the resistor and capacitor. The meter! 
a sensitive de meter having a range froJ 
0 to 100 pa.

The resistor 13, by-pass capacitor, anl 
rectifier 14 can be housed in a small uni 
of about 2 inches long and about a squail 
inch in cross section so that it can be prd 
jected into the confined space of a circuil 
the resonant elements of which are to J 
tested. The C.T. circuit is illustrative of 
circuit component, the resonant frequenq 
of which is to be determined. The geJ 
erator should have an output of at leal 
10 kpv and the frequency range may exted 
from less than 10 to more than 1 km 
The capacitor 12 will be of the order I 
1000 ppf. The generator being an ind 
pendent source such as commonly foun 
in laboratories can be accurately calibrate!

In using the indicator the frequency 
the generator is changed until a sharp dl 
on the meter is observed and the frequend 
of the generator is therefore the resona 
frequency of the circuit element bein 
tested or a harmonic of this frequency. TH 
frequency of the generator is then adju 
to the harmonic frequencies to determi 
this fact. The indicator may be used f 
determination of the Q of a circuit comp 
nent and as a wave meter to determine tl 
resonant frequency of an oscillator.

It is pointed out in the patent that tl 
rectifier may shunt the probe if desird 
Also an ac volt meter can be used if tl 
radio frequency output of the generator 
modulated with an audio frequency.
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Diode Pulse Amplifier
Lmf No. 2,791,725. C. R. Williams. (As- 
hned to Northrop Aircraft, Inc.)

1 coil 
ad J 
■»acid 
out 5] 
oaxd 

luctoJ 
inctid 
»eter I 
e fron

The diode pulse amplifier uses a gas- 
illed glow tube with the gas at glow dis­
charge pressure. Two symmetrical cold 
electrodes are provided one serving as an 
anode and the other as a cathode. A high 
de voltage is supplied to the anode through 
a current limiting resistor to maintain the 
How tube in a normally conducting condi­
gn. A pulse is applied across the elec­
trodes through suitable coupling means, 
he pulse source is of a predetermined 
hularity so as to quench pulses which tend 
|o decrease the conducting potential of the 
blow tube and place it momentarily in a 
hon-conducting condition. The output cir­
cuit across the electrodes comprises a series 
Lmbination of a capacitor, a crystal diode, 
Ind a low resistance load in which the 
Lpacitor and the crystal diode reduce the 
hunting effect of the low resistance load.
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levice for Deflecting Atmos|;neric and 
Ither Static Disturbances
latent No. 2,794,118. A. A. Kiriloff, W. A. 
kry, and B. Sergievsky.
I The invention, recently released by the 
Atomic Energy Commission, is concerned 
Lth a device for deflecting from electronic 
Lparatus disturbances caused by statics, 

makes use of an ionized by-path which 
[ridges disturbances from the apparatus, 
the terminal of the apparatus at which the 
potential disturbances might enter is 
Iridge to ground. This by-path includes 
I collecting electrode and a leading-off 
Electrode. One is connected conductively 
Io the terminal and the other to ground, 
[he electrodes have a gap between them. 
I carrier with a radio-active surface is 
[laced in the vicinity of the gap. Gap to 
■rrier distance coincides with the zone of 
■axmium ionization made by the material.

igh Frequency Negative Resistance Device
W No. 2,794,917. W. Shockley. (As­

hed to Bell Telephone Laboratories, Inc.) 
[The diode oscillator uses a semi-conduc- 

p material having a first zone containing 
I Predominance of mobile charge carriers 
I one type and a second zone which is 
iaracteristically essentially free of mobile 
large carriers of this one type. A barrier 
pts between the zones. An injector of 
rarity charge carriers of the one type 
I associated with the second zone. An 

electrode is connected to the first zone and 
a voltage bias is provided between the in­
jector and the electrode which biases the 
junction in its high resistance direction. An 
impedance having a reactive component in 
series resonance with the reactance of the 
semi-conductive material at a frequency— 
the period of which falls between two- 
thirds and twice the effective transit time 
of the one type of charge carrier—is pro­
vided between the injector and the carrier.

A. R. C. CERAMIC INSULATED 
CONNECTORS

Deflection Circuit For Cathode-Ray Tubes
Patent No. 2,794,148. J. G. Haberkost. (As­
signed to Allen B. DuMont Laboratories)

The deflection circuit uses an electron 
tube having a cathode, a control grid, a 
screen grid and an anode. A sweep signal 
is applied to the control grid of the tube. A 
coupling transformer has its primary wind­
ing in the anode circuit of the tube and its 
secondary winding connected to the de­
flection coils of the cathode-ray tube. The 
secondary of the coupling transformer is 
connected to the screen grid of the electron 
tube to apply a positive potential during 
retrace. So connected, the electron tube 
continues to be conductive after the tube is 
biased to cut off by the sweep signal input 
to the control grid. This prolongation of 
conduction prevents the application of the 
high voltage to the anode of the electron 
tube, which voltage is induced by the col­
lapse of the magnetic field of the deflection 
coils and the transformer windings.

Minimize Leakage, Save Space
We developed this ceramic-insulated 
connector to obtain performance fea­
tures we needed in our airborne com­
munications and test equipment. 
Doubly silicone coated, it is virtually 
impervious to extremes of moisture, 
and mechanically stable under heat.

low contact resistance. Being of small 
overall dimensions, these connectors 
arc space savers. 2, 3, 4, 6, 8, 12 and 
19 contact connectors each are avail­
able in three-key keyway combina­
tions to prevent incorrect insertion. 
Design them into your equipment for

Eight contact points per pin make for * extra dependability. Write for details.

Dap«ndabl« Airborne Electronic Equipment Since 1921

AIRCRAFT RADIO CORPORATION 
BOONTON, NEW JERSEY
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Available in T9 and T5’à sises

2 ASIM

Transmission Amplifier
Patent No. 2,791,645. C. E. Bessey. (As­
signed to United States of America)

The amplifier circuit includes a pnp tran­
sistor and an npn transistor with their 
base electrodes connected together. A posi­
tive potential is applied to the base elec­
trode of the npn transistor and a negative 
potential is applied to the base electrode of 
the pnp transistor. A first load impedance 
is provided between the npn collector and 
the source of positive potential. A second 
load impedance is also provided between 
the pnp collector and the source of neg­
ative potential. A decoupling resitor con­
nects the emitter of the pnp transistor to 
a voltage dividing tap on the first load 
impedance. A decoupling resistor connects 
the emitter of the npn transistor to a volt­
age dividing tap on the second load impe­
dance. A capacitor couples the emitters of 
the two transistors. The input is applied to 
one of the emitters and the output is taken 
from the collectors of the transistors.

TEMPERATURE 
-LIMITED y .

DIODES- Ka lot ron
WITH PURE 

TUNGSTEN 
FILAMENTS .

VOLTAGE AND CURRENT REFERENCES

for precise noise measurements 
for general feedback circuit applications
These precision diodes have a temperature-limited emission char­
acteristic where small changes in filament voltage result in rela­
tively largo changes in anode current. Pure tungsten filaments 
guarantee specified ratings and stable characteristics throughout 
the entire normal life of the diode.
Most types embody unique safety feature which protects your 
equipment by closing external high impedance circuit in event of 
filament failure.
Special diodes of all typos can bo developed and manufactured 
by our experienced staff.
Write for literature describing all types available from stock.

LI

THERMOSEN, INC. 375 fairfield ave. • Stamford, conn 
CONTROLLED EMISSION IN ELECTRONICS
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Patents

PIX Manufacturing 
Co., Inc.

83 Hudson St.
Newark 3, New Jersey

DEPENDABLE, PRECISION 
WIRE FORMING AND 
STAMPING SPECIALISTS

Amplifier

Patent No. 2,781,420. R. F. Eno. (Assigned 
to North American Aviation, Inc.)

Varying direct current signals which are 
required to be amplified have obtained 
such amplification such as by a direct cur­
rent amplifier or by converting the signal 
into an interrupted signal and amplifying 
the latter through a known ac amplifier. 
Such circuits are more or less complex and 
when a de amplifier is used the circuit is 
unstable, requires a high bias voltage on 
the grid and due to inherent capacity the 
circuit is incapable of high frequency re­
sponse. The circuit of the patent does not 
have the objections enumerated and also 
dispenses with balancing and negative 
feedback for the purpose of securing sta-

applied at the terminals Ea, which re suits 
in currents It and 13 in the direction shown 
by the arrows. The current It, through the 
coil 6, is additive to the current It whereas 
the current I3 is in opposition to the current 

through the coil 7. The output is taken 
from the terminal Eo. With diodes 8 and 9 
in series with a resistor 10, a demodulated 
output signal is secured. The sliding con­
tact on resistor 10 enables adjustment of 
the circuit. The bias current flowing in coils 
6 and 7 from the bias source Eb determined 
where the circuit is operating on the B-H 
curves of the cores of the coils. With a high! 
bias current, the position is in the nonlineaJ 
portion of this curve.

the o1 
chanci 
rhich 
¡Ilustra 
[or a s 
¿rcuit 
inducti 
:hokc

Precision parts from PIX to meet your production and engineer 
mg needs—from 002" dia. to .125" dia. Modern facilities, 
high production equipment Radio tube parts, drawings, piercing, 
wire straightening, cutting and forming, relay components, 
transistor hoses, terminal lugs, multislide stampings, beryllium 
copper contacts ond printed circuit connectors.
Send sketch or print for quotation.
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NeW!957

NEW
TRANSISTOR TRANSFORMERS

Approved MIL-T-27A designs

HERMETIC, MOLDED, OPEN OR CASED 
SERVO, MISSILE, AIRBORNE TYPES

Write for
Detailed 1957 Catalog

flilCfiOTRflii’T’

Connecticut, Hartfaea 
“°“'

K‘ny°" «.d|. sLpp^ c? "

íx ¿r*- IRadio Di,tributo«
New Yor|f I

Woimar Distributor, I

I
-*oii Company I

Montague Supply I
Washington, Tacoma I

— C * 6 Radio |

1-^5 E. Mineola Avenue, Valley Stream, L. I., New York

The circuit is clear from the figure and 
its simplicity is apparent. In operation, an 
alternating frequency is applied across the 
coils 6 and 7 from the Ec source through 
the blocking capacitor 1. A de bias poten­
tial Eb is applied across the coils and pro­
vides a current ZP The signal potential is

Ec 
400*—

2

If a modulated output signal is desired 
the diodes 8 and 9 are dispensed with an<

Write for descriptive literature 
on this and other models, or 
wire or call for prompt reply 
on your application.

Statham
MODEL

TEMPERATURE 
TEST CHAMBER

for testing from —75°F to +600°F
$700 00 f.o.b. Los Angeles

the most versatile ;
temperature test chamber ' 

for laboratory or production line...

The Statham Model TC-4 portable Temperature Test 
Chamber has proven its versatility and value for years 
in such fields as the Aircraft, Electrical, Electronic, 
Automotive, and Chemical industries. Its wide operat­
ing range —from —75“F to +600“F makes this unit the 
ideal solution for ambient temperature tests in the 
Laboratory or on the Production Line. Accurate and 
adjustable control, wide temperature range, and a prod­
uct capacity of 600 cubic inches provide the most 
versatile test chamber available for your testing needs. 
Interchangeable extra trays may be ordered for greater 
convenience and elimination of loading delays.

Statham
DEVELOPMENT CORPORATION 
12411 West Olympic Boulevard, 
Los Angeles 64, California
GRanite 7-9157.
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other circuit elements remain un- 
han^ed. There is also disclosed a circuit 
¿rich uses the basic concept of the figure 
¡Inst ated which is designed particularly 
[or a signal source of low impedance. This 
jrcuit couples the signal potential Et to the 
inductors 6 and 7 through series connected 
choke coils and primary windings.

,8

io
E,

9

.esired 
th an<

Synchronizing System

patent No. 2,794,858. W. D. Houghton. (As- 
^ned to Radio Corp, of America)

The circuit arrangement described is 
Lsed for synchronizing a first or locally- 
pnerated wave with a second wave. The 
ko waves are applied to a comparator cir- 
kit. A variable time delay circuit is cou- 
Hed to the comparator circuit so that the 
Application of the locally-generated wave 
k the comparator circuit is delayed. The 
bmparator circuit developes a direct po­
tential which is proportional to the time 
Lhase between the second wave and the 

pine delayed locally-generated wave. This 
fiiect potential is then applied to the time 
L lay circuit to vary the extent of the time 

Flay provided by the circuit.

Voltage Stabilizer Circuit Arrangement

Patent No. 2,794,939. C. H. Tosswill et al. 
(Assigned to North American Philips Co. 
Inc.)

The patent discloses avoltage stabilizer 
circuit having a pair of output terminals 
with a reservoir capacitor connected across 
these terminals. The circuit also includes 
a source of charging potential for charging 
the capacitor through a first resistor in ac­
cordance with the value of an unstabilized 
input voltage. A first cold cathode trigger- 
controlled gas discharge tube has a sec­
ond resistor in series with this tube. The 
series combination is connected across the 
capacitor.

A second capacitor is provided be-
tween the anode and the cathode of the
tube. Finally suitable means samples the 
voltage across the reservoir capacitor at 
intervals of time. This sampling means is 
coupled to a terminal of the reservoir ca­
pacitor to apply a signal having an ampli­
tude which is dependent upon the voltage 
across this capacitor to a trigger electrode 
of the tube. A periodic conduction in the 
tube is produced at a rate determined by 
the value of the output voltage.

UL

SNAP ACTION

■’SNAPPER” 
GLASS RELAYS 

—for commercial ap­
plication«, «ingla- 
polo double throw 
•nap action.

IN EVERY CONTROL PHASE

with the Curtiss-Wright "SNAPPER" 
Thermal Time Delay Relay

Computers, broadcast equipment, motors, lighting systems, 
missiles, industrial controls — for electrical circuit appli­
cations involving time delay that demand unfailing action 
in every control phase, more and more design engineers 
specify “SNAPPER” ' Relays by Curtiss-Wright. These 
reliable relays eliminate chatter with positive snap action, 
have single-pole double throw contacts and a wide temper­
ature range (—65° +100°C). Preset time delays from 3 
seconds to 3 minutes are now available in metal envelope 
and from 5 to 60 seconds in glass envelope. Write for our 
new detailed data sheet with complete application in­
formation.

MAGNETIC 
AMPLIFIERS

—cuttom-designed to 
fit complex require­
ment« for control 
system«.

r—T

Component 
Salo* 

Department

ELECTRONICS DIVISION LX

CURTISS-WRIGHT
CORPORATION • CARLSTADT. N J

•WF
••MEMORY” 

RELAYS 
—thermally operated 
bi-«table time delay 
relays with two sep­
arate heater circuit«.

a complete line of instruments

for precise measurements
FREQUENCY

Standard RatioTran*+

write • phone • wire VOLTAGE RATIO
H------ F

/ 3211 SO. LA CIENEGA
a / / a / __ LOS ANGELES 16,

hPmQPh------- - Uu! LÙU HPRODUCTSJNC.

t >- - - - - - - - i i r
From 50 kc to 30 kmc
—I—I------ 1—I—I------- F—
Accuracy — 1 Part in 10
—i—i------ 1—i—i------ f—
Models for Lab & Field

i i i—k

Direct Reading

“GERTSCH BOX”

FM-3 
SHOWN

Null Indicators 
—----- 1 I I—I—
Bridge Transformers

*(AC Voltage Dividers)
» ■ i » ■ i

CIRCLE 470 ON READER-SERVICE CARD FOR MORE INFORMATION

Price $775.00

v Model 291
UNIVERSAL 
IMPEDANCE 

BRIDGE
WITH

A.C. and D.C.
Generator- 
Detectors

;

Precise Laboratory Accuracy
WITH

RESISTANCE: Measurements of resilience from 0 to 1.2 
megohms within an accuracy of ±0.1 %.

CAPACITANCE: Measurements of capacitance from 0 to 
1 200 microfarads within an accuracy of ±0.2%.

INDUCTANCE: Measurements of inductance from 0 to I 200 
henrys within an accuracy of ±0.3%.

CONDUCTANCE: Measurements of conductance from 0 to 
1200 millimhos within an accuracy of ±0.1 %.

For complete information contact your 
nearett ESI engineering repretentatiie or

ELECTRO­
MEASUREMENTS, INC 

7S24 S. W. MACADAM AVENUE 
PORTLAND 1, OREGON

ver sal, general purpose impedance 
bridge. This bridge is "human engi­
neered" and designed to rapidly meas­
ure resistance, conductance, capacitance 
and inductance as well as the dissipa­
tion factor (D) and storage factor (Q) 
for capacitors and inductors at audio 
frequencies.

CIRCLE 450 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 471 ON READER-SERVICE CARD FOR MORE INFORMATION
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Sloping Panel 
Prestige Cabinet

Heavy Duty 
Cabinet Rack
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Investigate the Advantages of these 
NEW BUD RACKS AND CABINETS

immediate delivery on pre-production or sample 
quantities. No obligation for engineering pulse trans­
formers or complete blocking oscillator circuits to 
meet individual requirements.

the J 
theor 
theor 
the pi

jects i 
engini 
Lass.2118 East 55th Strepi, Dept. ECD, Cleveland 3, Ohio

of th 
equat 
datioi

Blocking Oscillator Bulletin BO. 
k Pulse Transformer Bulletin KA

Designed for the engineer who needs a triggered 
blocking oscillator for research or prototype develop­
ment. Ready-to-operate unit (less 12AU7 tube) 
plugs into standard octal socket. Available in six 
different pulse widths: 0.1, 0.2, 0.5, 1.0, 2.0, and 5.0 
microseconds. Two outputs: one positive and one 
reversible positive or negative.

N. F. Astbury, Philosophical Library, 15 
East 40 St., New York 16, N.Y., 241 pages, 
$10.00.

An insight into the author’s purpose in 
writing this text can be gained by carefully 
examining the title. He is groping for the 
proper group of words to identify' the merg­
ing which has occurred in the past twenty- 
five years between theoretical physics and 
electrical engineering. Electrical theory is 
approached neither as a pure science of 
physics nor an engineering science.

In his attempts to bring together the 
classical and the practical aspects of the 
subject, Mr. Astbury has restricted his book 
to a fairly modest compass of the field. At 
times the reader is frustrated because of a 
lack of detail on a particular subject. In 
fairness to the writer, it should be realized

that inclusion of sufficient detail to satisfy^ 
a majority of readers would completed 
bury the purpose of this text.

Over abundant use of mathematical 
analysis is avoided. In most instances 
mathematical treatments are presented iJ 
company with the relevant physical prob 
lem and is not objectionable to a serious 
reader.

The engineer or scientist desiring to co­
ordinate his theoretical and practical think­
ing should find the text interesting.

the ic 
and t 
espec

F or exacting, high-temperature applications. • •

CERAMASEAL LEAK-TIGHT TERMINALS

A NM SERIES 
OF SIX PLUG-IN 
BLOCKING OSCILLATOR CIRCUITS

Foundations of Physics
Robert Bruce Lindsay and Henry Mar- 
genau, Dover Publications, Inc., 920 Broad­
way, New York 10, N.Y., 542 pages, $2.45.

A bridge between semipopular works for 
the general reader and technical treatises

Eleme
Harry 
42nd 
57.50

Engineering hits containing var 
ious assortments of sub­
miniature <ind miniature pulse 
transformers are available Kit 
KA4, pictured above, contains 
five different hermetically- 
sealed subminiature pulse 
transformers conforming to 
MIL-7-27A specifications.

Assuring you savings in installation and operation, these Ceramaseal high-tem­
perature terminals are 100% leak-tested and guaranteed leak-tight when shipped. 
High-alumina ceramic and metal parts of Ceramaseal terminals are joined 
by an exclusive process to form a high-strength, long-life molecular seal.
Brazing, welding or soldering techniques can be used for installation, with­
out resulting damage to the seal, thus eliminating costly rework or replacement. 
For brochure and spec sheets, or complete information on special high-tempera­
ture terminals, write: Ceramaseal, Inc., Box 25, New Lebanon Center, New York.

Supplying High-temperature, Quality Terminals for Five Years

Bud progressive engineering has developed three new sheet metal 
housings, all having practical applications In Electronic and Electrical 
Instrumentations and Controls.

SPACE SAVER RELAY RACKS provide necessary panel height and width 
but have a shallower depth to accommodate to space limitations. Espe­
cially desirable for use with Bud Panel Mounting Chassis. Three stand­
ard sizes.

HEAVY DUTY CABINET RACKS designed for installations where in­
creased depth Is required. The Add-A-Cab feature provides for increased 
panel space where vertical height is limited. Three standard sizes.

SLOPING PANEL PRESTIGE CABINETS offer high style, custom appear­
ance at standard stock prices. Provision is made for both swept-back 
and vertical panels. Available in three sizes.

INTRODUCING

C B C. ELECTRONICS CO,. INC
2601 NORTH HOWARD ST
PHILADELPHIA 33, PENNA



nee«

nous

J co-

atises

TAPE
other questions? Write for data file 94C.

7092 Barclay St Conshohocken, Pa.

BENTLEY, HARRIS INSULATIONS

CIRCLE 411 ON READER-SERVICE CARD FOR MORE INFORMATION

165

When you're on the run, and there's barely 
time for the hastiest over-the-shoulder glance, 
Beckman Expanded Scale Voltmeters read

HECTRONIC DESIGN • September 15, 1957

Newport Beach, California
A division of
Beckman Instruments, Inc. 
Engineering representatives 
in principal cities

Beckman«/
Hellpot

I Corporation

BECKMAN EXPANDED SCALE VOLTMETERS read 
accurately from any angle, under the most hair-raising 
conditions of distance, darkness and distraction.

written for specialists, the book discusses 
the foundation, ideas and background of 
modern physics. It treats the methods of 
physical description and construction of 
theory, and is not a text on theoretical 
physics. The physicist with a background 
in elementary calculus, who is interested in 
the ideas which give meaning to the data 
and tools of modern physics, should find it 
especially helpful.

Contents include a thorough discussion 
of theory, data, symbolism, mathematical 
equations; space and time in physics, foun­
dations of mechanics; probability and its 
application; the statistical point of view; 
the physics and continua; the electron 
theory and special relativity; the general 
theory of relativity; quantum mechanics; 
the problem of casuality.

how come? Because the useful portion of the scale 
is expanded and the rest tossed out. No 
befuddling bunched-up divisions at one end of the 
scale, as in conventional meters.

Elements of Pure and Applied Mathematics

Harry Lass, McGraw-Hill Book Co., 330 W. 
42nd St., New York 36, N.Y., 491 pages, 
$7.50

A thorough treatment of the various sub­
jects in classical mathematics useful to the 
engineer and physicist is presented by Mr. 
Lass. He covers most of the subjects that an

Nuclear Engineering

Edited by Charles F. Bonilla, McGraw-Hill 
Book Co., 330 W. 42nd St., New York 36, 
N.Y., 850 pages, $12.50.

Engineering disciplines necessary in the 
design of nuclear reactor cores and power 
plants are discussed by twelve experts in 
various fields of engineering and science. 
In each of the twelve fields, fundamentals 
are discussed briefly and clearly, with illus­
trations and advanced specific analyses. 
The book will be useful as a tabulation of 
advantages and disadvantages of the prin­
cipal reactor types in use or under design 
and for constructional details of many cur­
rent reactors.

undergraduate math major encounters in 
his course work. The treatment of vector 
and tensor analysis, along with probability 
theory and statistics, is unusually complete. 
There is a short treatment of nonlinear 
mechanics and game theory, and a chapter 
on group theory and algebraic equations. 
The material has been so written that each 
chapter is independent of the others al­
though many cross references tend to unify 
the subjects at hand.

•T.M. Owens-Corning

CIRCLE 409 ON READER-SERVICE CARD FOR MORE INFORMATION

TEFLON
GLASS
FIBER 

LACING

New Ben-Har Braided Lacing and Winding Tape 
combines two superior insulation materials—DuPont 
Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 
-100°F. to 500°F. They are non-absorbent and inert 
to most known chemicals and oils . . . completely 
wax-free and fungus proof.

Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples.

Bentley, Harris Manufacturing Co.

the result? Accuracy to 0.3% of center-scale voltage. 
Resolution to 0.1 volt. Readability to 20/400 vision.

the facts? Beckman Expanded Scale AC & DC Voltmeters 
are for panel installations down on the ground, 
up in the wild blue yonder, or for test equipment 
anywhere. The eight basic models come in shapes, 
sizes, standard scales and accuracies to suit 
your installation.
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Function Generators

Using Piecewise

Linear Approximation

tions of a single argument (y sin x, y
to a product or quotientcos x, y
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WRITE today foi your big free illustrated Gee-Lar Catalog. 
No obligation!

two functions of different arguments
■ Functions of two or more arguments
■ Experimental functions of a single argumei 
given in the form of tables or graphs

Fast Service is the big “plus” you get at GEE-LAR— the 
House of Knobs. Hundreds of styles, sizes and tynes, in­
cluding deluxe Gold Inlay Knobs, are stocked . quickly 
shipped to you in any quantity Rest of all. your costs are 
always moderate... there’s no charge for tooling or molds.

function converter reflects the taste and the intq 
tion of the designer.

The non-linear relationships encountered in th 
investigation of automatic-regulation systems ji 
conveniently broken down into the following forms 
■ Typical relationships, characterized by intermit! 
tent changes in the transfer functions of some eh 
ments of the system (backlash, dry friction, rela 
dead zone, limit stop, and others)
■ Relationships leading either to elementary fund

ELECTRONIC DESIGN • September 15, 19
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Fig. 1. A non-linear solution element in the form of an 
operational amplifier having a non-linear admittance in 
series with its input and another in the feedback loop.

KNOBS FOR
Television • Home Radios 
Phonographs • Clock Radios 
Auto Radios • Instruments .. . 
many others.

NON-LINEAR converter circuits are usually 
made up of diode elements connected in par­

allel. In universal function converters, the diode 
elements are, as a rule, connected only at the input 
of the summing amplifier. This places a severe 
limitation on the capabilities of the universal con­
verter, but simplifies the operation.

In the design of special function converters, the 
circuits can be made up of diode elements of vari­
ous types and can be connected either at the input, 
or in the feedback loop, or simultaneously in both.

The literature contains no indication to date in 
what cases and in what manner a given function 
should be reproduced by means of individual diode 
circuits connected in the input and in the feedback 
loop, and therefore each circuit of a specialized

L® <--------ACTUAL SIZE------- > 
New Clinch Nuts

When space requirements are tight, one of these two new ESNA 
miniature clinch nuts may be just what you’re looking for! They 
are easily flush mounted in sheet as thin as .030'.

Type NCFM clinch nut for temperatures up to 350°F, has 
special nylon locking insert which will not gall screws or create 
the cadmium flaking so damaging to electrical circuitry. Type 
LHCFM is an all-metal nut with an elliptical crown locking 
device capable of withstanding up to 550° F.

Detailed dimensional drawings on these two new miniature 
nuts, plus full data covering necessary installation tools are now 
available. Write Elastic Stop Nut Corporation of America, Dept.

S8-957, 2330 Vauxhall Road, Union, N. J.

ELASTIC stop nut corporation
M OF AMERICA

Division of G Textron Inc.

New ESNA miniatures
flush mount

GEE-LAR MFG

Fig. 2. A universal diode 
function converter built up 
of single diode elements.



MODULIZED
SERVO SYSTEMS

in th

All these relationships may be reproduced with 
the aid of diode function converters. Universal 
diode function converters, employed to reproduce 
non-linear equations obtained experimentally are 
usually built up of single-type diode elements (Fig. 
b). To reproduce typical elementary non-linear * 
[unctions, it is more advantageous to employ the 
diode elements of Fig. 3, which shows three types 
of elements. These elements employ a smaller num­
ber of impedances in each element, are simpler to 
design, and make it possible to obtain element char- 

Lcteristics with a higher slope. In addition, elements 
L-ith virtually grounded diodes can perform sum- 
Imation. In both cases characteristics may be ob- 
Itained in all four quadrants by re-connecting the 
Idiodes, by reversing the polarity of the standard 
I voltage, or by connecting a sign inverter at the
input.

Analysis of the errors of diode-element circuits

fl

fl
eref

QUICKLY INTERCHANGEABLE . . . EASILY SERVICED
• Miniaturized • Lightweight • Simple, fast installation • Meets MIL-E-5272 

• Can be hermetically sealed with dimensional changes
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binations of:
gear ratios 
clutch
brake 
clutch-brake

OSTER TYPE SB-9805-01 SB-9805-02 SB-9805-03 SB-9805-11 ।

Motor
Fixed Phase Voltage 26v 115v 115v 26v
Control t^hase Voltage 26v 115v 115v 26v |
Frequency 400 400 400 400
Max. Power @ Stall 6 5 5 6
No Load Speed 10,500 10,000 10,000 10,500

Generator
Excitation Voltage Phase 1 26v 26v
Output Phase 2 0.3v/1000 RPM 

100,000 ohm 
load

0.3v/1000 RPM 
100,000 ohm 

load
Null . I .012v .012v
Wobble Voltage .007v .007v

(Power Excitation) 3.5 watts Max. 3.5 watts Max.
Linearity 0.5% to 4000 

RPM
0.5% to 4000 

RPM
Potentiometer ■

Mechanical Rotation 360° 360° 360° 360°
Resistance 1000 ohms 50,000 ohms 50,000 ohms 1000 ohms
Accuracy of Total Resistance ±5% ±5% ±5% ±Wo
Electrical Angle 350° 350° 350° 350’

Servo Block Unit *
Ambient Temperature — 55°C to 72 °C — 55°C to 7.2°C -55°C to 72°C — 55°C to 72°C
Altitude — 1000 feet to 

55,000 feet
— 1000 feet to 
55,000 feet

— 1000 feet to 
55,000 feet

—1000 feet to 
55,000 feet

Life 3000 hours 
excluding pot.

3000 hours 
excluding pot.

3000 hours 
excluding pot.

3000 hours 
excluding pot.

Gear train
T Ratio 1000: 1 336:1 167 : 1 10,000:1

Dust Enclosed per 
________________________

Section 4.11 
MIL-E-5272A

Section 4.11 
MIL-E-5272A

Section 4.11 
MIL-E-5272A

Section 4.11 
MIL-E-5272A

Backlash Anti-Backlash 
gear on pot.

1° 1’ Anti-Backlash 
gear on pot.

Synchro
Input Voltage-Stator 11.8v
Output Voltage—Rotor 10.6v

Clutch Brake
Input Voltage lOOv de lOOv de
Input Power 2.0 watts Max. 2.0 watts Max.
Operate Time—Energize 5 milliseconds 5 milliseconds
Operate Time—De-energize 20 milliseconds 20 milliseconds •

3620

3620

2 875

Offered as illustrated with 
identical or different com-

servo 
synchro 
motor-tach 
potentiometer

Write for further information TODAY, enclosing details of your requirement.

Other products include motor­
gear-trains, synchros, AC drive 
motors, DC motors, servo mech­
anism assemblies, motor tachs, 
servo torque units, reference and 
tachometer generators, actuators, 
motor driven blower and fan 
assemblies and fast response re­
solvers.

MANUFACTURING COMPANY
Your Rotating Equipment Specialist

Avionic Division
Racine, Wisconsin

Engineers For Advanced Projects:

Interesting, varied work on designing transistor circuits and servo mechanisms.
Contact Mr. Zelazo, Director of Research, in confidence.

Fig. 3. a—Elements with virtually
grounded diodes b—Limiter type diodes
c—Dual diode elements—representing
a combination of the first two types.
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5, 19; CTRONIC DESIGN • September 15, 1957 167



of the

0

^1

I out

H

0^

I

sell

CTRC

cc 
tic

The vi 
the in

hich af 
e rev ri

Fig. 5. Complete basic diagram of a non-linear convert 
with diodes in the input circuit and in the feedback loo 
Provision is made for operation with two polarities of tl 
input and output signals.
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has shown that the relative error they introduce 
increases with the equivalent slope of the current 
characteristics and with the number of the diode- 
elements connected simultaneously. By “equivalent 
slope of current characteristics” are meant

where in indicates the maximum value 
quantity.

Many methods can be proposed for the synthesis 
of diode elements so as to reproduce a spécifiée
non-linear function, the slope of which varies ovei 
a wide range. With this, the slope of the current 
characteristics of the individual diode circuits does 
not go outside the permissible limits and at the 
same time, the design insures the least number o

Xbstra 
htion 
pproxir 
tiomat;

^orcsin

*u

iin

fig. 4. Plot of the diode circuit current characteristic® 
derived from the expression eout = 10^e3ln. The currer 
characteristics are obtained by integrating the corresponc 
ing characteristics of the slopes of the current characterii 
tics.
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KEEP-UP-TO-DATE ON MAGNETICS
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Now you can use molybdenum permalloy powder coresSchemel

in miniaturized circuitsechemeO

schemes
^100 *Ir

CIRCLE 480 ON READER-SERVICE CARD FOR MORE INFORMATION

exclusive feature—color-coding. Color-coding tells your as­
semblers how many turns to put on your cores without the 
lost time and extra expense of special testing.

Want more facts? There’s a brand new bulletin (PC-1 OSA), 
full of important information. It’s yours by writing 
Magnetics, Inc., Dept. E-35, Butler, Pennsylvania.
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M/WEHMnc

fcch after introducing the values of the slopes can 
rewritten as

When your engineering tjeighbor talks about “Cheerios” 
these days, he’s apt to be discussing a new breakfast cereal­
sized molybdenum permalloy powder core which has found 
a happy niche as a miniaturized filter component. Guided 
missiles, which are filling the troposphere these days, typically 
use these little fellows in their amplifier circuits. Small (down 
to .300-in. ID), they are tough and easy to use. They also pro­
vide a markedly high degree of stability with time, tempera­
ture and magnetization.

The value of Se and its variation in the function 
[the input signal are usually given by the initial 
on-linear relationship, and the problem consists 
[distributing the quantity Se between Sit and S't 
j that neither exceeds the permissible limit.

Abstracted from ‘On The Theory of Non-Linear 
Mutton Elements, Employing Piecewise Linear 
^proximation” by B. la. Kogan, which appeared in 
íomatika i Telemekhanika, December, 1956.

Made by Magnetics, Inc. (Performance-Guaranteed, of 
course) they provide the highest permeability and lowest core 
losses possible in use in filter, audio and carrier frequency 
circuits. We provide extras, too—you may specify our very

out-IOOco.—<

mult meously-connected diode elements.
These methods are based on the use of the 
mation
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Fig. 6. Plot of the current char­
acteristics derived from the ex 
pression eout = 100 sin—

VOi'BO 80

_____ J 0 +«ret
Fig. 7. Principal diagram of a function 
converter used to generate a func­
tion such as the one plotted in Fig. 6.
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Long-Distance Tropospheric Propagation of UHF 
Waves B. A. Vvedenski, A. G. Arenberg, (12 pp, 6

Expansion for Some Second Order Probability Dis­
tributions And Its Application To Noise Problems,” 
by J. F. Barret and D. G. Lampard, Trans. IRE, 
Professional Group on Information Theory, January 
1955.

ELECTRONIC DESIGN • September 15, 19

arious 
Led to

Conclusion of a survey article (begun in the 
January 1957 Radioteknika, ED August 15, 1957). 
The present status of theory and experiment con­
cerning coherent scattering, refraction, and diffrac­
tion of UHF waves in the troposphere is discussed 
in detail. There are still many contradictory and 
little-understood facts both in the theoretical and 
in the practical data accumulated on the subject, 
but the authors feel quite certain that once the 
antenna sizes and transmitted powers become eco­
nomically justified, forward scattering will be able 
to take its place as a useful means of communica­
tion along with conventional microwave relay sys­
tems. Numerous American references are cited.

re Bri 
atures,

Analysis of the response of a phase detector to 
the combined effect of a useful signal and extran­
eous noise, leading to approximate equations for 
the mean value of the voltage and for the correla­
tion function of the detector-load fluctuations. The 
systematic and random errors produced when the 
phase detector is used in a target-tracking radar are 
calculated. The author points out that the detector 
error alone does not determine the tracking error, 
for the characteristics of the mechanical portion of 
the system (which has a large time constant) must 
also be taken into account. In addition, the time 
variation of the phase error, which is also a random 
function of time, must be allowed for. Refers to ‘‘An

Fig. 2. Standard Autocorrelation Re­
ception Scheme. Legend: 1—Input fil­
ter 2—Delay Channel 3—Multiplier 4— 
Synchronization channel 6—Integrator

Firmin 
FPonsc 
hescri 
Mmak

Derivi 
I maxii 

Fgn p

lielecti

A thi

(Contents of Radiotekhnika, No. 2, 1957)

INFORMATION THEORY AND RECEPTION

Method for Increasing the Noise Rejection in Auto­
correlation Reception of Pulse Signals, M. I. Kar- 
novski, V. I. Chaikovski, (6 pp, 5 figs.).

The addition of synchronous keying to one of the 
channels of a conventional autocorrelation circuit 
for the reception of pulse signals results in a notice­

able increase in the noise rejection. A detailed sta­
tistical treatment of the improvement in signal to 
noise ratio is given. Reference is made to ‘Statistical 
Errors in Measurements on Random Time Func­
tions” by Davenport, Johnson, and Middleton (J. 
Appl. Phys., 1952, 23, April). (See Figs. 1 and 2)

Probability of Signal Reception with a Receiver 
Having a Finite Recovery Time, A. M. Vasil’ev, (11

AUH
’onfenl

A detailed statistical study, in which an equation 
is derived for the reception probability density, 
given the probability density of signal appearance 
at the receiver input. The receiver recovery time is 
assumed to be finite. The equation is solved in gen­
eral form, and simplified solutions are given for 
several practical cases. The theory is applicable to 
the reception of pulses over noisy channels.

Effect of Fluctuations on a Phase Detector, V. N. 
Tikhonov, N. I. Amiantov (12 pp, 6 figs).

Effect of a Dielectric Coating on the Reflecting 
Properties of a Perforated Reflector, V. G. lam- 
pol’ski, (6 pp, 5 figs).

A similar article by V. K. Paranov, dealing with 
wire mesh in which each wire is covered by a con­
centric coating of ice, appeared in the September 
1956 Radiotekhnika (ED, June 15, 1957). This 
article deals with the passage of electromagnetic

Fig. 1. Modified Autocorrelation Recep­
tion Scheme for Pulsed Signals. Legend: 
1—Input filter 2—Delay Channel 3—Multi­
plier 4—Synchronization channel 5—Key­
ing circuit 6—Integrator (averaging device)



Quick-Opening Fasteners

MICROWAVES

.umpression

Quarter-Turn Fastener

igged .springcompression
TUBES

Spring Tension Latchcon

POWER SUPPLIES

eco-

nica
inrich Hertz, 1857-1894, I. G. Kliatskin, (7 pp)

Cabinet Latch
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• 1956
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Lion Fasteners open and close with a 
% turn, hold sheets tightly under the

Heasuring Electric Field Intensity in Resonant Cavi 
ies by Shifting the Resonant Frequency with < 
lielectric Probe, G. N. Rapoport, (8 pp, 1 fig).

wing, knurled.

os-Discharge Counter Tubes, I. la. Breido, G. M 
Inkin, (6 pp, 5 figs, 1 table).
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Available with 
Phillips head.

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

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

A survey article on the most popular gas- 
icharge counter tubes, with particular attention to 
;cade counters. The principal types of representa­
* British and German tubes, their operational 
atures, and control circuits are described.

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

¿ave^ through a perforated material (such as wire 
pesh or expanded metal) coated with a thin layer 
» dielectric. The straightforward series-expansion 
Lalysis is applicable to many antenna structures, in 
Lhich the perforations have a regular periodicity, 
Lj applies to protective coatings as well as to 
Lrmful agents such as rain or ice. The conclusions 
indicate that maximum transmission occurs when 
I dielectric is somewhat thinner than half the 
Lident wavelength. It is shown that under certain 
Lnditions ice may completely destroy the reflector 
Lectiveness.

1 theorem for the frequency shift produced in a 
pvity by deformation of the boundaries between 
krious dielectrics inside the cavity is derived and 
L.l to formulate a technique for the measurement 
i field intensity in the cavity. Detailed classical 
Lory is used. Spherical, spheroidal, and needle- 
Ike probes are discussed. The measurement pro­
Lure is described, and equations are given for 
I determination of the field intensity from the 
lower input.

Free 
Fastener 
Handbook

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

AUTOMATION AND TELEMECHANICS
intents of Avtomatika i Telemekhanika, No. 2,1957}

edition for Maximum Accuracy of Ferroresonant 
»Hage Stabilizers, B. Z. Zil’berman, (1 page)

Derives optimum ratios of the weight of the steel 
naximum power, as well as other stabilizer- 

pn parameters.
BIOGRAPHY

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

Write on your letterhead to Southco 
Division, South Chester Corporation, 
235 Industrial Highway, Lester, Pa.

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

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

acting 
lam-

> Spring 
Loading 
Holds 
Panels

with 
con­

ni her

termination of Periodic Modes in Systems with 
iponse Curves Composed of two Straight Lines 
Prescribed Slopes. Part I., M. A. Ayzerman, F. R. 
rmakher (14 pp, 8 figs).

Advanced Fourier analysis by which special trans­
as are obtained for a function represented by

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

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

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

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

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

"Use captive fasteners wherever feasible . . . Avoid the use of loose washers and loose 
nuts . . . Fasteners on equipment covers should be operable either with no tools or with 
standard hand tools"*
(John D. Folley. Jr. & James IF. Altman, Research Scientists, American Institute 
for Research)
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SERVO STABILITY

A pulsed system consists essentially of a line Descri

either one of the elements alone or both eleine e gain
together. The author describes various techniqi
for calculating the correction elements and exter suits

sed this

numbe
channel systems, and that the use of the cross < lln9

catenections can greatly extend the stability region.Ambient Installation Refrigerated Air Duct Installation

SPEED REGULATION
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classifies these couplings and introduces trans 
functions with complex coefficients for the anal;

Stability of Two-Phase Servomotor with Negate 
Velocity Feedback, E. I. Slepushkin, (11 pp, 8 fig

Corrections for Pulsed Regulation and Control Sy 
terns, Ya. Z. Tsypkin, (15 pp, 21 figs, 1 table).

Unit shown designed by Ohio State University Research Foundation 
—Air Force Cooling Study Project, W. Robinson, Supervisor.

For information concerning heat and watt dissipation, and other types of UAP 
cold plates call or write the nearest UAP Contractual Engineering Office:

Ip \rt! 
' . Al

Speed Regulation of Three-Phase Induction Mot 
Using a Bridge-Type Transducer, V. S. Kuleba 
S. M. Domanitski, (8 pp, 10 figs).

Dual-Channel Automatic-Regulations Systems w 
Antisymmetric Cross Connections, A. A. Krasov« 
(10 pp, 12 figs).

Others function as a “cold plate” by dissipat­
ing heat through their mountings by direct 
conduction to the cooling air flow. Ram air 
or refrigerated air may be used for cooling. 
The heat exchanger—electronic assembly 
may be removed from the case as a unit for 
ease of servicing.

Systems of this type are encountered, for 
ample, in angle tracking or in gyro verticals, wl

m durin

the rotating elements) they are coupled. The aut

UAP dip-brazed heat exchanger is an integral 
part of the electronic components, chassis 
and principal structural member. All elec­
tronic components are mounted to the heat 
exchanger. Some assemblies dissipate heat 
from their surfaces to internal air circulated 
by a blower through the heat exchanger.

Continuation of work previously reported by 
author (Avtomatika i Telemekhanika, July

function of the system as a whole, must moc

of the system and for calculation of the stabi 
margin and of the critical gain. It is shown t 
dual-channel systems offer greater opportunities 
the synthesis of corrective networks than sin

negative-feedback parameters are determined I 
linearizing the mechanical characteristics of t 
servo motor at low speeds. The gain and maximu 
permissible time constant of the feedback loop i 
quired for continuous stable regulation are dett 
mined in most practical cases by the parameters 
the starting point of the mechanical characterist 
for a specified static torque.

COU> PLATE 1 AIM CIRCUITS 
BLACKBOX ENCLOSED

his analysis to the use of sampled-data feedbi 
and to the possibility of employing digital co 
puters as correction elements.

identical servo loops are used for the individ 
variables. These loops are sometimes independi 
and under other conditions (such as phase shift
the set-point voltage or gyroscopic torques due °e to tl

CALIFORNIA • 1101 Chestnut St. • Burbank, Calif...................................................................................... VI 9-4236
NEW YORK • 50 E. 42nd St. • New York 1 7, N. Y......................................................................................MU 7-1283
DAYTON • 1116 Bolander Ave. • Dayton, Ohio.................................................................................................... Ml 3841
CANADA • United Aircraft Products, Ltd., 5257 Queen Mary Road • Montreal, Canada . .. ELwood 4131 engine 
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AIR TO AIR HEAT 
EXCHANGER. ELEC 
TRONIC EQUIPMENT 
APPLICATIONS

1116 BOLANDER AVENUE, DAYTON, OHIO
CIRCLE 482 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN • September 15, 1* ÌROI

inferi
Ur apo 

ed our

element and a pulse element, and any corrects lifiers v 
which results essentially in a change in the trans lified te

COLO PLATE FOR MOUNTING IN ■'BLACK 
BOX" WHICH HOUSES PRINTE 0 CIR­
CUIT ASSEMBLIES I Atif PASSAGE.

y 9 near exchanger,
chassis-case assembly for 

compact pressurized airborne electronics
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New copper-clad MICARTA®
is easy to cold punch —no cracking, no chipping!

abstract of a dissertation. Standard techniques 
Id the usual Boolean algebra are used, and the 
uthor claims his methods yield better results, for 
Ue cases, than Shannon’s earlier procedures.

All holes in new H-3032 copper- 

clad Micarta can be cold punched 

right on the assembly line in one 

operation, and there’s no cracking, 
breaking or chipping. That is one 

of the reasons why this new lami­
nate cuts costs and production time 

of printed circuits.

In addition, copper-clad Micarta 
speeds up soldering, without the 

normal accompaniment of an in­
crease in rejects and missed 

connections.

CAN BE DIP SOLDERED!
Micarta will not blister — 
even when dip soldered for 
10 seconds at 500 F. A spe­
cial adhesive actually in­
creases adhesive strength 
during soldering.

MAGNETIC AMPLIFIERS 

e of Derivative Feedback to Reduce the Time 
>lay of Magnetic Amplifiers, O, I. Aven, (8 pp, 16

'number of errors appeared in ' What the Russians Are 
«ing” in ELECTRONIC DESIGN, August 1,1957.
h categories Frequency Control, and Modulation on 

18 are from the magazine RADIO ENGINEERING, 
p Articles In This Issue on pg 120 is associated with 
plCAL COMMUNICATIONS, while “Other Articles 

p Issue " on pg 121 is properly associated with RADIO 
[INEERING AND ELECTRONICS.
r apologies for the inconvenience this may have 
fed our readers.

RONIC DESIGN • September 15, 1957

Thi > control is suitable for low-power motors. A 
undg* circuit produces a voltage proportional to 

motor speed; this voltage is amplified and con- 
4s a saturable reactor in the supply line to the 

Lotor. The method is thus usable for both squirrel- 
Le and wound-rotor motors.

SWITCHING CIRCUITS

lethcd for Synthesis of Switching Circuits for Com­
utation and Control. G. N. Novarov (18 pp, 18 
as, 10 tables).

Describes various modifications of magnetic am- 
lifiers with derivative feedback, and suggests sim- 
Jified techniques for the determination of the feed- 
kk-loop parameters. The effect of the feedback on 
kt gain and on the time constant of the magnetic 
bplifier is discussed in detail, and experimental 
hits are given for several amplifiers.

NNOUNCEMENT
Massachusetts Institute of Technology has just announced 
pt three Russian electronics journals, (among those regu­
L reviewed by ELECTRONIC DESIGN) are to be trans­

ie: into English This is made possible by a $70,000 
pot from the National Science Foundation.
The M.l.T. Research Laboratory of Electronics had pro­
be this for the purpose of making available to Ameri- 
Iengineers, information about the progress and methods 
Russian electronics research.
i-encon libraries and researchers will be able to sub­
Be to the English versions of the three tournais, Radio- 

■ kc* i Elektronika, Radiotekhnika, and Elektrosviaz. 
Boproximately 3500 pages of the journals may be trans­
V during 1957.

High bond strength — from 10 

to 13 pounds versus an industry 

standard of six pounds — is re­
tained even after heating and cool­
ing are repeated many times, due 

to a new adhesive process.

If you have a circuit assembly 

problem, copper-clad Micarta may 
be the answer. For further infor­
mation and for technical data, write 

to Westinghouse Electric Corpora­
tion, Micarta Division, Hampton,
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A Network Theorem

voltage at the input terminals through the formi

a zb

basic formula
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Kester Solderforms
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where Y and Yb are the driving point and branch ai 
mittances respectively.

As an example consider the Wheatstone bridi 
circuit shown in the Figure has a driving point ir 
pedance

MODEL 
200 A

The current in Z5, L3 is given by application of

The voltage across any branch, Vb is related to the

IF THE driving point impedance of a linear net­
work is Z and the current flowing into the input 

terminals is I then the current Ib which flows in any 
branch whose impedance is Zb is related to the driv­
ing point impedance and the input current through 
the formula

ELECTRONIC DESIGN • September 15, W

where D is the denominator function of the drivi 
point impedance. (Abstracted from an article 
Joannis (Jannulis) Vratsanos, Archiv der El( 
trischen Uebertragung, Vol. 11, No. 2, Februa 
1957, pp 76-80).

This formula is proved in the original article by 
straightforward application of the mesh equations 
for any linear network. This generalized current di­
vision thereon requires only that the driving point 
impedance function be expressed with Zb as the 
variable. It is sometimes possible to use the converse 
of the formula to formulate the driving point im­
pedance if the other functions are known. Thus

where F, which depends on all impedance except 
Zb, can sometimes be evaluated from open or short 
circuit conditions (Zb infinite or zero). In terms of 
the voltage at the input terminals the formula be­
comes:

• HIGH ACCURACY
• MEASURES FROM 0 TO 360 DEGREES
• READINGS NOT AFFECTED BY NOISE AND 

HARMONICS
• PHASE SHIFTS OF THE ORDER OF .01° CAN 

BE MEASURED EMPLOYING SPECIAL CIRCUIT 
TECHNIQUES

• MEASURES IN-PHASE AND QUADRATURE 
COMPONENTS SEPARATELY

For further information contact your nearest 
representative or write for brochure

will give you today’s 
demanded economy 
plus end product 
quality greater than 
ever before.
Write For Complete Information

KESTER SOLDER 
COMPANY

4266 WrlihtwMR Aw. • Chissà» 39, 111.
Newark 5. N J. • NrantfeN. Can.

INDUSTRIAL TEST EQUIPMENT CO
3-468455 E. 1 1 th ST. •- NEW YORK 3

~ PRICE

S34950
F O B 

NEW YORK

PHA7DR PHASEPHAi0R METER
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lND performance

Here is a "Pixie Eye View" of Tensolite's new miniature Coaxial Cable . . . and here 
are the answers to some of the questions you will ask:

MICROWAVE tubes, for the purpose of this 
survey are defined as those tubes for which 

the transit time of the electrons, r, has apprecia­
ble effect on the operation of the tube. In par­
ticular those tubes with which the angle which 
corresponds to the transit time exceeds 0.3 
radians (cor>O.3) are designated as microwave 
tubes. Two types of such tubes may be distin­
guished. They are the “disc seal” or “lighthouse”

Here'« quality that 
stands up under dose 
inspection! Extruded 
Teflon Dielectric.

trolled” tubes. The present article deals with the 
disc-seal type tubes.

The upper frequency limit of conventional 
triodes is determined by the inductance of the 
lead-in wires and the interelectrode capacitance. 
The inductive effects are eliminated by using 
discs as lead-in “wires.” The upper frequency 
limit of a disc-seal tube is determined by the 
transit time of the electron beam in the cathode­
grid region. The highest frequency achieved 
with such tubes has been 10 KMcps.

Disc seal type tubes are constructed so that 
they can be integrally incorporated in coaxial 
systems. While in low frequency tubes the 
cathode is generally grounded, in microwave 
triodes the grid is grounded. Not only does this 
permit the incorporation in a coaxial structure 
but the input admittance variation with transit 
time is more favorable. Since the gain of the 
tube is inversely proportional to the input ad­
mittance, the grounded grid connection gives 
favorable gain characteristics.

There is overlap in the frequency spectrum so 
that there is a region where both types of micro­
wave tubes can be used. The disc seal type tubes 
have the advantage of wide band operation and 
comparatively low voltage supply requirements. 
The efficiency however decreases with increas­
ing frequency; 10 per cent is a typical value at 
10 cm. Power output has the magnitudes be­
tween 10 mw and 10 w.

The original paper also describes the details 
of construction and the problems associated with 
the larger grid-wire spacing in disc-seal type 
tubes. A particularly complete bibliography con­
sisting of 58 references is included. (Abstracted 
from an article by R. Mueller and W. Stetter, 
Electronische Rundschau, Vol. 11, No. 6, June, 
1957, pp 168-171.)

This outer jacket Is TEFLON ?.. Quick as a 
Pixie's wink we can change ft to Nylon, 
Vinyl, Kel-F: Silicone or Teflon impregnated 
fiberglass; or lacquered Nylon Braid! 9

Feast your eyes on this outer con- 
ductor! It’s precision-engineered 
and fashioned of silver plated cop­
per with 90% minimum coverage 
. . . Tops in reliability!

This is where flexibil­
ity begins! Stranded 
conductors of 25 or 
30 AWG . . . Silver 
Plated Copperweld.

■5^-------- For Complete Information
and Specifications, Write to:

^IK a. LINDGREN & ASSOC., INC.
Dept. E9

4515 N. Ravenswood Ave.
Chicago 40, III.

m of tl

TEMPERATURE RANGE: From —90° to 4-250 C . . . depending on jacket used. 
Teflon jackets approved for entire temperature range listed.

IMPEDANCE VALUES: 50, 70, 75, 93 and 95 OHMS available from TENSOLITE as 
standard constructions.

TO MILITARY SPECIFICATIONS: MIL-C-8721 (with KEL-F jacket); RG-178, RG-179 
and RG-180. MIL-C-17B (with TEFLON jacket); RG-187/U, RG-188/U, RG-195/Uand 
RG-196/U.

COLOR CODED JACKETS:ln standard colors and striped combinations.

. . . AND FOR YOUR CUSTOM REQUIREMENTS: TENSOLITE Factory and Field 
Engineers are ready to assist you in the Design, Development and Production of any 
miniature Coaxial Cables for specific or unusual applications. Simply write or call 
TENSOLITE for complete descriptive literature and samples.

INSULATED WIRE COMPANY, INC
198 MAIN STREET, TARRYTOWN

PACIFIC DIV 1516 N GARDNER ST., LOS ANGELES. CALIF
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Abstract.

3-D Printed Circuit Module

A NEW approach to modular construction to 
** solve the problem of adapting hand wired 
turret type modules to printed circuitry: self-sup­
porting structural columns made out of the printed 
circuit boards themselves are used. From both a 
manufacturing and a structural point of view, the 
cross or plus shape shown in Fig. 1 is optimum. It is 
formed by two printed wiring boards of any stand­
ard material, interlocking at right angles by means 
of matching slots in the center. In a sense this is a

ASSEMBLED 
VIEW

EXPLODED 
VIEW

Fig. 1. Plus or cross-shaped printed circuit mod­
ule is self-supporting and easy to manufacture. 
Space factor is comparable to flat printed cir­
cuit boards using minimum practical spacing. 

176

third dimension in printed circuitry. One or both 
ends of the column interlock with other circuitry 
such as the tube socket support shown at the top of 
Fig. 1, or the octal plug support at the bottom may 
be permanently connected to other circuit boards.

The “Plus Module” has a number of interesting 
features from a manufacturing point of view. It uses 
standard printed circuit materials and techniques 
and standard components. The printed wiring 
boards can be assembled and dip soldered while

Fig. 2. Base designed 
for installation of print­
ed circuit module. Using 
double-side printing tech­
niques, base provides 32 
outlets, single-side 16. 

Fig. 3. Forced or convection air cir­
culation in Plus module.

flat, by existing standard automatic equipment. 
This avoids the serious problems that arise in de­
signing and building special equipment.

After the individual boards are assembled and 
dip soldered, they are interlocked and any cross­
overs from one board to the other are soldered. Tliis 
includes the connections from the tube socket board 
and the base plug board. After dip soldering this is 
an easy job; the solder flows together very 
readily. Other possible approaches are 1. the use of 
selective dip soldering; 2. flowing molten solder 
down the corner where the connections are to be 
made; 3. use of a heat torch with a blast of 
heated air or gas, at 450-500 F on the joint.

After the cross-over points are soldered, the 
whole structure is reinforced by flowing an epoxy 
cement down all of the corners. The number of 
contacts on existing plug connectors, such as the 
standard octal, is limited and the mechanical sup­
port not all that could be desired. A new plug-in 
base was designed (Fig. 2). The Plus base provides 
up to 32 contacts coming out of the module using 
double side circuit boards or 16 using single side 
foil. Connections on the boards are made to circuit 
tabs just as with the standard type of flat board 
connectors. This base also provides support out to 
the edges of the boards and makes for good me­
chanical strength.

Fig. 4. Lab model of Plus printed circuit element 
provides design engineer with an experimental 
circuit layout. Circuits can be completed with a 
drop of solder and the addition of components.
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covered in Bulletin TR-123. Both are available on 
quest to Radio Condenser Company.

I"xl"x4" approx. 
. —55 to+85 C

200 300 400 500 600 700 800 900 1000

KTRONIC DESIGN • September 15, 1957

miniaturization a much easier job, on filters, i-f trans­
formers, printed wiring boards, and conventional chassis 
of every description.

Originally designed for defense effort use, this filter is 
now in quantity production at R/C ... and modifications 
are available to meet special performance requirements 
as they arise.

Additional information on R/C low pass r-f filters is 
provided in Engineering Bulletin FL-462. Trimmers arc

It’s not a short step from miniature r-f tuning devices to 
miniature r-f filters. But without R/C’s quarter-century 
of tuning device experience, the low pass filter illustrated 
might never have been built. Low insertion loss from 200 
to 400 me is often combined with rapid attenuation above 
400 me . . . but rarely in a space measuring just under 4 
cubic inches!

R/C low pass filters owe1 their small size to a unique 
capacitor, the Series 75 air dielectric trimmer recently 
introduced by Radio Condenser. Perhaps the smallest 
air trimmers ever made in the U.S., they’re finding wide 
application wherever space is a problem. Outstanding

Use of the Plus base eliminates a mounting board 
[for the bottom octal plug and the soldering of the 
plug and base to the module. A vent hole in the 

L enter is provided and the channel ends opened, to 
L-oid trapping moisture under conditions of extreme 
humidity. If the module is canned, holes through 

Ithe Plus base in each of the four segments permit 
(connection air circulation for cooling (Fig. 3).
| The spring contacts are made of beryllium cop­
I < r and are gold plated. The contact tabs in the cir- 
Icuit boards are plated with nickel and rhodium. 
¡This gives a good combination of low contact re­
sistance and long life.
I Production of the printed circuit boards presents 
Ino special problems. They are printed either by the 
[ilk screen or photo-resist processes according to 
[he line width, spacing and detail required. Short 
[un techniques often make it practical to make the 
[nodules, even with special circuitry, in lots as small 
Gs 20 units at costs that are competitive with hand 
lured modules. Larger quantities, of course, show 
Greater savings.
I A laboratory model of the module (Fig. 4) was de­
signed having a gridwork of vertical and horizontal 
■ircuit lines that can be tied together with compo­
nents and jumpers to form circuits. The vertical lines 
■t the top carry the numbers of the tube socket ter- 
■ninals to which they are attached. If an octal plug 
■s used on the bottom, the lower vertical lines are 
■umbered to correspond with the octal terminals, 
■lorizontal lines in the center of each board provide 
■or as many as eight cross-overs from one board to 
■he other which can be completed with a drop of 
■older. Design engineers in this way can lay out ex- 
■ erunental circuits.
1 The standard size module that fits the Plus base, 
■nd is generally used with the octal base, fits in a 
■an 1-3/8 in. square and 2-3/4 in. high. This occu­
pies 5.2 cu. in. The height can be increased or de- 
■ ased quite easily and special sizes do not involve 
■ny very expensive tooling.
■ The space factor possible with the Plus modular 
■onstruction works out quite well and is comparable 
■ that of flat plug-in printed circuit boards using 

minimum practical spacing. The boards use the 
■agonals of the square mounting space, so even 
■ th the use of shielding cans having a corner ra- 
■¡us, two 1-3/4 in. boards will fit in the 1-3/8 in. 
■ware space. The structure is rigid and self sup- 
■Ming so no space is wasted or additional cost in- 
■olved for supporting brackets or channels. The un- 
•pported area is small enough so that w’arpage is 
■ : a problem. Abstracted from A Three Dimen- 
■onal Modular Construction for Electronic Equip- 
■ nt by Arthur C. Ansley, a paper presented at the 

National Symposium on Production Tech- 
■Ws, June 1957.

. 0.75 db
... 45db
... 60db 
100 watts 
.. 1.5 : 1 

. 50 ohms

Davis & Copewood Streets • Camden 3, New Jersey
EXPORT: Radio Condenser Co., International Div., 15 Moore St., N.Y. 4, N.Y.

CABLE: MINTHORNE •
CANADA: Radio Condenser Co. Ltd. 6 Bermondsey Road, Toronto. Ontario

Electrical Specifications
max. insertion loss, 200-400 me ....
min. attenuation, 450 me and above . 
min. attenuation, 1000 me and above 
max. rated power.....................................
pass band SWR.......................................
impedance, input and output...............

Physical Specifications 
size over-all.................................

temperature range ..................................
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Design Differences for 

Large and Short Runs

The Designer's 

Responsibility
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SPECIAL 
REPORT ON 

PRODUCTION. 
CLOSING DATE 

OCT. 2Oth

Components

Standardization

Automatic vs

Hand Assembly Designing for low cost production is the theme of Electronic Design's 
1st annual production issue, November 15th. If your equipment, 
components, or services can help the designer with producibility 
problems, or reduce the limitations imposed on the designer, this 
will be an issue you will not want to ignore. Packaging for produc­
tion, production short-cuts, drafting techniques, automatic controls, 
and associated equipment will be heavily advertised. Plan now to 
be included in the PRODUCTION ISSUE... Closing October 20th. 

Your electronics advertising will be read in 
Electronic Design

What Makes Designs 

Unproduceable?

Prototype-Production

Compatibility

Design Hints for 

Low Cost Producibility

Designing Metal and

Plastic Parts

Lubricants

MIL-L-17192C(Navy), General Specification foe 
Lubrication Design, Lubricants, and Lubricaho\ 
Information for Elecfronic Equipment, 15 

March 1957
The selection and application of lubricants , J 

electronic equipment, and the preparation of lubri-l 
cation instructions is covered in this spec. ElectroniJ 
equipment shall be designed to use as few lubrJ 
cants as practicable. It shall be possible to lubricatel 
the equipment quickly and conveniently. Due coni 
sideration shall be given to access, probable local 
tion and the number of tools and accessories rel 
quired. Special consideration shall be given to reJ 
tively inaccessible units such as antenna pedestal! 
and sonar transducers.

All points requiring periodic lubrication shall hl 
conveniently accessible from the front of the unit! 
In general, the required bearing and gear parti 
shall be consolidated into the minimum number 1 
grease or oiltight cases with only the operateI 
shafts protruding through adequate seals. Case! 
too small for inspection covers shall be placed si 
that their removal for bench inspection would nol 
necessitate the disturbance of any wiring cxc J 
that fastened to the case.

Wherever possible, prelubricated, sealed-for-lill 
bearings shall be used. Where use of sealed-for-liii 
bearings is not practicable, double shielded, sin 
shielded, or open-type bearings may be used, 1 
applicable. Double shielded bearings are prefenel 
to single shield or open type bearings and grease ■ 
preferred over oil.

Unless otherwise specified in the contract (I 
order, all lubricating points shall have individul 
lubrication instruction plates affixed nearby. Thal 
plates shall specify the lubrication interval in ho« 
or months, the specs for the lubricants, the arnou« 
to be applied, and any necessary cautions.

In addition to the lubrication information in 4 
maintenance manuals and the lubrication plates, ■ 
bulk quantity of sets of lubrication charts shall ■ 
furnished in accordance with the bulk quantity« 
instruction books specified in the contract or ord® 
Two sets of charts shall be furnished with ea® 

equipment. All lubrication charts shall be sent« 
the bureau or agency concerned for approval ■ 
content and material, and for the assignment of® 
identifying number. Each group, separat® 
mounted unit, and accessory requiring lubricati® 
shall have an individual lubrication chart or chai® 
As many charts as are necessary to indicate® 
lubrication points clearly shall be supplied J

lesigning for Low Cost Production
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flL-C-19683(SHiPs), Capacitor, Fixed, Ceramic- 
jielectric, Disc Type, 150° C, Operation, 4 
Jabch 1957
। This spec covers the detail requirements for disc- 
Lpe, fixed ceramic-dielectric capacitors for 150° C 

peration for use in by-pass, filter, and noncritical 
Lupling circuits. A typical type designation for a 
Lpacitor meeting this spec is CK50C150T.

ints fori 
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v lubn-l 
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automation Stations

ISA C37.2-1956, Automatic Station Control, 
Lpervisory, and Telemetering Equipments 
his standard provides specs covering service con- 
titions, ratings, definitions, temperature limitations, 
ests, suggested minimum protection to be provided, 
lethod of representing device contacts on draw- 
hgs, and a list of function numbers. Copies of this 
landard are available from American Standards 
Issociation, 70 East 45th Street, New York 17, New 

ork for $1.30 each.

shall m 
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Ornish
[IL-V-173A, Moisture- and Fungus-Resistant 
ABNISH FOR THE TREATMENT OF COMMUNICATIONS, 
LECTRONIC, AND ASSOCIATED EQUIPMENT, AmEND- 
ent 3,22 January 1957
The type II classification varnish now contains 5 
7 per cent salicylanilide instead of 5 per cent, 

be procedure for testing insulation resistance has 
pn changed to require that both the coated and 
pcoated specimens be exposed to the atmosphere 
(i seven days prior to testing, and tested while still 
I the specified atmosphere.

esistors
IL-R-19365A(Ships), Resistors, Adjustable, 
irewound, Power, 13 February 1957
Power-type, wirewound, adjustable resistors for 
e in electronic, electrical, communication, and 
bociated equipment are covered in this spec, 
bese resistors have a resistance tolerance of plus 
I minus 5 and 10 per cent. The wattage ratings for 
lese resistors is applicable only when the maximum 
Itainable resistance is engaged in the circuit. A 
bical type designation for a resistor meeting this 
Ic is RX10G100J.

elating Tubing

ÎL-I-631C, Insulation, Electrical, Synthetic-
Composition, Nonrigid, Amendment 2, 19

ARCH 1957
ps amendment specifies that tubing furnished on 
ps shall be wound on the reels in such a manner 
ft the tubing shall not be flattened or kinked to 
extent that printing of circuit identification by 

khine, if desired, cannot be accomplished.

"INDIUM"
preformed fo your specifications . . .

Indium or indium alloys in ingots, sheets, wire, 
powder, ribbon, and pellets (disc or spherical) ore 
supplied by us to leading U.S. manufacturers of elec­
tronic equipment. These and other forms prepared to 
your own requirements are available in two grades:

ladanac High Purity - approximately 99.999% In
Tadanac Standard Grade - guaranteed 99.97% In 

As one of the world's leading primary producers of 
indium, we apply the services of our Research and 
Development Division to assist our customers in ob­
taining the full benefits of this most versatile metal.

Other high purity TADANAC BRAND METALS
Zinc - 99.9995% Lead - 99.9998%

Bismuth - 99.9998% Cadmium - 99.9999%
Silver - 99.9999 %

Our prices include custom's duties, and we handle 
all customs procedures.
For further information or quotations contact:

THE CONSOLIDATED MINING ft SMELTING COMPANY OF CANADA LIMITED«

Metal Sales Division
21S St. Jame* Street West. Montreal. Canada

CIRCLE 489 ON READER-SERVICE CARD FOR MORE INFORMATION

HM
starter duty, but can be used in a 
luty applications.

Power Rheostats
Available from 25 to 
150 watt* . . . from 
stock or to your speci­
fications.

RU

RODUCTS

Hi L Division of Model Engineering & Mfg., Inc.

wa PRODUCTS General Sales Office: 2800 N. Milwaukee Ave., Chicago 18, III.
Factory Huntington, Indiana

MANUFACTURERS: Power Rheostats, Fixed Resistors, Ad/ustable Resistors, "Econohm Resistors, "Tru-rib" Resistors

Available up to 1500 maximum watts. Special units can be

CIRCLE 490 ON READER-SERVICE CARD FOR MORE INFORMATION
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news of

HAYDEN publication

New York

180

Thomas E. Mount 
Assistant Editor

D. S. Viebig. B A 
Assistant Editor

S. H. Hubelbank. B.A 
Contributing Editor

Simon Dresner. B.A 
Assistant Editor

This practical, day-to-day, down-to-earth task of communicating ideas, 

applications, methods, product improvements, techniques, etc. is of prime 

importance to the industry and its growth.

There is no better way to communicate your ideas than through 

Electronic Design. Your audience, now numbering more than 25,000, is 
a select group who will recognize the value of what you have to say.

Edwin T. Blake, B.A 
Assistant Editor

One of the marks of a scientist is the desire to publish the 

research or discovery.

James A. Lippke. B.E.E 
Managing Editor

E. T. Ebersol, Jr. B.S. in E.E 
M.A. Associate Editor

Patrick J. Lahey, B.S.l 
Assistant Editor

George H. Rotsky, B.E.E 
Associate Editor

J. G. Adashko, E.E., M.S 
Contributing Editor

But what about the progress in dealing with, or in applying, these 

discoveries?

Edward E. Grazda, E.E 
Editor
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ENGINEERS PHYSICISTS

MOTOROLA'S

For full discussion of these opportunities—Write

MOTOROLA
Continued

CIRCLE 552 ON READER-SERVICE CARD FOR MORE INFORMATION

MICROWAVE DESIGN 

RELIABILITY ENGINEERING 

TEST EQUIPMENT DESIGN 

SPECIFICATIONS WRITING

CIRCUIT DESIGN 

ELECTRONIC PRODUCT DESIGN 

SYSTEMS ANALYSIS 

MAGNETIC COMPONENT DESIGN

Salary levels are open and commensurate with ability. Directly 
related engineering experience is not needed.

Mr. L B. Wrenn, Dept. J 

MOTOROLA, INC.
4501 Augusta Blvd., Chicago 51, III

Industrial Communications Equipment 
Consumer Products

Help design new coherent radar systems 
for aircraft navigation and guidance

FLIGHT TEST READY TO START as Raytheon engineer conducts final check. 
He works with some of our country’s top design engineers ou aircraft navi­
gational and guidance systems.

Small project groups with full systems responsibility, working on 
the most interesting and advanced radar and navigational prob­
lems of the day — this is the atmosphere at Raytheon’s Maynard 
Laboratory.
A company with many engineer-managers—experienced execu­
tives with young ideas-tends to create an exceptional environment 
for your professional development. Other Raytheon benefits: 
excellent starting salaries, regular reviews for merit increases; 
town or country living in beautiful New England.
We now have opportunities for men at all experience levels in:

Chicago Civilian Research 
and Development Laboratories

Are you the 

ONE MAN IN THREE?

You'll like living in one of the beautiful suburbs of the playground 
of the midwest, where there are endless social, cultural, and educa­
tional activities to choose from the year-round. Exciting life or quiet 
life—Chicago offers either.

^TRONIC DESIGN • September 15, 1957

Excellence in Electronics
C1RCLE 553 ON READER-SERVICE CARD FOR MORE INFORMATION

POSITIONS AVAILABLE IN:
• Two-way communications • Portable communications • Radio & TV 
(color) • Component engineering • Transistor research and application 
Microwave systems • Servo-mechanisms • Field engineering • Communica­
tions sales engineering • Field service engineering

Here is opportunity unlimited for men who like challenges and the 
rewards that go with accomplishment in non-military engineering 
assignments. This is your opportunity to advance your career while 
working in well instrumented laboratories and enjoying the benefits 
from association with men of the highest technical competence. 
There are many liberal employee benefits, including an attractive 
profit sharing plan.

For more information on any of the above or other related fields, 
contact John J. Oliver, P.O. Box 87D, Raytheon Maynard 
Laboratory, Maynard, Mass.

RAYTHEON MANUFACTURING COMPANY
Maynard Laboratory

Maynard, Maaaaohuaette



PHILADELPHIA, PA.
Electronic Engineers, Logical Designers, 
Physicists, Programmers, Mathematicians. 
Send complete resume to Mr. James 
Drumm, Dept. P-83, 1900 W. Allegheny 
Ave., Philadelphia, Pa.

I’M WITH UNIVAC

SO. NORWALK, CONN.
Mechanical Engineers (graduates BS 
and MS levels), Design Engineers, with 
or without formal degree, if qualified. 
Send complete resume to Mr. Robert 
Martin, Dept. N-83, Wilson Ave., South 
Norwalk, Conn.

“I’M WITH UNIVAC”®... your password to a new and exciting world of oppor­
tunity. A career with Univac takes you behind the scenes of important developments 
in national defense, scientific research, business and industry. The tremendous ad­
vances made by Univac in automatic data processing and automation vitally affect 
all of these fields.

Become a member of the team that designs and builds the world-famous Univac 
electronic computers. Build a future for yourself in the most fascinating, fastest­
growing industry of our times. Investigate the outstanding opportunities now open 
to you at Univac — world leader in this industry.

You’ll be proud to say: “I’M WITH UNIVAC.”

ST. PAUL, MINN.
Electronics Engineers, Mechanical Engi­
neers, Electronic Design Engineers, Engi­
neering Writers, Physicists, Mathemo 
ticians. Send complete resumé to Mr. 
R K. Patterson, Dept. S-83, Univac Park 
St. Paul 16, Minn.

® Registered in U. S. Patent Office. CIRCLE 554 ON BEADER-SERVICE CARD FOR MORE INFORMATION

Check the following openings at any of these three locations



ENGINEER OPPORTUNITIES AT RAYTHEON

FREE —$1,000
—worth of professional service, 

because you are an electronics engineer

CADILLAC, for thirty years the nation’s largest Executive 
and Professional Placement Service, represents every 

Blue Book” Electronics firm in America. Their BEST jobs, 
at salaries from $6,000 to $75,000, appear monthly in 
our Electronics Opportunities Bulletin. Because you are 
an Electronics Engineer, BOTH the Bulletin and our 
COMPLETELY CONFIDENTIAL Placement Service are 
available to you absolutely FREE OF CHARGE.

For your free Bulletin, each month listing America’s BEST 
Electronics jobs, send your name and address to:

EUGENE B. SHEA
Electronics Division

CADILLAC ASSOCIATES, INC.
220 S. State St.—Dept. E2 

Chicago 4, III.

AT RADAR ANTENNA IN OBSERVATION TOWER overlooking Raytheon’s 
Flight Test Facility at Bedford, Mass., engineers work on vital missile projects 
in an informal atmosphere that stimulates creativity.

CIRCLE 555 ON READER-SERVICE CARD FOR MORE INFORMATION

UNDERWATER 

ORDNANCE MISSILE SYSTEMS 
Research and Development 
Design electronic and mechanical control 
circuits for use in underwater acoustic 
homing devices and systems such as torpe­
does, targets and decoys.

We have openings for engineers with either 
advanced or limited experience. There are 
openings in both Cleveland, Ohio and Key 
West, Florida.
Clevite Research Center develops new prin­
ciples and new products for other units of 
Clevite Corporation. The Research Center 
provides the ideal environment for the en­
gineer because it has been supplied with the 
facilities, equipment and library to provide 
new knowledge and new products for 
Clevite Corporation, a company whose 
entire product line is in the growth fields 
of electronics, semiconductors and auto­
motive and aircraft power plants.

WRITE E. A. GENTRY OR CALL Ulster 1-5500 COLLECT

CLEVITE RESEARCH CENTER

540 East 105th Street

Cleveland 8, Ohio

CIRCLE 556 ON READER-SERVICE CARD FOR MORE INFORMATION
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Advanced work with prime contractor 
for Army Hawk and Navy Sparrow III

The caliber of Raytheon engineering is an indication of the qual­
ity of our staff. Raytheon is the only electronics manufacturer 
with prime contracts involving complete systems responsibility 
for both air-to-air and surface-to-air missiles.
As an engineer in our Missile Systems Division, you associate 
with men of top national reputation in stimulating small groups. 
Our expanding development has created interesting openings in:

CIRCUIT DESIGN 
ELECTRONICS PACKAGING 
SYSTEMS 
MICROWAVE 
ANTENNA DESIGN 
TUBE APPLICATIONS

SPECIFICATIONS 
TECHNICAL WRITING 
AERODYNAMICS 
STRUCTURES 
MECHANICAL DESIGN 
HEAT TRANSFER

Send brief outline of your background to G. P. O’Neil,x 

Raytheon Missile Systems Division, Box 9D, Bedford, Mass.

RAYTHEON MANUFACTURING COMPANY 
Ml««ll« System« Division 
Bedford« Massachusetts

Are you the 
ONE MAN IN THREE?

Continued

Raytheon:
Excellence in Electronics

CIRCLE 557 ON READER-SERVICE CARD FOR MORE INFORMATION
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ENGINEERING UNLIMITED ‘uts(

ATONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS
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ELECTRONIC ENCI NEERS enjoy an unparalleled freedom 
in the development of new types of circuitry and components 
which are necessary to maintain leadership in the competitive 
field of record-keeping automation.

MECHANICAL ENGINEERS are using their skills in the de­
sign and development of new mechanisms required for business 
machines and for those mechanical products which are associ­
ated with electronic data processing equipment.

ELECTRO-MECHANICAL ENGINEERS^ constantly faced 
with the problems of capturing information from the various 
input devices and converting this information into a usable form 
for subsequent use in data-handling equipment.
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COMPUTER ENGI NEERS fracked by the company’s computer 
research since 1938 are developing an economical, flexible digi­
tal computer to meet the requirements of all record-keeping 
applications.

Zone___ State

^astm; 
licor 
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There are Important positions available 
In these small, independent engineering 
groups at Bendix-Pacific for high level 
engineers from senior grade and up. 
Bendix-Pacific is particularly interested 
in strong, analytical engineers who have 
the calibre and capabilities to advance 
into systems engineering programs.

’unco 
’onne

I am interested in this engineering field__ . 
I am a graduate engineer with_____ degree. 
I am not a graduate engineer but have_ - 
years experience.

! .. MISSILE GUIDANCE 
AIRBORNE RADAR 

TELEMETERING
SONAR

Please write W. C. Walker your 
qualifications or fill in the 
coupon and mail it today.

nq|’ 
lonso

If you are looking for a challenging opportunity with an established 
company which has tripled its sales in ten years—one that offers excellent 
starting salaries as well as permanent positions . . .
Act at once! Send resume of your education and experience to Employ­
ment Department, Technical Procurement Sec. K The National Cash 
Register Company, Dayton 9, Ohio.

rona 

• i. I 
lurtis

W. C. Walker, Engineering Employment Mgr. 
Pacific Division, Bendix Aviation Corp.
11606 Sherman Way, North Hollywood, Calif.

Name__

Address

WE WANT MORE 

high level 
engineers

ON OUR TEAM
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An excellent opening for a Design 
Engineer exists at the G-E Light 
Military Electronic Equipment Dept. 
The capable man will find rough prob­
lems to lick in designing indicator 
circuitry for landbased CIC. He will 
be called upon to assist in the devel­
opment of complex indicators and 
associated equipment, for display of 
data obtained from high-power, long­
range airborne search radar. The 
problems will tax his knowledge of 
digital computer techniques, CRT dis­
play and video indicating circuitry. 
To learn more of thi^ position in a young, 
growing group and the reward? it carries, 
fill in the coupon below and mail to us.

Here’s a laboratory with over 5 acres of ultra-modem working 
area devoted exclusively to the development and design of 
advanced electronic equipment.
There are four independent creative departments:

EXTENDING THE RANGE of radar is a constant challenge to Raytheon engi­
neers. This 40- foot high-gain L-band antenna was designed to increase the 
range of existing radar and for use with new radar under development.

Mr. Richard C Kimm
Light Military Electronic Equipment Department 
General Electric Cempam. French Reed, Utica, N. Y.
Please »t nd me further details on oppor­
tunities at Light Military Department.

Are you the 

ONE MAN IN THREE?

Advertiser 
Amp, Inc. ......................................  
Ace Electronics Associates........  
Ace Engineering & Machine Co. 
Acme Electric Corp. .................  
Advanced Vacuum Products Co. 
Aircraft Radio Corp......... .... .. .. 
Allen-Bradley Co.........................  
Allen Mfg. Co.............................. 
Allied Radio Corp........................  
Amperex Electronic Corp...........  
Anaconda Wire & Cable Co. ... 

| Antlab, Inc......................................  
। Arnold Engineering Co................  

\rnold Magnetics Co................ 
Associated Spring Corp.............

Beede Electrical Mfg. Co.......................
Belden Mfg. Co.........................................
Bendix Aviation Corp. Pacific Div. .. .
Bendix Aviation Corp. Red Bank Div. . 
Bentley, Harris Mfg. Co........................ 
Berkeley Div. Beckman Instruments.

Excellence in Electronics
CIRCLE 561 ON READER-SERVICE CARD FOR MORE INFORMATION

At Way land — newest military projects 
plus country living you’ll enjoy

¡astman Kodak Co., Special Products 
;icor Inc..............................................-....
atel-McCullough, Inc............................  
plastic Stop Nut Corp............................

SONAR — submarine, ship and airborne sonar equipment

¡lectra Mfg. Co.....................  
; ectro-Measurements, Inc. . 
' ectro-Pulse, Inc...................  
-ectronic Measurements Co 
electronic Tube Corp........... 
Ipoxy Products Div............... 
prie Resistor Corp.................

parchild Controls Corp. . 
lenwal, Inc..............................  
[Wal Electronics, Inc. . . 
Llltors, Inc...............................
I rd Instrument Co., Inc. ..

Biddle, James G. Co................................  
Birtcher Corp.............................................  
Boehme, H O., Inc................................. 
Borden Co., The Resinite Div............  
Brew, Richard D. & Co., Inc............... 
Bud Radio, Inc.........................................  
Bumdy Corp.............................................. 
Business Men’s Clearing House .........

CBC Electronics Co.. Inc....................  
CBS-Hytron ...........................................  
Cadillac Associates, Inc........................  
Cambridge Thermionic Corp...............  

ICamloc Fastener.Corp............................  
[Carpenter Steel Co................................. 
|Celco Constantine Engineering Labs. 
¡Centralab Div. Globe Union Inc..........  
[Century Electronics & Instruments, 
j Inc............................................................ 
[Ceramaseal Co., The............................. 
[Chassis-Trak Corp...................................  
[Chicago Electronic Engineering Co., 

[Clevite Research Center......................  
■Clevite Transistor Products.................. 
Klifton Products Co. Inc........................ 
[Communication Measurements
I Laboratory, Inc. .*...............................  
IComputer-Measurements Corp.............  
■Consolidated Mining & Smelting Co. 
I of Canada Ltd.....................................
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COMMUNICATIONS—scatter, radio relay, T.V. terminal and mes­
sage circuit multiplex equipment.

COUNTERMEASURES —radar countermeasures equipment, 
advanced countermeasures systems and techniques study.

RADAR — pulse radar equipment including ground-based, air­
borne, long range search, air traffic control, weather and com­

mercial marine.

94, 95
138
153

To participate in any part of this advanced development work 
and enjoy New England living, please contact Donald B. Stillman, 
Staff Asst, to Mgr., Box 9D» Wayland Laboratory, Wayland, Mass.

RAYTHEON MANUFACTURING COMPANY
Wayland Laboratory 

Wayland, Masaachuaetta

LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT

GENERAL ELECTRIC
962C

'róñame, Inc............................................
Crucible Steel Co. of America...........
Curtiss-Wright Corp............................142.

Dage Electric Co.....................................
Daven Co., The ...................................
dearborn Electronics Co........................
Deutsch Co., The .................................
Dialight Corp............................................
Dimco-Gray Co.........................................
Donner Scientific Co...............................

RAYTHEON



Frequency Standards

163

132 Immediate delivery. See your -hp- rep

• Direct reading, extreme accuracy

• Color-coded controls; simplest to use
133,

186.

• Universal automatic triggering

Adrf'Mt

AddrMi

102, 130 1

158

104

169

$650.00,mum triggering for almost all inputs.

184

terminals front and reai, $650.00.

167 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 492

18Ó

162
124

157
116
133
166

118
185
137
134

158
132
149
100
117
165
136
187

140
128
174
103

175
112

145
179
159

156
146

Low Frequency Rack Mount Oscilloscope, Model 
130BR. Similar to -hp- 130A except for rack mount 
and includes x5 magnifier usable on all ranges and ex­
panding fastest sweep to 0.2 /xsec/cm. Parallel input

123
100
135
153
159
142

Everything 
you need!

JFD Mfg........................
J-V-M Engineering Co.
Johnson, E. F. Co. ...
Joy Mfg. Co...................

Input Amplifiers: (Similar Vert, and Horiz. 
Amps.). Sensitivity 1 mv/cm to 50 v/cm; 14 
calibrated ranges, 1-2-5-10 sequence plus con­
tinuous vernier. Pass band de to 300 KC; ac 
or de coupling. Balanced input on 1, 2, 5, 10 
and 20 mv/cm ranges.

Sweep Range: 1 Msec/cm to 12 sec/cm. 21 
sweeps: 1-2-5-10 sequence, 5% accuracy.
Triggering: Internal, line voltage or external 
0.5 v or more. Pos. or neg. slope, 4*30 to 
—30 v trigger range.
Preset Trigger: Optimum setting for auto­
matic stable triggering.
Amplitude Calibration: 1 KC square wave, 
5% accuracy.
Price: $650.00.

Industrial Test Equipment Co. 
Insuline Corp, of America . .. 
Interelectronics Corp.................. 
International Resistance Co. ..

. 118
22, 23

Low Frequency Cabinet Oscilloscope, Model 
130A. Covers de to 300 KC. Similar horizontal and 
vertical amplifiers. Input circuits balanced on 5 most 
sensitive ranges. Single ended input may be de or ac 
coupled. Direct reading, linear sweep times. With 
most transducers, needs no preamplification to pro­
duce brilliant, high resolution trace. Universal auto­
matic triggering; one preset condition provides opti-

Leach Corp..........................
Librascope, Inc....................
Lindgren, Eric A. & Assoc.
Lowell Mfg. Co...................

Oak Mfg. Co............. 
Ohmite Mfg. Co. .. 
Oster, John Mfg. Co,

H & H Machine Co...............................................
Hamlin, Inc.............................................................
Haydon, A. W. Co., Inc.......................................
Haydon Mfg. Co., Inc.........................................
Heli-Coil Corp........................................................
Helipot Corp. Div. Beckman Instruments Ine.
Heminway & Bartlett Mfg. Co............................
Hewlett-Packard Co...............................................
Hi Temp Wires, Inc............................................
Hoffman Engineering Corp...............................
Hughes Aircraft Co...............................................
Hycon Eastern, Inc................................................

N J E Corp.............................................................
National Cash Register Co., Recruitment Div
National Vulcanized Fibre Co, ......................
Navigation Computer Corp.................................
New Hampshire Ball Bearing, Inc.....................

Kay Labs (See Kin Tel)
Kearfott Co., Inc., Little Falls Div, 
Keithley Instruments, Inc.................  
Kester Solder Co................................  
Kin Tel (Formerly Kay Labs) . .. . 
Koiled Kords Inc................................  
Kulka Electric Mfg. Co...................

G-V Controls, Inc................................................ 
Gamewell Co........................................................
Garrett Corp...................................................
Gates Engineering Co.......................................  
Gee-Lar Mfg. Co................................................  
General Electric Co. Apparatus Div..............  
General Electric Co., Industry Control Dept 
General Electric Co., Lamp Div...................  
General Electric Co., Light Military Div. . . 
General Radio Co...............................................  
General Transformer Co................................... 
General Transistor Corp................................... 
Genisco, Inc..........................................................  
Gertsch Products, Inc......................................... 
Globe Industries, Inc.........................................  
Good-All Electric Mfg. Co..............................  
Gries Reproducer Corp..................................... 
Gulton Industries ............................................ SPECIFICATIONS

130A
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Magnetics, Inc........................................................................
Makepeace Co., D. E...........................................................
Malayan Tin Bureau, The.................................................
Mallory, P. R. & Co...............................................................
Mansol Ceramics ................................................................
Marconi Instrument Co.......................................................
Markem Machine Co.............................................................
Mepco, Inc...............................................................................
Mica Insulator Co................................................................
Microtran Co...........................................................................
Microwave Associates, Inc..................................................
Miller Co., J. W......................................................................
Millivac Instrument Corp....................................................
Minneapolis-Honeywell Regulator Co., Industrial Div, 
Minnesota Silicone Co........................................................... 
Model Engineering & Mfg. Co., Tru-Ohm Div..............  
Morris, J. I., Inc.................................................................... 
Motorola Inc...........................................................................
Mullard Ltd............................................................................. HEWLETT-PACKARD COMPANY

4407K Page Mill Road-Palo Alto, Calif., U.S.A.
CABLE “HEWPACK" • DAvenporf 5-4451 

Fiild tnglnaan in all principal areas

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

, . 157 
23, 108 

. 155

SPECIFICATIONS
150A, I50AR

Sweep Range: 0.02 Msec/cm to 15 sec/cm. 

Calibration: 24 sweeps: 1-2-5-10 sequence, 
0.1 Msec/cm to 5 sec/cm. 3% accuracy.

Triggering: Internal, line voltage or external 
0.5 v or more. Pos. or neg. slope, -{-30 to 
—30 v trigger range.
Preset Trigger: Optimum setting for automatic 
stable triggering.
Horizontal Amplifier: Sweep magnification 
5, 10, 50, 100 times. Vernier position control 
selects any 10 cm part of sweep. External in­
put pass band de to over 500 KC. Sensitivity 
200 mv/cm to 15 v/cm.

Vertical Amplifier: Pass band de to 10 MC. 
Optimum transient response and rise time 
less than 0.035 psec. Signal delay of 0.25 
psec permits leading edge of triggering sig­
nal to be viewed.
Amplitude Calibration: 18 calib. voltages, 
1-2-5-10 sequence, 0.2 mv to 100 v peak-to- 
peak. Accuracy 3%. Approx. 1 KC square 
wave, rise and decay approx. 1.0 Msec.

Prices: -hp- »50A High Frequency Oscillo­
scope, $1,100.00.
-hp- 150AR Rack Mount Oscilloscope, $1,200.

-hp- 151A High Gain Amplifier, $200.00.
-hp<* 152A Dual Channel Amplifier, $250.00.
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i now!

109

158

132

116

$1,200.00.maximum servicing accessibility.

129

17, 34, 35

172
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18, 97
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United Aircraft Products..................
U. S. Electronics Development Corp.
U. S. Semiconductor Preducts.........

Varflex Corp. ...
Varian Associates

125 
159
136 
162 
122
152

122
111
159
152
106

120, 188 
.. 143
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High Frequency Rack Mount Oscilloscope, Model 
150AR. Same as -hp- 150A except for mounting in 
standard relay rack. Fitted with “pull-out” slides for

. 162 
10, 11 

. 128

gh Frequency Cabinet Oscilloscope, Model 
OA Covers de to 10 MC with new reliability and 
nvenience. Two plug-in preamplifiers for high gain 
dual channel measurement (see below). 24 direct- 

ading sweep times; sweeps 0.02 /xsec/cm to 15 
c/cm. Universal automatic triggering; one preset 
ndition insures optimum triggering. $1,100.00.

Rex Corp., The......................
Richardson Co., The .........
Rider, John F. Publisher, Inc.

Radio Condensor Corp............................................
Radio Corp, of America..........................................
RCA Commercial Electronic Products................
Raytheon Mfg. Co. Commercial Equipment Div.

Dual Channel Amplifier, Model 152A. Designed 
for plug-in use with -hp- 150A or 150AR Oscillo­
scopes. Permits two phenomena to be presented on 
CRT simultaneously. Either amplifier usable sepa­
rately. For dual presentation, electronic switch ap­
plies outputs to alternate traces, or switches out­
puts at a 100 KC rate. 50 mv/cm sensitivity, 9 
ranges, 1, 2, 5, 10 sequence. $250.00.

High Gain Amplifier, Model 151 A. Designed for 
plug-in use with -hp- 150A or 150AR Oscillo- 
. copes. High gain unit with 5.0 mv per cm sensi­
tivity and frequency response de to 10 MC. 12 cali­
brated ranges in 0.5, 1, 2, 5 sequence. 1 megohm 
input impedance with 25 /x/xf shunt. Pass band rise 
time 0.035 /xsec. Equipped with two BNC input 
terminals. $200.00.

Park Name Plate Co., Inc.......................  
Perkin-Elmer Corp...................................  
Phaostron Co. ..........................................  
Philbrick, George A. Researchers, Inc. 
Photocircuits Corp...................................  
Pix Mfg. Co...............................................  
Polarad Electronic Corp.......................
Polymer Corp............................................
Polytechnic Research & Dev. Co. . .. 
Pyle-National Co., The ........................  
Pyramid Electric Co................................

Technic, Inc......................................
Technitrol Engineering Co............
Technology Instrument Corp. . .
Tele-Dynamics.................................
Tensolite Insulated Wire Co., Inc 
Texas Instruments, Inc.................. 
Thermosen, Inc................................. 
Thomas & Skinner Steel Products 
Trans-Sonics Inc..............................  
Transco Products ........................
Transitron Electronic Corp..........  
Tung-Sol Electric Co.....................

58, 59, 60, 61, 62, 63
Raytheon Mfg. Co., Microwave & Power Tube...........
Raytheon Mfg. Co., Personnel........................  181, 183,
Raytheon Mfg. Co., Semi-Conductor Div.
Remington Rand, Inc., Univac Div..........
Renbrandt, Inc..............................................

Waterman Products Co.......................................................
Waters Mfg. Co....................................................................
Weckesser Co.........................................................................
West Coast Electrical Mfg. Co.........................................
Western Gear Corp.............................. .................. ..........
Westinghouse Electric Corp., Industrial Tube Div. . . . 
Westinghouse Electric Corp., Industrial Micarta Div. 
Westinghouse Electric Corp., Specialty Transformers

Div.........................................................................................
Weston Electrical Instruments Co....................................
Wilmad Glass Co...................................................................

Safeway Heat Elements, Inc......................
Sage Electronics Corp.................................
Sangamo Electric Co...................................
Servo Corp, of America ..........................
Sola Electric Co............................................
Sorensen & Co., Inc......................................
Southern Screw Co.......................................
Southco Div. South Chester Corp............
Speer Carbon Co...........................................
Sprague Electric Co.....................................
Stackpole Carbon Co., Jobbing Div. . ..
Standard Electrical Products Co.............
Standard Pressed Steel Co..........................
Star Stainless Screw Co..............................
Statham Development Corp......................
Statham Laboratories, Inc..........................
Steafix ............................................................
Stevens Mfg. Co............................................
Superior Tube Co........................................
Sylvania Electric Products, Parts Div. .
Sylvania Electric Products, Tungsten Div.
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	A2 Series Epoxy Putty

	387

	Semiconductors

	388

	3»4

	wt

		0

	solenoids

	NO TOOLING COSTS 1

	CINTEL

	MUTUAL and SELF INDUCTANCE BRIDGE

	New

	Printed-Circuit

	Board

	GOES DIELECTRIC STRENGTH

	GOES INTERNALTEMP. RISE

	Diode Pulse Amplifier

	levice for Deflecting Atmos|;neric and Ither Static Disturbances

	igh Frequency Negative Resistance Device

	Deflection Circuit For Cathode-Ray Tubes

	Transmission Amplifier

	TRANSISTOR TRANSFORMERS

	io

	UL



	SNAP ACTION

	IN EVERY CONTROL PHASE

	with the Curtiss-Wright "SNAPPER" Thermal Time Delay Relay


	CURTISS-WRIGHT

	From 50 kc to 30 kmc

	Accuracy — 1 Part in 10

	Models for Lab & Field

	Direct Reading

	Null Indicators —	1 I	I—I—

	Bridge Transformers

	*(AC Voltage Dividers)

	v Model 291

	Generator- Detectors

	Precise Laboratory Accuracy

	QUICKLY INTERCHANGEABLE . . . EASILY SERVICED

	MANUFACTURING COMPANY

	Avionic Division


	ENGINEER OPPORTUNITIES AT RAYTHEON



	FREE —$1,000

	EUGENE B. SHEA

	Electronics Division

	CADILLAC ASSOCIATES, INC.

	220 S. State St.—Dept. E2 Chicago 4, III.

	Advanced work with prime contractor for Army Hawk and Navy Sparrow III
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