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Infrared rapid-scanning system in torcground may help

identity nussiles by ther pliunes. Assembly s mounted
below ROTT (Recording Optical Tracking Instrument)
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MINIFILTERS

New Minifilters provide almost the same char-
acteristics (with attenuation only slightly less)
as the industry’s standard interstage and line
filters immediately below.

BPM band pass units are 10K input, output to
grid; 2:1 gan. Attenuation is approximately
2 db +=3% fram center frequency, then 35
db per octave.

HPM high pass units; loss of less than 6 db
at cut-off frequency; attenuation of 30 db at
67 cut-off frequency, 40 db at .6 cut-off
frequency. Input and output 10K.

LPM low pass units; loss of less than 6 db at
cut-off frequency; attenuation of 30 db at
1.5 cut-off frequency, 40 db at 1.65 cut-off
frequency. Input and output 19K,

B INTERSTAGE & LINE

These six basic types cover most popular
filter applications and frequencies.

BMt band pass units are 10K input, output to
grid; 2:1 gain. Attenuation is approximately
2 db et 3% from center frequency, then 40
db per octave.

HMI high pass units are 10K in and out. At
tenuation is less than 6 db at cut-off fre-
quency and 35 db at 67 cut-off frequency.
LMI low pass units are 10K in and out. At-
tenuation is :ess than 6 db at cut-off fre-
quency and 35 db at 1.5 cut-off frequency.
HML high pass filters are same as HMI but
500/6C0 ochms in and out.

LML low pass filters are same as LMI but
500/600 ohms ir and out.

BML band pass units are same as BMI but
500/600 onms input, output to grid, 9:1 gain.

TELEMETERING BAND PASS

UTC standzra telemetering fiiters provide ex-
treme miniaturization with maximum stability,
a complete set of 18 filters taking 19 cubic
inches. They are '00K in and out and have an
insertion loss of less than 6 db, 4 pin header
for smell Winchester socket.

TMN units are within 3 db at = 7.5% of
center ‘requency . . . down moie than 18 db
at = 25% . .. more than 40 db beyond 1.75
and .58 center frequency.

TMW ate within 3 db at * 15% of center
frequency . . . down more than 20 db at =
50% . more than 40 db beyond 2.5 and
4 center frequency.

TELEGRAFPH TONE CHANNEL

These band pass filters for multiplex trans-
mitting and receiving provide maximum sta-
bility in miniature sizes. Both receiving and
transmitting types are 600 ohms in and out,
and employ 7 terminal header for sub-minia-
ture 7 pin socket.

TGT transmitting filters are within 3 db at *
42.5 cycles from center frequency . . . down
more than 26 db at = 170 cycies . . . down
more than 7.5 db at adjacent channel cross-
over.

TGR receiving filters are within 3 db at %
42.5 cycles from center frequency . . . down
more than 33 d> at = 170 cycles . . . down

more than 15 db at adjacent channel cross-
over.

And Special Units to
Your Specifications

FILTERS »

FOR ALL

MIL-F-18327 SPECS..
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STANDARD STOCK FREQUENCIES
{number in figure is cycles)

BMI-60, 100, 120, 400, 500, 750, 1000, 1500,
2000, 3000,4000, 5000, 10000

BTI-60, 100, 120

HMI-200, 400, 500, 800, 1000, 2000, 3000

LMI-200, 400, 500, 80O, 1000, 1500, 2000,
2500, 3000.4000, 5000. 10000

BML-400, 1000

HML-200, 300, 500, 1000

LML-1000, 1500. 2000, 2500. 4000, BOOO,
10000. 12000
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TRANSMITTING

T6T-425 | TGT-1785
TGT-595 | TGT-1955
TGT-765 | TGT-2125
TGT7-935 | TGT-2295
TGT-1105 | TGT-2465
TGT-1275 | TGT-2635
TGT-1445 | TGT-2805
TGT-1615 | TGT-2975

» )
KLOCTCLES

WRLOCYOLES
STANDARD STDCK FREQUENCIES
(number in figure is KC)
TMN-1.7 TMN- 5.4 TMN-30 TMW-22
TMN-2.3 TMN- 7.35 TMN-40 TMW-30
TMN-10.5 TMN-52.5 TMW-40
TMN-14.5 TMR-70 4

TMN-22
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number in figur TGR-425 | TGR-1785
{ e Cles)g ®  TcR595 | TGR-1955

y TGR-765 | TGR-2125
TGR-935 | TGR-2295
TGR-1105 | TGR-2465
TGR-1275 | TGR-2635
TGR-1445 | TGR-2805
TGR-1615 | TGR-2975

PLICATIONS

Y i

[y

Write Fer
NEW Catalog

|
!

B,

j e ¥
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(MIL AF) case (MiL AG)
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New temperature controlled MICROSTACK" meets

-55°C to +85°C

MILITARY REQUIREMENT

The General Ceramics MICROSTACK, one of the most
important advances in memory core packaging, now
operates in a temperature range of from —55°C to
+85°C. Core characteristics remain constant. By main-
taining temperature stability inside the MICROSTACK
unit, General Ceramics engineers have developed a
memory core package that is smaller, more rugged,
requires no external cooling or heating. and meets MIL
shock and vibration specifications.

h — For additional information, please write on company
I | : letterhead. Address inquiries to Section E.
INDIANA APPLIED LOGIC DEPARTMENT
[ GENERAL CERAMICS
GENERAL KEASBEY, NEW JERSEY, U.S.A.

TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS
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NOW—Two important contributions
to printed circuit design—

The Microminiature Kernel
ATE-34 Adjusteroid™ ant a New Line
6? Miriature Encapsu'ated Adjustoroids

Newest addition to the Burne!l Adjustoroid line is the microminiature
Kernel® ATE-34 and the miniature ATE-11, ATE-O and ATE-4. One of the
unique features of these new Adjusforoids is a flush slotted head providing
for ease of adjustment and economy in height.

The new microminiature Kernel ATE-34 Adjustoroid and the miniature
ATE-11, ATE-O and ATE-4 are variable over a 10% range of their induc-
tance. Fully encapsulated, they will withstand hick acceleration, shock
and vibration environments. All of the above meet MIL-T specifications,
27 Grade 4 Class R and MIL-E 15305 A. Write for Stock Sheet AT-34.

length/ Lseful Mox, L.

Dia. Hgt. Wt Fraq. Range Mox, Q in hys
ATE-D ' 1 1, ox 1 ke t0 20 ke 16 ke 5 hys
ATE-4 1% 1% 3501 1 ke ta 16 ke 5 ke 15 hys
_ATE-b 1" [ 1Y; oz, 10 ke to 100 ke 30 ke .75 hys
AVTE-lo 156" 1% 1 zz. 3 ke to 50 ke 20 ke .75 hys
A—«TiEjl 1 3/4"7 Yy 7502, 2kcto 25 ke 15 ke 5 hy.l
:TEJ) Y Y .75 az. 15 ke to 150 ke 60 ke 1 hy
ATE-34  27/," 245" oz, 3 ke to 30 ke 55 I(; ) _ITy_

PAY.2.762.020

If you haven't already done so—send for your free membership in the Space Shrinkers Club,

(@M& @* C%zc i )

PIONEERS IN microminioturizotion OF PEthom 8-5000
TOROIDS, FILTERS AND RELATED NETWORKS Teivtype Pelham 3633

Eostern Division

Dept. E-34 &
10 Pelhom Porkway

Pecific Division
Dept. £.34

720 Mission St.

South Posadeno. Cel,
MUrroy 2.2841
Teletype Pgsacol 7578
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CROSSTALK

NETWORK SYNTHESIS. Network theory began in 1827, when Georg
Simon Ohm published his paper on the relationship between current,
voltage and resistance. The paper had the forbidding title “Die Gal-
vanische Kette Mathematisch Bearbeitet” and was so coolly received by
the scientific community that Ohm quit his professorship at the Jesuit’s
college in Cologne. The only immediate result of this hasty action was
that he was unemployed for several years.

TFor almost a hundred years after Ohm’s paper appeared, network
theory meant network analysis—synthesis was largely neglected. It
wasn’t until the 1920’s that the first important steps were taken in syn-
thesis problems, Network synthesis is thus a relatively new approach
to circuit problems and while much has been accomplished, especially in
the past ten years, much more remains to be done, particularly with
active elements, nonlinear devices and time-varying systems. Strong
stimulation to this and related subjects has been given by Brooklyn Poly’s
series of symposia that began in 1952 and have since been held annually.
News about the latest meeting appears on p 44.

KEEPING GOOD MEN. Manufacturers’ representatives have been long
plagued with the problem of how to hold good men. The traits that
make them good also make them want to set off on their own. Burlingame
Associates, a major rep firm, has taken a good look at this problem. This
company has instituted a series of important incentive plans to keep the
men they know are valuable. To learn what a major rep organization
does to hold its top men, see p 52.

Coming In Our May 27 Issue

ELECTRONICS IN JAPAN. For about two years, it has been growing
clearer and clearer that the U.S. electronics industry has a serious com-
petitor in the resurgent industrial strength of Japan. Small and eco-
nomical transistor radios, tape recorders, and components are among the
areas where pressure has already been felt, but they aren’t alone. Instru-
ments, made in Japan, are now also entering the market. And controls.

Last year, an American group of electronies manufacturers appealed
for protection from this competition to the Office of Civil & Defense
Mobilization. This served to focus attention on the problem. The mag-
nitude of the problem, however, was not clearly understood; distance
and the barriers of language block good communications between the
Japanese industry and us.

Believing that direct on-the-spot ohservation is worth multitudes of
speculation, we sent Associate Editor Frank Leary over to look. He spent
some two months going up and down the Japanese islands, touring pro-
duction facilities, asking questions about research and development, and
talking to engineers, bankers, lawyers. traders, students, executives,
people in every phase of the electronies industry and technology. He
came back with what we believe is an accurate picture of the strength
and the weakness of Japan’s industry.

The report on Japan’s electronies development which appears next week
discusses the status of the business and the industry, and explores the
frontiers of the technology as it exists today. Tt covers the whole picture,
from recent advances in materials research through new transistor fabri-
cation techniques to the attitude of Osaka traders toward trade lib-
eralization.

It's one of the longest articles this magazine has ever run, but we
believe that everybody whose future is staked in the electronics industry
will want to read “Electronics in Japan,” an ELECTRONICS Special
Report coming in our May 27 issue.

MAY 20, 1960 + electronics



Tubular
Sintered-Anode
NEW TANTALEX

apacit
Case Size C pacitors

BOOSTS Pack
RATINGS TO High Capacitance

In Small Volume

- Now designers can get the reliability and per-
formance of Sprague’s Type 109D and 130D
Tubular Sintered-Anode Tantalex Capacitors 7

ratings up to 560 uF. A new “T” case size permits
moreratingsineveryworkingvoltage. Type 109D
capacitors can be operated up to 85 C without
voltage derating and up to 105 C with a voltage
derating of only 15%; Type 130D to 125 C
without derating.

o4 Designed to MIL-C-3965B
' /. These Tantalex Capacitors are designed to meet
SPRAGUE ) 7 7" Case vibration (2000 cycle), shock, and all other
’ environment requirements of MIL-C-3965B. Out-
45 to 560 FF standing mechanical features include a specially-

treated cathode; a double-spun, missile-proven
fluorocarbon elastomer high temperature seal;

G c and a special porous sintered tantalum anode
"R Case de\.!elo;ied to give unusually high capacitance per
t :
18 to 270 pF Hot rome
: No Shoulders; No Chassis Slots Required

The clean, shoulder-less shape of these capacitors

vC" Case was pioneered by Sprague to simplify printed

3.6 to 68 pF wiring layout and assembly. It eliminates the

: need to punch mounting slots of the type required

for older shouldered cup designs. Wiring boards
can also be stacked more compactly.

Actual Sizes

For more information on Type 109D and 130D Tubular Sintered-

Anode Tantalex Capacitors, write for Engineering Bulletin 3700D i
and Bulletin 3701 to Technical Literature Section, Sprague Electric s p R n G u E
Company, 35 Marshall Street, North Adams, Massachusetts,

THE MARK OF RELIABILITY

SPRAGUE COMPONENTS!
CAPACITORS ¢ RESISTCRS ¢ MAGNETIC COMPONENTS ¢ TRANSISTORS ¢ INTERFERENCE FILTERS ¢ PULSE NETWORKS
HIGH TEMPERATURE MAGNET WIRE « CERAMIC-BASE PRINTED NETWORKS ¢ PACKAGED COMPONENT ASSEMBLIES
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work
‘marking

with a DI-ACRO
ROL-FORM DIE

Workmarking from forming sheet
materialsin press brakes and punch
presses is greatly reduced and in
many metals completely eliminated
when formed with the Di-Acro
Rol-Form Die. Hardened and pre-
cision ground rolls pivot smoothly
in the die block to fold material
without strain. You save costs by
discarding elaborate and time con-
suming preparation and work
methods, reducing polishing time,
eliminating scrap parts. You also
cut costs in press brakes and punch
presses by reducing the number
of dies needed and the set-up time.

One Di-Acro Rol-Form Die with
a 60° upper die forms any angle to
60° and any thickness of metal to
14" just by adjusting the ram or
bed of the brake. Where uitra-
high finish material is to be formed,
nylon inserts can be used in the
die block to further reduce the
possibility of work marks.

The Rol-Form Die is offered in
five styles and in lengths from 6
inches to 12 feet for use in all sizes
and models of press brakes and
punch presses.

For ordinary press brake (i(j/)*
forming asth;bgu.t Di-Acro ”ﬁ I—*”&)
Standard Press Brake Dies. ! U i

1

~—— Consult the yellow pages of

| - KI?ur telephone book under
Yolow Poges achinery-Machina Tools for
’ the name of your nearest
Di-Acro distritutor ar write us.

b —_— W

pronounced die-ack-ro

) O'NEIL-IRWIN
(L) MFG. CO.

EQUIPMENT 321 Eighth Avenue
Loke City, Minnesota
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COMMENT

Unity-Gain Amplifier

Your article “Unity-Gain Ampli-
fier Offers High Stability” (p 66,
Feb. 26), deseribes the double cath-
ode follower as “new.” This circuit
is hardly novel. It is shown in
Electron Tube Cirenits, by Samuel
Seely (McGraw-Hill, 1950), page
120, which references an MIT Radi-
ation Lab report of 1943. It has
also been attributed to E. L. C,
White and to G. A. Head of Bell
Telephone Laboratories.

Can’t we do better?

ILAWRENCE T. FLEMING

PASADENA, CALIF,

Authors Davidson and Brady
say:

In reply to Mr. Fleming’s part-
ing query, we feel that we have
“done better”! The article re-
ferred to does not describe “the”
double cathode follower as new,
but does describe two new pre-
cision isolation amplifiers. These
new circuits were claimed to offer
greatly improved transmission ac-
curacy and gain stability over that
of the normal cathode follower.

The circuit referred to in “Elec-
tron Tube Circuits” by Seely is
“the” double cathode follower. If
Mr. Fleming had checked a little
more closely, he would have found,
as is shown below, that it does not
offer the gain stability or trans-
mission accuracy of the new cir-

cuits.
%’
AAAY
| g
] —L.
1 [\/\/\,__<.

The above figure shows Seely’s
double cathode follower circuit.

The gain of the circuit is given
by Seely as:

/Ry

K = - u® + p .
W+ pw+1)+ (e +2)r, /R

For simplicity assume the ideal
case such that r, = 0
ul
gt
Hence the gain stability factor
8 is equal to:

KN o=

'”L
K _ ut+2
du Wit +1

m
If x> 2, then

Which is the same as that of the
normal cathode follower.

Polaris

“Where Polaris Stands Todav,”
p 32, Apr. 15, is an excellent story
and very factual.

W. F. RABORN
REAR ADMIRAL
DIRECTOR, SPECIAL PROJECTS
U. S. Navy
WASIHINGTON, D. C.

An International View

Just scanning your May 6 issue
at random, I see articles like “Euro-
pean Combine to PProduce Hawk,”
“Japan Ponders Export Policy,”
“Israel Forms Electronics Group,”
“Sequential Receivers for French
Color Tv System,” and an article on
pulse-amplifier design by a British
author.

It seems as if your magazine
ought to have a fair-sized job on its
hands reporting the results of U. S.
engineering, research and produc-
tion without giving all this public-
ity to foreign developments.

I note in the same issue your
Market Research department car-
ries the headline “Exports $415
Million, Down 3 Percent.” No
wonder.

E. R. CARROLL
CHATHAM, Mass.

We do not give publicity to any-
body’s work; we merely select, to
the best of our ability, the develop-
ments most worthy of reporting
from among the work that is
known to us. Electronics is an in-
ternational industry, and science
has no nationality. This magazine
tries always to remember that; we
would be doing less than our job
if we forgot it.

MAY 20, 1960 - electronics



make a quick switch to Centralab

The switch you need is available fast from
CENTRALAB. From the simplest general pur-
pose units to the most highly specialized,
you get speedy service on samples, quota-
tions, and production.

In fact, on a wide variety of standard
switches you can get immediate local de-
livery, in industrial quantities, at factory
prices — from your near-by CENTRALAB
distributor.

P—6021

Centgalab/

electronics -+ MAY 20, 1960

Write today for CENTRALAB’s unique Switch
Visualizer (which simulates actual switch
operation). Used in conjunction with our
detailed layout sheet, it simplifies and speeds
up switch design—for you, and for us. We’ll
also send along a copy of Catalog 42-405,
listing detailed electrical and mechanical
specifications on all CENTRALAB switches and
including a complete listing of all standard
types available for immediate delivery.

The Electronics Division of Globe-Union Inc.
914E E. Keefe Avenue + Milwaukee 1, Wisconsin
In Canada: P. O. Box 400, Ajax, Ontario
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809B and 814B

~
UNIVERSAL PROBE CARRIAGES

@® Coverage 3 to 40 KMC

@® Sections interchange in 30 seconds

 Measure impedance and other system characteristics,

o

»

@ Dial gauge accuracy, highest stability

Models 809B and 814B are rugged, precision Uni-
versal Probe Carriages designed for use, respectively,
with @) 810B and 815B waveguide slotted sections,
The 809B/810B combination covers frequencies
3.95t0 18.0 KMC, and the 814B /815B combination
covers frequencies 18.0 to 40.0 KMC. For wave-
guide measurements involving several bands, the

& 8098 Universal Probe Carriage

Mounts @ 8108 Slotted Sections and
@ 806B Coaxiol Slotted Section {not
shown: 3 to 12 KMC, 50 ohms imped-
ance, Type N connectors).

Probe Required: @) 4428 Broadband Probe plus &
440A Detector or @ 444A Untuned
Probe.

10 centimeters.

Carriage:

Probe Travel:

CIRCLE 8 ON READER SERVICE CARD

Specifications
( P

cost of a special probe and carriage assembly for cach
band is climinated and much engineering time is
saved since waveguide sections can be changed in
30 seconds. Model 809B has a vernicr scale reading
to 0.1 mm and can be fitted with a dial gauge for
greater accuracy. Model 814B is cquipped with a
dial indicator rcading to 0.01 mm.

Accuracy: With waveguide sections, 1.02 SWR \
easily read. Slope error eliminated
by adjustment.

Price: $160.00.

@ 8148 Universal Probe Carriage

Carriage: Mounts @ 8158 Slotted Sections.
Probe Required: @& 444B Untuned Probe.
Accuracy: SWR of 1.02 easily read.

Price: $200.00.

@' WORLD’S MOST COMPLETE LINE OF PRECISION,

MAY 20, 1960 ¢+ electronics



quickly, accurately, with ‘theSe low cost, precision instruments!

¢ 810B Waveguide Slotted Sections—
3.95 to 18.0 KMC.

Thesce accurately machined sections of waveguide
have a small, tapered, longitudinal slot, and fit
the 809B Universal Probe Carriage in a precisely
indexed position. A traveling probe mounted on
the carriage samples the clectric field along the
slot, and permits precise plotting of variations.
Slot reflection is less than 1.01 SWR. For prices,
list of 810B waveguides available, sce Table 1
below.

1

# S810A Waveguide Slotted Section—
2.6 to 3.95 KMC.

This instrument is a conventional slotted wave-
guide complete with a probe carriage mounted
directly on the scction. It is available in the S-
band only and will operate with @ 442B or 4:14A
probes. SWR less than 1.01. 8450.00.

hp 815B Waveguide Slotted Sections—
18.0 to 40.0 KMC,

Available in K and R band sizes, these waveguide
slotted sections are stmilar to 810B sections and,
like 810B units, arc accurately machined from
precision castings to insurc a uniform cross-sec-
tion. Prices and details below.

Tahle 1—d& 810B/8158B Slotted Sections.
Fits

Frequen A verall :
Modei Range KMC Vg;’gg('l‘,‘l")e Leggth (iny  Price
G810B 3.95- 585 2x1 10V, $110.00
J810B 5.20- 8.20 1Y%ax¥ 10V 110.00
H810B 7.05.10.0 1Wax% 10Va 110.00
X810B 8.20-124 1xV2 10V 90.00
M810B 10.0 -15.0 +850x.475 10V 110.00
P810B 12.4 -18.0 J02x.391 10Va 110.00
K815B 18.0 -26.5 .500 x .250 42 265.00
R815B 26.5 -40.0 .360 x .220 42 265.00

-

¢ BO5A/805B Coaxial Slotted Lines—
500 MC to 4 KMC.

For SWR, wavelength, impedance and system
flatness measurements in coaxial systems. Exclu-
sive dp parallel-planc design for higher accuracy,
stability. Negligible slope, SWR less than 1.04,
reads in cm and mm to 0.1 mm. @ 805A4, for 50
ohm lines, Type N connectors, $450.00. & 805B,
for 46.3 ohm lines, UG-45/U male and UG-
46/U female connectors, $450.00.

HEWLETT-PACKARD COMPANY

5427 A PAGE MILL ROAD -« PALO ALTO, CALIFORNIA, US.A,

¢ CABLE "HEWPACK™ + DAVENPORT 5-445]

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

electronics « MAY 20, 1960

HIGH VALUE MICROWAVE MEAS

URING EQUIPMENT

-
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Bourns Trimpot®

NUMBER 5—RELIABILITY SERIES

Puts the Proof in Humidity-Proof

Plunging a potentiometeu'JQ'f_Q near-boiling water is just one of
the ways Bourns puts the proof in humidity-proof. Every Trim-
pot unit made takes this 60-second bath With the water sim-
mering at 30°C. Air expanded by the heat creates four pounds
of pressure inside the potentiometer—enough to cause bubbles
—if it leaks. Only if the unit is completely leak-free does it pass
the test.

Bourns humidity proofing starts at the beginning —with original
design and selection of matenals. The plastic chosen fcr Trim
pot cases, for example, displays the unusual properties of high
insulation resistance and extremelv low moisture absorption.

3
\l

Further protection against humidity results from manufacturing
procedures, such as internal potting of the resistance element
and sub-components. Finally, Bourns samples alt production
for compliance to MIL-STD-202A, Method 106 as a routine part
of a Reliability Assurance Program. As a result, Trimpot doss
more than “résist’’ riicisture; it keeps moisture out.

For more information about the industry's largest selectior of
humidity-proof adjustment potentiometérs =wirewound and
carkbon in a variety of sizes, power ratings, operating tempéra-
tures, etc. — write for new Trimpot summary brochure ana st
ot stocking distributors.

BOURNS
p——— = _ = —____]

BOURNBSB, INC,, TRIMPOT DIVISION
81358 MAGNOLIA AVE., RIVERSIDE, CALIF,

PLANTS: RIVERSiDE, CALIF. AND AMES, IOWA

Exclusive manufacturers of Trimpot®, Trimit®, and E-Z-Trim®. Pioneers in transducers for position, pressure and acceleration.

10 CIRCLE 10 ON READER SERVICE CARD
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ELECTRONICS NEWSLETTER

Radiation Damage Is
Major Research Task
REASONS why radiation damage to
semiconductor materials often oc-
curs in isolated cluster areas of the
lattice structure will come under
close investigation at the Radiation
Physics Lab. nearing completion at
AF Cambridge Reseuarch Center,
Jedford. Mass., Slated to be com-
pleted in July, the facility will have
a 3 Mev Van de Graafl generator,
a 1.5 Mev Dynamitron and a 10,-
000-Curie cobalt 60 source.
Preliminary studies by AF re-
search groups have pinpointed the
cluster phenomenon, but additional
studies are required to determine
size of the cluster and how many
clusters develop in a given area
before breakdown. Goal of the re-
search project is ereation of new
materials to withstand radiation
environments, but studies to date
have also hinted at a new possi-
bility: radiation “damage’” may, in
some cases, result in enhanced elec-
trical properties.

Efliciency of Capacitors
Draws Attention

MORE USE OF TANTALUM and colum-
bium for eapacitors to achieve high
capacitance in incereasingly smaller
packages gained considerable atten-
tion at the recent Electrochemical
Society meeting in Chicago.
Also at the meeting.
Electric revealed work is being
done with an anodic oxide film
which permits capacitors to operate
at 500 C.

General

Electromagnets Being
Explored by MIT Lab

SUPERCONDUCTING  electromagnets
are being explored at MIT Lincoln
Lab for use with masers and other
devices and in solid-state research
requiring cryvogenic temperatures
and a magnetic field. A small mag-
net. energized by superconducting
coils, fits directly inside a dewar
flask.

This technique has advantages of

electronics < MAY 20, 1960

compactness and practically negligi-
ble power requirements. contrasted
with the conventional arrangement
in which the apparatus is inside
vacuum flasks which are then placed
between the pole-faces of an electro-
magnet. Lincoln Lab is experi-
menting with both air-core sole-
noids and isemagnets (iron-ore
superconducting electromagnets).

Transistors Flush
With Circuit Boards

TRANSISTORS which are almost
flush with printed circuit boards
have been developed by Sylvania
Electric Products. The so-called
pancake design has been applied to
germanium alloy pnp and npn tran-
sistors. Shortly., the company will
be muaking pnip drift transistors
and diffused-base germanium and
silicon transistors using the new
design.

Svivania also announces two
other developments: One is a tech-
nique for packaging microminiature
electronic circuits on a series of
stacked wafers. and the other is a
new cathode-rav tube capable of
high resolution photographic re-
cording at altitudes up to 70,000
feet.

Remington Rand Adds
Large-Scale Computer

NEWEST ADDITION to Remington
Rand’s line of large-scale compu-
ters is the Univac I, a solid-state
machine with a processing speed
nine times faster than Univac 11
and an operating efliciency 25 per-
cent higher.

The system rents for between
$15,000 to £30.000 monthly, de-
pending on the user’s requirements.
Peripheral equipment can be op-
erated on-line or off-line at the
option of the user. This “program
interrupt” (eature automatically
tells the computer when ancillary
equipment has finished a task and
allows sections such as sorters,
printers or card punchers to be put
to work on new tasks. Reading and
writing at the rate of 20,000 digits

a second can be carried out simul-
taneously with computing func-
tions. The computer operates from
magnetic tape or punch cards. Its
card reader operates at 700 cards
a minute.

AF Develops High Speed
Russian Translator

AN ELECTRONIC translator which
converts Russian into English at
the rate of 35 words a second has
been developed by the Air Force.
Heart of the translator is a 10-inch
transparent disk that can store
550.000 Russian-Iinglish words in
an area the size of a postcard.

Words appear around the edge
of the disk in concentric tracks of
binary code. As a Russian word is
fed into the translator by a punched
tape. it is read by the machine and
converted into electrical
These are matched with the ¢»ded
equivalents on the glass disks.
English translation is transmitted
over an electrical typewriter.

Tape containing the Russian text
is prepared manually and is limited
to 40 words a4 minute. IHowever, a
special input machine is being de-
veloped that will raise the input
rate to 2,400 a minute. The trans-

sienals.

lator is the work of Gilbert W.
King of International Business
Machines Research Center., York-
town Heights. N. Y.

NASA Plans 25 Major
Launchings Each Year

THE  National Aeronautics and
Space Administration plans to

launch 25 to 30 major vehicles and
100 sounding rockets each vear for
the next three vears. This informa-
tion was divulged by Maj. Gen. Don
R. Ostrander, USAF, director of
the launch vehicle programs of
NASA.

HHe pointed out, however, that
after this three-year period the rate
of launchings is expected to decline
—mainlv because of the greater
complexity and considerably higher
cost of the vehicles scheduled for
launchings.

11



FULL LINE OF HIGHEST BETA GER

New Tl high-efficiency emitter
gives you high beta | -
germanium power transistors!

Now minimum and max-
imum betas are guaran-
teed from 20 to 60 at the
maximum current rating
of Ic = 25 amps in new TI 2N514 series tran-
sistors. New high efficiency emitter makes pos-
sible greatly improved specifications for TI
2N456, 2N511, 2N512, 2N513, 2N514, and
2N1021 series alloy-junction germanium power
transistors.

Tl gives you design leadership in quality germanium power transistors

INCREASED BETA e s

THROUGH HIGH-EFFICIENCY EMITTER REmE ot Optimum rgllabll|t.y for all Tl germanium
SR ir| power transistors is assured by . . . 1009%

Emitter efficiency can be improved by increasing - 7| testing . . . 1009 temperature cycling . .

the ratio of resistivities between the emitter and R 1009 hermetic seal testing . . . continuous
base region. For example, when a 10 ohm- C A and intensive quality assurance program.
centimeter resistivity germanium wafer is used Write on your company letterhead for
as the base material, it is advantageous to have germanium power transistor specifications.
less than a .01 ohm-centimeter resistivity emitter
regrowth region. Since initial doping of the .
germanium crystal establishes base resistivity,

the ratio can be changed only by varying the GERMANIUM

emitter material. TI utilizes an emitter material
that results in a lower emitter resistivity and an
increased emitter efficiency, plus providing the TRANSISTORS

higher beta at high currents.

POWER/SWITCHING/DEFLECTION CIRCUIT

TeEXAS —~ INSTRUMENTS
0 I NCORPORATED

SEMICONDUCTOR-COMPONENTS DIVISION
® 13500 N. CENTRAL EXPRESSWAY
POST OFFICE BOX 312 . DALLAS.TEXAS



MANIUM POWER TRANSISTORS

New high current 2N1046-A-B give you
high frequency /dissipation /voltage
with high beta!

New TI 2N1046B 2NIOS6 8 hexveilc

germanium power
transistors give you
10 amp Ic with
typical 18 mc fT+ ... 130 volt BVcBo . ..
guaranteed beta of 10 at 10 amp I¢c ... 30
watt dissipation . . . high frequency/high cur-
rent operating characteristics. The 2N1046
series alloy-diffused P-N-P transistors provides
maximum reliability for your core driving,
hi-fi amplification, and other high frequency
power applications.

g

TEST CONDITIONS;
Vee= =10V
Ta=25C

™
(=}

8

-

FORWARD CURRENT TRANSFER RATIO hpg IN UNITS

o

2 ~4 -6 -8 -10
COLLECTOR CURRENT . IN AMPERES

&
&

fp* Frequency at which ccmmon emitter current gain of '

the device is unity.

Call on your nearest TI distributor or sales office for immediate
delivery of TI germanium power transistors including the 1-amp
2N1038 series and the 3-amp 2N1042 series power transistors.

TI GERMANIUM POWER TRANSISTOR CHARACTERISTICS AT 25°C

Collector l Emitter Collector
Collector to Emitter to Base Collector Reverse Current Internal Cutoff
Dissipation to Base Voltage ‘ Voltage-v Current heg leo Typ Frequency
at 25T | Vol:age-v min min Amps (g | max Res @ Ie avg
Type ’ watts | max | BVgeo | BVERD max min max | ma v ohms 1
N T ONES6A |50 | 40 [ —70 | —20 | =7 | @5 9 | =05 =20 | 0040w 53 430 ke =1
— oNaSTA [T B0 [ =60 | —30 | —20 | =/ | @5 9 | -05 —30 | 0040 @ 5a | 430 ke
~2N4SBA ] 50 T —80__| -4 =20 =7 ] 0@ 9 | —05 —40 | 0.040 « 5a 430 ke
281021 | 50 —100 | =50 =0 | =7 T30w@sa 90 | —05 —50 0.040 @ 5a_ 430 ke
2NT022 | 50 7 =120 | —50 = =7 0«5 90 —05 —60 | 0.040 @ 53 430 ke
__oNSIT [ B0 =40 | =20 | 30 | =25 | H@lta 60 | -2 —20 | 005@10a | 260ke ]
i 2N511A D = —30 =2 " 20@10a 60 -2 =30 | 0025@ i0a | 260 ke
O NSIIB [ E0 80 | -4 7 —30 -25 20 (@ 10a w0 | =2 —A0 [ 0025 10a | 260 ke 1
— INSIZ | 80 = = =30 | -5 | @ 1% 80 | =2 —20 | 0033 @ 15a |  280k:
__ONSIPA |80 | —60 | =30 | =30 | —25 | @i B0 | —2 '—f;nj 0.033@ 15 | 280 ke
2NSI2B |80 T —80 | -0 -30 I =8 " M@lsa 60 | -2 —30 | 0033w 15 280 ke
2N513 89 —40 —20 —30 =25 | 20 20a 60 —2 =20 | 0.038¢ 20a | 300 ke
2NST5A [ 80 —60 | =30 | -30 =25 | 0@ 20a____®0 | -2 =30 | 0.038 « 20a 300 ke
2N5138 &0 T —80 —40 | —30 |~ =25 20 @ 20a 60 —2 —a0 0.038 (« 20a 300 ke
— OWSId | 80— —0 | =30 | =25 | 200 2% 0| =2 —20 | 00d0@ 25 | 350k —
2NS14A | 80 ] —60 | —30 | —30 | =25 ] 20 25 60 | —2 -30 “0.040 w 25a BOkc 1
2N514B | 80 I -80 | -0 | —30 | =25 | 20 25a 60 | -2 —40 0.040 @ 253 350 ke o
2N1038 | 20 i -4 | -3 ! —20 [ -3 | WeEla 60 | —12540 =20 0150 @ la 80 ke e min.___
2N1039 | 20 60 | —40 —20 =3 20 la 60 | —125.a =30 | 0150 v 1a 8.0°ke o a min
2NTOA0 ] 20 =80 | =50 | —20 I =3 [ 20w la 60 | —12.a -0 0150 ¢ 1a 80kt foe min
2NT041 20 =100 | =60 | —20 | =3 W@ la 50 —1254a =50 1 0150w 1a B0k Tge min ]
—_2NTOAZ 70 [ -0 | =30 ] =70 l =3 1 2@ 3 60 | =175 =20 | U.167G 3a UK Toe min
CONIOAIT 0 =60 [ —a0 | =20 | =3 | 0@3a 60 | —=I%um =30 0167 @ 3a BU K Tae min____ !
— INIOAd | 20 1 —80 | 50 | —20 =3 | W@ 60 | —125a —40 0.167 @ 3a BOK oo min ¢
T INIOAS 20 =100 —80 | -20 | -3 | W@ 60 ~125,a =50 0167 @ 3a 80K Tge min
~2NIDd6 30 =10 =50 ] —-15 * =10 A@US5 | -1 =40 | 050G 1a 1ISmemin ]
2N1046A 30 —140 | —50 - 15 -10 20 @ 4a [ =1 -0 | 015w 43 15memin
I~ 2N1046B 30 L] i =50 I =I5 f -10 \ 10 @ 10a ? -1 —40 0.050 @ 10a Bmemin |
] | [ |
-~




CONDUCTOR
CABLES

For simple or complex constructions, Royal
has the know-how and capacity to fill your
multi-conductor cable requirements. Royal
Multi-Conductor Cables are designed, made,
and quality-controlled to give you the cable
characteristics you want most on the job —
casy  workability. foot-after-foot quality,
topmost dependabilits. Send us vour cable
spectfications . .. or ask to have our repre-
sentative call.

ROYAL ELECTRIC CORPORATION

301 Saratoga Avenue
PAWTUCKET, RHODE ISLAND

In Canada: Royal Electric Company (Quebec) Ltd.,
Pointe-Claire, Quebec

4
A
2447

|
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WASHINGTON OUTLOOK

THE STRATEGIC AIR COMMAND will get a modified version of the IBM-built
solid-state computer originally designed for the North American Air Defense
Command’s Super Sage underground combat control centers.

SAC will use the computer for its modernized command control system
at Offutt AFB, Omaha, Neb.

The new transistorized computer was scheduled as a follow-on to NORAD’s
current AN/FSQ-7 computer now being installed in about 15 Sage sites scat-
tered throughout the country.

The solid-state follow-on was to be set up in eight so-called Super Sage
installations to be built underground. The Pentagon’s recent budget reshuffle,
however, knocked out funds for construction and installation of these
NORAD facilities.

NEW BUSINESS for f-m multiplexing will be opened up by FCC’s approval of
sub-channel broadcasting to private groups. This service is intended for
business, professional, educational, religious, trade, labor, agricultural and
other special groups of subscribers. Example: medical news and information
piped into doctors’ offices at certain hours.

The order extends to remote cueing, order circuits, remote control tele-
metering for internal station operations and program relaying. Other f-m
stations will now copy KDKA-FM’s recent relay operation in Pittsburgh by
which baseball games have been transmitted to other f-m and a-m stations
in the area without disturbing KDKA’s own music programming.

Incentive to go into doctor-casting, stockbroker-casting and such 1is
restrained, however, by f-m stations’ potential interest in stereo-casting,
since a station cannot do both.

Decisions on multiplexing for education f-m stations and remote pickup
facsimile have been put off to a later date.

THE FCC STAFF is hard at work on technical studies looking toward vhf
drop-ins—stations sandwiched in by shortening the transmission range of
existing vhf stations. The Commission is asking for comments by June 20
on newly revised propagation curves.

WASHINGTON’S DRAMATIC ADMISSION of U.S. aircraft flights on intelligence
missions over Soviet territory was official confirmation of what has long
been an open secret: that speciallv-designed Lockheed-built, high-altitude
U-2 aircraft have been performing reconnaissance on strategic Soviet facili-
ties for about four years.

ELECTRONICS magazine reported on the flights on July 10, 1959 (p 22),
following the Soviet interception of an wunermed U.S. aircraft near the
Turkish frontier.

There is a political furor here over the administration’s ineptitude in
disclosing the U-2 aircraft’s operations—the initial denial and the refer-
ences to weather observation activities. The upshot is sure to be a searching
inquiry into U. S. intelligence operations and an overhaul of policy in this
sensitive field.

Few if any responsible people here challenge the requirement for such
flights. The aerial reconnaissance missions over the Soviet Union have
provided SAC with the latest data for preparation of up-to-date targeting
schedules.

The Russians, of course, can gather comparable information on U.S.
target areas through the normal channels of information existing in a
democratic society. The locations of latest ICBM sites, for instance, are
routinely announced by the Pentagon.
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Specify the Finest Digital Voltmeter Made

NLS SERIES 20 ¢ a

When the combination of reliability, speed and accuracy is of uncompromising importance — you
can’t afford to gamble on “second best™ digital measuring equipment! NLS Series 20 instruments are
ficld-proven in the most critical applications — missile and electronic systems checkout, automatic
process monitoring, sophisticated laboratory research. Be sure — specify time-tested NLS Series 20
instruments, the M24 multi-purpose instrument or the V24 voltmeter ratiometer.

Some reasons why: M24 measures DC voltage, voltage ratio or resistance in a third of a second, V24 measures DC voltage and
voltage ratio at same speed . . . hoth instruments feature advanced transistorized circuitry and mercury-wetted relays with life in excess
of 3 hillion readings . . . one digit accuracy on DC voltage and voltage ratio . . . completely automatic operation . . . plug-in modular
construction . . . AC or low level measurements with plug-in accessories . . . output connectors for continuous data logging, remote
ranging. Ranges: DC voltage +.0001 to +999.9; DC voltage ratio to %.9999; resistance .1 ohm to 1 megohm.

~ Originator of the Digital Voltmeter

‘non-linear systems, inc.

DEL MAR (SAN DIEGO), CALIFORNIA

electronics « MAY 20, 1960 CIRCLE 15 ON READER SERVICE CARD 15
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~—— SUPRAMICA 560
Z 2 S ceramoplastic

from the family of the world’s
most nearly perfect insulation

ACTUAL SIZE
.010" WALL THICKNESS (TRANSLUCENT AREA)

Y

- : ’ 3
AT -
. - =

z ;4% B
- W

%\\\%“ z helps to maintain
~. - peak gyro efficiency

\\\;::_,. — .

\% Leading gyro producers design parts made of precision-molded SUPRAMICA 560
\/% ceramoplastic, an exclusive formulation of MYCALEX CORPORATION OF AMERICA
'\\\\_ s — = capable of rctaining absolute dimensional stability at a maximum temperature
=

= endurance up to +932°F (unstressed) . . . in complex but lightweight designs.
\\\ ——__——=-= These small parts function as vital components of miniature gyros . . . critical
\ ———— =" ==  applications where the highest standards for precision accuracy must be met.
\?\‘;"”:-"—:;‘___ ] SUPRAMICA 560 ccramoplastic having the same thermal expansion coefficient
W=if;:‘—// of many insert metals, can tightly bond and permanently anchor gold leads,
W — stainless stecl contacts and stainless steel threaded inserts . . . in parts with wall
SSm=——————— = thicknesses of only .010".
_s——— SUPRAMICA 560 ceramoplastic offers premium insulating properties with ex-
T e ——— === ccllent economy in production scale runs. SUPRAMICA 560 ceramoplastic is
= ——— but one of a family of versatile clectrical and electronic insulating materials pro-

=== — : duced by MycaLEX CORPORATION OF AMERICA . . .

e MYCALEX® glass-bonded mica,
maximum temperature endurance (unstressed)—up to +700°F
heat distortion temperature * —up to +850°F

o SUPRAMICA® ceramoplastic,
maximum temperature endurance (unstressed)—up to +1550°F,
heat distortion temperature * —up to +1360°F

e SYNTHAMICA® synthetic mica,
maximum temperature endurance (unstressed)—up to +2000°F

= @P@ym

{1oamopASTC ASTM test method 1) 648 (modificd) at stress of 261 psi.

e 7 Write for technical information today.

General Offices and Plant :120AClifton Blvd., Clifton, N.J.
Exccutive Offices: 30 Rockefeller Plaza, New York 20, N. Y.
CORPORATION OF AMERICA

world’'s largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products'
See Us At Booth 1400, 1960 ""Design Engineering Show'’, New York Coliseum, May 23 to 26
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TRANSISTOR
CENTER U.S.A.

e

E’{.—m&"“'

W\

COMES THE WORLD'S MOST
COMPLETE LINE OF TRANSISTORS
TO MEET YOUR CIRCUIT
REQUIREMENT

These three ultra-modern plants pro-
duce a full line of high quality tran-
sistors, covering the entire useful
frequency spectrum. World-famous
for reliability and uniformity, Philco
Transistors are manufactured on the
first and only fully-automatic tran-
sistor production tines, developed by
Philco and used exclusively by Philco
and its licensees. On the following
3 pages are charts showing the Philco
Transistor types suitable for most
major applications and their typical
performance in practical circuit de-
sign. These charts, used with the
Philco Reference Chart and individual
data sheets, will help you select the
proper Philco Transistor for most cir-
cuits. More detailed information on
specific types and applications will be
sent to you upon request.



POWER GAIN (db)

50

TUNED
AMPLIFIERS
The chart shows the useful gain vs fre-
quency. More gain can be obtained at the
lower frequencies through the use of
precisely neutralized circuits.

2N1210-71.72

30

TRANSISTOR
DETECTORS

(Tuned Detectors, Dynamic Detectorsand
Synchronous Detectors.)

Detectors generally have about 20 db less
gain than the same transistor used as a
tuned amplifier. The approximate value
of the detector gain can be obtained
from the amplifier chart by subtracting
20 db from the gains given.

MIXERS AND
CONVERTERS

Transistors generaily have the same gain
as either a mixer or a converter. At the
higher frequencies, mixers and converters
have approximately 3db less gain than the
same transistor used as an amplifier. At
the lower frequencies the mixer (and
converter) gain is about the same as the
amplifier gain. Approximate conversion
gain vs frequency may be obtained from
the curve of amplifier gain for various
transistors in the product line by sub-
tracting 3 db of gain.

FREQUENCY (MC)
AC POWER OUTPUT (MW) 350
0
300
60
250
50 5
2
o | 20f . g
hye % = )
Z o = @
150) = =
30 ¥ 5 E 3 §
u o\ o, \" K g g £ *
20 ~ e N 100 f = =
Z 7! = S
G Zm s =
50 = [
10} . \ S g =
(] pr N : ’zl
0 o - e
1MC 10MC 100MC 1000MC 0101 5 10 20 25
FREQUENCY (MC) MAXIMUM Icgo in pa
CAIX v3 feao

OSCILLATORS
The chart shows the maximum power output that could be obtained in a
matched oscillator. For low level oscillators as used in the front end of
receivers the transistor will operate satisfactorily up to 809 of the fre-
quency given for 0 power output.

DC AMPLIFIERS
Two parameters of the transistor are important in the DC amplifier. The
gain of an individual stage is determined by the beta and the temperature
drift is primarily determined by the lcgo. A chart of beta range vs Icgo
(maximum) is given for the types which are particularly useful for DC

1. LOW POWER (Less than 50 mw)
2N207, A,

2N534

2N535, A,

2N536

SILICON

SAT»
2N495
2N496
2N1118, A

8 2N223
2N224
B 2N226
2N1124

High frequency transistors
for high temperature applications:

(PNP) SADT® (NPN)
2N1119  2N1199 2N1270
2N1428 2N1267 2N1271
2N1429 2N1268 2N1272

2N1269 2N1472

2. MEDIUM POWER (Less than 500 mw)

amplifier design.

AUDIO AMPLIFIERS

3. HIGH POWER (Up to 30 watts) 4. SPECIAL PURPOSE

2N1125 2N386 LOW NOISE
2N1128 2N387 2N207A, 2N2078
2N1129 2N535A, 2N535B
2N1130

PHILCO

7{1?1101/41 jor Qaa/ /{7 Wy the Wortd Quver



2N559
2N393
2N598 |

2N1427 —
hy =100

TO USE CHART BE SURE TO LOCATE TYPE NUMBER ON BOTH AXES.

2N501, 2N597

2N1269, 2N1272 —

2N1411, 2N499 —

2N502, 2N503

21428, znuze,znsss; i

2N345

2N1199

2N344, 2N1271, 2N1268
2N346, 2N495
2N1267, 2N1270

VIDEO AND PULSE AMPLIFIERS

A curve of gain vs bandwidth for various products in the line is
shown in the chart. In an uncompensated video amplifier the
gain will be the low frequency gain shown in the chart and the
bandwidth will be given by the position of the knee on the
chart. In compensated video amplifiers the gain and bandwidth
may be adjusted to be anywhere along the characteristic curve
given for the particular type.

For pulse amplifiers the rise and fall times are approximately
t =t 035

=Y =gw
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by =1 \ \ \\\
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100MC
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1MC

100KC

(CLOCK RATE)

10KC ——+

SWITCHING RATE

28 _2N14

0

INZ24

_ _N436_N1119
-

(Sophisticated Circuits)

CURRENT |

RTL | DCTL ‘ DTL, RCTL

CURRENT GAIN VS FREQUENCY

LOGIC CIRCUITS

(Flip-Flops, Multivibrators, "AND" Gates, “OR" Gates, Inverters, etc.)

There are many different classes of logic circuits and any particular transistor
varies widely 1n its ultimate speed capabilities depending upon the class of circuit

in which it is used.
DCTL. RCTL or DTL

The chart is divided into five classes of applications . . . RTL.
, Current Switching Circuits, Upper Limit of Switching Speed.

PULSE GENERATORS AND

PU

LSE SHAPING CIRCUITS

10MC

100KC —

MAXIMUM SWITCHING RATE vs. CIRCUIT CONFIGURATION
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MONOSTABLE MULTIVIBRATOR BLOCKING OSCILLATORS SCHMIDT TRIGGER CRCUITS
AND REGENERATIVE AMPLIFIERS




CHOPPERS (Synchronous Switches)

AL
108 ¢ \&'%\* ) o T "l The following transistors are specifically recommendes
& . s o for chopper circuits:
A o } Germanium.
: 2N224, 2N536 General purpose low frequency chopper.
5 2N393, 2N1411, 2N1427 Very low offset voitage, high fre-
'\,“\\ quency response. (Use 2N1122 ana 2N1122A for high
Qa ' voltage applications.)
™ 1 i
" | silicon.
1A g— ‘x;‘ : w“‘\& e ‘\;Qu' & - "“ 2N495 General purpose chopper.
PO I S & 2N1428-2N1429 Low offset voltage—low offset current—
L WD N A o 0 high frequency response. Recommended for general purpose
[ Y = o chopper applications.
T —
J_} Silicon Units with Chopper
w\\e@ Specifications
T1452-T1581 Medium level choppers with offset voltage
_\\\\“ guaranteed to be less than 3 mv
100MA r— — T1453-T1582 Matched pairs of the above units for sym-
metrical chopper applications.
T1507-T1558 Special units for very low level chopper
{ ,c;.u & applications. Offset voltage guaranteed to be less than 1 mv.
R N
i
SOLENOID, RELAY CURRENT
! L e =
! }
£
10MA ' o
106C 100KC 1mc 10MC 3 S ®
i &’,\Q' ) é\\‘
= N
HIGH CURRENT PULSE AMPLIFIERS
(Line Drivers, Core Drivers. Read-Write Amplifiers, etc.)
The chart shows the peak current that may be switched as a function of the upper switching 1 - & 9
rate. The switching rates given are for reasonable circuit design For most types highar switch- L !
ing rates can be obtained through the use of complex circuitry or through reduction in stage gain. \\\\'\'P .\3\\\
N oo ,\’\.
& ‘
125 /wzusen T /zm:'s
t
’ 100MA} -
100 29
/ ! 4
|15 | Lo 2L ! s ‘+
i 1 |13 g o
PourL t i oS Y Pour | Poo¥SY ®
[11) Sl 4 (WATTS) o Tee |
(mr;s.) | | A 1-'1—-‘——1 / [ |
| / 2NET0 ‘ : f
NETL | e
P51 S— G 9 osh— — o 2 roMAl | ; ! 4 ‘
[ 5 10 15 20 25 30 40 50 60 70
A I : SOLENOID, RELAY ACTIVATING VOLTAGE
0 10 20 30 40 [} 5 10 15 20
Voghars) Yo OLTS) RELAY DRIVERS

POWER CONVERTERS
(DC to DC Converters, DC to AC Conveiters, Inverters, etc.)

The chart shows the total power output which may be extracted from the converter as a
function of the supply voltage for products which are particularly applicable to this service.

WRITE FOR THESE HELPFUL BOOKLETS

Philco's Reference Chart lists all major Philco Transistor
types; shows their most important characteristics and
primary apglications. Used in conjunction with the charts
in this hift-out insert, the reference chart is ‘nvaluable in
selecting tne right transistor for your circuit.

Another useful aid in choosing the proper transistor is
this complete index of Laboratory Application Notes,
listing all reports available to date.

Write for your copies of both booklets . . . without cost

cr obligation. Address: Dept. S-1.

(Solenoid Drivers, Motor Drivers, Actuator Drivers and
other low Frequency High Current Circuits)

These circuits are generally used to drive loads operating
at 6, 12, 18, 24, 28 or 36 voits. The chart shows the peak
load current which may be handled vs the supply voltage
in the above categories for types particularly applicable
to this class of circuits.

All types immediately available in quantities
1.999 from your local Philco Semiconductor
Distributor.

PHILCO

|m ermieens, fvr (/rmﬂ(q the Uored Crer

LANSDALE DIVISION
LANSDALE, PENNSYLVANIA

Theintormation, disgrams, 1 4ny oteer data included herein are believed to be accurate wnd reliable. Kowever, the Philce. Corporation, Lansdale Division, assumes no responsibility or habihty whatsoever for

the apphicatiun, 1mterpretation or use made of such irformation. diagrams or data esoeciilly insofar as tne use of sad information, diagrams or data affects any patenr. trademark or proprietary data rights
Printed in U.S.A.

Form No. LTC460A—Moy 60 Copyright;1R€0 PHIEs] Corporotion



NW tool for the Reliability Engineer
...the AIL Type 90 is designed to test
low frequency (audio, video and com-
puter) circuits by the “extreme values”
or “worst case” technique. Circuits may
be tested for all combinations of antici-
pated low and high values for as many
as 16 parameters. Up to 6000 tests per
minute may be conducted.

Digital read out permits determination
of circuit combinations which produce
unacceptable performance. The total
number of parameters available combined
with the total number of parameters suc-
cessfully tested to their extremes, provide
a measure of the reliability factor of the
circuit under test.

6000 tests a minute AIL Type 90 Circuit Design Reliability Tester $3600.00

Write for full details

AIRBORNE INSTRUMENTS
LABORATORY

DEER PARK, LONG ISLAND, NEW YORK
A DIVISION OF CUTLER-HAMMER INC.
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O VLATORSE

POWER (peak): 350 kilowatts

® = !
%t 0w .?i f o VOLTAGE (peak): 17 kilovolts
]
- ) e CURRENT (peak): 20 amps.
- e ’ i « PULSE WIOTHS: 1.0 to 10.0 microseconds, continuously variable
19 . 52 "> « PULSE REPETITION FREQUENCY: 20 to 10,000 pps, continuously
n @ | variable, internally controllable by means of a built-in audio oscil-
BNAS lator. In addition, a trigger input jack atlows modulator to be operated
E from an external trigger source, at lower repetition frequencies.
ﬁii% {;ggéi -g,‘::éggl ; ¢« MAXIMUM AVERAGE POWER: 1400 watts
it E}‘;;;a ﬁgﬁﬂ e T.U.T. FILAMENT SUPPLY: 0 to 15 volts AC @ 10 amps.
+ g i e

RN sl

Advanced engineering at modest cost is
Manson's outstanding achievement in the
field of pulse techniques. If you have a

N o7 problem touching on this field, call for
u MANSON CUSTOM ENGINEERING

y Hard-Tube Modulator, to help you solve it ... it may be the
350.Kilowatt Unit #240 most important help you have ever had!

Soft-Tube Modulator,
30-Megawatt Unit #237

POWER (peak): 3C megawatts

VOLTAGE (peak): 200 kilovolts into 1300 ohms
CURRENT (peak): 150 amps. !

¢ PULSE WIOTHS: ',, 1, 2, 4, 6 and 8 microseconds,
measured at 90% voltage points

¢ PULSE REPETITION FREQUENCY: 50 to 1800 pps,
continuously variable with righer PRFs at reduced
power

¢ MAXIMUM AVERAGE POWER: 60 kilowatts

e MONITORING: Current-viewing resistor for T.U.T. pris
mary; capacitance voltage dividers for viewing (1)
primary of auxiliary pulse transformer, (2) primary of
T.U.T., (3) secondary of T.U.T. and {4) grid drivers to
thyratrons

~~%

MANSON

® LABORATORIES, INC.

manson 375 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT ¢ OAvis 5-1391
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Reliability comes
in 3 small
packages...

Sylvania
Silicon
Rectifiers

Small in size, giants in performance—Sylvania
Silicon Rectifiers are quality-controlled for appli-
cations in industrial power supplies and magnetic
amplifiers.

SYLVANIA offers excellent availability at com-
petitive prices of all registered 1N-types with p.i.v.
to 1000-Volts and forward current ratings to
1-ampere.

ALL 3 packages conform to military requirements

wi
g '""‘E'al thre

2 fixed ¢ texCeMent heat. ‘ou tin, g
erminal jyg

for environment. Modern production techniques,
stringent test procedures, careful controls of purity
of materials and surface cleanliness minimize con-
taminants, result in units that feature low leakage,
promise long life operation.

Contact your Sylvania Field Office or your Local
Sylvania Franchised Distributor for sales informa-
tion. For technical data on specific 1N-types, write
Semiconductor Division, Sylvania Electric Prod-
ucts Inc., Dept. 225B, Woburn, Mass.

SYLVANIA

cussidiory o GENERAL TELEPHONE & ELECTRONICS (&)

electronics = MAY 20, 1960
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FINANCIAL ROUNDUP

New Sales Rises Reported

HIGHEST EARNINGS in company his-
tory are reported by Transitron
Electronic Corp., Wakefield, Mass.,
for the 13 weeks ended Mar. 26
this vear. Sales totalled $13,128,611
compared with $11,829,026 in the
previous quarter. Net income for
the 13 weeks was 82,154,216 or
29 cents a share on 7,502,500 shares,
compared with a figure of $2,030,-
213, or 27 cents a share on the same
number of shares in the previous
quarter.

General Transistor Corp., Jamaica,
N. Y., announces net sales of $3.-
060.200 in the first quarter of 1960.
This is an increase of 38 percent
over the $2,218,400 recorded in the
first quarter of 1959. Net income
after taxes in the 1960 first quarter
was $1&1,900. a rise of 12 percent
over the 8162.300 earned in the
comparable 1959 period. Earnings
per share this vear for the quarter
ended Mar. 31 were 20} cents.

International Rectifier Corp., El
Segundo, Calif., reports passage of
a vote by its directors to split the
common stock of the company on a
two-for-one basis subject to ap-

proval by shareholders. Earnings
for the company for the nine

months ended Mar. 31, 1960 in-
creased 65.1 percent. Sales rose
26.1 percent over the equivalent
period a vear ago. Net sales for
the period ended last March were
$9,934,386 compared with $7,876,-
452 for the period ended in Mar.,
1959. Net income after taxes for
this year’s period was $924,248,
or 81 cents a share.

Houston Fearless, Los Angeles, re-
ports sales of more than $15 mil-
lion in 1959 compared with $4.2
million in 1958. Three new divi-
sions acquired during 1959 were
all reported to be profitable. Com-
pany shareholders have approved
the authorization of common shares
to be increased to 7,500,000, with
250,000 shares authorized for a
restricted employee stock option
plan.

electronics « MAY 20, 1960

Textron Electronics, Providence,
R. 1., announces first quarter sales
of $6,355,000, net income before
federal taxes of $425,000 and net
income for the 1960 period of $226,-
000. This is equivalent to 8 cents
per share on about 2,890,000 shares
now outstanding. The company’s
business backlog as of Mar. 31 this
year stood at $5 million.

Siegler Corp., Los Angeles, reports
net earnings of $2,467,000 for the
nine-month period ended Mar. 31,
1960. This is equal to $1.50 per
share on the 1,644.402 shares cur-
rently outstanding. These figures
represent a 42.4 percent increase
over the comparable period a year
ago—$1,732,080 or $1.11 per share.
Net income this vear before tuxes
amounted to $4,841,175 as compared
with pre-tax profits of $3,186,922
for the like period a year ago.

25 MOST ACTIVE STOCKS

WEEK ENDING MAY 6

SHARES
(IN 100's) HIGH  LOW CLOSE
Int'l Te!l & Tel 1,321 4233 38% 42

Ampex 982 34 30v2 323
RCA 977 741 695% 7312
Univ Controls 737 15% 122 143
Sperry Rand 607 2133 20Y8 213,
Temco Aircraft 596 14% 12va 144
Gen Electric 553 9038  875%  893%
Electronics Capital 540 1912 14 15

Westinghouse 482 55 525% 547
Burroughs 481 33 3%k B

Lockheed Aircraft 472 22 208 2038
Fairchild Camera 472 166 150% 15412

Philco Corp 462 31Ya  28% 31
Gen Inst 455 31% 29 30V
Collins Radio 439 5412 48 52Ya
Siegler Corp 405 39V, 36% 38%8
Raytheon 398 397 35V 37
DuMont Labs 395 95% 73 1%
Int’l Resistance 394 3% 202 2%
Gen Dynamics 386 40 38 387%
Texas Inst 382 218 201va  214Y2
Litton Ind 349 753  70v2 73
Gen Tel & Elec 339 831s 8l 8l%
Beckman Inst 34 80 14 80
Republic Aviation 317 25 23 28Y

The above figures represent sales of electronics
stocks on the New York and American Stock
Exchanges. Listings are prepared exclusively for
ELECTRONICS by %ra Haupt & Co., investment
bankers.

DIVIDEND ANNOUNCEMENTS

Amount Date
per Share  Payable

Consldtd Electncs ind. $.25 Jun. 1
Marcus Transformer 5% Jun. 6
Stewart-Warner .35 Jun, 11
Tv-Electronics Fund .04 May 31

MAGNETRON

CONNECTORS

~

®

Specify JETTRON
for all types of
magnetron connect-
ors for vital military
or commercial
equipment. Com-
plete facilities for the design and pro-
duction of *‘specials’ and other precision
components including sockets and cable
assembiies.

Magretron Input Connector Cat. 9000-C

Fits 4J52A and similar
Magnelrons. Features
floating heater contact,

eight prong heater-cathode
contact of silver plated
heat treated beryllium
copper. Molded silicone
encloses metal body

Magnetron Input Connector Cat. 9005-C

AT Fits 4)J52A and similar
Hi: A&, Magnetrons. Features
h- identical to Cat. 9000-C.
A In addition has 75 mil
thick silicone insulated
cables for higher poten-
tial applications. Made
with 4700 guf bui't-in
capacitor.

Magnetron Input Connector Cat. 9040

One of the many ''Spe- desges —

cials'” Jettron has made G/\

Basiec Input Connector

with floating heater con

tact. Supplied with or \]‘\‘
without bypass capacitor it/
Normally potted to the

magnetron input end

Magnetron Input Connector Cat. 9050

@

~=

Fits Miniature Magnetrons
such as L-3028B. Beryl-
lium copper heater and
cathode contacts assure
dependable contact. Sili-
cone cup fits snugly over
magnetron input end. Leads
insulated with silicone.

Magnetron Input Connector Cat. 9060

Fits Miniature Magnetrons
such as L-3028B, Features
similar to Cat. 9050 but

supplied less silicone en
closure. Leads extend
axially from body of con
nector. Normally potted to
magnetron input end.

Czll or write for bulletins on special
sockets, magnetron and other comectors

JETTRON
PRODUCTS ¢ INC

56 Route 10, Hanover, New Jersey
Telephones: TUcker 7-0571-0572

Sales Engineers in Principal Cities
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At The Ramo-Wooldridge Laboratories...
integrated programs of research & development
of electronic systems and components.

26

The new Ramo-Wooldridge Laboratories in Canoga Park provide
an environment for creative work in an academic setting. Here,
scientists and engineers seek solutions to the technological prob-
lems of today. The Ramo-Wooldridge research and development
philosophy places major emphasis on the imaginative contribu-
tions of the members of the technical staff.® There are outstanding
opportunities for scientists and engineers. Write Dr. Richard C.
Potter, Head, Technical Staff Development, Department 21-D.

8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA

" THE RAMO-WOOLDRIDGE LABORATORIES
®

=i

ER RN

An eiectron device permits scientists to study the behavior of charged dust particles held in suspension.
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SIZE 8-SERVO \
TACHOMETER
TYPE SJ7HLZ7-4 ‘s,

High Performance -
plus Low Tachometer Power

This sma!l motor tachometer features high
torque output per watt input and excellent
signal to noise ratio. 1t is an ideal choice for
those applications where space is limited vet
the high performance and reliabilitv of a
precision damping, motor gencrator is res
quired. Other BuOrd Size 8 motors, tachom.
eters and gearhead units are available, built
to E.A.D.s high standards as well as to
meet specific customer requirements.

TYPICAL CHARACTERISTICS

GENERAL: Frequency, 400 c.p.s. ¢ Rotor
Inertia. 1.2 gm.em.? ¢ Torque at Stall, 0.34
oz, in. * Oper. Temp. Range, —55° to 150° C
o Weight, 2.8 o7,

MOTOR: Motor Voltage (fixed & control
phases), 26 * Power (Stall), 2.5 Waus
GENERATOR: Fxcitation, 26v, 400 c.ps. ®
Power (Stall), 1.5 Watts » Qutput at 0 RPM,
0.010 V.R.\ ¢ Output Voltage. 250 Mv/
1000 RPM e Signal to Null Ratio, 25/1 at
1000 RPM

Write for complete Technical Data)

(2

electronics + MAY 20, 1960
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the science of

rotation...

Eastern Air Devices’ contribution to systems design is the science of
rofation. This concept represents the basic engineering and production
approach of a company whose products are specified everywhere to
meet the critical performance and reliability requirements of today’s
systems . . . fomorrow’s designs. Eastern Air Devices’” product line — the
most complete and diversified in the indusiry today — and the company’s
new developments in bearing life, high temperature insulations, oxidation
protection . . . reflect the technical confidence developed during 18 years
in the application of the many sciences of rotation. At Eastern Air Devices
you are assured of a 1960 scientific approach to the application of
rotating electrical components . .. whether you

select from the standard line or order special designs.

EASTERN AIR DEVICES, INC.
Subsidiary of Norbute Corporation * Dover, New Hampshire

INDUCTION MOTORS ¢ SERVO MOTORS ¢ HYSTERESIS MOTORS
INTEGRATING TACHOMETERS AND MOTOR TACHOMETERS ¢ BLOWERS
INERTIALLY DAMPED SERVO MOTORS ® TORQUE MOTORS * FANS
DAMPING MOTOR TACHOMETERS * GEAR MOTORS ¢ ALTERNATORS
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VARIAN
Potentiometer .

RECORDERS

A preferred size for many

uses because . . .

8. FIVE-INCH CHARTS ARE

EGONOMIGAL

A 50% savings in paper can
mean hundreds or thousands
of dollars in the life of a record-
er. Five-inch charts are hand-
ier too for notebooks, reports
or files. And in round-the-table
conferences, smaller charts
can be set side by side, giving
more data and less clutter.

1& 2channel versionsuse same
S-inch chart paper; 1% limit of error
and 1 or 23 second full-scale balanc-
ing time; chart speeds from 3 inch
per hour to 16 in./min.; prices from
$365; numerous options described
inVarian literature. Write the Instru-
ment Division,

@

VARIAN

associates

PALO ALTO 1, CALIFORNIA

7,

(@
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MARKET RESEARCH

Sonic Cleaning Gear Sales Up 30%

ULTRASONIC CLEANING EQUIPMENT
market is mushrooming. It has
been a popular subject of market
investigation in recent months.

Hank Osterman, sales manager
of Branson Instruments, a leading
manufacturer of ultrasonic cleaning
equipment, estimates 1960 sales will
total $15 million, up from about
$11 million in 1958. He figures
sales will continue to increase at
rate of about 30 percent over the
next five years, and will mount to
$50 to $60 million by 1965.

Ultrasonie cleaning is an accepted
fact today for small, expensive
parts used in electronic equipment.
However, it is being increasingly
used in high-volume, low-cost ap-
plications such as pickling of metal,
wire and high-speed degreasing of
sheet metal and wire. It is in this
area of general industry use, par-
ticularly metal finishing firms,
where greatest future sales growth
is expected, says Osterman.

Individually engineered systems
using relatively high-priced custom-
designed cleaning equipment are
augmenting sales to mass-produc-
tion industry users.

Development of company sales-
men and electronics manufacturers’
reps who can talk to customers on
economic values in addition to tech-
nical values has been an important
factor in opening up the general
industry market, says Osterman.
Most of these customers don’t un-
derstand the “black hox” approach
but have a ready understanding of
cost reduction and quality improve-
ment, he says.

Electronic Industries Associa-
tion issues its 1960 Fact Book, the
handy summary of electronics in-
dustry statistics and trends. It is
supplied to non-members at a
charge of T5¢.

Electronics industry factory sales
in 1959 totaled $9.2 billion. This
included equipment sales to the
military worth $4.7 billion, indus-
trial and commercial sales of $1.6
billion, consumer sales of $2 billion,
plus replacement parts worth $900
million.

Industry trends highlighted in
the report are:

1. During the next decade over
$14 billion will be authorized for
space program spending, and about
one-third of this sum will be for
electronics. New commercial and
public service markets will evolve
from the application of space tech-
nology to electronics production for
comnierce, industry and the con-
sumer.

2. Space era has already induced
a strong trend toward ‘smallness”
in electronic systems. Research pro-
grams in many firms are oriented
by concepts of microminiaturiza-
tion. As a result, entirely different
concepts are in prospect for the
construction of missiles, space ve-
hicles and a varietv of conventional
equipment.

3. Electronics share of military
production and procurement plus
military R&D rose from 7 percent
in 1955 to 11 percent in 1959.

4. Latest military budget reflects
trends toward increased spending
for research, development, test
and evaluation of new improved
weapons systems and equipment.

5. Electronic control and process-
irg instruments are improving op-
erations in major industries in
terms of cost, quality, safety, relia-
bility.

Thsands  F\IGURES OF THE WEEK
Production
Week of 4-29
450 |-
SOURCE: EIA
400 —
Radio
350 |- Sets
Total
300 —
250

1959 ,
0 I T T T T T U Y S Y

AMIJJASOND JFM APR
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You get an extra measure of design freedom with

The high permeability and low core loss of pow-
dered permalloy Filtoroid cores can remove design
roadblocks for you. You can build extra frequency
stability into filter networks with these cores.
Their permeability remains stable with changes in
time and flux levels. Distortion factors are held to
a2 bare minimum. Temperature coefficient of in-
ductance is tightly controlled.

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

POWDERED PERMALLOY FILTOROID® CORES®

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

Our engineers are ready right now to help you
select the proper Filtoroid core for your filter
circuits. Write or call for a discussion of your
needs, or send for Bulletin G-1.

*MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COMPANY

TALS

transformer laminations « motor laminations » tape-wound cores
powdered molybdenum permalloy cores « electramagnetic shields

MAGNETIC METALS COMPANY + Hayes Avenve at 215t Street, Camden 1, N. J,
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One kilowatt power in a compact
ceramic package is now available to
400Mec., with the Eimac 1CX1000A
radial-beam power tetrode.

The new. expanded {requency range
coverage of the versatile -1CX1000A
makes it idcal for AM, I'NM and SSB
operation in the important govern-
ment communication band. 225-
400Mc., and for FM and VHE.TV
broadcasting.

An excellent linear amplifier tube,

30 CIRCLE 30 ON READER SERVICE CARD

the 4CX1000A has low voltage, high
current, high gain characteristics. It
achieves maximum rated power output
in Class AB;. SSB service without
grid drive.

IHustrated here, actual size, it is
casy to see why this compacl, rugged
ceramic letrode is ideal for tight
space, high power situations.

A companion air-system socket to
meet your specific requirement is

available with the 4CX1000A.

(Actual Size)

TYPICAL OPERATION 4CXI000A (400Mc FM Amplifier)

DC Plate Voltage 3000 volts
DC Sereen Voltage 250 volts
DC Plate Current 750 ma
DC Screen Current 45 ma
Driver Power Output 15 watts
Useful Output Power 1100 watts

EITEL-McCULLOUGH, INC.

W San Carlos, California

MAY 20, 1960 - electronics




Specialists in Power Supplies for 30 Years

CHRISTIE

300 AMP. POWER SUPPLY

Model MH32-300KP4

Electrical Specifications:

NOMINAL D-C OUTPUT:

28 v. @ 300 amp. (continuous)

VOLTAGE ADJUSTMENT RANGE:

22t032v.d-c

VOLTAGE REGULATION:

+0.5% — combination of rated

NN foad and a-c input variations

h N (Sensing: local or remote)
S VOLTAGE RIPPLE:
. Y 1% rms. (—20°C to +55°C)

VOLTAGE RECOVERY (63 %):

v 0.1 sec.— full load application
or removal

[~} D-C CURRENT OVERLOAD

CAPACITY:

125% for 5 min. every 20 min.

250% tor 5 sec. every 20 sec.

350% for 1 sec., 500% peak

A-C INPUT:

400-490 v., 3-ph., 57-63 cps.

(other voltages available)

A-C CURRENT AT 440 V.:

25 amp.

AMBIENT TEMPERATURE RANGE:

Operating: —35°C to +55°C

WITH ENGINEERED AND CONTROLLED Storage: —62°C to +70°C

ENVIRONMENT, SHOCK,

VIBRATION:
l A B l I I Built to MIL-E-4970
RADIO INTERFERENCE:

Built to MIL-1-26600

[

® Static-Tubeless Mechanical Specifications:
® All Silicon CABINET STYLE: STATIONARY
) Also other styies below
® Built to MIL-E-4970 SIZE & WEIGHT:
. . . 19”W x 197 D x 31”7 H.— 355 Ibs.
® Overload and Short Circuit Protection
. Standard Features:
® 500% Overload Capability VOLTMETER & AMMETER:
312” ruggedized (MIL-M-10304)
. N 0 3 Recessed behind removable panel
Write for new D-C Power Supply Bulletin AC-60 S
Magnetic & thermal
CHRISTIE ELECTRIC CORP. PARALLEL GPERATION:
. N Includes load sharing provision
3400 W. 67th Street, Los Angeles 43, California OTHER FEATURES:

tnput Contactor, Pilot Light, Fan,
Fan Failure Protection.

Over 200 Models in
6 Cabinet Styles

Stationary 2-Wheel Caster Lab Cabinet 3-Wheel

—
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Air-powered Gardner-Denver **Wire-Wrap” tool being used by Kellogg Switchboard
fo

and Supply Company, Division of International Telep

ne and Telegraph Corporation,

Put your electrical connections
on a 3-second production schedule

Permanent electrical connections in only three sec-
onds. That’s the solderless wrapping method—
proved superior by leaders in communications and
electronics. These connections are lastingly secure
. . . conquer vibration failure and fight corrosion.

And only at Gardner-Denver will you find a
complete line of equipment to make these connec-
tions. Gardner-Denver Wire-Wrap® tools get the
job done fast . . . bring you these profit-building
benefits:

GREATER PRODUCTION Only three seconds total
time per solderless connection. Actual connecting
time, 1/10 second.

LOWER PRODUCTION COSTS You can eliminate the
expense of precise inspection required by other
methods.

REDUCED LABOR COSTS More connections per oper-
ator, with less fatigue. No faulty connections that
require expensive hand repair work.

HIGHER QUALITY Solderless wrapped connections
are mechanically strong and electrically stable—
proved most reliable in the industry.

EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW

‘5 GARDNER - DENYER

32 CIRCLE 32 ON READER SERVICE CARD

Gardner-Denver Campany, Quincy, lilinois
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario
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INCREASE DIE LIFE

e Ui

A VAN

RE

DUF‘E SEALING REJECTS

o b

Now get these 2 glass-sealing economies

with T H E R Lo* The only commercial vacuum melted glass
sealing alloy available...No priceincrease.

Therlo—now a commercially vacuum melted alloy made
only by Driver-Huarris—is such @ metallurgically cleaner
metal that it has greater ductility and a better surface than
any other alloy used for the same glass-to-metal sealing
applications.

For this rcascen it is more casily formed into desired
shapes and increases die life 25-50% between sharpen-
ings. And Therlo produces a permanent vacuum tight seal
with negligible keiakers on the production line,

*T.M. Reg. U.S. Pat. Off.

DRIVER-HARRIS COMPANY

HARRISON, 32 NEW JERSEY .

BRANCHES: Chicago, Detroit, Cleveland, Louisville) [

electronics - MAY 20, 1960

Distributors: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco

In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario
MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL. Ei ECTRONIC, AND HEAT-TREATING INDUSTRIES

Therfo matches such commercially hard glasses as Corn-
ing =7052 and 7040 in expansivity from 80 C to the
anncaling point. In every case where Therlo has been
specified the resulting reduction in rejects both in fabrica-
tion and glass-sealing production have cut production
Costs impressively.

I'herlo is one of four D-H alloys developed for glass-to-
metal sealing of both hard and soft glass in most every
sealing operation. For more information write to Dept. G,

E ALLO
205! ¥s
o S g,

Y

s"(‘

J. M. TULL METAL & SUPPLY CO., INC., Atianta
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What'’s the shape of your future?

Now, with greater uses of plastic laminates being found
every day, Panelyte® can offer you a complete range of
sheets, tubes and rods for whatever shape or size the
part in your engineering drawing calls for. Remember :
Panelyte comes in NEMA and Military Grades. What do
your specifications call for? High dielectric strength?
Low moisture absorption? Minimum cold flow under
high humidity? Excellent machining characteristics?
There is a Panelyte grade to fit any of these require-

34 CIRCLE 34 ON READER SERVICE CARD

ments! You can have Panelyte copper-clad, too, for use
in the manufacture of printed circuits.

Specify Panelyte for the best in “laminated thermo-
setting resinous plastics”—
the accepted high-quality sk
product! For specification
sheet, write Panelyte,
St. Regis Paper Co., 150 E.
42nd St., New York, N, Y.

St.Regis
PANELYTE

MAY 20, 1960 +» electronics



—and here’s where to call the
PANELYTE distributor nearest you!

ALABAMA
Marine Specialty Company
Mobile, Alabama

ARIZONA
Electrical Specialty Company
Phoenix, Arizona

CALIFORNIA
Cadillac Plastics
Los Angeles, California
Electrical Specialty Company
Los Angeles, California
Cadillac Plastics
San Francisco, Catlifornia
Electrical Speciaity Company
San Francisco, California

COLORADO
Electrical Specialty Company
Denver, Colorado

#Regal Plastic Supply
Englewood, Colorado

CONNECTICUT
Modern Plastic & Glass Company
Bridgeport, Connecticut

xNew England Non Metallics Co., Inc.
Milford, Connecticut
Industrial Safety Supply
W. Hartford, Connecticut

OELAWARE
Brandywine Fibre Company
Wilmington, Delaware
Kaufman Glass Company
Wilmington, Deiaware

FLORIDA
Commercial Plastics Supply Corp.
Miami, Florida

GEORGIA
AAA Brands Plastic Supply Co.
Atlanta, Georgia
Commercial Piastics & Supply Corp.
Atlanta, Georgia

ILLINOIS
Cadillac Plastics
Chicago, illinois
Coloniai Kolonite
Chicago, lllinois
Insulating Manufacturing Corp.
Chicago, lllinois

INOIANA

#Hyaline Corporation
Indianapolis, Indiana
Cadillac Plastics
Indianapolis, Indiana

KANSAS
D & O Products
Wichita, Kansas

LOUISIANA
Drake-Thompson and Company
New Qrleans, Louisiana

MARYLANO
Gilbert Plastics and Supply Company
Baltimore, Maryland

MASSACHUSETTS
Piastic Supply Co. (Hub Stamping)
Boston, Massachusetts
#Insulation Products Company
Chicopee, Massachusetts
H&P Spool & Bobbin Company
Lawrence, Massachusetts
#*Laminated Sheet Products
Norwood, Massachusetts

MICHIGAN
Cadillac Plastics
Detroit, Michigan

MINNESOTA
Arrowhead Plastics
Minneapolis, Minnesota
Service Tool & Engineering
Minneapolis, Minnesota

#Minneapolis Manufacturing Co.
Minneapolis, Minnesota
Special Parts, Inc.
Minneapolis, Minresota

MISSOURI
Regal Plastics Supply Co.
Kansas City, Missouri
Cadillac Plastics
Kansas City, Missouri

Piastic Sales

Kansas City, Missouri
Cadillac Plastics

St. Louis, Missouri

NEW JERSEY
*|nsulating Fabricators, inc.
East Rutherford, New Jersey
s*Allied Plastics Supply Corporation
Elizabeth, New Jersey
s Insulating Specialties, Incorporated
Hillside, New Jersey
Kennedy Lumber Company
Trenton, New Jersey
s*Rummel Fibre Company
Union, New Jersey
Commercial Plastics & Supply Corp.
Newark, N. J.
Robert McKeown Co., Inc.
Livingston, N, J,
*Deita Piastics
Bellmawr, N. J.
*Philrus Products
Newark, N. J.

NEW MEXICO
% Jay-Grear, Incorporated
Albuquerque, New Mexico

NEW YORK

s Thomas J. Long, inc.
Long Island, N. Y.

*Aircraft Specialties Company, Inc.
Hicksville, New York

*Ailied Plastics Supply Corporation
New York City, New York
Commercial Plastics & Supply Corp.
New York City, New York

*Comco Plastics
Ozone Park, New York
The Plastic Center
Rochester, New York

#The Frank Products Corporation
Wes.bury, New York

NORTH CAROLINA
s Engineered Piastics, Incorporated
Gibsonville, North Carolina

0HI0
Cadillac Plastics
Cincinnati, Ohio
Cadiilac Plastics
Cleveland, Ohio

*Dayton Plastics, Incorporated
Columbus, Ohio

# Dayton Plastics, Incorporated
Dayton, Ohio

OKLAHOMA
Oenton's Glass & Plastics
Oklahoma City, Oklahoma
Tulsa Gasket Mfg.
Tulsa, Oklahoma
tndustrial Gasket & Packing Company
Okiahoma City, Oklahoma

OREGON
Electrical Specialty Company
Portiand, Oregon

PENNSYLVANIA
Commercial Plastics Supply Corp.
Philadelphia, Pennsylvania

s#Herschel Engineering & Supply Co.
Philadelphia, Pennsylvania
Commercial Plastics Supply Corp.
Pittsburgh, Pennsylvania

*Wood Plastics
Wayne, Pennsylvania

TEXAS
Cadillac Plastics
Dallas, Texas
Cadillac Plastics
Houston, Texas
Cadillac Plastics
Fort Worth, Texas

WASHINGTON
Electrical Specialty Company
Seattle, Washington

WISCONSIN
Rahrs Engineering
Manitowoc, Wisconsin
Cadillac Plastics
Mitwaukee, Wisconsin

*Asbesto Fab
Milwaukee, Wisconsin

#General Plastics
Milwaukee, Wisconsin

K Distributor-Fabricators who can give
special attention to your fabrication needs.

CIRCLE 200 ON READER SERVICE CARD
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products better,

[ ] [ ] j
more efficient... Q) @
to close tolerance of =.001 on dia'meters'and -001
on sphericity, Ace Nylon Balls give design flexi-
as sulphuric acid, etc....almost abrasionproof...
these mass-produced balls have hundreds of indus-
for all industries. Estimales submitted promptly on
receipt of blueprints or specifications.

bility and production economy. Light in weight...
trial applications. Come in 14 standard sizes from
EXTRUSION MOLDERS AND FABRICATORS

NYLON BALLS
tough at low temperatures...stable at high tem-
% to %"

ACE PLASTIC COMPANY

Precision manufactured from DuPont Nylon Resin
peratures. . .resistant to corroding chemicals such /
Complete facilities for fabrication of plastic parts

91-33 Van Wyck Expwy., Jamaica 35, N. Y., JAmaica 3-5500
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BIG STEP in

: PRODUCTION
“} COST-CUTTING!

Preformed solder,
all shapes and sizes
engincered to your
needs: rings, wash-
ers. discs, coils, pel-
lets, others, Flux
filled or solid types,
all alloys including
rare metals,

Write for free
sample assortment
and engineering detail,

KESTER SOLDER

COMPANY
4204 Wrightwood Avenue
Chicago 39, liinois
Newark 5 New Jersey
Anaheim, California
Branttord, Canada

OVER 61 YEARS®
EXPERIENCE
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Get much more information in the ...

electronics
BUYERS' GUIDE
ang REFERENCE ISSUE

new electronics BUYERS’ GUIDE

‘When designs call for products in the field of elec-
tronics, the Guide solves problems in advance.

There’s a 64-page reference section with up-to-the-
minute data on markets, materials, components and
applications to make product selection easier.

You'’ll find detailed facts about the products of nearly
700 advertisers — that’s 429, more than you’ll find in

@ @

36

any other similar guide.

Also local sales offices of manufacturers . . . the names,
addresses, and phone numbers of representatives . . .
complete lists of manufacturers . . . registered trade
names . . . and, of course, the most complete list of clec-
tronic and related products. Tells you what you need to
know when you are ready to buy.

A McGraw-Hill Publicotion ® 330 Wesi 42nd Streect, New York 36, New York
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Turn to Raytheon silicon transistors

The broad Ravtheon line of fusion alloy silicon tran-
sistors provides the ultimate in reliability. More than
six vears of experience in the manufacture of thes> de-
vices has led to a level of reliability unsurpassed in the
industry.

You will want to use Raytheon silicon transistors in
vour most critical applications. For example, consider
commonly used chopper circuits. Designed around these
Raytheon transistors, choppers provide high speeds and
meet the highest standards of reliability even at high
temperatures. With Raytheon silicon transistors you

can design yvour own choppers to fit vour specific circuit
requirements. Or, if you prefer, you can obtain these
circuits encapsulated in the famous Raytheon Circuit-
Pak for maximum protection against heat and shock.

Your own circuit requirements will suggest numerous
applications for these high-performance transistors.
The important charactertistics and technical details are
tabulated on the following page. [ )
Semiconductor Division, Raytheon | - A
Company, 215 First Avenue, Need- RAYTHEU N

— ’ ~

ham Heights 94, Massachusetts.

//

RAYTHEON SEMICONDUCTORS



A.C. DRIVE
SIGNAL

*Matched units
(K« K-50002)

MODULATOR

2.2

8.2K

2N127

r 100
X R
’ o E )

on1278) 2N1275

b

AMPLIFIER

2N327A RU 2N327A
SIGNAL al
2N327A 2N327A

DRIVE

[

DEMODULATOR

Put These Raytheon PNP Fusion Alloy Transistors

to Work in Your Critical Circuits...

Get High Reliability and High Performance too

Immediate Availability in Production Quantities!

2N327A, 2N328A, 2N329A: Your
choice of medium, high or very high
gain PNP silicon transistors . . . in-
tended for use in high temperature
switching and DC amplifier circuits:
. . . featuring low saturation voltage,
close parameter control throughout
the rated temperature range (—65°C
to +160°C), and exceptionally good
current gain at collector levels up to
50 milliamperes.

Your local authorized
Raytheon Distributors carry in-stock
inventories for immediate delivery.

i

2N1034, 2N1035, 2N1036, 2N1037:
A useful range of medium, high, or
very high gain silicon fusion alloy de-
vices designed for high temperature
audio circuits, featuring low noise
and low leakage current.

leo o1 lco
at 20 vdc

Average

pamps

2N1275, 2N1654, 2N1655, 2N1656:
Dependable high temperature — high
voltage transistor for use in DC am-
plifiers and related applications
where low leakage current and high
collector-emitter and emitter-base
breakdown voltage are required.

Noise Cob
Figure [f=100Kc
max. ave.
db uuf

2N327A
2N328A
2N329A
2N1034
2N1035
2N1036
2N1037
2N1275

2N1623/
CK942

2N1654
2N1655
2N1656

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005+

0.005
0.005+
0.005+
0.005++

*lc= —3.0 ma; Vce= —0.5V
¥c= —1ma; Vce= -8BV

tAt 60 Vdc.
ttAt 60 vdc.

SEMICONDUCTOR DIVISION

SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON RECTIFIERS + CIRCUIT-PAKS

30 65
30 65
30 65
30 65
30 65
30 65
15 65
30 65

30 65
30 65
30 65
30 65

A-6760

RAYTHEON
COMPANY

ENGLEWOOD CLIFFS, N. J., LOwell 7-4911 (Manhattan Phone, Wisconsin 7-6400) + BOSTON, MASS., Hilicrest 4-6700 « CHICAGO, ILL., NAtional 5-4000 « LOS ANGELES,
CAL., NOrmandy 5.422]1 « ORLANDO, FLA., GArden 3-0518 * SYRACUSE, N. Y., GRanite 2-7751 + BALTIMORE, MD., SOuthfield 1-0450 + CLEVELAND, O., Winton 1-7716

SAN FRANCISCO, CAL., Fireside 1.7711

* CANADA: Waterloo, Ont. SHerwood 5-6831 *+ GOVERNMENT RELATIONS: Washington, D. C.. MEtropolitan 8-5205



DRIVE AND CONTROL IDEAS FOR ENGINEERS

' HEART OF THE POWER-SEAT MECH-
ANISM. .. Two slave units, on the left
and right sides of seat, are driven by flexi-
ble shafts to provide three-way motion.
A single Ya4-hp motor attached to a
geared drive unit is the power source.
Flexible shafts rotate at 1250 rpm, carry
9 in.-]bs, of torque at running load (three
persons) and 15 in.:lbs. at full stall speed.

FLEXIBLE
SHAFTS o

Flexible Shafts Solve Space Problems in Chrysler Power-Seat

Chrysler Corporation faced a design challenge
in its power-operated seat adjuster. Six-way mo-
tion was called for: fore and aft, up and down,
and tilt, Yet there was limited space under the
seat for the mechanism. After much Chrysler
testing and development, a design submitted by
subcontractor Ferro Stamping Company was
approved, utilizing flexible shafts.

According to Chrysler, the decision to go to
flexible shafts was based on the foilowing ad-
vantages:

1. SPACE ECONOMY ...“flexible shafts pro-
vided means to transmit power from a single elec-

tric motor, without compromising seat design.”

2. REDUCED STRESSES. . .“flexible shafts
act as torsion bars to reduce motor armature
stresses induced when the mechanism was
stopped or stalled suddenly.”

3. RELIABILITY...“not a single shaft fatigue
failure reported from the field to date.”

4. LOW COST.. .“flexible shafts definitely rep-
resented savings without sacrificing design ad-
vantages.”

Investigate for yourself how flexible shafts
can solve many of your design problems and at
the same time reduce costs!

3. S. White Industrial Division Dent. E, 10 Fast 40th Street. New York 16, N. Y.

THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK
New 4th Edition. .. Send for your free copy!

This authoritative handbook has been
recently revised to include new selec-
tion and application data for S. S.
White Standard . . . Pre-engineered . . .
Custom-designed flexible shafts.

<—CIRCLE 38 ON READER SERVICE CARD
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Map above shows chf relay links in-
stalled in South Korea, On right, the
proposed tropo transmitters and the
microwave system
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TRANSMITTE

. RELAY POINTS

KOREA: On Guard

This cluster of antennas is atop
Namsan Mountain, near Seoul,
where micrawave communica-
tions networl: center is situated

MICROWAVE
TERNINALS

At this relay point between Taegu and Pusan in hills of Korea TRC 29
antennas are installed. A 120-channel microwave system goes in soon

40

By FRANK LEARY

Associate 1Sditor

SEOUL—ON JUNE 25. it will be
10 vears since the Communist
North Korean Peoples Army first
struck across the 38th parallel,
which divided Communist North
Korea and the Republic of Korea
in the World War Il aftermath of
the Japanese occupation, The three-
year war ended with an armistice
that no one who has seen this land
could call a peace.

Now, to keep the uneasy armis-
tice from breaking into renewed
war, four nations man the south-
ern side of the demilitarized zone
that divides the Korean peninsula.
Major burden of patrolling this
frontier falls on the First Republic
of Korea Army, and the U.S. Tth
Infantry and First Cavalry divi-
sions (which now constitute the
bulk of the Eighth Army).

A heavy part of this burden is
carried by electronic equipment—-
by the gear which forms the links
in the longest supply line currently
maintained by the United States.
The line stretches through Japan
and Hawaii to the continental U.S.,
some 10.000 miles overail. But it is
the barren, rockyv terrain of Korea
that demands the most ingenious
communications engineering.

Korean Communications

Backbone of communications on
the Korean peninsula since the "20s
has been the Mukden cable. The
cable originates at Fukuoka, Japan.
as a 14-quad undersea line to Pusan
on Korea’s southern tip. From
Pusan north to Seoul it is 10-quad
16-gage. At the present time it has
been cut at the demilitarized zone
and capped on the southern side of
Panmunjom.

Originally, the Japanese laid it
as an ordinary wire link, but dur-
ing the ’30s they added Han 3 and
4 carrier equipment on each quad.
giving a capability of 7 voice chan-
nels per quad (8 teletypewriter
channels per voice channel)—for a
total of 70 voice or 560 teletype-

MAY 20, 1960 + electronics



10 Years After Invasion

New radar and communications systems help protect Republic of Korea from

Communist threat almost seven years after UN and Reds signed armistice

writer channels from Pusan to
Seoul.

Most of these channels are used
by the South Koreans. There are
saveral coexistent communications
facilities operated by the ROK gov-
ernment, all of which use parts of
the cable. Several auxiliary systems
built since 1945 with U.S. aid funds
are also being used mainly by the
ROK’s.

The Ministry of Communications
operates the national telephone sys-
tem, which makes the heaviest
demands on the cable. The Minis-
try of Transportation operates its
own radio and wire communica-
tions to service the rail system.

The national police, run by the
Home Ministry and an object of
public scorn in the student-led up-
rising that overthrew President
Syngman Rhee, operates another
radio network, along with some
wire lines. In many villages, the
police chief’s radio—rather than a
general-store telephone—is the only
contact with the other parts of the
country.

Finally, the Ministry of Public
Information operates the Korean
Broadcasting System, a fairly com-
plex radio net by comparison with
other national facilities, and built
partly with U.S. aid. The syvstem
does not vet inclnde a television
station.

Army Communications

The Army has backed up the
overworked cable facility with radio
links. Radio communications in
Korea present unusual problems
arising from both terrain and the
composition of the soil. The high
ferrous content of the clay soil
“drinks up” a radio signal almost
before it leaves the antenna; the
complex chemical makeup of the
clay makes a good earth-ground
next thing to impossible; high acid
content ruins counterpoise metals
and makes it necessary to replace
the ground sections of antenna sys-

electronics « MAY 20, 1960

tems twice a vear or oftener. The
mountainous terrain makes fre-
quent repeater stations a must; r-f
communications backing up the
cable between Pusan and Seoul rely
on 13 mountaintop relays, whereas
the cable itself needs only 10.

The first network to go in was
made up of AN/TRC-1 carrier gear,
a 4-channel vhf system built in the
early '40s. This was rapidly backed
up or replaced by AN/TRC-24, a
more up-to-date 12-channel vhf re-
lay system.

Third and newest system is now
starting operation. This is a micro-
wave system designated AN/TRC-
29, a 24-channel system fudged by
double carrier to serve 45 channels.
As the TRC-29 (supplied by IT&T
and Radio Receptor Corp.) comes
into use, the TRC-1 systems are be-
ing retired and TRC-24’s are find-
ing their way into the “fingers”
of the communications network in
tactical outposts.

Elements of a GE-built micro-
wave system AN/FRC-23 are also
installed alongside the TRC-29. The
fixed-station FRC-23 is augmented

VIGIL, AGAINST AGGRESSION—

FROM Pacng-yong-do, an island just
6 miles caeay from the sullen coastline
of North Korea, a ROK Air Force
carly-warning radar stares owt over
North Korea, parts of Manchuria and
a picce of China’s Shantung peninsula
to watch for signs of air activity that
conld mean another Communist attack.

A tiny American detachment—9
men and 4 officers—serves as advisory
group. Island commander is ¢ ROK
Marine calovel, and it’s the ROK Ma-
rines who guard against infiltrating
“wethbacks.”

Stand on the cliffside and look three
miles out nto the channel; a battery
of Red 90-mm guns stares back. Step
inside the plotting center and wateh
the alr aetivity over North Korca.
Then you get a fair idea of what the
Korean armistice means. Here, at the
last ROK outpost, you ean sce how
vital clectronies has beecome to South
Korean defenses in monitoring a pre-
carious armistice

by AN/FRC-34 relay equipment to
get the signals over the mountains.

In addition. there is a plan to lay
in legs of a 120-channel microwave
system designed by Nippon Elec-
tric. This system, ELECTRONICS
learns, will work into a proposed
60-channel tropo scatter link from
the mainland cable terminal near
Pusan to Itazuke AFB near Fuku-
oka, Japan.

For Army units just behind the
demilitarized zone, AN/GR(C-26
teletypewriter equipment provides
input to the microwave network,
together with truck-mounted AN/
MRC-46 systems capable of hand-
ling both radioteletype and voice,
Patrols along the front are tied to
headquarters by AN/GRC-19 radio
syvstems.

Missiles and Early Warning

U.S. ground forces include the
4th Missile Command. equipped
with Honest Johns. Units of the
Fifth Air Force are. of course, mis-
sile-armed, and nearby cruisers and
carriers include Talos missiles in
their armament. Many facilities be-
ing built into Korea’s communica-
tions network could conceivably be
used for transmission of missile
data.

Air warning is generally in the
hands of the ROK Air Force, with
backup from USAF and with small
USAF advisory groups on forward
sites. The two forward sites are
quite near Communist territory, one
on the east side of the island,
the other on Paeng-yong-do, an iso-
lated island.

Air early warning and aireraft
control equipment is a ground-
transportable 250-mi radar, AN/-
GPS-4, with a portable height-
finder, AN/PPS-14.

These remote outposts relay in-
formation to USAF Korean head-
quarters at Osan by way of AN/-
TRC-24 systems, maintained and
serviced jointly by ROKAF and
Eighth Army.

N



a new pattern
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A DIVISION OF
SHOCKLEY TRANSISTOR UNIT « STANFORD INDUSTRIAL PARK, PALO ALTO, CALIFORNIA
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in semiconductor progress...

SHOCKLEY TRANSISTOR
JOINS CLEVITE

In keeping with its program of advancement in semiconduc-
tors, Clevite has acquired the Shockley Transistor Corporation
of Palo Alto, California.

Dr. William Shockley, noted solid state physicist and co-
winner of the 1956 Nobel Prize for his work in the development
of the transistor joins Clevite, together with his research and
development organization.

T NEW PRODUCTS

In addition to Clevite Transistor’s broad line of diodes and
transistors, the corporation now offers to the industry Shockley
devices which represent new advances in the semiconductor
art. The Shockley 4-layer diode is a nearly ideal switch for pulse
generation, pulse counting and high power switching in such
applications as computers, telephone and control circuits. A
new plant in Palo Alto, California, is underway to fill the grow-
ing demand for these new devices.

NEW PLANTS

Besides the new plant for the Shockley organization in
California, Clevite Transistor is nearing completion of its new
$4,000,000 Waltham, Massachusetts facility which will employ
2,000 people. The present Waltham plant will continue as a
supplementary operation. Clevite’s overseas operation, Inter-
metall G.m.b.H., now employs 1,000 people in a new plant at
Freiburg, West Germany to serve the European market,

To find out more about our progress and our products, write:

Reliability In Volume . ..

CLEVITE TRANSISTOR

254 Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330
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Conference Highlights CIRCUIT-SYNTHESIS

Three armed services participate in sponsoring three-day meeting on active networks

and feedback theory. It is part of a major trend away from circuit analysis, towards

circuit synthesis. Microminiaturization is one spur

THE NEW TREND towards circuit syn-
thesis rather than circuit analysis
was the catalyst at the Conference
on Active Networks and Feedback
Systems held recently by Polytech-
nic Institute of Brooklyn.

About 150 engineers and scien-
tists attended the three-day meet-
ing that was sponsored by Brooklyn
Poly, its Microwave Research Insti-
tute and three military scientific
agencies: Air Force Office of Scien-
tific Research, Office of Naval Re-
search and Army Signal Corps. The
Institute of Radio Engineers Pro-
fessional Group on Circuit Theory
cooperated.

Active Networks

In circuit analysis, the circuit is
given and its frequency response
determined. In circuit synthesis,
the desired response is known and
a circuit that will meet the require-
ments must be found. The papers
presented at the conference were
mostly abstract and generalized,
with active networks receiving the
major share of the attention.

Long-range goal in cireuit theory
is a more complete understanding
of networks; immediate goal is a
practical way of including active
elements so that circuit synthesis
becomes practical for complex net-

works and systems. This is impor-
tant in microminiaturization, where
complete circuits, including active
elements, are constructed as units.
Cut-and-try methods are expensive
and time consuming, and a synthe-
sis technique is needed. Better syn-
thesis techniques will also improve
conventional electronic circuits as
well as other dynamic systems such
as rockets and missiles.

The first conference in this series
on modern network synthesis, or-
ganized by Brooklyn Poly, was held
in 1952; it was restricted to passive
circuits.

If the desired response of a
circuit needs only passive, linear
circuit elements, and meets some
other restrictions, a circuit can be
found that will meet the require-
ments. However, there is no gen-
eral technique that will insure that
the minimum number of compo-
nents have been used or that the
circuit is optimum. Typically, more
than one circuit can be found that
will suffice. The problem then must
be resolved by considering other
factors. It might be desirable to
eliminate inductors, for example, or
to use the circuit that gives mini-
mum cost. No specific progress was
reported on this important problem
in syvnthesis.

Several circuits were presented
by H. J. Carlin of the Microwave
Research Institute. One of these
was a two-terminal single-port cir-
cuit that is both a short circuit and
an open circuit at the same time,
Another circuit, shown in Fig. 1,
is a two-port active device, with one
port, A, open and a short at the
same time, while the other port, B,
can have any current flowing with
any impressed voltage, The voltage
and current are not related, It is
assumed in the circuits that the
components are ideal; how the de-
vices would work in actual practice
was not disclosed. No practical use
is known for the circuits.

Negative Resistance

One subject receiving much at-
tention is the concept of negative
resistance. Since positive resistance
always produces losses, a negative
resistance can be considered an ac-
tive element and a source of energy.
A number of papers presented were
concerned with ways to use negative
resistance elements in circuit syn-
thesis.

A talk was given by H. W. Bode
on the history of feedback, from its
invention in the early 1930’s to its
place in electrical theory today.
Feedback was originally devised to

GYRATOR
7| . I i
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FIG, 1—Active two-port network is open and shorted at A terminals; voltuge curreut at B terminals ave unrelated
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TREND

solve the problems of equalizing
gain of telephone channels. If a
chain  of amplifiers are strung
across the country, with a total
open-circuit gain of about 30,000
db, a high level of gain stability is
necessarv. Negative feedback was
1ble to solve this problem and was
then incorporated into control
theory. Much of the communication
theory in which negative feedback
was enmeshed was also taken over
for use in the control field.

Probing the Universe
Is Conference Theme

DAYTON, 0.—Twenty papers on the
theme “Electronics Probes the Uni-
verse” were vead at the 12th Annual
National Aervonautical Klectronics
Conference held here recentlv. At-
tendance at the conference, which
also {eatured more than 100 exhib-
its, was estimated at 4,000.

A new wrinkle to the annual
event was a session on scientific
education under the direction of
avmond Ewell, of the University
of Buffalo.

Other sessions covered energy
conversion syvstems, xolid-state de-
vices, radio astronomy, magneto-
hydrodynamies and plasma propul-
sion, space systems integration,
interplanetary environment. elec-
tric propulsion and managing space
syvstems.

Winners of Pioneer Awards this
vear were J. H. Dellinger. radio
authority and consultant, and the
late Wilbur L. Webb, who was
affiliated with DBendix Aviation
Corp. until his death in 1957,

Dellinger was cited for work in
systems for airceraft guidance dur-
ing approach and landing, and
Webb for design and production of
early airborne automatic direction
finder equipment and ground con-
trolled approach radar sets.
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“Termaline”
53 ohm
coaxial line
Load Resistor

“Thruline”

Directional
RF Wattmeter

“Termaline’”’
RF Absorption

Coaxial
RF Switches

Coaxial
RF Filters

Since 1942 the Bird Electronic Corporation has

met the challenge of a constantly growing electronic
industry. Teday, enlarged engineering facilities
demonstrate our intention to maintain leadership in)
our field. A wide range of coaxial line instruments

and accessories are being designed to meet a

variety of specifications; and new applications

are continueusly beirg sought.

In addition to experience and established leadership,

Bird has the physical facilities to produce and
dependably deliver coaxial line instruments and accessories
meeting your highly exacting requirements.

A

. ELECTRONIC CORP.
"{ CHurchill 8-1200 iCleveland)
% )1, 30303 Aurora Road, Solon, Ohio

e ad

Western Represemtative:
VAN GRQOS COMPANY, Woodland Hills, Calif.
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gajacketing

To protect your cables from the rough treatment and extreme RESINITE EF-145
climatic conditions encountered in missile, aircraft, and ground o Abrasion resistance is It to 21 times better than
control applications, we suggest Resinite EP-145 vinyl jacketing. neoprene at varying test cycles.

Lighter. stronger, casier to handle. Allows thinner
wills, less material.

TOUGHER—EP-145 has greater tear strength and abrasion
resistance . . . exceeds all important specs of MIL-R-6855 (for
synthetic rubber) and MIL-1-3930.

Resists exposure to gasoline and oil. No deterioration.
Exposure increases tensile strengtn.
LONGER LIFE—EP-145 does not deteriorate when exposed to

e Supcrior cold bend and impact properties (iower than
gasoline or oil. There's no cracking, no ozone embrittlement. —100°F).
PERMANENT FUNGUS AND FLAME RESISTANCE—FP-145 ¢ Smooth. g|0\‘5y surtace does not rub oif or snmdgc.
will not rot. And it has outstanding self-extinguishing charac- e Fungus resistant. Flameproof.
teristics. o Color: Black. Other sizes and colors on special order.
I Lo s . - cadilv applied by standard methods.
Your Resinite Distributor has complete information on EP-145 ; R_L }( yapl f(/, S ( /(/ L_ s I tubing for ih
. .« . . . . . N . extile —\'/)('('I(l ISES i vinyt steevinge aind it )JII;’ or the
i 1 sin ‘ als ¢ g : i . . . .- ‘ A
and other Resinite materials (including Resinite vinyl tape aircraft. electronics, electrical and pharmacetical fields.

filler). For samples and performance data write: o gvailable as @ resin. Ask for Borden S410.

Resinite Department, The Borden Chemical Company. 1 Clark St., North Andover. Mass., and P.O. Box 430, Compion, Calif.

LMEF

NN o
e borden Company IFIT’S AZOW/Z t%’” CZgMICd/TS GOT TO BE GOOD!

44 CIRCLE 46 ON READER SERVI{EZ CaAxD MAY 20, 1960 - electronics



V . ..f‘.};": Telephone
NEW THUMB TNDEX -\
FOR FAST rmmrie/n)
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New dimensions in design flexibility

PRECISION DRAWN

CLOSURES

Leading electronic/electrical manufacturers specify HUDSON clo-

Vs sures for tofal reliability in commercial equipment and vital military
programs. HUDSON precision-drawing is an industry standard ...
standardized tooling reduces cost and production time ... HUDSON
“know-how" turns out specials quickly for unusual applications. Call
Hudson for complete, reliable service — every time!

A complete

Range of Standard
Cases and Covers from
Transistor Caps to
Transformer Housings

Hudson Standardized Closure Designs include —

» RELAY CLOSURES

* TRANSFORMER HOUSINGS

° INSTRUMENT CASES

» TRANSISTOR AND DIODE CLOSURES
* NICKEL-SILVYER CRYSTAL CASES

COVERS WITH INSTALLED TERMINALS " Ask for the
HUDSON

CATALOG
’ — contains
* MU METAL o' BRASS complete data
¢ NICKEL-SILVER ¢ COPPER on HUDSON

* ALUMINUM © STEEL AND STAINLESS STEEL Standard
Closures

— all finishes available including MIL
types. Please
make request
on company
letterhead.

E

Commercial and Military Closures in —

Hudson Tool & Die Company - Inc
18-38 Malvern Street, Newark 5, New Jersey

X

Telephone: MArket 4-1802 L J
Teletype: NK 1066



OBJECTIVE:

Photos of Mars

MIT interplanetary space probe would take
three years collecting data on solar system

CAMBRIDGE, MASS.—The feasibility
of launching a recoverable space
vehicle to pass within 5,000 miles
of Mars and photograph 40 percent
of the planet’s surface has been in-
vestigated by the Massachusetts In-
stitute of Technology. Such a
launching could take place within
the next few years.

The round-trip from Earth to
Mars would take two to three vears.
The craft could be expected to pick
up a billion bits of information, ac-
cording to scientists and engineers
at the MIT Instrumentation Lab-
oratory.

Details of the projects were re-
vealed, after clearance with the Air
Force Ballistie Division, ARDC, in
an 810-page, four-volume technical
document entitled “A Recoverable
Interplanetary Space Probe.”

Size of Table Tv Set

The vehicle itself would weigh
310 pounds and be about the size
of a table model tv set. The time
it would take on its contemplated
trip to Mars would depend on the
launceh veloeity mnsed. The eraft
could he launched by a rocket
hooster from a site such as Cape
Canaveral, Fla,

The major technical problem, ac-
cording to the MIT research scien-
tists, is expected to he achieving
high reliability in the final vehicle.
The instruments must remain in
working order 2 to 3 vears.

electronics + MAY 20, 1960

Proposed vehicle for trip to Mars (above). In it, space
sextant (left) would gather solar system data for naviga-

tional aids.

What scientists are now shoot-
ing for is programming of an elabo-
rate digital computer and making
exhaustive orbital caleulations. The
proposed project now involves the
latest techniques in navigation,
control communication, corrective
propulsion and reentry, including
the use of the pressure of sunlight
to control torque on the vehicle.

The report describes a hypothe-
tical flight to Mars with June 17,
1962 set as the launching date.
Using a slow trajectory, the flight
would take 3.2 years during which
the craft would travel one and one-
half billion miles around the solar
svstem. Several minutes after
launching, wide field-of-view sun
finders would be used with flvwheels
to position the probe’s energy-col-
lecting face toward the sun. This
face would have solar cells for
power and thermal control shutters
to maintain reasonable temperature
within the vehicle.

Each week a 20-second prepared
message would be sent to earth.
Data would enable scientists to
evaluate performance of the vehicle.
Also, once each week solar vanes
would automatieally emerge from
the side of the probe to eliminate
any angular momentum the vehicle
might accumulate.

The weekly communications
would continue until Jan. 21, 1963,
on which date the vehicle would
sight two stars, the sun and planets

Reentry vehicle is at right

to measure angles to determine its
position. Nearly two years after
this date, during which time checks
would be made to determine velo-
city, course and other data, another
fix would be made four days before
the vehicle reaching the vieinity of
Mars.

The final fix would be made on
Nov. 17, 1964, several hours before
passing Mars. Just before the time
of photographic exposure, the ve-
hicle would track the sun and a star
to determine the direction of Mars.
Then the camera would be auto-
matically pointed toward the planet
and the picture is taken.

Recovery Aids

Three days after leaving the
vicinity of Mars, the return flight
would begin. The reentry vehicle,
which is a small projectile-like ap-
paratus, would be instrumented
with a radio beacon and flashing
light which are to be used as re-
covery aids.

The MIT project has been in the
works for two vears and has in-
volved collahoration with Avco
Corp., MIT’s Lincoln Laboratory
and Reaction Motors Division of
Thiokol Chemical Corp.

Although laboratory officials say
that no government agency now
has specific plans to try the experi-
ment, they feel the probe is feasible
and that it can be attempted within
the next few years.
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°"¢g?}6/&2;? CRUSADER

PALLAS, Tamas

Operating from fast, far-ranging carriers, the new FSU-2N Crusader adds even
greater strength to the U. S. Fleet. This all-weather fighter is fully instrumented

i’rlld ilequipped to deliver the deadliest of air-to-air missiles . . . at speeds approaching
ach 2.

Chance Vought again specified Hitemp Teflon* wire and cable for use in the
E8[é—2}§:{—-their fourth operational version of this fighter to be delivered to the
.. Fleet.

Hitemp Wires, Inc., as the leading specialist in high temperature insulated wire
a}?d (iz_ible, is justifiably proud of its contributions to the defense of our nation’s
shorelines.

HITEMP WIRES, INC.

1200 SHAMES DRIVE, WESTBURY, NEW YORK

*Registered trademark for Du Pont fluorocarbon resing,)
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Another
Continental Electronics
Contribution
in Super Power Radio

A Subsidiary of
Ling-Altec Electronics, Inc.

CIRCLE

WASHINGTON TO HAWAIIL
VIA OUTER SPACE!

Right row the Navy’s “moon bounce” transmitter is operational . .. virtually jamproof
against enemy and tmmune to ionospheric storms.

Essentially, the Navy’s ~Conmunications Moon Rel i< a multi-channel multi-
plexed teletypewrite-fucsimile circuit hetween Washington and Pearl Harbor via the
moon. The narvow bean, highly directionalized L-Band signal pulses travel 1o the
moon and hounce back to the receiver in 215 <cconds .. . utilizing a half million mile
signal path to span 5,000 miles!

Continental Electronics” transmitter 1= 100 KW, conventional (ransmiszion, and is
unusual for the high level of continuous power used. Fach Transmitter-Receiver site
uses an equatorially mounted. high gain. fully steerable dish-type antenna 81 feet in
diameter, aimed at the moon by astronomieal data.

When fully developed. this communications system opens a whole new spectrum of
radio communications for our overcrowded Long Range Communications: the num-
ber of channels that can be carried by time-sharing on a single antenna iz

readily expanded. v

MANUFACTURING COMPANY
427127 S. Buckner Blvd. ® Dallas 27, Texas
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NOW

in plain and etched
tantalum foil
electrolytic capacitors
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No more need to over-specify! ied offers 10 case
sizes—twice as many as other manufacturers.

® Smaller sizes are available for most ratings.

® Low voltages (to 3WVDC)—both plain and
etched foil.

® Extremely close tolerances, down to +10%
on plain foil if desired.

® Plain and etched =55% to 85°%.

All electrical connections welded. Lead wires
have high resistance to stresses, bending. Cases
fit tightly, for maximum vibration resistance,
high reliability.

Prompt service on special capacitors.
Engineering service available for adapting
standard capacitors or designing new ones to
meet special needs. iei also offers o full line
of miniature and sub-miniature aluminum foil
electrolytic capacitors.

Write for bulletin 41858, International Electronic
Industries, Inc., Box 9036-L, Nashville, Tennessee,

E==s=mwwwmwmmeen AN ’P’ COMPANY

where reliability replaces probability
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' Field Men Belong on the Team

One manufacturers’ representative organiza-
tion taps three veteran sales engineers for
posts on company management council

RECENT SURVEY of factors that cause
field engineers in electronic manu-
facturers’ representative organiza-
tions to leave their companies re-
veals that money is in third place.

Most of the men interviewed said
they resigned their jobs mainly be-
cause they felt they weren’t getting
enough management experience. In
second place was the feeling that
their jobs weren’t giving them a
sense of control over their own fu-
ture.

“The very qualities of personality
that mark the first rate field engi-
neer are precisely those which lead
him, at maturity, to consider em-
barking on an independent career
of his own.”

This comment by Harold Bogin,
president of Burlingame Associates
throws into sharp focus a major
problem that most high-level elec-
tronic representative organizations
are being forced to face.

In an industry where specialized
knowledge in the sales arm of busi-
ness is worth its weight in gold,
new approaches to the problems and
aspirations of the sales engineer
must be outlined, evaluated and put
into action.

Status incentives, long-term se-
curity and an active voice in the
company policy are some of the fac-
tors the rep organization is now
emphasizing.

The new approach to sales man-
agement promotes veteran field men
to a position similar to that of the
Junior partner in other professional
organizations. Some examples of
how this new concept is being ap-
plied may be seen by what lies ahead
for three veteran field engineers
newly appointed as district super-
visors in three of the company’s
principal sales areas.

The men, Richard Bullock in
Washington, D. C., Delaware and
Maryland; Robert Crane in Long
Island and New York City and Mar-
tin Malloy in North and Central
New Jersey, will form part of a
management council. Together with
company officials they will meet

frequently to shape sales policy,
they will participate in the direc
tion of the company’s retirement
fund, and they will ultimately be
entitled to acquire company stock
in amounts proportional to their
length of service.

In addition to taking part in these
areas of company activity, the su-
pervisors will continue to serve
former accounts and to advise and
support other company field engi-
neers in their areas.

In many cases, the support will
come as the personal experience the
supervisors have in solving instru-
mentation problems, in advising on
specifications for system compati-
bility and in general, drawing on
the backlog of previous problems
solved for the benefit of younger
men.

Benefits of System

Company officials see in these fac-
tors the means of ensuring continu-
ing activity, loyalty and personal
development both for the firm and
for the manufacturers it represents.

Uninterrupted continuity of serv-
ice is seen by the company as being
one of the most valuable assets a
representative organization can
claim for its field men. The com-

Rescue Beacon Floats

P ~

Airliner liferafts are being equipped
with this sclf-releasing unit developed
by Granger Associates, Palo Alto,
Calif.
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pany has always been fortunate in|
erjoving a low employvee turnover.

Other areas where attention must
continue to be focused should be
continuous factory training where
the field men can learn their product
lines inside out, and thorough basie
training in new technical develop-
nients. In addition to supplyving
hoth these needs, the representative
organization can further maintain
the value of its field men by spon-
soring formal education and train-
ng courses.

Engineers Cite New
Needs in Measurement

INCREASED concentration on elec-
tronic components and systems of
high reliability is sending stand-
ards and measurements engineers
back to a review of the most funda-
mental parameters, inductance and
capacitance.

Measurement of these basic units
with an accuracy of about .01 per-
cent is required, an order of magni-
tude more precise than has been
considered in the past.

At General Radio Co. in West
Concord, Mass., recently, stand-
ards engineers from laboratories
throughout the country reviewed
basic standards and measurement
techniques in inductance and ca-
pacitance at a four-day calibration
seminar consisting of workshops
and lectures.

Tyvpes of inductors covered were
fixed and variable standards with
air core and fixed semi-standards
with dust core. Wanted particu-
larly in the field of inductance
standards are high stability. low
resistance, low temperature and
voltage coeflicients, small external |
field. '

Capacitor types included fixed |
and variable standards with air di-
electric. fixed standards with mica
dielectric. and fixed semi-standards
with mica or polvstyrene dielectric.
Wanted are high stability. low dis-
sipation factor. low temperature
and voltage coetlicients.

New developments cited included

WHAT'S THE BEST WAY
TO LEAK-CHECK
ELECTRONIC COMPONENTS?

Test them with CEC’s new
24-210B Leak Detector — a
highly sensitive, easily port-
able instrument that detects
at least one part helium in
10 million parts of air.

That’s a sure way to guar-
antee component reliability.

The 24-210B can locate
leaks as small as 2x10-1! atm
cc/sec of air, which makes it
ideal for leak testing diodes,
relays, switches, vacuum
tubes and other hermetically
sealed electronic components.

This sensitivity is the
highest avadlable at the lowest
price you can find in a mass
spectrometer leak detector
...and you get reproducible
readings. Noise level has been
reduced to less than 2% of full
scale, peak-to-peak.

For complete information, write for

Bulletin CEC 1830-X5.

The 24-2108B, available with mobile workstand, operates
capacitance from length measure- wjthou} maintgnance fpr as long as six months. CEC pro-
a vides installation and instructs operators at no extra cost.
ments only. Also discussed were < - ) Instruments and parts are available from stock, delivery
transformer-ratio-arm bridges de- i T 4N two weeks from receipt of order.
veloped for calibrating other capaci- 5 ‘
tors and showing promise of in-
creased accuracy.

the method of deriving the unit of

Analytical & Control Division
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Nickelonic News

Nickel leads, welded directly
to tantalum, boost capacitor
ruggedness

DALLAS, TEX. — For maximum relia-
bility, new Texas Instruments tan-TI-
cap“* capacitors depend on leads of
Electronic Grade “A”’* Nickel. This
strong, tough nickel wire, welded sound-
ly and easily to the tantalum stubs, helps
provide the good connections needed to
withstand mechanical and thermal
shock.

Elcetronie Grade “A” Nickel is highly
resistant to oxidation and corrosion.
What’s more, it provides tight hermetic
seals (note figure below) and speeds
unit installation.

**T, M. of Texas Instruments Incorporated

Pertinent Literature: Write for Techni-
cal Bulletin T-15.

HIGH-TEMPERATURE SOLDER  — TANTALUM WiRL TINNED BRASS CaSE
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Lead wires of Eleetronic Grade ““A”’
Nickel strengthen this new tau-Tl-cap
Solid Tantalum Electvolytie Capacitor,

Nickel materials keep
electrons ““in line” in
new linear accelerator

WALNUT CREEK, CALIF. — Intense
electron, neutron and X-ray beams are
generated by this new ARCO linear elec-
tron accelerator. In order to operate at
very high vacuums —10-7 to 10-* mm Hg
—its vacuum envelope must be de-gassed
by baking out at 400°C. ARCO designers
specify Electronic Grade “A” Nickel for
the envelope because it provides the ex-
cellent vacuum properties required. This
metal also resists oxidation, corrosion
and retains its strength at operating
temperatures well above 400°C.

A\
lNCO:

TVUADY made
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DEVELOPMENTS IN
NICKEL AND NICKEL ALLOYS
AND THEIR APPLICATIONS

FIRST COMMERCIAL ATOMIC CLOCK...
WAVEGUIDES OF LOW PERMEABILITY MONEL
‘403" HOLD DOWN SIGNAL DISTORTION
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No problem fabricating these wave.
ides of Monel ““403” low perme-
y alley, reports National. The
rate tubes carry crowaves in
* Atomichron atowm-regulated fre-
quency standard,
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Heart of the “clock” — a cesium heam tube—Monel
403" alloy provides the tube’s pole assemblics
with execllent smechuanical properties plus low wag-
netic penmcability. Manufactured by National Com-
pany, Inc.,, 61 Sherman Street, Malden 48, Mass.

Nickel improves seals

All metal surfaces of the envelope’s
metal-ceramic seals are nickel-covered.
Nickel is easily brazed, protects parts
from oxidation. Its purity facilitates the
elimination of all organic products from
the vacuum envelope, permitting excel-
lent radio-frequency operation.

Pertinent Literature: Write for “Nickel
Alloys for Electronic Uses.”

For outstanding vacuum properties, key
parts of the Murk 1-T4 aceelerator are
mide of Eleetronie Grade “A” Nickel.
Built by Applied Radiation Corp., Walnut
Creck, Cal.

*Inco trademark

. .. clock generates frequencies
accurate to 5 parts in 10 billion!

MALDEN, MASS. — You can now tell
time accurately down to 100 millionths
of a second with the Atomichront, first
commercial atom-regulated “clock.”

How it works

Waveguides feed a tuned microwave
signalthrough a stream of cesium atoms.
As signal reaches the atoms’ resonant
frequency, it changes some atoms in in-
ternal structure. This change is sensed
by a detector and signalled to a servo
system, which regulates the frequency
of a basic oscillator at precisely the
atomic resonance value. By means of
electronic multipliers and dividers, this
oscillator produces standard output fre-
quencies of 0.1, 1.0, 5, 10, and 100 mega-
cycles — the required “clocking” action.

Designers chose Monel “403”% low
permeability nickel-eopper alloy for the
waveguides, radio frequency sections
and magnet pole assemblies, because it
provides magnetic permeability so low
that atomic resonance remains free from
distortion. Monel “403” alloy offers ex-
cellent vacuum and mechanical propet-
ties, is readily machined and formed into
intricate shapes.

Like all nickel alloys, Monel “403”
alloy is freely available.

Pertinent Literatnre: Write for “Basic
Data-Monel ‘403’ Low Permeability
Nickel-Copper Alloy.”

1. M. of The National Company, Inc.

HUNTINGTON ALLOY PRODUCTS DIVISION
The International Nickel Company, Inc.

Huntington 17 West Virginia

ALLOY PRODUCTS
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Electron Tube News
..from SYLVANIA

NOW AVAILABLE!

Sylvania has “beefed up” the heart of 6AU4-GTA —
added life to its service, increased its stability and
improved its over-all performance. 6AU4-GTA’s
bright future results directly from the use of the
new concept in cathode coating for electron tubes—
Sylvania Sarong Cathode.

An exclusive Sylvania development, Sarong Cathode

¥ FIRST TV
DAMPER TUBE
WITH
SARONG
CATHODE

..Sylvania-6AU4-GTA

is a thin film of cathode material made to precise
measurements for uniformity and wrapped on an
ultrasonically cleaned cathode sleeve. This provides
greater control of density and smoothness of the
cathode emissive material, greater control of the
coating process, and provides high uniformity of
electrical characteristics from tube to tube.



)

NEW!

TWO HIGH-VOLTAGE
RECTIFIERS FOR TV

PROVIDE “COOL”

OPERATION,

IMPROVED RELIABILITY

ELECTRICAL CHARACTERISTICS

1N2

1AU3

Filament Voltage

1.25V+0.2V  1.25V*0.2V

Filament Current 200mA 200mA
Tube Drop for Ib = 7mA 100V 225V
RATINGS (Design Max. System) 1N2 1AU3
Inverse Plate Voltage

Total DC and Peak 28,000V 30,000V

DC 24,000V 26,000V
Peak Plate Current 50mA 50mA
Average Plate Current 0.5mA 0.5mA

SARONG
ADDS LIFE

T0 TV
DAMPER TUBE

Sylvania-6AU4-GTA illustrates the
advantages attainable with the use
of Sarong Cathode. 1t is the first TV
damper tube to receive this special-
ized treatment. Other Sylvania types
soon to utilize Sarong include 6 AX4-
GTA and 6DEA4. This vital develop-
ment plus several individual tube-
type improvements combine to
produce highly reliable TV damper
tubes deserving of a place in your
designs. Your Sylvania Sales Engi-
neer will gladly give you complete
technical data and delivery informa-
tion. Ask him.

Sylvania-1N2 and -1AU3 feature im-
proved structural design for greater
reliability, longer life expectancy. Utiliz-
ing a large anode within a T-12 bulb,
1N2 and 1AU3 offer improved heat dis-
sipation for ‘‘cool” operation and a
reduced voltage gradient. Too, increased
anode-to-filament spacing reduces elec-
trostatic field forces that cause filament
pulling and resuvltant plate-to-filament
arcing.

Sylvania-1N2 has a tube drop of 100V @
TmA Ib and a DC inverse plate voltage of
24KV. Sylvania-1AU3 has a tube drop
of 225V @ TmA Ib and a DC voltage of
26KV. Further, 1AU3 incorporates a
helical shield as an additional safeguard
against electrostatic charges. For com-
plete technical data, see your Sylvania
Sales Engineer.

For further information, contact the Sylvania
Field Office nearest you. Or, write Electronic

Tubes Division, Sylvania Electric Products Inc.,
1740 Broadway, New York 19, N. Y.

YILVANIA
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A 5C00° flame has not penetrated a one-quarter-
inch piece of CDF's new Dilecto RD-105 laminate
after ten minutes. The same thickness of cold-
rolled steel is pierced in less than forty seconcs.

Molded from graphite fabric impregnated with a structural materials and electrical insulations.
heat (ablation)-resistant phenolic resin, new CDF  Vulcanized fibre, silicone rubber, mica,.Teﬂon*, and
grades RD-105 and RD-115 are being evaluated in thermosetting moldings are also supplied by CDF.

solid propellant rocket motors. CDF can provide both quality and true economy

. ) ) in selecting plastic materials best suited to your
Dilecto laminates are only one family of products  peeds. Refer to SWEETS PD file or write to us for
from industry’s largest selection of non-metallic General Folder 60.

*DuPont trademark

A SUBSIDIARY OF THE %7~ COMPANY . NEWARK 16,DEL.
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Molsture-resistant and low cost Dilecto cams Dimensiorally stable, light weight, oil-resist Easily fabricated paper-base, punching
for automatic washer and dryer controls. ant Dilecto ball bearing retainer rings. grade Dilecto precision switch insulators,
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Another new Hydro-Aire product
for the aircraft, missile support,
missile and electronics industries

GrcThomes
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HDROAIRE

FLECTRONICS DIVISION

Ready Now! A Reliable Family of
Transistorized Time Delay Devices
—available on time from Hydro-Aire

These fully-transistorized time delay devices are but nine of a widely diversified family
including relays, sequence timers, computer timing modules and time-programmed, system
supervising units —all custom-designed, built and on-time delivered by Hydro-Aire. Perhaps
one of these proven designs meets your specifications. If not, we will custom-design to your
requirement. All of our time delay devices are compactly designed, available for AC or DC
operation, and conform to applicable Mil Specs. These devices typify the many reliable elec-
tronic products being designed, developed, produced and on-time delivered by Hydro-Aire,

CHARACTERISTICS: TIME DELAY RELAY MODEL 50-085
Size—23" x 15" x 114"

Time delay range— adjustable over one decade; 6 to 60 seconds with 15% accuracy HYD ROAI HE

Weight — 4 oz.

Life: 100,000 operations at rated contact load ; : :

Maximum power required: 50 ma at 24-31 VDC SUERARK. (CALIZARNTA
Division of CRANE CO

Temperature range: —55°C to + 71°C as standard; to + 125°C available on special request

Solidstate devices include
time delay devices, voltage

WRITE FOR ELECTRONICS CATALOG. A note on your letterhead krings a regulators, power supplies,

free copy. containing detailed facts and specifications. If you have a time delay device inverters.

requirement, include your specifications for a prompt quote.
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ACADEMICALLY SPEAKING

Rice Develops Computer Plans |

COLLEGES AND UNIVERSITIES cur-
rently find themselves deeply in-
volved in research and scientific
projects of all sorts as they ap-
proach the half-year mark. A sam-
pling of what is going on at several
of the schools follows:

Rice Institute-——A computer proj-
ect, which began in 1957, is continu-
ing. Sponsored by the Atomic En-
ergy Commission and the Shell
Development Co., the project is due
almost entirely to original work
done by members of the project
staff. An 8,192 word-barried grid
tube memory bank is now in opera-
tion, and is expected to be expanded
after the machine is in use to 32,000
words. Word length is 56 bits, in-
cluding two tag bits. Forty-eight
bit mantissa and six bit exponent is
used for number representation,
and one instruction per word for
orders. Input will be by punched
paper tape at 40 words per second,
and output on a fast-line printer at
ten 108-character lines per second.
Magnetic tape units are buffered
and will transfer information to or
from the main memory at over 4,000
words per second. The computer is
expected to be placed in routine op-
eration within one year.

University of Michigan—Astro-
nauts will have to keep track of two
kinds of time during their flight
to Mars, according to a report pre-
pared by the University of Michi-
gan for the Air Force. The two
types involve reference to astro-
nomical time and reference to some
event during the course of the
flight. The report points out that
the space pilots will require an ex-
tremely accurate, compact, and de-
pendable timepiece calibrated in
microseconds for computations. The
timepiece will also have to supply
the crew with information on the
passage of hours, days and months.

Johns Hopkins University—The
Martin Co. has established a Proj-
ect Vanguard annual graduate
fellowship here. Predoctoral candi-

electronics - MAY 20, 1960

dates in engineering or the physi-
cal sciences are eligible. Under the
program, $5,000 will go each year to
the university. Of this amount
$3,000 will go directly to the suc-
cessful candidate, $1,200 will go to-
ward tuition, and the remainder is
provided to the university for ad-
ministrative purposes.

Stanford Research Institute—Last
year Stanford Research Institute
reported a volume of more than $§22
million in contract research. In the
previous year, the total was $18
million. About two-thirds of the re-
search in 1959 was performed un-
der government sponsorship; the
remainder was financed by business,
industry, foundations and individu-
als.

Joint Effort—Eighteen areas in six
midwestern states have been des-
ignated as a communications
network for the new Midwest Pro-
gram on Airborne Television In-
struction. Beginning in February,
1961, educational courses on video
tape will be telecast from an air-
plane flying over north-central
Indiana. The telecasts will be re-
ceived in the classrooms of the
various colleges throughout the
telecasting area. The MPATI tele-
casts will cover a circular area of
150 to 200 miles in the states of
Illinois, Indiana, Kentucky, Michi-
gan, Ohio and Wisconsin. Beginning
in September, 1961, courses will be
telecast on two channels six hours
a day, four days a week. The $7-
million project is supported by
the Ford Foundation and private in-
dustry. The groups involved are
Northern Illinois University,
Northwestern University, Univer-
sity of Illinois, Dall State Teachers
College, Butler University, Indiana
State Teachers College, Indiana
University, Notre Dame University,
Purdue University, University of
Kentucky, University of Louisville,
Michigan State University, Bowling
Green State University, Miami Uni-
versity, Ohio State University and
the University of Wisconsin.

—

LOW-L0SS

For high power transmitting
tubes such as: 4X150A; 4X150D;
4X250B; 4CX250B; 7034;
7035; 4X250F

Molded of low dielectric loss-
factor Kel-F plastic, these pop-
ular Johnson sockets are designed
to handle a wide selection of high
power transmitting tubes.
Sockets are available in several
designs—with or without screen
grid by-pass capacitors. Control
grid contact ‘“‘guide’’ is machined
for greater alignment accuracy—
all contacts are low-resistance,
silver-plated beryllium copper.
Tube pin contacts are heat
treated to provide positive con-
tact pressure as well as extended
life—annealed soldering tabs may
be easily bent or formed. High
quality, heat resistant, steatite
chimney also available to direct
air flow through tube cooling fins.

For complete specifications,
write for Data Sheet 755 . .. or
our newest components catalog,
described below.

Basic socket with
silver-plated brass
mounting saddle.

Socket with mounting
ring and screen grid
by-pass capacitor.

r

Now Catatsg 7

(LTSN .
MAJOR
COMPONENT

<

LINES

Write today for our newest
electronic components
catalog — complete
specifications, engineering
prints and current prices on:

e Capacitors © Tube sockets ¢ Connectors ¢ Pilot

| lights ¢ Insulators * Knobs, Dials ¢ Inductors e
Hardware

' pv) E.E. JOHNSON CO.

| X /" 1809 2nd Ave. S.W. * Waseca, Minn.
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In science...

This "diary” of an airframe in wind-tunnel flight
is an instantly-readable record raken on a Model
906A Visicorder by AROQO, Inc., at the USAF
Arnold Engincering Development Center, Tulla-
homa, Tennessee, the ARDC wind tunnel facility.

Lin,
I HI I””}”l R

N Mach=5.0 Run no 58
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I'his record measures damping-in-pitch deriva- it 111
tives for a clipped-delta-wing-body configuration ul”ﬂ u A S Y Y O —
over a Mach number range of 2.0 1o 5.0 so that - =

i A ——
these measurements could be compared with r7imme -

Mach number trend predicted by theory. The
values discovered through this experiment
showed discrepancies from theoretical values be-
cause the theory pertained to simpler bodies than
thar used in the tests. The new set of Visicorder
data will result in more accurate predicrions for
future design,
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these are records of leadership

In industry...

This “cardiogram” of a diesel engine was taken
ona Model 906 Visicorder by research engineers
at the Worthington Corporation. It is a directly-
recorded chart of pressure variations in the ex-
haust manifold. cyvlinder, and intake manifold of
a Worthington Tripower diesel operating at 450
RPMand developing 265 HP percyvlinder. These
pressure-variation studies enable Worthington
enginecrs to determine optimum valve timing and
engine configuration, and led to changes in the
Tripower engine for best performance. In these
and in hundreds of other scientific and industrial
applications, Visicorders are bringing about new
advances in product design, computing, control,
rocketry, nucleonics, and production.

For iuformation eu how to apply the unlimited use-
Suluess of the Visicorder to your specific problems,
phone your nearest Houneywell Industrial Sales Office,

The Honevwell Visicorder
provides instantly-reacdable,
high-sensitivity duta at frequencies
Srom DC to 5000 CPS.

There are models with 8, 14, 24,
or 36-channel capacities.
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Visicorder records 2/3 actual size.
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Honeywell
Qudustrial Prodits. Group

Reference Data: Write for specifications on Visicorders 9068, 1108 and 1012.
Minneapolis-Honeywell Regulator Co., Industrial Products Group, Heiland Division. 5200 E. Frans Ave., Denver 22, Colorado
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NO
VITREOUS
ENAMEL
POWER
* RESISTOR EVER
OFFERED
GREATER

~ DEPENDABILITY

EEEERENEENREFEEE IR SR R BCFCRUINCEY B BUBCI LT SUAL UL AL BUIE B AL LA N

Test after test by independent evaluation laboratories have proved the outstanding
dependability of Clarostat Greenohm “V” vitreous enamel resistors. Be sure to
always specify this proved dependability.

Available in all popular wattages, ohmages, adjustable or fixed . .. Write for com-
plete information.

direct
line
service

CLAROSTAT MFG. CO,, INC.

DOVER, NEW HAMPSHIRE Your local Clarostat Distributor stocks
In Canada: CANADIAN MARCONI CO., LTD,, Toronto 17, Ont. Greenohm “V" resistors in depth—call
him for fast defivery...
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Time-tested!

— the time-tested standard of the resistor industry

Evanohm:

RESISTANCE ALLOY

— for resistors and precision instruments

Wherever exceptional stability over a wide tem-

¥ I N perature range is essential, EVANOHM is the
2l -l | | I :} accepted standard of performance. This high-
g =t L 1 reliability resistance alloy provides high specific
z Ottt et resistance, low temperature coefficient, low ther-
a1 i — mal EMF to copper. EVANOHM is especially
§§* 1_ iff 1 11 - recommended for use in resistors, aircraft in-
el L1 L1 struments, for guided missiles, rockets and
e Ut e other precision equipment. Available in bare
e s e wire, enamel, formvar,.polyu.rethane., silk,

of Evanohm, Normal production malerial (002" cotton, nylon and glass insulation. Write for
e e I O e o R complete electrical and mechanical data and

recommendations on your specific application.

*Patents 2,298,878-2,638,425 — Tradename Registered

WILBUR B. DRIVER CO. |

Main Office: NEWARK, N. J. — Tel. HUmboldt 2-5550

Branch Offices and Warehouses in Principal Cities. Manufacturing Plants: 1875 McCarter H'way,
Newark 4, N. J.; 2734 Industrial Way, Santa Maria, Calif. Canadian Wilbur B. Driver Co., Ltd.,
Rexdale (Toronto). Subsidiary: Western Gold and Platinum Co., 525 Harbor Blvd., Belmont, Calif.
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MEETINGS AHEAD

May 23-25: Telemetering Conf.,
Annual, West Coast, ISA with
ARS, AIEE, IRE, IAS Miramar
Hotel, Santa Monica, Calif.

May 23-26: Design Engineering
Conf., Coliseum, N. Y. C.

May 23-28: 1.E.A. Exhibition, In-
struments, Equipments & Com-
ponents, Olympia, London.

May 24-26: Technical Conf. and
Trade Show, Seventh Regional,
IRE, ISA, Olympic Hotel, Seattle,
Wash.

May 31-June 2: Frequency Control
Symposium, USA Signal Re-
search & Devel. Lab., Shelbourne
Hotel, Atlantic City, N. J.

June 1-3: Analysis Instrumenta-
tion, Latest Advances, ISA,
Queen Elizabeth Hotel, Montreal,
Canada.

June 1-3: Radar Symposium, Wil-
low Run Laboratories, Univ. of
Michigan, Ann Arbor, Mich.

June 9-12: Societv of Women En-
gineers, Annual Convention, Ben
Franklin Hotel, Seattle, Wash.

June 10-26: British Exhibition,
Electrical and Electronic Equip-
ment, Coliseum, N. Y. C.

June 12-15: American Nuclear So-
ciety, Annual, Palmer House,
Chicago.

June 14-16: Railroad Communica-
tions, Assoc. of Amer. Railroads,
Communications Section, Shera-
ton-Cadillac Hotel, Detroit.

June 20-24: American Institute of
Electrical Engineers, Summer
General, Chalfont-Haddon Hotel,
Atlantic City, N. J.

Aug. 23-26: Western Electronic
Show and Convention, WESCON,
Memorial Sports Arena, Los An-
geles.

Oct. 10-12: National Electronics
Conf., Hotel Sherman, Chicago.
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Avnet 1s Quuck!

Qllxi(‘/l)()’1 than any other major

source of supply in America. A verbal

order from an Avnet customer puts the gears
in motion. To meet customer requests,

75% of all orders are received by Avnet,
processed, assembled and shipped before
written confirmation arrives.

Electronic Designers, Engineers and Purchasing
Men rely on Avnet's speed of shipment.

Speed of delivery is available to you from
Avnet Service Centers and Stocking Facilities in:
Los Angeles, Cal., Sunnyvale, Cal., Chicago, IlI.,
Dayton, Ohio, Westbury, L I, Waltham, Mass.

AVNET

AVNET ELECTRONICS CORP.

Avnet distributes from most stocking faocilities: BENDIX SCINTILLA CONNECTORS, SPERRY SEMICONDUCTORS, ROBERTSON
SPLICE & CONNECTOR CASES, VIBREX FASTENERS BY GENERAL TIRE & RUBBER CO., U. S. SEMCOR SEMICONDUCTORS,

SANGAMO CAPACITORS, SPRAGUE CAPACITORS.
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DISSIPATION
FACTOR

cycles/second :

10*

DIELECTRIC
CONSTANT

300°F.

TEMPERATURE

(ood electrical properties at H.DT’s above 500°F.
now possible in epoxy resin potting systems

Turn an appraising eve on the chart above. These data
were assembled in tests of epoxy resin systems which
had been cured with Du Pont’s pyromellitic dianhydride
(PMDA).

Note the unusual stability of electrical properties at
elevated temperatures,

Had we the space, we could also display equally ex-
citing graphs showing excellent thermal resistance.

PMDA is now available in commercial quantities, to
help you add these exceptional thermal characteristics
to your epoxy resin potting, encapsulating, and lami-
hating systems,

Other advantages

There's more. PMDA provides several advantages in
addition to high heat resistance.
You get all the usual benefits of an anhydride curing

agent, including low toxicity and good chemical stability.
If you wish, you can get long pot life-—up to 2 days
at room temperature or 6 hours at 165° F. On the other
hand, if you want a quick cure—say, 15 minutes at 355
I you can get it by simply changing the formulation,

Now available

You can turn these test results into product improve-
ments now, because PMDA is being delivered in quan-
tity from Du Pont’s new multimillion-pound plant.
Recent price reduction to only $1 per pound also makes
this a practical means of improving vour epoxy resin
systems.

For more details or for samples of PMDA, write to
Du Pont, Explosives Department, 6539 Nemours Bldg.,

Wilmington 98, Delaware.
(H.D.T.—Heat Distortion Temperature)

UU pUNT PMDA. (PYROMELLITIC DIANHYDRIDE)

REG.U, 5. PAT, GFf

BETTER THINGS FOR BETTER LIVING...THROUGH CHEMISTRY
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The Newest from

MINCOM

te CM-100
records & reproduces 4

62.5 kc-7Y2ips-192 min,
100 kc-12 ips - 120 min.
125 ke - 15 ips - 96 min.
250 kc - 30 ips - 48 min.
500 kc - 60 ips - 24 min.

1 mc - 120 ips - 12 min.

Greater bandwidth at a given speed —in six words that’s the story of Mincom’s newest system, the
Mincom Model CM-100 Magnetic Tzpe Instrumentation Recorder / Reproducer. There's more, too:
one-rack compactness, no belt changes, dynamic braking, complete compatibility, modular con-
struction. For versatile and reliable performance in any instrumentation application, the CM-100
stands alone. Interested? Write today for brochure.

PP SN
Y45 Sy

P
A7

... WHERE RESEARCH 1S THE KEY TO TOMORROW

Dy 7
Ry

MINCOM bivision TV nnesora TV INiNG aND TVI ANUFACTURING COMPANY

2049 SOUTH BARRINGTON AVENUE « LOS ANGELES 25, CALIFORNIA ¢ 425 13th STREET N.W. + WASHINGTON 4, D.C.
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After 31 years of continuous growth and

We’re changing

The Bendix

To reflect our dynamic growth in such fields as
electronics, missiles and space, automotive, weapons systems,
computers, machine tools, instrumentation, nuclear technology,
hydraulics, meteorology, electrical, marine and
others, we are dropping ““ Aviation” from our
corporate name on June 1, 1960. We do not wish to convey
the impression that our products and skills are limited
to the field of aviation alone, although aviation products
accounted for billings of $388,700,000 in 1959.

Today Bendix—through 25 divisions and 16 sub-
sidiary and affiliate companies around the world—
serves many fields.

Our success in the rapidly expanding age of avi-
ation has long obscured the fact that the Bendix®
automobile starter drive was the company’s first
major product. Bendix introduced the type of four-
wheel brakes that over the years has been used on
most makes of cars. Bendix also pioneered auto-
motive power brakes and power steering. Our auto-
motive business in 1959 totaled $114,300,000.

A notable trend in Bendix’ recent history is the
utilization of electronics in many of our major fields
of activity. These range from automobile radios to

66 CIRCLE 66 ON READER SERVICE CARD

aircraft and industrial communications and auto-
matic flight controls . . . from electronic computers
and data processing to numerical tape control
systems for machine tools . . . and from transistors
and ship-to-shore telephones to sonic cleaning and
undersea sonar detection equipment. Approximately
40% of Bendix products are electronic, including
air defense radar which today guards 25 million
square miles of the earth’s surface.

Missile and space equipment accounted for
$103,000,000 of our total business of $689,692,312
in 1959, In addition to being the prime contractor
for two important missiles, Talos and Eagle, we
are also a supplier of components and sub-systems

MAY 20, 1960 - electranics



diversification as Bendix Aviation Corporation. ..

our name to

Corporation
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Bendix also has a growing and diversified nuclear
program. Since 1949 we have operated the Kansas
City Division for the Atomic Energy Commission.
It is a large manufacturing organization employing
7,500 people engaged in the atomic weapons pro-
gram. We also supplied control mechanisms for
nuclear submarines and nuclear industrial power
plants, and we are playing a part in developing

’
.

for most U. S. missiles. Bendix is likewise taking

an active part in Project Mercury and in satellite
communications. The first is the program to put a
man into space. The second will mark a new era in
communications by using a satellite in orbit as a
relay station for global radio messages between
earth stations and aircraft.

the newest U. S. atomic power plants for aircraft,
missiles and space vehicles,

Thus, as we drop ““Aviation’ from our corporate
name, but not from our programs, we face a
tomorrow where the range of our opportunities
is broadening at a breathtaking rate.

CORPORATION
Fisher Bidg., Detroit 2, Mich.

A thousand diversified products
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@ Microwave Component News from SYLVANIA

Now...solve
TWT space and
temperature
problems

Magnetically shielded,

temperature compensated TWTSs

Sylvania research offers you two new
S-band traveling-wave tubes of the per-
manent magnet focused type—TW-4002F
and TW-956H — which give you these
unique advantages:

Magnetically shielded — not af-
fected by proximity to magnets and
magnetic materials such as other TWTs,
solenoids, and hardware. This permits
close packing without hazard of perform-
ance loss.

Temperature compensated —
they operate from —-65°C to + 72°C with
minimum degradation of performance,
and without requiring heater blankets.

Periodic PM focusing — they do
not require weighty, space-and-power
consuming solenoids.

Broad band — they have a relatively
flat frequency response over an octave,
from 2.0 to 4.0 KMC.

Electrically superior charac-
teristics — at room temperature they
have the following specifications:

TW-4002F —small signal gain is 37 db
minimum; CW rf power output (satu-
ration) is 10 milliwatts minimum

TW-956H—gain with 0.1 milliwatt input
is minimum 37 db; CW. rf power out-
put (saturation) is 2 to 5 watts

COMPACTNESS — they are about 15”
long, have 1.4” capsule diameter, weigh
3 pounds

RUGGEDNESS — specially designed for
airborne and missile applications

Sylvania Electric Products Inc.— Special Tube Operations

TW-956H—1/2 ACTUAL SIZE

500 Evelyn Ave., Mountain View, Calif.

SYLVAN

Subsidtery of GENERAL TELEPHONE & ELECTRONICS (oxd)

MAY 20, 1960 -
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FThe important advances in
environmental testing com

NEW line
broaden

Pioneer and leader in the field of elec-
trodynamic vibration systems, MB now
adds a new dimension to environ-
mental engineering with a compleie
line of hydraulic shaker systems.
Operating in the low to intermediate
frequencies, these systems—27 models
in all—will provide vibratory forces
from 1000 to 100,000 pounds, strokes
as long as 9 D.A.,, and practical test
load capacity from 5 poundstol5tons.

e from MB

of MB hydraulic shaker systems to
scope of vibration/shock/fatigue testing

E NGINEERING™S long recognized need for test equipment with far greater forces
and longer strokes than neretofore available is now successfully fulfilled with
MPB’s new line of hydraulic shaker systems.

Compact, efficient, reliable—and above all, conservatively rated—these new
shaker systems will perform as specified and promise to enlarge radically
the scope of vibration, shock and fatigue testing.

Over four years in development and already service-proved, these new
test systems are the result of MB’s unparalleled experience in the field—
plus its keen understanding of the needs of the environmental test engineer,

They are another reason why engineers everywhere recognize that . , .
the important advances in encironmental testing come from MB.

A DIVISION OF TEXTRON ELECTRONICS, INC., 1102 State Street, New Haven 11, Conn.
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BASIC BASIC BASIC
BUILDING
BLOCKS

FROM KEARFOTT

BUILDING
BLOCKS
FROM KEARFOTT

BUILDING
BLOCKS
FROM KEARFOTT

70

20 SECOND
SYNCHRO

This synchro, just one of a
broad line offered by
Kearfott, provides the
extreme accuracy required
in today’s data trans-
mission systems. Kearfott
synchro resolvers enable
systen: designers to achieve
unusual accuracy without
the need for 2-speed servos
and elaborate electronics.
By proper impedance,
matches up to 64 resolver
control transformers can
also operate from one
resolver transmitter.

TYPICAL
CHARACTERISTICS SIZE 25

Control
Type Resolver Transmitter Transformer

Part Number 25161-001 Z5151-003

Excit. Volts
(Max.) 115 90

Frequency (cps) 400 400
Primary Imped. 400/80° 8500/80°
Secondary Imped.  260/30°  14000/80°
Transform. Ratio .7826 1.278
Max. Error fr. £.2. 20 seconds 20 seconds
Primary Rotor Stator

Write for complete data.

Taclhometers h\‘)

5

PRECISE
ANGLE
INDICATOR

Consisting of an angle po-
sition indicator, motor and
servo amplifier, this small,
versatile, rack panel mount-
ed unit provides angular
position indications for
laboratory, production and
field use. Input signals pro-
portional to unknown ang-
ular position of synchro de-
vice being measured are re-
solved as an error voltage,
which is amplified and used
to drive an internal servo
loop to null. Counter mech-
anism then provides direct
visual readout of angular
position.

TYPICAL

CHARACTERISTICS

Input Signal: S,, S,, and S, of
external synchro transmitter.

Repeatability: Within 0.6 minute
in either a clockwise or coun-
terclockwise direction for any
angular position.

Readability: 0.5 minute through
full range from zero to 360
Rotation is continuous.

Accuracy: + 6 minutes in the
standard unit. Other accuracies
available on request.

Sensitivity: 0.5 minutes maximum,

Slewing Speed: Phase sensitive,
180° in 7 seconds.

Input Voltages: 115 volts, single
phase, 400 cycles, 23 VA max.

Size: Standard Rack Mounting —
1337 x 912" x 812~

Write for complete data.

Ferrites

o

FLOATED RATE
INTEGRATING
GYROS

Specifically designed for
missile applications, these
Kearfott miniature gyros
operate efficiently at
unlimited altitudes. Their
outstanding accuracy and
performance make them su-
perior to any comparably-
sized units on the market.
Hermetically sealed within
a thermal jacket, these gy-
ros are ruggedly designed
and completely adaptable
to production methods. Per-
formance characteristics
that are even more precise
can be provided within the
same dimensions.
TYPICAL CHARACTERISTICS
Mass Unbalance:
Along Input Axis: 1.0°/ hr
maximum untrimmed
Standard Deviation (short term):
Azimuth Position: 0.05° /hr
Vertical Position: 0.03°/hr
Drift Rate Due to Anisoelasticity
Steady Acceleration:
015°/hr./g% maximum
Vibratory Acceleration:
.008°/hr./g? maximum
Damping:
Ratio of input angle to
output angle is 0.2
Characteristic Time:
.0035 seconds or less
Weight: 0.7 Ibs.
Warm-Up Time:
10 minutes from —60°F
Life: 1000 hours minimum

Write for complete data.

KEARFOTT DIVISION

GENERAL PRECISION INC.

LITTLE FALLS, NEW JERSEY

Midwest Office: 23 W. Colendor Ave., Lo Gronge, III.
South Centrol Office: 6211 Denton Drive, Dollos, Texos

West Coost Office: 253 N. Vinedo Avenve, Posodeno, Colif

Engineers: Kearfout offers challenging opportunitics in advanced component and system development.

CIRCLE 70 ON READER SERVICE CARD
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For Airborne Equipment

~ MORE POWER
LESS WEIGHT
LESS SPAGE

~ With new
PNP Power

.

[IANES

In a typlcaI servo amphﬁe“ ‘a paxr of these CBS PNP
germanmm power transistors delivers 10 watts output.
Yet each transistor weighs less than 5 grams . . . and
requires only Y4 saquare inch of chassis space. Put the
compact CBS 2N1433, 2N1434, 2N1435 to work in your
military or industrial equipment — airborne, maobile or
portable. Check advantages and basic data. Write for
complete technical bulletin E-370. Order from your
Manufacturers Warehousing Distributor.

Compact, lightweight servo amplifier employing
CBS 2N1434 10-watt push-pull output stage.

NOTE THE ADVANTAGES CHECK THE CHARACTERISTICS

I
‘ hre Max
Type Max. W Max. Min, (le=2A, v.:;;——ZV) (lc 2A VC[;—— 2v){ Thermal
Diss.* Veso BVcae Min. Max. ' Max. Res. °C/W

® Single, sturdy 10-32 mounting stud
® Compact male-industrial T0-10 welded package
@ High dissipation with minimum size
® High collector-to-base voltage
All types have: Max. coflecter cwrent, 3.5 amps; junctian temperature, —65 to 495°C:

@ High collector-emitter breakdown voitage max. saturation voltage, 0.6 volts (Ic=2A, =200 mA). Minimum alpha cutoff frequency is
200 KC (1¢ =100 mA, Vee= —4 valts).

@ Wide range of operating and storage tem peratures *25°C base mounting temperature.

2M1433 ! 3.3
2N1434 18
241435 1.0 25

More reliable products

- semiconductors

CBS ELECTRON lcs; Semiconductor Operations * A Division of Columbia Broadcasting System, Inc.

Sales Offices: Lowell, Mass., 900 Chelmsford St., GLenview 4-0446  + Newark, N. J., 231 Johnson Ave, TAibot 4-2450 - Melrose Fark, 111., 1990 N. Mannheim

Rd., EStebrook 9-2100 «  Los Angeles, Calif., 2120 8. Garield Ave, RAymond 3-9081  «  Aflunta, Gu., Cary Chapman & Co., 672 Whitehal' St., FAcksor. 4-7388
Minneapolis, Minn., The Heimann Co., 171% Hawthorne Ave., FEderal 2-5457 «  Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311

through Advanced Enginecering
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Take a close look

at today’s foolproof
termination method...

Then put it to the test!

This blow-up of the unique GAMEwWELL High Pressure
Spring Contact Potentiometer Design tells the story.
It’s shockproof, shake-proof, foolproof!

Precious metal spring contacts with unit pressure in
excess of 10,000 pounds per square inch assure positive,
troublefree contact at both tap and terminal. This ad-
vanced High Pressure Spring Contact Design provides
extremely low end resistance . . . without excessive linear-
ity distortion at taps. In addition, pressure is well with-
in the spring’s elastic limit . . . and there are none of the
fatigue factors inherent in welded joint construction.
It’s truly a long-life design . . . and meets MIL speci-
fications.

GAMEWELL Series
RL-270A Potentiometers
ore ovailable with High
Pressure Spring Contacts.
They also feature
dimensionally stoble
housings, closer tap spacing,
odvonced design shoft-and-
slip ring for low noise

and minimum weor.

72 CIRCLE 72 ON READER SERVICE CARD

Thousands of GAMEWELL Pots incorporating this
High Pressure Spring Contact Design are operating in
all kinds of service. Exhaustive GAMEWELL and user
tests have confirmed the superiority of this design under
severe environmental conditions of shock and vibration
. . . over temperature ranges from —65°C to +200°C.
Put this method to the test in your lab.

For applications requiring utmost dependability, spe-
cify GAMEWELL High Pressure Spring Contact Design.
Write for additional information and send specification
requirements to THE GAMEWELL CoOMPANY, 1387
Chestnut Street, Newton Upper Falls 64, Mass.

Cramewel|

PRECISION POTENTIOMETERS

INTEGRALS OF
HIGH PERFORMANCE

CIRCLE 73 ON READER SERVICE CARD—>-



RELIABILITY
REPEATABILITY
SUPERIOR PERFORMANCE

For the ultimate in—
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New miniature designs of these reliable “MAG MODS"” ® make
them ideal for incorporation into transistorized printed circuit

assemblies. There is no sacrifice of dynamic response. They
offer the engineer/designer the solution to problems involved
in a wide range of data systems where analog circuit opera-
tions are encountered. To insure complete flexibility, the
mechanical mounting on any *“MAG MOD’' may be modified
to conform to your particular packaging requirements.

GENERAL MAGNETICS « INC
135 BLOOMFIELD AVENUE, BLOOMFIELD, NEW JERSEY, U.S.A.

Input Magnetic Modulator

Type No. IMM 487-4

Subminiature “MAG MOD" ® featuring high
input signal sensitivity and high AC output
impedance. Male or female mounting.

Input Magnetic Modulator
Type No. IMM 495-8

Subminiature ‘MAG MOD” ® featuring wide
band width, multiple signal input circuits,
extreme zero stability from —65°C to
+4135°C, low null amplitude or noise level.
Mounting available male or female.

Input Magnetic Modulator
Type No. IMM 504-5

Subminiature “MAG MOD"” ® featuring low
input and output impedance, resistance vs.
temperature compensated input, extreme
zero stability, repeatability and insignificant
hysteresis. Supplied with male or female
mounting.

Input Magnetic Modulator
Type No. IMM 562-1

Subminiature “MAG MOD" ® featuring 4 KC
carrier operation, wide frequency band width,
high output impedance and voltage range.
Mounting male or female.

Input Magnetic Modulator
Type No. IMM 561-1

Subminiature “MAG MOD” ® featuring low
carrier energy level operation, very wide fre-
quency band width, wide output operating
range, minimum size and weight. Mounting
male or female. May be mounted directly on
printed circuit boards.

Input Magnetic Modulator
Type No. IMM 556-5

Subminiature "MAG MOD" ® featuring high
frequency carrier operation (35 KC), flat con-
struction for printed circuit mounting, low
output impedance and clean output funda-
mental frequency wave form. Mounting sup-
plied male or female.

1% repeatability throughout entire service life
Negligible hysteresis

Faster response time

Extreme stability over a wide temperature range
Infinite service life

Extremely lightweight — compact design

Ny,
7

GM

INC.

See reverse side

for specifications

j/‘_‘\é—ﬁ-" ‘ ‘ Y'«.’;\‘& -—0\\:



"MAG MOD" m’miotunized

MAGNETIC MODULATORS

IMM 4958
115V @ 400 cps

TYPE NUMBER

| Excitation canl_er Voltage and Frequency

IMM 487-4

115V @ 400 cps
Winding No. 1 6200 ohms

IMM 504-5
115V @ 400 cps

IMM 562-1
@ 4K

IMM 561-1
1.0 V RMS @ 10 KC

IMM 556-5
610 10 V RMS @ 35 KC

2.5V RM

Slgnal winding No. 1 550 ohms Signal Winding 1300 ochms
Control Signat Winding OC Resistance  15i1] No' 2 7400 onms__ Signal Winding No. 2 600 oms 1000 ohms __Feedback Winding 160 ohms 200 0hms pocolgims
010 +40 xa 0 10 +100 ua 0to + 100 g2 3 0 10 +400 xa
ol TenaRaree €ach Winding (Both Sig. Windings in serlesy 010 “100wa _ Oto+ 1V 8ipolar Otoo0ua Ota 008
Amplitude Mogulated AC Output Range 3.V RMS @ 800 cps 010 1.5V RMS @ 400 cups 0106 VR 0t 3IVAMS @ 4KC Q1o 1.8V RMS @ 35 KC

0to 1V RMS @ 400 cps
Phase Reversing .

Phase Reversing Phase Reversing

MS
(@ 4000 cps Phase Reversing Pnase_Reversing PhavsevRe_vevsmg

" Differential Gain RMS my
AC Out/za Signal In )

Null Amplitude (Noise Level) mv RMS
Qutput Impedance
External Load (Suggested)

Null Drift (In terms of Input
Signal) —65°C to 4-135°C

— Hysteresis (% ot Input Control Signal)

100 mv/pa 15 mv/ua 10 mv/ua 200 mv/xa 10 mv/ua 4.2mv/pa

25 mv RMS Maximum_
Approx, 30 K ohms
Approx. 20 K ohms

Less than +0.25 xa
Qver Temp. Range

0.5% Maximum
Approx. 40%
(3rd i

P nic)

5 mv RMS Maximum
1600 ohms
Approx. 10 K ohms

Less than =0.25 ua
Over Yemp. Range

0.5% Maximum

" 10 mv RMS Maximum
1000 ohms

Approx. 5 K ohms

—-A_-l 42 Maximum
Over Temp. Range

0.5% Maximum

T30my RMS Maximum

77 10 mv RMS Maximum 20 mv RMS Maximum
Approx. 70 K ohms

300 ohms £ach Output Wind.
1000 ohms Each Output Wind.

<42 pa Over Temp.
Range

Approx. 40 K ohms

Approx. 100 K ohms

Approx. 100 K ohms

+0.5 ga Maximum
Over Temp Range

Approx, 0.5%

+1ua
Over Temp. Range
0.5% Maximum

Less Than 10%
(3rd Harmonic})

0.5% Maximum

% "a'm%’;i'%s:‘:gm““ n Approx. 30% (3rd Harmonic)

Approx. 15% (3rd Harmonic) Approx. 5% (3rd Harmonic)

Approx. 25% (3rd Harmonic)

Overall Oimensions (in Inches) 1V x 1% % % HWx1x1 Ix1x1 1x11/16%% 1/16x1x% _ /16x1%x1%
Type of Mounting 4-40 Studs or Inserts 4.40 Studs or Inserts 4-40 Studs of Inserts 4-40 Studs or Inserts 2-56 Studs 4-30 Tapped Holes or Studs
Welght in Ounces Approx. 1.25 Approx. 1 Approx. 1.1 0.75 0.6 1

76 cps for 10K glﬁo;ceﬁp. Corner Frequency 2 Ki: Corner Frequency 200 cps for
(Time Constant Approx. 2 Milli- tor Sig. Source Imp. 600 obm Signal Source Imp.
Seconds) of Approx. 6 K ohms or 1000 cps for 5 K Source

5 cps for 1 K Sig. Source Imp,
10 cps for 5 K Sig. Source Imp.
20 cps for 10 K Sig. Source Imp.

20 cps for 10 ;Szg, Source Imp.
25 cps tor 20 K Sig. Source Imp,
(Both Sig. Windings in Series)

0.01 sec. for 15K
Slg. Source Imp.
(12 cps Corner Frequency)

Response Time (Band Width cps)

Magnetic Multiplying Modulator Model MCM 515-1
1

- W The MAGNETIC MULTIPLIER is a
N o - miniaturized magnetic modulator
specifically designed to deliver an
analog output voltage which is the
continuous product of two vari-
able input voltages. One of these

This expression, which defines the fundamental principle of the four quadrant

MAGNETIC MULTIPLYING MODULATOR, can be clearly illustrated by linear trans-

fer response curve families as shown at right, in Figure 2-A and Figure 2-B.

(1) Load voltage E:. as a function of alternating supply signal volt-
age Ey with control DC signal voitage Ec as a parameter,

(2) Load voitage Ei as a function of control DC signal voltage Ec
with alternating supply voltage, Ex as a parameter.

Nustrating:

is an excitation voltage which va-
ries over a pre-determined range;
in this case, 0 to 1 VRMS 400 cy-
cles per second. The other signal
is a DC current which varies be-
tween O and +400 ga. The output voltage is 400 cycles
AC, and is always in phase or 180° out of phase with
the variable excitation or fixed reference, i.e., in phase
when the variable amplitude
DC signal is positive, and
180° out of phase when the
DC signal is negative. The
general schematic is illus-
trated in Fig. 1. The rela-
tionship between variable
alternating supply signal
voltage E_, variable direct
current control signal Eg,
and the alternating load
voltage E; having a sinus-
oidal wave shape is denoted
by the equation—

E, = Constant X Eg X E.

[=]
g
Q
<
-
b4
z
@
W
=
>
[}

i 1

Figure 1

With linearity response curves held to within approximately 1 to 2% of theoretical
straight lines, the product accuracy of the fundamental equation will be within
2 to 5% of the theoretical product.

Variable Excitation Carrier
Yoltage and Frequency

Control Signa! Winding
DC Resistance

N Input Control Signal Range

Amplitude Modulated
AC Output Range

—* Null Amplitude (Noise Level)
__my RMS at Max. AC Excitation

CGutput Impedance
External Load (Suggested)

Null Drift (In terms of Input
Signal) —65°C to 4-135°C

Hysteresis (% of Input-
Control Signal)

% Harmonic Distortion In
Output AC Modulated Envelope

- Overall Dimensions (In Inches)
Type of Mounting
Weight

Typical “Mag Mod" ® Applications— Circuit applications for MAGNETIC MOD-
ULATORS include algebraic addition, subtraction, multiplying, raising to a
power, controlling amplifier gain, mechanical chopper replacement in DC to
fundamental frequency conversion, filtering and low signal level amplification.

Consqlg General Magnetics — For magnetic amplifier components of proven
reliability. These dependable instruments are widely employed in automatic

SPECIFICATIONS MODEL MCM 515-1

Variable AC Signal
01to 1V RMS 400 cps

DC Signal winding
Resistance 2650 ohms

Variable DC Signal 0 to +400 sa

010 0.9 V RMS
@ 400 cps Phase Reversing

S mv RMS

Approx. 3500 ohms
Approx. 25 K ohms

+2 ua over Temperature
Range

0.5% Maximum

Less than 5%
27/32x27/32x13/16

4-40 Insert or Stud

Approx. 1 Ounce

PARAMETER
Amplitude L
Response

Curve

o

Figure 2-A

X PARAMETER
Amplitude B
Response
Curve
-
g A 4
e

Figure 2-B

-+

Call or write for new
Brochure 102 on ""MAG
MOD” Miniaturized
Magnetic Modulators
and Magnetic Multiply-
ing Modulators. Please

flight systems, fire control, analog computers, guided
ment, antennas, gun turrets, commercial
trol systems. Miniature, subminiature,

address inquiries on
company letterhead.

missiles, nuclear equip-
power amplifiers and complete con-
standard and customized types available.

GENERAL MAGNETICS ©
135 BLOOMFIELD AVENUE, BLOOMFIELD, NEW JERSEY, U.S. A.

INC




One of a Series

New ‘‘White Room’’ Assembly
Insures Accuracy, Reliability
of Instrument Counters

This special facility has been designed to provide
positive environmental control for ultra-precision as-
sembly and test of Veeder-Root Instrument Counters.
Temperature and humidity are constant and electrostatic
filtering and pressurization maintain air purity.

This is the latest step taken by Veeder-Root to insure
top reliability and accuracy in counters and readout
devices used for instrumentation, aircraft and naviga-
tional applications. Veeder-Root offers an extremely
varied line of these instrument type counters; and also
does extensive design and prototype work to develop new
devices for all types of readout problems. Whatever your
needs for precision counting devices, Veeder-Rnot can
provide that extra margin of dependability by supplying
a single counter or complete counting package or system.
Your specifications will receive prompt attention.

Veeder-Root Precision Gearing
Provides Long Life, Accuracy at High Speeds

The secret of Veeder-Root precision counter perform-
ance is the close tolerance manufacturing and inspection
of gearing, typified by
the strip chart record
shown here. This
Veeder-Root experience
with all types of intri-
cate gearing, to Preci-
sion Class 2 tolerances,
assures accuracy and
dependability in read-
out devices and count-
ing packages.

Send for More Information . . . or advise your preci-
sion counter requirements. Application assistance is
available from Veeder-Root Counting Engineers or write.

Veeder-Root

HARTFORD 2, CONNECTICUT

“The Nome Hiat Couny’

New York » Chicogo ¢ Los Angeles » Son Froncisco ¢ Seottle
St. Louis » Greenville, S. C. ¢ Altoono, Po. » Montreol
Offices ond Agents in other principol cities

<—CIRCLE 74 ON READER SERVICE CARD

This is a Veeder-Root Counting Package developed fer airborne naviga-
tional systems. It is being assembled and tested in the new "white room”.

Series 1698
Series 1597

e h internol
Miniaturized Pinion
Counter Counter

designed for reodout of novigo-

tional dota. Feotures moximum aeveloped for oircroft instrumento-

figure size on 2" wheel, plus smoll
overoll dimensions ond light weight.
For high speed counting

tion such os clt meters, fuel reodout
ond monifold pressure. Wheels ore
only 0.672” in diometer.

Series 1392 Series
Open 1666
Frame Precision
Counters Internal

for navigotionol computers. Hos Pinion Counter

extremely low torque, wheels ore
boll-bearing mounted, ond counter
is availoble with vorious frome
styles for mounting into “pockoged”
systems.

ovoiloble with 3 or 4 figure wheels,
in single or tondem styles. Minimum
size, moximum reodobility.

Series 1387 ond 1388
Concentric Drum Counter

for lotitude ond longitude reodout. These
counters offer compoct digitol presento-
tion, speeds to 300 rpm, ond unusuolly
iong counting life.

Veeder-Root, nartrorop 2, connecTicuT

Please send Precision Counter Data Sheets
Please have Counting Engineer call

COMPANY ..ottt a s ias e aaa e ss s
Address. ..
City
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CREATING NEW SOLUTIONSTO NEW

PROBLEMS GENERAL PLATE CLAD METALS
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New Processes...
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Aluminum to

'
! ( Copper to
aluminum welding

copper welding

Aluminum Metallurgically
bonded to copper

Among the important
contributions to the suc-
cess of refrigeration is the
use of ALCUFLATE®
taluminum clad copper)

General Plate Alcuplate is but one of over 400
different combinations of clad metals available which
are finding wide use in industry after industry. New
combinations are being developed constantly.

No matter what your metal problem, it will pay you

ALCUPLATE.R, (aluminum clad copper) tab-
ricated into tubing connector solves me-
ical joining p . Alumi and
cepper are metallurgically bonded and per-
mit aluminum to aluminum and copper to
copper welding for a corrosion-free seal,

76

fabricated into a tubing connector. In this small part
composed of clad metal, the advantages of welding
copper to copper and aluminum to aluminum are com-
bined to create a perfect corrosion-free seal. This
makes it possible to eliminate galvanic corrosion and
subsequent leakage resulting from
bonding copper and aluminum tubing
using cold welding techniques.

®

1305 FOREST STREET .

to consult with Metals & Controls Division Engineers.
Their vast experience in cladding precious to base or
base to base metals can overcome your metals en-
gineering problems with multiple property require-
ments . . . often reduce costs, too. Write today.

‘~TEXAS INSTRUMENTS

INCORPORATED
METALS & CONTROLS DIVISION
ATTLEBORO, MASS,

Goneral Plate Products; Clad Metals « Electrical Contacts e Truflex® —Thermostat Meta) o Gold, Silver, Platinum and other Precious Metal Products

CIRCLE 76 ON READER SERVICE CARD

MAY 20, 1960 - electroni

cs



MICRO-MINIATURE CERAMIC CAPACITORS
OFFER A PACKAGE DENSITY
OF 432,000 PARTS PER CUBIC FOOT

excellent for complete assembly encapsulation

actual size

The reliability built into the “VK” Capacitor is a hard,
tested fact — backed by the name and reputation of the
company that made the “VITRAMON" monolithic oorcelain
capacitor a synonym for capacitor reliability.

A minutely controlled process, continuous life and envi-
ronmental testing, plus 100% tests for Dissipation Factor,
Insulation Resistance and Capacitance guarantee that
each “VK” Capacitor in your circuit will perform as pre-
dicted. Pre-production lot-by-lot qualification tests on all
materials used, craftsmanship of the highest order and
ten years of experience dedicated exclusively to the man-
ufacture of high-reliability capacitors assure that these
tiny units will function predictably under the most punish-
ing conditions to which a component of this type is subject.

INCORPORATED

P.O. BOX 544 e BRIDGEPORT 1 CONNECTICUT

electronics « MAY 20, 1960
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CAPACITORS

Square precision molced cases in only two sizes and a single
standard 0.2” lead spacing for ail values simplify circuit design,
guarantee uniformity, facilitate handling, give greater mechan-
ical stability.

The DAPON** resin used in “VK" Capacitor cases assures envi-
ronmental reliability through every stress to which such com-
ponents are susceptible.

ENVIRONMENTAL CHARACTERISTICS
Moisture Resistance: Operational in 95% relative humidity at
200 vdc. When tested in accordance with MIL-STD-202A, Method
106, with rated voltage applied, insulation Resistance is greater
than 10,000 megohms at 95% relative humidity. Dissipation
Factor is less than 2.5%, and capacity change less than 10%
at 25°C and 50% relative humidity.

Temperature and Immersion: When tested in accordance with
MIL-STD-202A (with maximum temperature extended to 150°C),
Method 102A (test condition C) and Method 104A {test condi-
tion B), Insulation Resistance is greater than 10,000 megohms,
Dissipation Factor is less than 2.5% and capacity change is
less than 10%.

Temperature Shock: “VK* Capacitors show no evidence of elec-
trical damage when subjected to 10 cycles of alternate immer-
sion in silicone oil at 160°C and water at 0°C (==10°C) for a
minimum duration of ¥ minute each bath.

Vibration: No evidence of physical damage has been found when
tested per MIL-STD-202, Method 204 (test condition B) when 34
in. lead mounted and vibrated for four hours in each of three
mutually perpendicular planes {10 cps to 2,000 cps) at 15 G's.
Shock: When 34 in. lead mounted and subjected to 3 shocks of
one milli-second duration in each of 3 mutually perpendicular
planes at 100 G's per Method 202A of MIL-STD-202, “VK”
Capacitors show no evidence of physical damage.

Altitude: When tested in accordance with MIL-STD-202, Method
105A (test condition D) requiring a minimum of 100,000 feet,
“VK” Capacitors suffer no electrical breakdown at 150% of
rated voltage.

Life: Following 1,000 hours at 150°C and 200% of rated volt-
age, measurements at 1 kc and 25°C show a Dissipation Factor
less than 2.5% and an Insulation Resistance greater than
10,000 megohms,

Conforms to requirements of MIL-C-110158
*Trade Mark
**Trade Mark of Foesd Machinery and Chemicsl Corp.
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BUYERS' GUIDE

and REFERENCE ISSUE

- Advertizers, being practical,

like things that work! That’s
why ihe electronics BUYERS' GUIDE
and Reference Issue has 4297
more advertisers than the

Lt et ) nearest competition. With the

O “GUIDE"” advertisers reach more

of the right people . . . readers
get a correspondingly bigger choice of products and services
to select from. Clear evidence that the “GUIDE” carries
the most weigrht in advertiser confidence and aceeptance.
Exclusive! (1-page Reference Section that gives
buyers basic market, materials, and design data that
buyers refer to again and again. The only directory in
the field that contains this valuable reference data,
Accurate, authoritative, easy to read. o 62

electronics Buyers' Guide and Reference Issue
THE ELECTRONICS MAN’S BASIC BUYING BOOK
A McGRAW-HILL PUBLICATION .
o
330 West 42nd St., New York 36, N. Y. sy
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TRANSFORMER COILS OF

v .

A SUBSIDIARY OF RAYTHEON COMPANY

+0.01%

HIGH PRECISION AG VOLTAGE REGULATORS

b insulbnled) willy

vk ISO Gl

Sorensen & Company, Inc., a sul)sicliary of Raytlleon
Company, manufactures a widely accepted line of con-
trolled power equipment for research and industry ot
electronic and magnetic regulatcd AC and DC power
supplies. regulators, stabilizers, lrequency cllangers and
inverters.

Materials are careltrlly selected, and must pass rigid
inspection belore tliey are accepted for production.
Natvar Isoglas, a glass fabric coated with an isocyanate
reacted resin, is used as interlayer insulation because of
its excellentpl\ysical and electrical properties. Itis strong
meclianically and is resistant to transformer oils,
Askarel, and other non-llammable insulating liquids,
and to all solvents commonly used in electrical
applications.

If you need insulating materials with good pliysical and
electrical properties, and exceptional uniformity, it will
pay you to specily Natvar, and get in touch with your
wholesaler, or with us direct,

L NATVAR CORPORATION

FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION
Telephone TWX Cable Address
FULTON 8-8800 RAHWAY, N.J,, RAH 1134 NATVAR: RAHWAY, N.J.
RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY
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Sorensen lligll precision AC regulators hold
60 cycle line voltage to #0.01% for usc in
standards laboratories, for meter calibration
and. for other applications demanding a volt-
age source of highest accuracy and stability.
Natvar Isoglas, used to insulate transformer
coils has excellent thermal stability up to
155°C continuous operating temperatures.
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-
[
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Eight coils arc wound at a time on this multi-
ple coil winder. Operators find lsoglas easy
to usc because it is always pliablc, yet tougll
and scuff resistant.

Natvar Products

® Varnished cambric—sheet and tape

® Varnished canvas and duck—sheet
and tape

® Varnished silk and special rayon—
sheet and tape

® Varnished papers—rope and kraft—
sheet and tape

® Varnished, silicone varnished and

silicone rubber coated Fiberglas*—

sheet and tape

Slot cell combinations, Aboglas®

Teraglas**

Isoglas® sheet and tape

Isolastane® sheet, tape, tubing and

sleeving

Vinyl coated and silicone rubber

coated Fiberglas tubing and sleeving

Extruded vinyl tubing and tape

Styroflex® flexible polystyrene tape

® Extruded identification markers

*TM (Reg. U.S. Pot, Ofi.) OCF Corp.
**Trodemork opplied for.
We will be very happy to supply information
on any of our products on request.
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Extremely low ripple...0.19% load
regulation* . . . wide operating range. .

®R eg a,r on P r ogr am m ab ’ e the well-known Regatron features are

incorporated in these new

constant-current power supplies.
Transient response time is less than a
- millisecond. A modulation input is a

standard feature. A vernier permits
continuous zero-to-maximum coverage
throughout each of 16 current ranges.

These c-c supplies are programmable too.

Current output can be controlled by
means of a remote resistor at any
convenient location. Shunt the

programming terminals with the resistor
and the Regatron delivers a precise
value of constant-current

to your load. Voltage

compliance, or load voltage capability,
rises above the minimum values

cited in the brief table below,

with decreasing current settings.

- .
[ : oz e
Vo . ey \ S
_ELECTRGNE | (¥ ', " L "‘)

WMEARUNEMENTS | IL \ 1-
T & e 2\

~J
q: -
1} 3

. W | | e 99

— — ST rv— "
o smven £ rhvan s » pvran it mome,
ekt el

> x: You’ll find the programming feature,
BRIEF SPECIFICATIONS

105-125 V. 50-60°CPS. LINE voltage compliance, and other

(Prices are F.O.B. Eatontown, New Jersey) performance data fu]]y detailed in
VOLTAGE DIMENSIONS . .
MODEL ouTePUT c(ompumcs 5 PRICE four-page Specification Sheet 3072A.
| (MINIMUM) wl| o .

2 C§12A 1 VA to ]()ima : 4__]90 v o 3 |9; % - 73;289 ] Ask your local E/M representative
_C624A | 22 A 10220 ma | 100V | 3| 19| 9% | $364 or write . .,

C621A | 5 yA 10500 ma | 100 V 5% |19 |15 $479

C620A 5 uA to 500 ma 50 v 5% 19 15 $449

* Lload regulation is 0.1% for all models except 0.2%
on 1 and 2.2 uA ranges of Models C612A and C 624A,

®Registered U.S, Patent Office. Patents issued and pending.

ELECTRONIC

MEASUREMENTS

COMPANY, INCORPORATETD
EATONTOWN - NEW JERSEY
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Signal Transmission
THROUGH IONIZED MEDIA

Nuclear-powered, rocket-powered, and space-reentry

vehicles produce ionized regions that can tangle up

communications. This article details the problems

By WILLIAM A. GREENHOW,
Vuclear Fnzineering and Physics,

Yought .\el’lnn:\ulics, I o

dallas, Texas

COMMUNICATIONS may be hampered
as well as helped by ionization in
the atmosphere. This analysis will
first discuss ionization processes
and their effects on signal trans-
mission, and then discuss ionization
effects produced by nuclear vehicles,
hypersonic reentry vehicles, rocket-
motor exhausts and nuclear ex-
plosions.

An atom or molecule can be ion-
ized by nuclear radiation or by
thermal decomposition. In this ar-
ticle, ionization describes not only
the formation of positive and nega-
tive ions, but also the formation of
free electrons. This analysis is con-
cerned only with the free-electron
concentration; the generally ac-
cepted theory of wave propagation
in an jonized medium considers only
the efTects of free electrons since
they are more effective than the
relatively inert ions in removing
energy from the system.

The principal mechanisms by
which swift charged particles such
as protons, electrons, positrons,
alpha particles and mesons lose
their kinetic energy involve elastic
or inelastic collisions with atomic
electrons or nuclei. In an absorbing
material, a charged particle is
slowed down and finally brought to
rest by the combined action of all
of these processes, the particular
interaction being described by the
laws of probability.

electronics + MAY 20, 1960

Tnelastic collision with atomic
electrons is the predominant mech-
anism by which swift charged par-
ticles lose their kinetic energy in
an absorber. As a result of each
inelastic collision, one or more
bound atomic electrons experiences
a transition to an excited state (ex-
citation) or to an unbound state
(ionization). In many cases the
ejected electron has enough energy
to be called a swift charged particle
and can produce secondary ioniza-
tion while being brought to rest.

When an atom or molecule is
ionized, the free electron and the
residual ionized atom ave said to
constitute an ion pair. The energy
necessary to free an electron is
called the ionization potential of
that atom and is defined as the dif-
ference in energy levels of the most
stable configurations of the atom
and the ion. Since charged par-
ticles lose energy by other mechan-
isms which do not produce free
electrons, a more useful (quantity is
the average energyv for the forma-
tion of an ion pair.

The average energy for the for-
mation of an ion pair does not vary
by more than a factor of 2 and
is 32.5 ev (electron volts) for air.
The average energy for the forma-
tion of an ion pair is not strongly
influenced by the type or energy of
the charged particle; hence, the
free electrons  produced when a
charged particle is brought to rest
approximate the energy of the par-
ticle divided by the average energy
for the formation of an ion pair.

Swift charged particles have
high specific ionizations; therefore,

electronics
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It's up in the air, but as it comes
daown cill they be able to
communicate with it?
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FIG. 1—Frec-electron density (N) in heated air

charged particles are effective only
in producing ionization along short
path  lengths. The range-energy
equations for charged particles are
well known; however it is not
necessary to refer to these equa-
tions because the ranges of these

charged particles are only a few
centimeters for energies which
would be expected from nuclear

sources, and antennas can easily be
placed more than this distance from
all sources of nuclear radiation.

Neutrons and gamma rays, un-
like charged particles, are capable
of producing ionization at great
distances from sources of nuclear
radiation. and consequently have a
greater effect upon the transmis-
sion of em (electromagnetic) en-
ergy., The process of absorbing
neutrons and gamma ravs is ex-
ponential; the distance required to
reduce their intensity to ! of the
original intensity is about 3.000 ft
for gamma rays and about 600 ft
for neutrons in air under standard
conditions, The relaxation length is
inversely proportional to the air
denxity ratio and is affected by the
energy of the radiation.

The mechanisms by which a neu-
tron loses its kinetic energyv are:
elastic collisions with a nucleus, in-
elastic collisions with a nucleus (re-

1071 ' 1078 107

sulting in emission of a gamma ray
and a neutron with degraded en-
ergy), and absorption processes
(resulting in emission of a gamma
ray or a charged particle). Neu-
trons do not produce any primary
ionization, but the secondary par-
ticles which result from neutron
interactions are capable of produc-
ing free electrons by the mechan-
isms  previously discussed. Neu-
trons are only about one-half as
effective in producing free electrons
as charged particles of the same
energy; however the neutron will
produce ionization at great dis-
tances from the source.

Gamma rays are quanta of em
energy of short wavelength and
the primary mechanisms by which
they lose their energy are: the
Compton Effect (results in ejection
of an atomic electron and a gamma
ray  of degraded energy). the
photoelectric effect (results in emis-
sion of a high-energy electron), and
pair production (results in forma-
tion of an electron and a positron,
but can only occur when the gamma
ray has an energy greater than
1.1 Mev). The gamma rays pro-
duce approximately the same num-
ber of jon pairs as a charged par-
ticle of the same energy. but are
capable of producing ionization at

TABLE I—Transmission Losses Duce To Hypersonic Reentry Vehicles

\ir Temp

Mach  Altitude  in Shock p'p
No. (X107 ft) (“W) in Shock
10 2 3,000 0.0297
10 2 5.500 0.0297
10 { 5.200 0 3.22%100
1 ] 3,200 322 10-
15 2 12,100 6,69 X 1072
15 2 12,100 6.69 X107
15 ! LS00 721X 10~
15 i LRS00 720 106

|
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Transniis, \tten,
N 74 Freq. Loss
(em—? (see™1) (M) (dh)
Lo o o 10 5.1
LA 1o o 10,000 108.7
I 1on 6 < Ty 10 2.8
1> 1 610 10.000 TOX 104
| 1O lon 10 S0
| I 1on 10,000 375
TX 2107 10 7.250
TX e 2107 10,000 19

£0=0.001293 gm/cm3

0% 1073 1072 107
AIR DENSITY RATIO {p/¢0)

FIG. 2—Collision frequency (Z) versus air density

great distances from the source.

In the nuclear engineering field it
is customary to speak of the gamma
flux at a point in roentgens (R)
where the absorption of one R pro-
duces 2,09 10* ion pairs per cubic
centimeter of dry air. The total
number of free electrons produced
by one R is proportional to the air
density ratio and is inversely pro-
portional to the average energy for
the tormation of an ion pair.

In addition to nuclear ionization,
air or any other medium can also be
ionized by intense heating such as
in the shock wave of hypersonic re-
entry vehicles or in the exhausts of
jet engines and rocket motors. Gil-
more has evaluated the extent of
this decomposition to more than 20
products of decomposition. The
equilibrium free-electron concentra-
tion as determined in his study is
shown in Fig, 1.

The mechanisms by which free
electrons are removed from a sys-
tem are attachment to neutral mole-
cules and volumetric recombination
with positive ions. Since negative
ionx do not remove em energy from
the system, electron attachment is
Just as effective as recombination in
decreasing transmission losses
through an ionized region.

Electron attachment to neutral
molecules or atoms to form negutive
ions is a4 common occurrence for
gases whose outer electronic shells
are nearly filled. Energy of forma-
tion is called the electron affinity,
and is defined as the difference
in potential energy between the
ground state of the atom with a
free electron at infinity and the
ground state of the negative ion,
The higher the electron affinity, the
greater the probability of an elec-
tron attaching itself to the atom.

MAY 20, 1960 * electronics
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FIG. 3—Attenuation coefficient at various frequencies

If the atmosphere is composed of
atoms or molecules having closed
shells such as H., He, or N,, electron
attachment can be neglected when
computing the electron removal rate
because these molecules do not ex-
hibit electron attachment.

Electron attachment can occur by
several mechanisms. Free electrons
can be captured by atoms in the
presence of a third body. Since this
is a three-body collision process, it
can only be important if the free-
electron density and gas density
are large. Free electrons can be
captured by molecules with subse-
quent dissociation of the molecule.
Free electrons can be captured by
molecules followed by vibration but
no dissoeiation. This can only occur
with low energy electrons.

Charge neutralization occurs by
volumetric recombination of nega-
tive iuns and electrons with positive
ions. The mechanisms of electron
positive-ion recombination are dif-
ferent than the negative-ion posi-
tive-ion recombination mechanisms.
Thus, the recombination coefficients
are several orders of magnitude
different for the two types of re-
combination processes. The most
common type of electron positive
ion recombination mechanism ix a
radiative recombination process in
which an electron coming within
the field of a positive ion drops into
a low-lving electronic orbit and
radiates its excess energy.

The mechanisms of electron-posi-
tive ion recombination have been in-
vestigated by microwave tech-
niques.

The continuity equation for the
free-electron concentration is

AN /dt = Pi—a,N2— (1 /1)N —grad J (1)
where P, is the rate at which elec-
trons are being formed, N is the

electronics »+ MAY 20, 1960

free-electron density in electrons/
cm?, a, is the electron positive-ion
recombination coefficient, (1/7) is
the collision frequency for attach-
ment to neutral molecules, and
grad J is the gradient (vector-
analysis operator) of J, the elec-
tron-current distribution.

If the medium is air or some
other gas which exhibits electron
attachment, the volumetric recom-
bination and gradient terms can
usually be neglected. The solution
to the continuity equation can then
be approximated as N = P, 7.

If the medium is air, the elec-
trons are removed primarily by at-
tachment to O. molecules. The
collision frequency for electron at-
tachment in oxyvgen can be ex-
pressed as 1/r = ¢ n° for pressures
between 7 and 54 mm Hg. Where
o, the coefficient for oxygen attach-
ment, is 2.8 X 10™ cm®/sec and n
is the density of oxygen molecules.
If it is assumed that the density of
air is 0.00129 gm/cm® STP (stand-
ard temperature and pressure) and
it contains 21 percent by weight of
oxygen, the density of oxygen mole-
cules can be expressed as

n = 5.6 X 10%(p p,) molecules/em?
where p/p, is the ratio of air density
to air density at STP. Therefore,
1 =88 X 107(p p,? (hetween 7 and

54 mm Hg
This expression will also be applied
to other pressures since its extrap-
olation to STP checks with the ac-
cepted collision frequency of attach-
ment at STP (10" see™). Thus, in
air, N = 1.13 x 10 (p./p)* P..

If the atmosphere is composed of
atoms or molecules which do not
exhibit electron attachment, the at-
tachment term and the gradient
term of Eq. 1 can be neglected.
Thus, the first order solution to the

——— 22 X10"

2:10'°

TRANSMISSION FREQ IN MC
FIG. 4—Reflection loss at various frequencies

continuity equation can be approxi-
mated as N = (P,/a,) ! where a, is
the electron positive-ion recombina-
tion coefficient.

Ionization changes the electrical
properties of the medium and thus
affects the transmission of em en-
ergy. There are losses by reflection
from the boundaries of the region
and also by the refraction and ab-
sorption of energy as the wave is
being transmitted through the ion-
ized atmosphere.

The following analysis of reflec-
tion and absorption losses is based
on the propagation of a sinusoidal
plane wave of angular frequency e
through an ionized region in which
the free electron concentration is N
free electrons per cu cm. The analy-
sis is generalized for the condition
where the particle density is so
large that the free electron experi-
ences Z collisions/sec with air mole-
cules and neglects magnetic effects
on the electron; these effects need
not be considered unless the free
electrons are in a strong magnetic
field. Collision frequency Z is equal
to the product of the concentration
of air molecules, the cross section
of the average air molecule for scat-
tering, and the average electron
veloeity. If the electron energy dis-
tribution is Maxwellian and the
radius for scattering for the aver-
age air molecule is assumed to be
1.4 x 10®° cm, Z under standard con-
ditions will be about 2 x 10" colli-
sions/sec. The electron collision fre-
quency is about the same for most
atmospheres under the same condi-
tions; but, it is influenced by tem-
perature and air density (Fig. 2).

When an em wave is transmitted
through an ionized region, energy
is lost from the electric field to the
free electrons. A free electron in a
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vacuum, when placed under the in-
fluence of a high-frequency em field,
oscillates with its velocity 90 deg
out of phase with the field and
hence does not derive any power on
the average from the electric field.
However, if the free electron is in a
gaseous medium it will collide with
the atoms of the gas and its motion
will change from an ordered motion
to a disordered motion, thus absorb-
ing energy from the electric field.
The free electrons in this ionized
region are assumed to be vibrating
in an inertial manner under the in-
fluence of this electric field, their
motion being damped by a fric-
tional force which is caused by the
collisions that the electrons make
with the molecules of the gas. This
frictional factor is assumed to bhe
equal to mZ where m is the mass of
the electron. By applving Maxwell’s
equations to the original conditions,
using vector analysis we arrive at
the wave equation grad®H, = I°H,
where H, is the magnetic-field
vector and & is the wave constant,
Turner defined the wave constant
as a + 78, where « is the attenua-
tion factor and B is the phase con-
stant, and expressed the solution in
terms of the original conditions.

w } w"’y
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where o is the angular transmission
frequency, p is the permeability of
the region, ¢ is the dielectric con-
stant, N is the electron density, 7
is the electron collision frequency,
m is the mass of the electron and
q is the charge of the electron. All
terms are expressed in the cgs sys-
tem of units. The power loss (a;)
in db per meter is —8.68 «a.

To facilitate calculation of trans-
mission losses, this equation was
programmed for a computer which
produced the parametric curves of
Fig. 3. Here electron-collision fre-
quencies of 2 x 10" and 10" colli-
sions per sec correspond to altitudes
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of sea level and 100,000 ft.

Due to the decreased index of re-
fraction of an ionized region, there
will also be some losses due to re-
flection of em energy. The follow-
ing analysis of reflection losses as-
sumes that there is a sharp discon-
tinuity in the index of refraction
at the boundary of the ionized re-
gion which causes a complex-imped-
ance mismatch. In most cases, since
the boundary is not a sharp discon-
tinuity but a gradual transition, en-
ergy reflection will not be as severe
as in this analysis.

If we define reflection loss as the
ratio of the transmitted electric-
field vector to the incident electric-
field vector, the power loss can be
expressed with reference to the in-
cident voltage as
Refleetion loss (db) = 20 log [1 /(1 —ar)]
where a, is the reflection coefficient
of the region.

Transmitted, incident and re-
flected waves are not in phase when
considered from a free-air to an
ionized region.

To facilitate determination of
these reflection losses, the above
equation was programmed for a
computer; Fig. 4 shows results.

In examining retlection problems
it is sometimes convenient to define
a term called the critical frequency
of the ionized region f.; f. = (N/
1.24 x 10! (Me). Frequencies
lower than the eritical frequency
will be reflected from the region ir-
respective of angle of incidence,
Frequencies greater than the eriti-
cal frequency may be partially re-
flected or refracted if the angle of
incidence is large.

Critical frequency is shown in
Fig. 5 as a function of the free elec-
tron concentration.

Now for specific cases of em-
energy-transmission problems. The
first case to be considered is trans-
mission through the ionized cloud
surrounding an airborne reactor.

The air surrounding a nuclear-
powered vehicle is ionized by the
radiation from the reactor. This
ionization changes the electrical
properties of the air, and conse-
quently causes attenuation and mis-
match of radar waves propagated
through this ionized atmosphere.

Tonization produced by radiation
escaping from a reactor is deter-
mined not only by the type of re-
actor and its characteristics, but
also by the time and history of op-

eration. Ionization can be produced
by fission-product release, activated
air, beta radiation, neutron radia-
tion and gamma radiation. Pre-
liminary ecalculations indicate that
only the ionization produced by
gamma rays need be considered.

This discussion assumes that the
reactor can be approximated as a
point source and that the gamma-
dose rate is proportional to the
power level. Neglecting the attenu-
ation of gamma energy in the vi-
cinity of the reactor, the gamma-
dose rate (D) is about
D =27 X 108/r2 with 2 <r < 300m.
Here D is in R/hr/Mw and 7 is the
distance from the center of the re-
actor in m (meters).

The free-electron concentration
can be expressed as

N = (1.8 X 10¢/1%)(ps/0)
in electrons/em®/Mw, with 2<#
<300 m, If reactor power and an-
tenna location are known, the trans-
mission and reflection losses due to
this ionized region can be deter-
mined. The free-electron concentra-
tion is not constant along the trans-
mission path; hence, the attenua-
tion loss in the ionized region must
be determined by integrating the
attenuation coefficient (Fig. 3),
along the propagation path.

Assuming a power level of 800
Mw and an antenna placement 2
m from the reactor, losses at sea
level will be less than 0.1 db due to
attenuation and reflection for most
telemetry frequencies. However, at
100,000 ft, the losses will be consid-
erably higher and could be as high
as 8 db for frequencies less than
20 Mec, but would be less than 2
db for frequencies greater than 500
Me. Losses could be reduced further
by placing the antennas further
away from the reactor.

The major conclusion reached,
subject to many uncertainties, is
that transmission of telemetry sig-
nals to and from an airborne re-
actor vehicle will not involve any
excessive reflection or attenuation
losses. Thus, power requirements
for communications equipment will
not be affected appreciably. It
should be emphasized that the cal-
culated losses are only approximate;
however, if more exact data is avail-
able, the losses can be determined
accurately by the equations and
methods employed. These losses are
frequency sensitive, and under cer-

MAY 20, 1960 - electronics



tain conditions, it may be wiser
to change transmitting frequency
rather than design equipment with
Ligher power requirements. The
factor which influences the losses
the most is the altitude because the
losses are proportional to the con-
centration of neutral molecules
available for electron attachment.

The next case to be considered is
transmitting em energy to and from
a hypersonic reentry vehicle.

When a hypersonic vehicle, such
as the nose cone of a ballistic mis-
sile, reenters the atmosphere, the
temperature of the air in the shock
wave rises to several thousand deg
K, and the air becomes ionized.
Signals probably will be attenuated
and possibly blacked out during por-
tions of the reentry flight due to
this thermal ionization.

The major problem in analyzing
the ionization problems associated
with a hypersonic reentry vehicle is
the inability to describe accurately
the temperature and pressure dis-
tributions inside the shock wave.
For the purposes of this analysis,
assume that the perfect gas rela-
tions hold in a normal wave and the
gas directly behind the stagnation
point of the bow shock wave has
come to chemical equilibrium. As-
sume also that the temperature and
pressure between the nose of the
vehicle and stagnation point are
constant. By making these assump-
tions, the temperature and pressure
in the shock wave as well as the
. thickness of the shock wave can be
calculated for any altitude and
Mach number. Knowing the tem-
perature and pressure in the shock
wave, Fig. 1 and 2 can be used in
conjunction with Eq. 2 to determine
the transmission losses.

The effect of Mach number, alti-
tude, and transmission frequency
upon transmission losses can be il-
lustrated by examining Table 1
which was calculated for a nose
cone of 0.5-meter radius. Since the
thickness of the shock is directly
proportional to the radius of the
nose cone, losses for nose cones of
other radii can be determined.

These losses are only approximate
because of the many assumptions
which were employed; however,
their magnitude indicates that the
transmission losses will seriously
attenuate telemetry signals and in
certain phases of reentry, the sig-
nal will be completely blacked out.

electronics « MAY 20, 1960
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FIG. 5—Critical frequency for reflection increases with
N, the free-electron concentration

In addition to attenuation losses,
there will also be a reflection prob-
lem. Since the electron-collision fre-
quency is small in the shock wave,
reflection properties of the region
can be investigated by referring to
the f. of the region (Fig. 5) which
is of the order of 1 to 100,000 Mc
for Mach numbers between 10 and
15. This means that for communica-
tions between ground and missile,
the signal frequency must be above
this value or it will be reflected. One
of the most promising methods of
transmitting information to and
from a hypersoric reentry vehicle is
by delayed broadcasting after the
electron plasma has subsided.

The next case to be considered is
em transmission through the region
affected by a rocket-motor exhaust.

Effects of rocket-motor exhaust
can be analyzed in the same manner
as for the reentry vehicle, and the
major problem again is in deter-
mining the free-electron distribu-
tion inside the exhaust plume. The
N is influenced by the following:
temperature distribution in flame,
pressure distribution in flame, types
of fuel and combustion products,
reaction-motor back pressure and
nozzle configuration, and the pres-
ence of additives which enhance
electron recombination.

The exhaust problem may be se-
rious since N may be as high as 10"
electrons/cm® in some portions of
the exhaust plume. The malfunc-
tioning of the missile-ground radio
link in some rocket firings has been
attributed to attenuation of the
radio signals by the ionized gases in
the motor flame. Attenuation losses
as high as 15 db have been meas-
ured and ascribed to the ionized
exhaust plume. The propagation of

em energy through propellant gases
of reaction motors is accompanied
by absorption of energy; however,
the problem of determining the
physical nature of these losses is
difficult because the quantity meas-
ured is usually the insertion loss
and includes the effect of the im-
pedance mismatch at the air-flame
boundary.

Determining losses requires ex-
perimental determination of the
thermodynamic and physical prop-
erties of the exhaust plume. From
practical considerations it seems
that the best methods of minimizing
the flame effects are careful place-
ment of radio antennas and by the
use of chlorine additives which en-
hance free-electron recombination.

The next case to be considered
is em transmission in the vicinity
of a nuclear explosion.

A nuelear explosion releases a
large number of gamma rays which
produce ions. This ionization causes
some transient effects in electronic
equipment, particularly equipment
sealed in an inert atmosphere. No
energy can be propagated through
the fireball at any frequency. Ion-
ized air in the vicinity of the radio-
active cloud will have the greatest
effect on em transmission because
it is of fairly high intensity and
persistency. Propagation will in-
volve losses of several db; however,
losses should not be prohibitive un-
less the energy is being propagated
towards the fireball, or the size of
the nuclear burst is several mega-
tons.
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Spectrometric Analysis

THE FRONT COVER—Infrared rapid-scan equipment mounted undmncafh R(’(‘OI(IINJ Optical Tracking Instrument
wmalkes spectirometric studies of missile flights «t the Air Force Missile Test Center in Flovida
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Of Missile Flights

Does each missile have its own signature?

By JOSEPH N. DAY, JR,

Resident Engineery Perkin-Elmer Corp., Norwalk, Conn.

This infrared scanning system

is trying to find out. One reason: Identify missiles by their plume traits

INFORMATION gained from infrared
measurements of missile plumes,
midcourse projectiles and reentry
vehicles may lead to developing dis-
tinct missile signatures. Although
still in the early developmental
stage, the analysis of inflight plume
characteristics could yield data per-
tinent to development of more effi-
cient fuels and engines. Data may
also be used for missile detection,
advanced infrared homing systems

for antimissile-missiles, develop-
ment of decoy tactics, improve-
ment of reentry vehicles and so
forth.

The rapid-scan spectrometer de-
scribed in this article records the
distribution and time variation of
the spectral wavelengths of the
energy radiated during the power-
flight portions of missile firings
from Cape Canaveral. Mounted un-
der a 24-inch-aperture optical tele-
scope (Perkin-Elmer’s Recording
Optical Tracking Instrument), the
rapid-scan spectrometer consists of
a rapid-scan monochromator, a ra-
diation detection system and appro-
priate readout and recording equip-
ment.

Radiant energy from the missile
plume is imaged by the collecting
optics, shown in Fig. 1A, on the
entrance slit ¢f the monochromator.
The energy is chopped by a rotating
shutter blade (driven in synchro-
nism with the spectral wavelength
scanning nutator or wobbler), dis-
persed by a prism into its various
wavelength components which are
imaged on the exit slit and, from
there, sent to the detector.

The detector sees an alternating
signal whose frequency is the
chopped frequency; within each
half ¢ycle the signal amplitude var-
ies in accordance with the radiant
spectral energy. End product is a
plot of the spectrum of the source
repeated at the chopping frequency.
This plot, known as a function-of-
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time plot, shows spectral wave-
length in microns against relative
amplitude (or magnitude of the ra-
diant energy) and is shown in Fig.
1B. If the scan rate of the mono-
chromator is set for 10 scans a sec-
ond, then 10 spectra would be re-
corded in one second.

If the source being analyzed is
constant in composition, then all
spectra would be identical. How-
ever, if the source varies with time
either in composition, rate of burn-
ing or for any other reason, then
each spectrum will differ from the
preceding one. Thus, the rapid-
scan monochromator can detect and
record not only the distribution of
the spectral wavelengths of the ra-
diant energy but its variations with
time. Variation in energy level due
to a changing distance between
source and monochromator can be
corrected by the inverse square law
from knowledge of the distance
variation with time. This informa-
tion would be provided with instru-
ments such as radar.

The monochromator scanning
system, which scans the selected
spectral region, is basically com-
posed of a plane mirror spinning on
an axial shaft. To create a scanning
motion, the mirror surface is not
perpendicular to the shaft, and the
turning mirror reflects incident
light in a conical pattern. This
nutating mirror system functions
as a Littrow mirror, but reflected
light components are moving in two
directions—bkoth parallel and per-
pendicular to the dispersion plane.
1t is therefore necessary to trans-
late rotary light motion into a
purely lateral motion which is par-
allel to the dispersion plane. This
is done by reflecting a light beam
from a roof mirror that has its
edge parallel to the dispersion
(horizontal) plane. This roof mir-
ror thus acts as a plane mirror for
light motion in the dispersion

plane, but eliminates light motion
in the vertical plane by sending
light back on itself.

The nutating mirror tilt angle
determines wavelength interval of
scan, while the roof mirror an-
gle determines the wavelength
scan midpoint. Thus, instantaneous
wavelength is a function of both
these angles.

In the rapid-scan system, all
forms of mechanical reciprocating
motion are avoided, the elements
moving only rotationally. There is
no limitation of scan frequency be-
cause of mechanical resonance, and
dynamic balance is maintained at
all times regardless of tilt angle.
The scanning frequency is adjust-
able from 2.5 to 180 cycles a second.
The interval of the sinusoidal wave-
length scan is continuously adjust-
able from essentially zero to the
complete wavelength range, with
center of scan adjustable anywhere
within the wavelength range.

In conventional double-pass sys-
tems, beam chopping occurs in the
second pass region only, there being
a carrier frequency separation of
first and second passes. Data fre-
quencies are clustered in a small
band about this carrier frequency.
In rapid-scanning systems, spectral
information lies in a wide band of
frequencies, the lowest frequency
being one-half the scan frequency.
Consequently, due to detector time-
constant limitations, it is not pos-
sible to use carrier frequency sepa-
ration of first and second passes.

The problem of beam chopping
and signal detecting is solved by
physically separating the first and
second passes. Referring to Tig.
1A, energy from the source is im-
aged at the entrance slit and col-
limated by an off-axis paraboloid
mirror, M, onto the prism. The
energy beam is then refracted to
nutating mirror M., reflected to roof
mirror M, (where the vertical com-
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ponent of light motion is elimi-
nated) and then fed back through
the prism system. The returned
beam is brought to focus by mirror
M, at the corner of cube mirror
M, where it is displaced up and
across to the parboloid mirror.
It then passes through the mono-
chromator for the second time, The
second pass is one inch higher than
the first and is the only pass inter-
cepted by mirror M. and focused on
the exit slit.

The present mode of operation
calls for continuous spectral cover-
age of all ballistic types from visible
(0.35 micron) to 2.9 microns in the
infrared. To obtain maximum
usable data, this is done in three
overlapping bands, using a combi-
nation of two detectors and prisms.
A TP21 multiplier phototube and
glass prism are used in the visible,
with a combination of lead sulphide
detector and sodium chloride prism
being used in the near infrared and
infrared. A thermistor bolometer
is also available for infrared. De-
tectors are permanently mounted
and brought into use by simple in-
terchange of prefocused mirror as-
semblies.

The electrical signal generated by
the monochromator detector as a
result of the energy impinging upon
the detector from the monochrom-
ator is amplified in a preamplifier
located on the monochromator base.
As shown in Fig. 2, the preamplifier
is a two-stage dual triode, R-C cou-
pled voltage amplifier. This pre-

amplifier is used with either the
multiplier phototube detector or the
lead sulphide detector. The ther-
mistor bolometer has its own pre-
amplifier which is not shown. A
wafer switch is used to switch from
one detector to another.

When the lead sulphide detector
is used, the signal is fed to the
grid of the first triode stage and,
from there, to the second stage
whose output goes through an R-C
high-pass network and then to the
recording mechanism. Bias for the
lead sulphide detector is provided
by a 5651 regulator tube across the
B+ supply for the amplifier., The
first triode stage of the preamplifier
is battery biased to maintain the
operating point and gain of the
triode despite varying signal levels.
To achieve good low frequency re-
sponse for low chopping frequen-
cies (which may be selected to as
low as 5 cps) large coupling ca-
pacitors are used between stages.
An R-C high-pass filter sets the
upper frequency limit. This upper
limit is adjustable in steps via a
wafer switch. The high-frequency
cutoff used is dependent upon the
detector in use and its inherent
time constant. For the lead sulphide
this is about 6,000 cps. A higher
frequency cutoff than this serves no
purpose in increasing information
content of the signal and would only
increase the noise seen by the re-
cording medium. When the multi-
plier phototube is used, a high-fre-
quency cutoff at 100,000 cps is
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FIG. 2—Detcctor preamplifier is used with either multiplier phototube

detector or lead sulphide detector

selected to take advantage of the
shorter time constant of this de-
tector.

A test voltage is introduced into
the cathode of the preamplifier first
stage whenever gain calibration of
the overall electronic system is de-
sired. Although there is no gain
control within the preamplifier it-
self, the preamplifier output is fed
to an oscillograph recorder by way
of the oscillograph amplifier which
has a variable gain control. To
ensure that the overall system gain
is the same from day to day, the
test signal is fed into the preampli-
fier prior to each measurement run,
and the oscillograph amplifier gain
adjusted to give a fixed standard
signal displacement on the oscillo-
graph paper, The test signal is
removed just prior to a measure-
ment activity,

Since a multiplier phototube has
a much higher gain than the lead
sulphide detector only one stage of
voltage amplification is required
with the multiplier phototube. The
wafer switch for selecting detectors
accomplishes this by taking the
multiplier phototube signal from
the plate of the first preamplifier
triode. A separate high-voltage
supply for the multiplier phototube
dynodes is used.

Read-out and data-recording can
be accomplished in several ways,
One method is to present data on
the oscilloscope and photograph the
pattern with a movie camera. The
most desirable data recording sys-
tem uses a multichannel direct-
writing oscillograph. Five channels
are used to record range timing,
slant range and spectral data. Each
spectral channel is at a different
gain setting to prevent data loss
in event of excessive signal
strength,

In instances where large quanti-
ties of data are to be collected and
reduced, magnetic tape will be used
for data recording so that reduction
may be simplified by direct input
to an electronic computer.

The classified infrared studies of
missile exhaust plume character-
istics are being made under con-
tract from Air Force Cambridge
Research Center as part of the
Interservice Radiation Measuring
Program (IRMP 59/60) which is
sponsored by ARPA.
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Achieving Discriminator Levels

WITH A BIASED INPUT DIODE

Triggering thresholds of
this highly-accurate and

stable pulse-height
diseriminator are set by
adjusting bias of a diode

By F. S. GOULDING
and L. B. ROBINSON,

Electronics Branch, Physics Division,
Atomic Energy of Canada,
Chalk River, Ontario, Canada

PULSE-HEIGHT DISCRIMINATORS are
widely used to determine whether
a voltage or a current input pulse
is above or below a predetermined
level. The circuit to be described
is a highly accurate and stable am-
plitude discrminator which has been
successfully used in nuclear-physies
work. Stability of its triggering
threshold is achieved by using a
forward-biased shunt diode in its
input circuit (D,, Fig. 1).
Kandiah' originally suggested
the use of a forward-biased shunt
diode in a trigger circuit to pro-
duce a stable triggering threshold.
Since diode impedance depends on
current flowing in the diode, this
impedance, hence trigger-circuit
loop gain, may be varied by chang-
ing diode current. Thus the signal
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FIG. 1—In operation, only one type of input signal is present at a time

to be measured reduces a standing
(or bias: current in the shunt di-
ode, increasing the shunt-diode im-
pedance, and increasing the loop
gain of the trigger circuit. If the
signal is large enough to make the
loop gain exceed unity, the discrimi-
nator triggers.

The advantage of this circuit is
that variations in the voltage drop
across the diode have little effect on
the diserimination level; thus a
considerable improvement in stabil-
ity is possible compared with using
the same diode as a biased voltage
discriminator.

The circuit described here has a
discrimination stability of =1 pa at
a 50-pa triggering level, or +0.4-
mv stability at a 10-mc triggering
level, over a range of =10 C.

Figure 1 shows the diseriminator
waveshapes for current-input trig-
gering. The circuit to the right of
point A is basically an oscillator
with a high gain in the loop formed
by R, C. Q, R, and Q.. Diode D,

which has an effective impedance of
about 250 ohms at a bias current
of 100 pa. provides a shunt load at
the collector of @, and holds the
loop gain of the circuit well below
unity.

If a negative current input sig-
nal to the anode of D, reduces the
bias current sufficiently, the effec-
tive impedance of D, rises to the
value that decreases its shunting
action on the oscillator feedback
loop enough to start a regenerative
action. This article will first dis-
cuss the waveforms and triggering
levels of the current discriminator
and show how stability and sensi-
tivity are obtained. A voltage dis-
criminator is described later.

Consider the waveforms which
will be produced when a short in-
put current signal reduces the cur-
rent through D, to the point where
the circuit triggers. (For this an-
alysis we may assume that D,
is open circuited). The reduction
in current through D, increases
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This 4-in by ?-in printed plig-in card holds two discriminators

the incremental resistance of D.
thus increasing the loop gain of
the trigger circuit from below unity
to above unity. The reduction in
current also provides a small nega-
tive-voltage change at the anode of
D, which, for fast signals, is coupled
by C, to the base of Q.. Since Q.
is in conduction, the emitter re-
sistance of Q. is very low. and al-
most  exactly the same voltage
change appears at the emitter of
Q. as at the anode of D, This
voltage change causes current to
flow via C., and R, into the emitter
of Q. so that the Q. emitter cur-
rent is slightly increased and the
Q, emitter current is slightly de-
creased.

Decrease in emitter current
to Q, decveases the current from
Q/’s collector to R.; the voltage
across R, drops, and removes more
current from @, via Q., R, and C..
Since C, has low impedance, the

920

negative signal also appears on the
anode of D, reverse biasing it.
The collector of @, and the base and
emitter of Q. fall about 3 v. The
emitter of Q, is pulled down enough
to cut Q, off. During the next 1usec,
all the current supplied by R,
and R. is fed to the emitter of Q.
producing a positive output pulse
across R.. This action continues
until the voltage across C. recovers
enough to bring @, back into con-
duction. A reverse trigger action
then occurs, with the collector of Q,
rising rapidly, while the emitter

TABLE I—Rise Time of Output Pulse

Input-Pulse Excess Time
(%) (psec)

1 0.15

2 0.10

4 0.08

8 0.06

16 0.0t

of Q. rises more slowly at a rate
determined by the recharging of C..
The collector of @, rises above its
original level due to the recovery
current being supplied from C..
However, D, provides a clamp via
C,, so that the voltage rise above
the original level will be only about
0.1 v during the 1usec recovery
time. The ecircuit then returns to
its original stable condition, if the
original input-current signal has
been removed.

It is now possible to calculate the
current in D, at which the cirecuit
will just trigger. The calculation
is done in two steps; first find the
critical diode impedance, and then
calculate the diode current neces-
sary to produce that impedance.

The critical diode impedance is
such that the effective impedance
at the collector of Q, is just large
enough to give a gain of unity in
the feedback Iloop. Neglecting
emitter impedances, assume a large
transistor current gain and denote
the critical effective impedance at
the collector of Q, by R.. A sudden
change in voltage (AV) at the collec-
tor of Q' produces a current change
at the emitter of Q, of AV/R,
and hence a current change at
Q/’s collector of AV/R.. For a loop
gain of unity, (AV/R,) X R, ~ AV,
or R, R.. Thus the critical diode
impedance R, is the impedance that
makes the parallel combination of
R., R. and R, equal to R,.

The critical diode current is ob-
tained from

I =Ijexp (eV/(nKT — 1)] (1)
where I, and n are diode param-
eters, e is electron charge, K is
Boltzmann’s constant, 7 is the ab-
solute temperature, and I is the cur-
rent through the diode junction for

voltage V*. Differentiating leads
to the relation

R, =nKT/el 2)
where R, is the diode incremental
impedance.

Substituting numerieal values,
R, = (n/I) x 25.9 ohms where 1 is
the current in ma. The diode param-
eter n is usually between 1 and 1.4.

In Fig. 1, the parallel combina-
tion of R,, R. and R. is equal to R,
when R, is 1,160 ohms. Assuming n
= 1.2, the critical diode current is
about 27 pua.

The general case, in which a dis-
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crimination level must be calculated
for any given bias level, is more
complicated and has been treated
clsewhere®,

Figure 2 shows a plot of bias cur-
rent versus pulse discrimination
level for three different values of R..

The stability and reproducibility
of the discrimination level is almost
completely determined by the char-
acteristies of shunt diode DN, .In
particular, the temperature stabil-
ity of the disecriminator depends on
the temperature stability of the di-
ode incremental-impedance curve.
In Eq. 2, the numerator varies
linearly with temperature but an
exponential temperature depend-
ence of I, in the denominator com-
plicates the temperature depend-
ence of R,. In silicon diodes where
I >> I,, R, is proportional to T.
In germanium diodes, where 7, is
significant (that is, above 1 percent
of I), negative or positive tempera-
ture coefficients may be measured,
depending upon the actual value of
I.. Germanium and silicon diodes
of several types have given satis-
factory results.

Because of the limited frequency
response of the elements forming
the trigger circuit, application of
an input pulse exceeding the thresh-
hold value does not immediately
trigger the circuit into its new
state. The first part of the current
waveforms in Q, and Q. are of posi-
tive exponential form and the in-
itial parts of the waveforms are
slow, Anyv excess of input pulse
over the threshold value tends to
speed up the rise (or fall) in the
current waveforms in the circuit.
Table I shows experimental values
of the time required after the start
of the input pulse for the output
across R, in Fig. 1 to rise to 50 per-
cent of its maximum amplitudea.
The percentage figures indicate in-
put-pulse amplitudes above the 100-
pa threshold.

The experimental measurements
of Table T were made with input-
pulse widths exceeding the times
measured. If input-pulse width is
reduced enough, the circuit will just
fail to trigger, since, at the time
corresponding to the back edge of
the input pulse, the circuit is not
vet removing sufficient current
through C, from D, to maintain the
unstable condition. Since the cur-
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rent rise has a positive exponential
form, the rise is fast at the 50-per-
cent-amplitude point and the time
values in  Table 1 correspond
roughly to the minimum input
width at the specified amnlitude.
The dead time of the circuit may
also be calculated. Recovery time
of the circuit depends on the value
of C. and on the currvents supplied
by R, and R.. With the values given
in Fig. 1. the voltage across C. must
change by about 2 v after trigger-
ing before @, starts to conduct
again. Since C. is charged by an ap-
proximately constant current of 2
ma from R, the time required is
about 1.0 psec. After Q, again
starts to conduct. a similar time
would be required before C. is re-
charged to its original condition if
D. were not in the circuit. Diode
D. reduces the second half of the
dead time by a factor of 10 or more.
This diode is normally nonconduct-
ing, but when the collector of @,
starts to rise towards its original
level, D. becomes forward biased
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FIG. 2—Effect of bias on trigger-
ing levels for various values of Ry

and C. can discharge through the
low-impedance path provided by D,
and Q,. Thus a dead time of less
than 1.2 usec is achieved.

Storage of charge on C, also af-
fects recovery time. At high repeti-
tion rates, charge storage on C. pro-
vides a possible cause of shift of
discrimination level. However, the
charge stored on C, tends to be re-
moved after each pulse, for the bias
current charges C, during the time
that @, is nonconducting, and a
pulse of current charges C, through
D,, in the other direction during
the instant that C, discharges the

last of its charge through @,. Di-
ode D. plays an important role here,
for if it did not shorten the re-
covery period. 2 ma would flow into
C, during a 1.0-usec recovery period,
causing part of the bias current to
be diverted to restore C,. This ef-
fect would reduce the diserimina-
tion level at high count rates, and
could produce self-oscillation of the
circuit; thus, D. is necessary.

To determine the stability which
may be expected a number of diodes
were tested for temperature de-
pendence. Of the diodes tested, one
with the highest positive-tempera-
ture coefficient (hpte), one with a
low-temperature coeflicient (lte),
and one with the highest negative-
temperature coefficient (hnte) were
used for D, At almost constant
room temperature, the triggering
level changed by less than 0.2 ua
in 24 hours. Increasing tempera-
ture from 25 C to 45 C produced
these changes in triggering circuit:
for the hpte diode, —2.7 pa: for
the Ite diode. —1.9 pa; for the hntc
diode. —0.2 na.

From these results it appears
that a long-term stability of =1 ua
can be obtained if the ambient tem-
perature is maintained within a
range of +10 C around normal
room temperature.

The diseriminator circuit of Fig.
1 may be used as a voltage discrimi-
nator by feeding positive pulses to
the base of @,. Here the discrimi-
nating action is similar to that of
the current discriminator. Instead
of a negative current pulse being
fed to diode D, a positive pulse
of voltage to the base of @, re-

duces the collector current of
Q, bv V/R. Since the current
in R. remains almost constant,

the current in diode D, is re-
duced by V/R.. As in the current
diseriminator, the triggering level
can be adjusted by varying the bias
currvent to D,.

Using the voltage discriminator
circuit configuration, a discrimi-
nation level of 10 mv remains stable
to +=0.4 mv for a =10 deg C range
of temperature.
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PROCEDURE FOR DESIGNING

Reciprocal Computer Circuits

Circuits with outputs inversely proportional to their inputs can be

constructed with diodes, resistors and d-c voltage supplies.

Element values and computation range and accuracy are presented

By ARTHUR GILL

Dept. of Engineering, Div.

FIG. 1—Reciprocal-computing circuit
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A CIRCUIT whose output is inversely
proportional to the input is often
desired in analog computation de-
vices as well as in various control
systems. Such a circuit can be con-
structed from diodes, resistors and
d-¢ voltage supplies to vield trans-
fer characteristics that constitute
a piecewise-linear approximation of
a hyperbolic curve.

Relationships between the ele-
ment values of such a circuit and
the prescribed values of computa-
tion range and accuracy are pre-
sented in this article.

The circuits considered are uni-
directional; that is, their character-
istics approximate only one branch
of a hyperbola. A complete ap-
proximation, however, can be real-
ized by connecting two circuits in
parallel, such that one will be opera-
tive with positive inputs only and
the other with negative inputs.

The general structure of a re-
ciprocal-computing circuit is shown
in Fig. 1. Design of this circuit
requires specifyving the following
quantities: the constant multiplier,
k, of the approximated function
y — k/x, the minimum input cur-
rent I, to the circuit, the compu-
tation range, P, (ratio between the
highest and lowest value of . in the
computed function) and the max-
imum allowable fractional ervor, e,,.

The V. — [, characteristics of
the circuit shown approximate y,

of Electrical Ingincering, University of California, Derkeley, Calif,

subject to the given specifications,
provided it is constructed according
to the formulas listed in Table I.
The number of diodes, N, in the cir-
cuit also equals the number of linear
segments emploved in the approxi-
mation of the hyperbolic curve. The
relationship between P and €. is
plotted in Fig. 2 for various values
of N,

Figure 3A shows the given hy-
perbola, the piecewise-linear ap-
proximation and the realized cir-
cuit for ¥ = 1, I, = 10 ma. P
154 and ¢, — 0.1.

To minimize the dependence of
the circuit on diode characteristics.
and thus assure the fullest corre-
spondence between the specified and
actual responses, the R, resistors
should be considerably larger than
the operating forward resistances
of the associated diodes, On the
other hand, these resistors cannot
be made too high, since this may
impair the current-generator char-
acter of the input source. For op-
timal operation the R, resistors
should be of the same order of mag-
nitude as the zero-signal incre-
mental resistance of the diodes.
This resistance, which roughly
equals the geometric mean of the
diodes’ forward and reverse resist-

ances, is between 10 and 100 kil-
ohms for most semiconductor di-
odes.

Although this choice of resist-
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FIG. 3—Circuit is designed from given hyperbola (A). Tra nsistorized mput and output stages are used for a practical

reciprocal-computing circuit (B)

ance maximizes the stability in
most of the operating range, it
emphasizes the effect of the diode
characteristics in the breakpoint
regions. This effect, however, is
usually beneficial since it tends to
round off the breakpoint corners
and, therefore, reduces the error at
these points.

As seen from Table I, the resist-
ance level of the circuit can be
conveniently controlled by the con-
stant multiplier k. However, chang-
ing & effects a proportional change
in all the bias voltages. The result
is that higher stability is usually
obtained at the expense of higher
voltages.

When higher voltages are en-

TABLE 1

countered, the reverse leakage
through the diodes becomes appre-
ciable. In such cases silicon diodes
may be preferred because of their
high reverse resistance (on the
order of 100 megohms).

A practical reciprocal-computing
circuit, employing transistorized
input and output stages, is shown
in Fig. 3B. The input pnp tran-
sistor, connected in the common
base configuration, has a current
amplification factor of approxi-
mately unity and a high output im-
pedance (1-10 megohms), as re-
quired. The output mpn transistor
has an input impedance BR., which
is sufficiently high when R, is of
the order of 10 kilohms.

Design Formulas for Reciprocal Circuits

The individual batteries in the
piecewise-linear circuit are replaced
by a single power supply and a
voltage divider. This modification
is permissible if the individual re-
sistors in the divider are chosen
according to the formula

(E, — E,..)) (ri + r. + ...+
r.)/Ey where », + 7. + ... + 7y
is arbitrary, as long as ry << Ry
1f E. is chosen such that

E. = BR.Es/(B+ DR,
the output of the circuit is given by
Vy = [BRk/(B+ DR
Thus, the ratio R./R. can be utilized
to control the effective constant

multiplier of the computed func-
tion.

N = log P

Ep = ‘-3]: ( 1 I-)] e‘.’”g )l/z
Fo = B = k(;,;\';: -
R, = _’"[()'”A"—([;n))
R, = R.

Pan—dIN(p2N _’W
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g [ Len + DVE & (26,317
BN (en + D12 — (26

)

N = Number of diodes
P = Computation range
en = maximum allowable fractional error

o N I, = minimum input current
n=12..., k = constant multiplier of the approximated function
Eg, E., R,, R, = as defined in Fig. 1
n =12, , N

92



Production Line
Checker
For Relay

Contact Chatter

Thyratron timer operates a reject indicator
when relay contacts are forced open by vibra-
tion for longer than a prescribed interval
Converse applies to relays that should remain
open but are momentarily closed by vibration

By EUGENE H. KOPP
Assistant Professor of Kngineering,
Los Angeles State College,

Los Angelex, Calif.
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FIG. 1—Time constant is set by multiposition switch, thyratron conducts
if relay contacts remain open (or elosed) longer than the timed interval
(A); Inverter triggers thyratron timer during testing of contacts that
showld remain open (B)
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TODAY’S electronic control systems
require increasingly reliable com-
ponents. The electromagnetic relay
has long been one of the basic con-
trol system elements, and recent
developments have significantly in-
creased its reliability. One of these
developments is thorough and sys-
tematic test procedures for relays,
permitting the manufacturer to
specify certain relay characteris-
tics to a degree previously unat-
tained.!

One of the most difficult charac-
teristics to test is relay chatter.
Chatter is defined” as a sustained
rapid opening and closing of con-
tacts caused by variations in the
coil current, mechanical vibrations,
shock or other causes. In applica-
tions in which the relay may be
subject to severe shock and vibra-
tion, it is often impossible to elimi-
nate this chatter. In such cases,
the associated circuits may be de-
signed to function properly provid-
ing the relay chatter interval does
not exceed a designated time. That
is, the circuit will still function
properly providing that contacts
which should be closed do not open
for longer than a designated time
before reclosing and that contacts
which should be open do not close
for longer than this designated
time,

Testing for chatter requires only
the determination of an unwanted
contact condition, and is not con-
cerned with the relay state to pro-
duce that condition. Therefore, the
term “a contact that should be
closed” means either a normally
closed contact on a deenergized re-
lay, or a normally open contact on
an energized relay. The converse is
true for an open contact.

Because of its transient and un-
predictable nature, special test
techniques must be used in checking
for chatter and in measuring the
duration of the chatter interval.
One common laboratory procedure
is to connect the relay and a suit-
able voltage source to a high-speed
oscilloscope with a triggered sweep,
so that opening (or closing) of the
relay contacts—as a result of
chatter—triggers the sweep. The
displayed waveform then gives the
duration of the chatter interval,
Although this setup is useful and
necessary for a quantitative evalua-
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tion of developmental improve-
ments, it is not suitable for pro-
duction testing.

A circuit has been developed to
permit production testing of con-
tact chatter on a simple GO NO-GO
basis.” The circuit as originally pro-
posed had the disadvantage that it
could be used only to monitor the
unwanted openings of closed con-
tacts, and had only a single interval
(10 microseconds) that could be
used as the basis of a GO NO-GO test.
This circuit has been revised and
improved so that it may serve to
monitor either open or closed con-
tacts, for intervals from 10 to 100
microseconds in 10 microsecond in-
crements. The improved circuit is
also easier to calibrate than the
original, and has been made avail-
able in a single, compact assembly.

The basic timing circuit uses a
2D21 thyratron. A simplified sche-
matic of this portion of the circuit
is shown in Fig. 1A. When testing
a pair of contacts that should be
closed, these contacts are connected
to terminals J, and J. thereby
maintaining the thyratron grid at
ground potential. The cathode is at
a positive potential determined by
the setting of one of the potentiom-
eters R, to R. (depending on the
setting of SW,). This positive bias
is sufficient to cut the tube off.

If contact chatter is present, the
contacts open. As soon as this oc-
curs, the thyratron grid begins an
exponential rise toward +105 volts,
at a rate determined by the time
constant of the 36,000-ohm resistor
and whichever capacitors are con-
nected in the circuit by SW,. This
switch determines the time interval
of the Go NO-GO operation; it per-
mits testing the relay for chatter
intervals between 10 and 100 micro-
seconds, in increments of 10 micro-
seconds. Electrically, SW, adds
0.004 uf of capacitance to the R-C
timing circuit for every additional
10 microsecond increment of time
interval,

As long as the contacts remain
open, the grid potential rises. If
the contacts remain open for longer
than the prescribed interval, the
grid potential rises to the point at
which conduction begins (deter-
mined by the setting of the cathode
potentiometer) ; the thyratron then
ionizes, and the warning light goes
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on. Since, in a thyratron, the grid
loses control of conduction as soon
as the tube conducts, the relay con-
tacts may reclose without affecting
the circuit. If a single chatter in-
terval exceeds the preset value, the
warning light will go on and stay on.

This basic circuit is useful only
for monitoring contacts which
should be closed, and which chatter
open. To monitor OPEN contacts for
undesired closures, it is necessary
to perform a polarity inversion.
That is, as long as the contacts
under test are open, a short-circuit
should exist between J, and J, and
as soon as these contacts become
shorted, J, and J. should be open
circuited.

Polarity inversion may be ac-
complished in an active element,
such as a tube, a transistor, or an
auxiliary relay. TFor this applica-
tion the operate time of commer-
cially available relays is too long.
A similar consideration rules out
transistors, which are also ham-
pered by the requirement of d-c
stability discussed below. A vac-
uum tube was therefore chosen as
the inversion element.

To perform this inversion, the
vacuum tube must alternately be
an open circuit, then a low-resist-
ance short-circuit, the resistance of
the short being low compared to
the 36,000 ohm charging resistor of
the R-C timing circuit. Although
a vacuum tube is an excellent
open-circuit when it is non-
conducting, most tubes are poor
short-circuits when conducting. To
achieve the low-resistance neces-
sary, a tube with a low plate re-
sistance (6BQ7A) was chosen, and
both sections of the tube operated
in parallel to halve the plate resist-
ance. Voltage feedback also de-
creases the output impedance of a
circuit!, and is used here. The feed-
back circuit consists of the resistive
divider from the plate to the grid of
the 6BQ7A. Effective resistance of
the circuit when conducting is
about 5 percent of the charging re-
sistance.

Additional circuits used for test-
ing contacts that should remain
open are shown in Fig. 1A. The
contacts under test are connected
to terminals J, and J,. Before the
test is begun, a voltmeter is placed
between terminals J, and J,, and the

BALANCE potentiometer is adjusted
so that there is zero potential dif-
ference between these terminals.
The test then begins, and any con-
tact closure immediately cuts-off
the 6BQ7A and permits the thyra-
tron grid potential to rise expo-
nentially, as in the preceding case.
If the contact closure exceeds the
predetermined interval, the thyra-
tron will ionize and the warning
light will light.

To insure that the normal plate
voltage of the 6BQ7A remains at
ground potential, the operating
point must be highly stabilized. The
negative feedback helps to accom-
plish this, along with the regula-
tion of the power supply. The
6BQ7A was also selected because of
its good d-c stability.

The polarity-inversion ecircuit
may also be used to re-calibrate
the instrument when necessary.
A pulse generator is connected
to feed a negative pulse of known
and adjustable duration to the
6BQ7A grids. Pulse duration is
matched to the particular setting
of SW, and the potentiometer in
the thyratron cathode is adjusted to
make the thyratron fire at that
pulse duration. Each potentiometer
is calibrated in turn.

In use, the monitor is set at the
longest chatter interval that can be
tolerated in a given application. At
the conclusion of the test the opera-
tor checks the condition of the
warning light; if off, there was no
chatter interval exceeding the speci-
fied duration—if on, at least one
interval exceeded this specification.
The relay is accordingly accepted or
rejected and the instrument is then
reset, ready for another test. The
complete equipment consists of the
two circuits described, plus power
supplies and switches to perform
the monitoring function.

The author wishes to express his
appreciation to Maurice Coplan of
Coplan Electronics for sponsoring
this project.
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METHOD FOR

Simplifying Filter Design

For a specified stopband attenuation, design procedure for Zobel filters is

made straightforward by use of Cauer parameters. Design procedure re-

sults in network with minimum number of elements

By KURT LICHTENFELD

Airborne Systems laboratories,
Hughes Aircraft Co.. Culver City, Calif

THE ZOBEL image - parameter
method of designing wave-filters of-
fers a faster and easier way to ar-
rive at a practical network than
methods based on modern synthe-
sis techniques if the transfer func-
tion has zeros as well as poles.' The
disadvantage of the Zobel method,
as compared with insertion loss syn-
thesis, is that the calculation of at-
tenuation versus frequency re-
sponse of a network consisting of
several cascaded M-sections is not
straightforward. The design is a
cut-and-try process with no assur-
ance that the filter is optimally de-
signed and contains the minimum
number of elements necessary to
produce a desired attenuation; also,
there is no assurance that the speci-
fied attenuation will be obtained
throughout the stopbands.

Cauer has shown that by Tsche-
bycheff approximation for a speci-
fied value of the minimum attenua-
tion in the stopband, and a given
number n of cascaded M-sections of
a Zobel filter, the range of the stop-
band as well as the design param-
eters of the normalized filter can be
determined.” By tabulation of these
values for = sections the design

procedure of Zobel filters can be
made straightforward and will re-
sult in a network that has the mini-
mum number of elements. Filter
design is optimized in the sense
that with the smallest amount of
network elements the largest pos-
sible attenuation in the stopband
will be obtained; computational
time is minimized due to the elimi-
nation of the cut-and-try process
and by using impedance and fre-
quency normalization. Tables of the
Cauer parameters and the elements
of two section low-pass, high-pass,
bandpass, and band elimination
filters are presented here.

For low-pass filters, referring to
the characteristic shown in Fig. 14,
w, is the highest frequency in the
passband in rps; o, is the lowest
frequency in the stopband in rps;
w.; is the first frequency of peak-
attenuation in rps; and w,, is the
second frequency of peak-attenua-
tion in rps. Frem Fig. 1A, the
attenuation in the stopband is equal
to or greater than A, in db. Let

wwy = we (n
Frequency normalization is ob-
tained by setting w. = 1 rps. The
normalized frequencies, correspond-
ing to w,, @, w., 0., are

w1/ we} k= w/w;
.
Wen 1, Wey 9@2 = W2/ We (2)

K
Q ot

TABLE I—Cauer Parameters

Adb) L= 1/« Qi Qg

20 1.035 1.00 1.72
2 1.075 1.11 1.96
30 1.135 1.175 2.22
35 1.205 1.265 2.53
40 1.35 1.43 2.94
45 1.5 1.59 3.5
50 1.67 1.785 3.97
5D 1.87 2 4.6
60 2.08 2.22 H.2

My My (7 2597
0.332 0.814 1.12 2.95
0.434 0.86 1.23 3.84
0.525 0.893 1.38 1.92
0.612 0.919 1.6 6.40
0.715 0.94 2.04 8.63
0.777 0.958 2.52 12.2
0.828 0.968 3.18 15.7
0.866 0.976 4 21.2
0.893 0.98 4.92 27
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From (1) follows k = 1/«x. With
numerical values for A, and w,
specified, we find in Table I the
parameters %k, Q., 2., and from
(2) follows

W, wa/k; w; = wc/k;

Wep 1 Wellg1y Wo?2 = wcllg2 (3)
With the values for m, m, Q.7
Q. from Table I, we obtain from
Table II the normalized elements of
the two networks A and B (Fig.
1B) which have identical attenua-
tion characteristics.

The last step is the removal of
the frequency and impedance nor-
malization. For a source and load
resistance of R ohm all capacitances
are multiplied by 1/Rw. and all in-
ductances by R/w,.

Example: A low-pass filter shall
provide at least 40-db attenuation
at 5,000 cps and above and will be
inserted between 600-ohm source
and load resistances.

We find in Table I: k = 1/«k =
1.35; 0., = 1.43; Q.. = 2.94; and
from (3) it follows, with f, = w./
27 = 5,000 cps, that f. = f./k =
5,000/1.35 = 3,700 cps; w. = 2#f. =
23,220 rps; f, = f./k = 2,740 cps;
fo = fo Q. = 5,290 cps; f.. = f.
Q.. = 10,850 cps. With m, = 0.715,
m. = 0.940, Q,° = 2.04, and 0,.* =
8.63 from Table I, we find the nor-
malized values of the networks A
and B of Fig. 1B from the third
column of Table II. These values
appear in column four, Table II.

Normalization is removed by
multiplying the capacitances by 1/
Rw. = 0.0717 x 10~ and the induc-
tances by R/ w. = 25.8 x 10 with
o, = 23,230 rps and R = 600 ohms.
The resulting element values for the
two filter networks are shown in
Fig. 1B (C’s in uf).

For high-pass filters, referring
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TABLE H—Element Values For
Normalized Low-Pass Filter

TABLE HI—Element Values For
Normalized High-Puass Filter

Network Network

— Values Normalized Values — — Values Normalized Values
A B (henries or farads) for Example A B (henries or farads) for Example
C, Iy m 0.715 C, I, 1/ 1.4

Lo C, 2my 1.43 L C, 1/2m, 0.7

'y Lo 1/2m, Qg 12 0.342 2 L, 2m Qg ¢ 2.92

(.V,'( ’/3 (7711 + III,Q) 1.655 ('3 L:: 1 (7’1[ +7II-_~) 0.605

L, C, 2ms 1.88 I C, 1/2m. 0.532

('4 ’/4 1 2III.QQG,12 0062 ('4 1.4 27712““, -_-"' 1615

s Ls no 0.94 Cs L; 1/m; 1.065

to the characteristic shown in Fig. from the third column of Table IIl. For Aw,/2&w.; ws:~wo+Aw, /2

1C, w, is the lowest frequency in the
passband in rps; . is the highest
frequency in the stopband in rps;
w,. is the first frequency of peak at-
tenuation in rps; and w,. is the
second frequency of peak attenua-
tion in rps. The attenuation in the
stopband is equal to or greater than
A, db. We let

wiw2 T we
Frequency normalization is ob-
tained by setting w. = 1 rps. The
normalized frequencies, correspond-
ing to v, w, @,, w, are

2

k= wc/wi; k= w/wy;
Qex)l wc/wcnl; Q2 we/ Wep2 (4)

From (1) follows k& = 1/«. With
numerical values for A4, and .
specified, we find in Table I the
parameters, k, ., Q.. and from
(4) follows

kws; w = kwe;

we/ Qo1} Weo 2 we/Qoy (D)
With the values for m,, m., Q.5 Q..
from Table I, we obtain from Table
IIT the normalized elements of the
two networks A and B illustrated
in Fig. 1D, which have identical at-
tenuation characteristics.

The last step is the removal of the
frequency and impedance normal-
ization. For a source and load re-
sistance of R ohm, all capacitances
are multiplied by 1/Re,. and all in-
ductances by R/w..

Example: A high-pass filter,
complementary to the previously
designea iow-pass filter, shall have
at least 40-db attenuation at and
below 2,740 cps. The source and
load resistances are 600 ohms.

The parameters in Table I are
the same as in the first example.
From (5) it follows, with f, = 2,740
cps, that f. = kf. = 3,700 cps, and
o, = 23,220 rps; f, = kf. = 5,000
cps; f.o = f/Q., = 2,580 cps; f..
= f./Q,. = 1.255 ¢ps.

Normalized values of networks
A and B (Fig. 1D) are obtained

We
Wep 1
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Values appear in fourth column.
When normalization is removed the
values of the elements of the two
networks are as shown in Fig. 1D.

For bandpass filters, referring to
the characteristic of Fig. 2A, fre-
quencies smaller than the center
frequency, w,, have a negative sub-
seript, and frequencies larger than
w, have a positive subscript. The
definition of ., w.., w.,, and o.,.
is equivalent to that of the low-pass
filter, and the definition of w.,, w.,,
w_., and w_,, is equivalent to that of
the high-pass filter. The bandpass
filter described here is symmetrical
and, therefore, satisfies the condi-
tion
wpr X Wor = wo? OF wyz/wo=wo/w-z (6)
with equal attenuation at .. and
w_.. This is valid in the special cases
for ¥ = 1, 2, ¢, «1, and x2. We
define Aw, = w., — w_, as the band-
width limiting the passband in rps;
Aw, = w,,» — w_, as the bandwidth
limiting the stopband in vps;
Aw,, = w,.,, — w_,, as the first band-
width for peak attenuation in rps;
and v, = w... — w_,. a8 the second
bandwidth for peak attenuation in
rps. Let

Awr X Awr = Awe? )]

Frequency normalization is ob-
tained by setting Aw. = 1 rps. The
normalized frequencies, correspond-
ing to Aw,, Aws, Aw,., Aw,s, are

k=Adw/Aw; k=Aws/Awe;
Qo1 =AW 1/Awe; D r=Awe2/Aw  (8)
From (7) follows k = 1/«. With
numerical values specified for A,
and Ae., we find in Table I the
parameters k, Q,,, Q.., and from (8)
follows

Aw.=Aws/k; Aw = Aw/k;
Awe 1 =Awelle1; Awe2=Awcllp2 (9)
From (6) follows, for x = 1, 2, ¢,

wl, «2:

wir= Vol +(Aw)?/d+Aw:/2 (10)
Wz = \/ (“Ju2 + (A “;2)2/4 - sz/z

wor™w,—Aw, 2 (10
With the values for m,. m., Q.7
Q. from Table I and w_,,, w.,,, w_,.,
w.,. from (10) or (10A), we obtain
from Table IV the normalized ele-
ment values of the two networks A
and B, illustrated in Fig. 2B, which
have identical attenuation charac-
teristics. Then we remove the fre-
quency and impedance normaliza-
tion of these elements by multiply-
ing all capacitances by 1/Riw. and
all inductances by R/Aw., with R
equal to the source and load resist-
ance, and add the values of elements
listed in Table V which are deter-
mined by the resonance frequencies
of their series or parallel branch
circuits,
L.=1/Crw? or C,=1/L,w?
n=1,2,...,7 (11)
Example: A filter shall have at
least 40 db attenuation at 7,500 cps
and below, and at 12,500 c¢ps and
above. Source and load resistance
is 600 ohms.
We have f.. = 12,500 cps; f.. =
7,500 cps; Af. =f.. — f. = 5,000
cps. The center frequency is, from

6), f, = (7,600 x 12,500): =
9,690 cps and w, = 2#f = 60,800
rps.

The parameters from Table I are
the same as in the first and second
example, ¥ = 1.35, Q,, = 1.43, Q,. =
2.94, From (9) we obtain Af, =
2,740 cps, Af. = 3,700 cps, Af,, =
5,290 cps, Af,. = 10,850 ¢ps. From
(10) we have f, = 11,150 cps; f.,
= 8,410 cps; f.,, = 12,690 cps; f..,
= 7,400 cps; f.,. = 16,520 cps; f...
= 5,670 cps.

From the third column of Table
IV we obtain the values of the nor-
malized elements of the networks A
and B, Fig. 2B, by using the param-
eters from Table I and the above
listed values of the peak fre-
quencies. These values appear in
fourth column of Table IV.

Multiplying the capacitances by
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TABLE IV—Element Values For Normalized

Bandpass Filter

TABLE V—VFlewent Values
For Bandpass Filter

Network
_— Values Normalized Values
A B (henries or farads) for Example
, L. n, 0.715
. L. (120 (] + gt/ o) 0.512
; L, (172 Qeot (] + 0ot/ w_ 1) 0.927
C, L, (nmy + ) 1.655
C, L. (17200 (1 + w g2/ Wigs) 0.0833
pﬂ Lr (] ’2/')--3'.3‘”'_‘"')(1 + W.eg? w_mg) 0242
C: L. nes 0.94

Network
—— Resonance

A B Frequeney, wr
L C W

L. C, Wil

L. C. Wl

Ly C, w,

L: C Wig?

L. C: W2

L; F: W,

TABLE VI—Element Values For Normalized

Band Elimination Filter

TABLE VII—Element Values
Band Elimination Filter

Network
— Values Normalized Values
A B (henries or farads) for Example
, L. 1/mi 1.4
L. C (17201 + w_1/ Wiea1) 1.24
L C. (172m) (1 + Wit/ Wee1) 1.61
C, L, 1 (my 4 ) 0.605
L; C (172m) (1 + w_s “’+m2) 1
L C. (17201 + w2/ W_eo2) 1.135
(85 L: 1/my 1.065

Network
————— Resonance

A B Frequeney, w,
Il « wo

(¢ 1. Wil

(¢ L W_g

I, (" Wa

(& L. Wim?

., Le Wom2

L: C; wWa

1/RAw. = 0.0717 x 10 and the in-
ductances by R/jw. = 25.8 X 107 we
remove the normalization, to obtain
the values of the capacitors in net-
work A (in uf) and the induc-
tors in network B (in mh). From
Table V and Formula (11), we ob-
tain the remaining element values:
the inductors in network A and the
capacitors in network B. All these
vilues are shown on Fig, 2B.

For band elimination filters, refer-
ring to the characteristics of this
filter tvpe, as shown in Fig. 2C, we
notice that the definition for fre-
quencies with positive subscript is
equivalent to that of the high-pass
filter, and the definition for fre-
quencies with negative subscript is
equivalent to the low-pass filter.
The definitions for bandwidths,
center frequency, and the expres-
sions (6), (7), (10), and (11) are
the same for the bandpass as for
the band elimination filter. The ex-
pressions (8) and (9), however,
have to be reversed

x=Jdw./dw; F=Aw./Aws;

Lot =dw,/ Awe1; Yor=w/Awg: (12)

and & = 1/«. And for specified
values of A. and Jw., using the
parameters of Table I.
Awr=kdws; Aw =kAw,;

Ao =Aw/Qoi; Awer=Aw./Qg» (13)
The use of Tables VI and VII for
obtaining the elements of networks
A and B of Fig. 2D, and the re-
moval of the normalization follows
the same procedure as in the case

electronics - MAY 20, 1960

of the bandpass filter.

Example: A filter shall have at
least 40 db attenuation between
8,410 cps and 11,150 cps. Source
and load resistance is 600 ohms.
This filter is complementary to the
bandpass filter in the previous ex-
ample.

From Table I: k = 1.35; Q,, =
1.43; 0,. = 2.94; and f.. = 11,150
eps; f.. = 8,410 cps; Af. = 2,740
cps (specified) ; af, = 3,700 cps,
from (13); f, = 9,690 cps, from
(6). From (13) and (10): Af, =
5.000 cps, f, = 12,500 cps, f., =
7,500 cps; Af,, = 2,590 cps, f... =
11,060 cps, f.,, = 8,470 cps; Af,. =
1,260 cps, f.,. = 10,330 cps, .. =
9,070 cps.

Normalized elements of the two net-
works from third column of Table
VI are shown in the fourth column
of Table VI.

Final values of elements after re-
moval of normalization, obtained
from Table VI and Table VII, ap-
pear on Fig. 2D.

The image impedance of a nor-
malized filter varies in the passband
between 1 ohm and 1/s ohm for net-
works with shunt impedance ter-
mination such as in Fig. 1B (net-
work A), Fig. 1D (network B),
Fig. 2B (network A), and Fig. 2D
(network B), and between 1 ohm
and s ohm for networks with series
impedance termination such as in
Fig. 1B (network B), Fig. 1D (net-
work A), Fig. 2B (network B), and

Fig. 2D (network A), where s =
(1 — A

The average value of the image
impedance in the passband of a nor-
malized filter is: 7, = (1 + s)/2s for
shunt impedance termination; and
», = (1 4+ 8)/2 for series imped-
ance termination.

Replacing R by R, = R/r. for
shunt impedance termination and
R, = R/r, for series impedance ter-
mination when we remove the nor-
malization, where R is equal to the
source and load vresistance, we
match the average image imped-
ance to source and load, and by
minimizing the reflection loss in
this way, we make the response in
the passband as flat as possible.
This is only valid, however, when
the effect of dissipation is neglected
as pointed out above.

In the four examples, x = 1/1.35,
s = 0.67, r. = 1245, r, = 0.835.
For the networks A in Fig. 1B, B in
Fig. 1D, A in Fig. 2B, and B in
Fig. 2D, we replace R = 600 ohms
by R, = R/r, = 480 ohms; for the
networks B in Fig. 1B, A in Fig.
1D, B in Fig. 2B, and A in Fig. 2D,
by R, = R/r, = 720 ohms when we
remove the normalization for the
element values.

REFERENCES

(1) Otto J. Zobel, Theory and Design of
Uniform and Composite Electric Wave-
Filters, Bell Syst Tech Jour, 2, p 1, Jan.
1023,

(2) Wilhelm Cauer, "Synthesis of Lin-
ear Communication Networks,” 2nd EQ,
McGraw-Hill, New York, 1958.
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TRANSMISSION LINE ANALOGY FOR

Sandwich Propagation

Equivalent transmission line circuits are given for sandwiches of dielectric
sheets and conducting films or grids

By H. F. MATHIS,

Goodyear Aircraft Corp., Akron. Ohio

SANDWICHES consisting of vari-
ous combinations of dielectric
and metal sheets and conducting
films and grids are used for an-
tennas, radomes, polarization
converters, r-f shields and the
like.

The transmission-line analogy
for wave propagation has been
discussed elsewhere.! This anal-
ogy can be applied to the trans-
mission of plane electromagnetic
waves through sandwiches con-
sisting of plane, homogeneous,
isotropic dielectric and metal
sheets of infinite extent and with
uniform thickness, and conduct-
ing grids which are of infinite
extent and have a regular pat-
tern, Although sandwiches are
generally curved in practical ap-
plications, characteristics com-
puted for ideal conditions are
satisfactory for most cases.

Since the transmission char-
acteristics are different for par-
allel and perpendicular polariza-
tion, it is necessary to consider
these two polarizations sepa-
rately. When the polarization
of the wave is neither parallel
nor perpendicular to the plane
of incidence, it is necessary to
divide the wave into parallel and
perpendicular components.

A dielectric sheet is analogous
to a section of transmission line
with the length equal to the
thickness of the sheet. The
propagation constant for this
sheet is y = a + jB = j(2m/A,)
\/ue — sin‘g., the characteristic

impedance is 5|| = \/ue — sin%,/e
for parallel polarization, and the
characteristic impedance is 5|
= u/Vpe — sin‘d, for perpen-
dicular polarization where A, is
the wavelength in air, 6, is the
angle of incidence in air, u is the
relative permeability of the sheet
and ¢ is the relative dielectric
constant. (A lossy dielectric is
characterized by either the di-
electric constant or the perme-
ability, or both, being complex.)
The air on each side of the sand-
wich is equivalent to transmis-
sion lines having the previously
discussed characteristics with
# = € = 1. An example of how
circular transmission line charts,
that is Smith (R-X) and Carter
(Z-8) charts, can be used to com-
pute the transmission character-
istics of a sandwich of dielectric
sheets has been given.®

A metal sheet is analogous to
a section of transmission line
with the length equal to the
thickness of the sheet expressed
in meters with y = (1 + )
(1.987 x 10™") \/fuo, and 5| =
nl = (1 4+ J) (5.274 107)
\/fu/o where f is the frequency
in cps, p is the relative perme-
ability, and o is the conductivity
expressed in mhos/meter. (It is
not permissible to express the
thickness in centimeters or
inches and the conductivity in
mhos/em or mhos/in. without
changing the above expressions
for y and %) The values of
y and 5 are independent of the
polarization and angle of in-
cidence; however, the values of
these quantities for the sections

of transmission line represent-
ing the dielectric layers of the
sandwich and the air outside are
functions of these parameters.

A conducting film is defined as
a metal sheet having negligible
thickness compared to the wave-
length. The section of transmis-
sion line representing the sheet
reduces to a shunt conductance
G across the appropriate june-
tion of transmission lines. The
value of G is 377 times the sur-
face conductivity, that is G =
377ad, where d is the thickness
of the film.

It is assumed that the conduct-
ing grid consists of parallel ele-
ments, or wires, which lie in a
plane. Thickness and width of
elements are small compared to
wavelength and separation be-
tween elements is uniform and
small compared to wavelength.
Since the grid is not isotropic,
direction of current flow must be
along the elements. In general, a
grid acts as a polarization con-
verter and it is necessary to con-
sider both polarizations.

Let r denote the angle between
the elements of the grid and the
plane of incidence. An equivalent
circuit for a grid is shown in
Fig. 1A. The sections of trans-
mission line shown in this figure
represent the adjacent layers of
the sandwich or air with the
propagation constants and char-
acteristic impedances given by
the equations presented previ-
ously.

When 6, = 0, r is not defined.
In this case, let r denote the
angle between the elements of

100

MAY 20, 1960 - electronics



Bit densitics are recealed by the electron mirror microscope through the behavior of electrons reflected by the magnetic fringe fields of recorded datu.

Reflections from an Electron Mirror

The piotograph is a representation of the
magnctic fringe fields above a smal’ por-
tion of a recording sirface. Behind these
maanified tracks of recorded data s the
storv o a deviee now decades old in prin-
ciple, but which has only recently been
applied to the studv of high-density mag-
nctic information storage.

The electrom mirror microscope was con-
strected by IBM scientists as a laboratory
instrument. Based on the excellent resolu-
tion capabilities of an electron beam, the
electran mirror principle has its primarv
application in the observation of tiny mag-
netic fringe fields.

In the operution of an electron mirror
microscope, un electron beam is acceler-

International Buesiness Maclines Corporation, Dept. 5

ated down a tube toward a specimen
mcunted on a conductive plate with a
negative potential relative to the cathode.
At the zero equipotential surface in the
tube, the clectrons traveling toward the
specimen change their directions and are
reflected in somew hat the same wav light
ravs ave reflected by a mirror. By control-
ling the potentials of the cathode and the
conductive plate, the “mirror” can be
placed at anv height above the magnetic
surface When the mirror is set close
erough to the surfice to be in the fringe
ficlds of recorded information. these fields
distort the return paths of clectrons in the
beam. Passing the return beam through a
magnetic lens results in a magnihed repre-

sentation on a ph()sp]mr viewing p]uto,
capable of resolving bit densities far
greater than those inarse in present svstems.
1¢ is well known that the “writing” abili-
ties of present magnetic recording trans-
dncers exceed their “reading” abilities. The
mirror microscope produces accurate evi-
dence of all-but-undctectable recorded in-
formation. Thus the magnetic recording
process is no longer jimited to verification
bv velocity-dependent readback eapabili
ties. By the same token. the mirror micro-
scope serves both as the spur to, and the
measure of pragress toward further refine-
ments in the art of magnetic recording.

IBM@

Investiyate the many career apportunities available in exciting new ficlds at D).

34Q3, 390 Madison Avenuwe, New York 22, New York.
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the grid and the direction of
polarization. In TFig. 1A, the
words parallel polarization should
be replaced by incident polariza-
tion and perpendicular polariza-
tion by cross polarization,

For example, if a parallel po-
larized wave is incident upon
the grid from the left, this is
equivalent to a wave traveling
from left to right on line 1. Some
power is reflected in the same
polarization and this is equiv-
alent to a wave traveling from
right to left on line 1. Some
power is transmitted in the same
polarization and this is equiv-
alent to a wave traveling from
left to right on line 2. Some
power is reflected with perpen-
dicular polarization and this is
equivalent to power being trans-
mitted from right to left on
line 3. Some power is trans-
mitted with perpendicular polar-
ization and this is equivalent to
power being transmitted from
left to right on line 4. Let Y.,
Y, and Y, denote the input ad-
mittances to lines 2, 3 and 4, re-
spectively, In this case, terminat-
ing admittance Y, of line 1 is

LINE I c %Y#coszr ) LINE 2
E}E {o=j/KsinTcost
LINE 3 LINE 4
[
Y: Ksin2r! (A)
- LINE 2

LINE T %j

7
Y= K,coszr + Kzsinzr -

A4

)

Yz K|sin2'r+K2C052r ! (C)

LINE 3 LINE 4

PARALLEL
POLARIZATION

PERPENDICULAR
POLARIZATION

PARALLEL
POLARIZATION

2}/ (K- Ky) sinTcost

PERPENDICULAR
POLARIZATION

"2 oin2 2
Yi=Y,+K cos? r — ){\_’_s}i,r:f_:]{:%;.

To determine K experimen-
tally, measure the complex trans-
mission coefficient T of the grid
alone with 8, = r = 0. Let E,
denote the incident electric field
and FE, denote the transmitted
electric field at the surface of
the grid. Let ¢ 1/T, where
T = E,/E, T /é. The point
Y, is plotted on a Smith chart,
as shown in Fig. 1B, so that the
distance from Y = 0 to Y, is ¢
times the radius of the chart and
the line from ¥ = 0 to Y. makes
the angle —¢ with the B = 0
line. Now K = Y, — 1.

More complex grids can be
considered in much the same way
as parallel-wire grids. A refer-
ence line should be selected for
the grid in the direction of max-
imum admittance. Let » denote
the angle between the reference
line and the plane of incidence.
An equivalent circuit for a grid
is shown in Fig. 1C. When ¢, =
0, let r denote the angle between
the reference line and the direc-
tion of polarization and make the

SHEET I

A/-THIN CONDUCTING GRID

same substitution of words in
Fig.1C as in Fig. 1A, The values
of K, and K. can be determined
experimentally using the tech-
nique described previously. First,
K, is determined with 4, = r =
0, then K, is determined with 4,
= 0 and » = 90 deg.

An example is given using two
dielectric sheets separated by a
thin conducting grid (Fig. 1D).
Parameters for this sandwich
are ¢, = 4 (1 — j0.05), p, = 1,
d =02in,e =3 (1 — 70.03),
w=1,d, =03 in, K, = K, =
—7j0.5, 2, = 1.26 in,, 4, = 30 deg.,
and r = 0. The voltage transmis-
sion and reflection coefficients
were computed and found to be
T|| = 0.767 /—248.5 deg., T| =
0.508 /—163.7 deg., T| = 0.677
/—250.0 deg., and '] = 0.633
/—165.5 deg. The increase ¢ in
phase retardation due to the
sandwich is ¢/, = 124.8 deg. and
¢ = 126.3 deg.

REFERENCES

(1) Ramo and Whinnery, “Fields
and Waves in Modern Radio™, Revized

Edition, John Wiley and Sons, New
York, Ch 7, 1953,
(2) H. F. Mathis, Transmission

Trans

Characteristics of Sandwiches,
IRE, MTT-3, p 57-8, Oct, 1955,

SHEET 2

PLANE OF INCIDENCE

- dp —

(D)

FIG. 1—Equivalent circuit for parallel-wire grid (A), graphical determination of K using Smith chart (B),
equivalent civeuit for grids in general (C) and construction of sandwich used in example (D)
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RESEARCH AND DEVELOPMENT

Ferrite Films in Logic and Storage

MAGNETIC devices for storage and
switching applications in digital
computers have been made in the
form of open flux path elements.
Geometry is that of a planar film
from 5 to 50 microns thick, and
other dimensions in the fractional
inch range. They have the advan-
tages of ferrite composition and
open flux paths. For storage sys-
tems, they possess excellent square-
ness characteristics and have coin-
cident selection times comparable
with ferrite toroidal devices.

Advantages of thin magnetic
films as computer elements have
been described' but practical de-
vices have been unrewarding. Al-
though operable matrices of thin
films have heen used in very small
memories®, there are difficulties as-
sociated with obtaining film arrays
for practical storage systems. Prob-
lems include uniformity of easy axis
alignment and switching threshold,
and transmission effects, The trans-
mission or drive and sense line
problem, although more subtle, may
be more serious®. Detrimental ef-
fects in films include stress sensi-
tivity, disturb sensitivity and aging.

Until recently, thin magnetic
films for computer components were
composed only of metals, but now
ferrite films have been successfully
made. The objective is to obtain the
advantages of open flux path ele-
ments and to take advantage of
some ferrite device characteristics.
The detrimental effects of stress,
disturb sensitivity, and aging have
been virtually eliminated for some
time for many ferrite toroidal de-
vices.

Magnetic Properties

The ferrite elements were planar
structures about 10 microns thick
and other dimensions in the frac-
tional inch range. A ferrite with
B, of 2000 gauss (compared to 10,-
000 gauss for nickel iron) allows a
proportionately greater thickness
for a given demagnetizing field and
sample dimensions. Circular ele-
ments 10 microns thick and a quar-
ter inch in diameter have a demag-
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netizing field of about 0.1 oersteds.

The squareness characteristics of
ferrite films are very similar to fer-
rite in a bulk toroidal geometry.
From 60-cps hysterisis loop meas-
urements, squareness ratios of 0.95
and loop shear of 0.2 oersteds were
found to be typical of many ferrite
samples. Coercive forces are from
1 to 10 oersteds.

A plot of inverse of switching
time versus amplitude of applied
field pulse is shown in Fig. 1. The
sample is 8 microns by 0.1 by 0.3
inch. Switching time for an applied
field equal to twice the wall motion
threshold field is 0.25 usec. For this
curve, exciting fields were applied
parallel to the easy axis of mag-
netization, which was determined
by shape anisotropy. A study of the
influence of transverse fields on
switching curves is not conclusive
at this time. Comparison of the
switching curves of materials in
bulk and in film structures shows
the following similarities: Over the
range of switching times where T,
> 0.1 psec there are two linear re-
gions of the curve. The slopes for
these regions are nearly the same
for film and bulk. The lower field
region is described by a domain wall
motion process, and the higher field
region (> 4 oersteds in Fig. 1) by
a rotational process. A difference
between the curves for film and bulk

10
| ’ f
|
8+ -+ = —
L 6r— -+ — —
:-;’-’ |
i
-—'..‘.”4,. 4 N ! B
| I
i { : S
I —
l |
|
0 =~ '
0 2 4 6 8

APPLIED FIELD (OERSTEDS)

FIG. 1—Switching curve for ferrite
film

materials is observed, such that for
the film samples, the region of the
switching curve attributed to a wall
motion process is smaller than for
bulk material. Fig. 1 shows that the
application of fields of amplitude
twice the threshold field is sufficient
for the flux reversal process to be
dominated by a rotational mech-
anism.

The switching threshold is well
defined for the ferrite film samples.
If the threshold field is measured as
the amplitude of a succession of ten
1-usec pulses required to switch a
small (about 5) percent of the mag-
netic flux, then this value agrees
with that measured using d-c¢ cur-
rent. This characteristic differs
from the threshold behavior of
many nickel-iron films; it is com-
mon to find a significant difference
between the threshold values meas-
ured using d-c and using a series of
pulses. This leads to problems of
disturb sensitivity in multi-dimen-
sional selection of storage devices.

Because of the favorable geom-
etry of a thin film, heating effects
due to pulse repetition frequencies
of at least a few megacycles are
negligible. It is expected that ohmic
losses in selection lines would ac-
count for most of the energy dissi-
pation in a storage array.

As mentioned earlier, the lower
magnetization of ferrite allows a
greater thickness of material when
other dimensions and the demag-
netizing field are not changed. This
results in an element of greater me-
chanical strength. Handling of un-
supported elements does not ordi-
narily harm the device properties.

Ferrites are chemically stable.
The problem of aging or of reaction
with normal atmospheres is as neg-
ligible with ferrite films as with
ferrite toroids. Aging effects ob-

served with square-loop metallic
films are nonexistent in ferrite
structures.
Applications

For storage applications, a mode
of operation similar to that em-
ployed with toroidal cores may be
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CAPACITORS

INSURE FAILURE-PROOF PERFORMANCE!

Only 1 Fallure In 7,168,000 Unit-Hours for 0.1t MFD Capaclitors*

Setting a new standard of reliability!

SPECIFICATIONS

® TOLERANCES: *¥10% and *20%. Closer tol-
erances available on request.

*Life tests have proved that Ei-Menco
Mylar-Paper Dipped Capacitors — tested
at 100°C with rated voltage applied —
have yielded a failure rate of only 1 per
716,800 vunit-hours for 1 MFD. Since
the number of unit-hours of these capaci-
tors is inversely proportional to the
capacitance, 0.1 MFD El-Menco Mylar-

® [MSULATION: Durez phenolic resin impregnated.

® LEADS: No. 20 B & S (.032”) annealed copoer-
weld crimped leads far printed circuit application.

® DIELECTRIC STRENGTH: 2 or 2% times rated

Paper Dipped Capacitors will yield ONLY
1 FAILURE IN 7,168,000 UNIT-HOURS.

SUPERIOR FEATURES!

® Five case sizes in working voltages and ranges:

voltage, depending vpon working vollage,

® [NSULAT/ON RESISTAKCE AT 25°C:
For .OSMFD ar less, 100,000 megohms minimum.
Greater than .05 MFD, 5000 megohm-microfarads.

A 018 to .5 MID | ¢ wsULATION RESISTANCE AT 100°Ce
. For .OSMFD or less, 1400 megokms minimum.
400 WVDC .0082 to .33 MED s G, e LRk
600 WVDC — .0018 to .25 MFD |
= ® POWER FACTOR AT 25°C:
1000 WYDC — 001 fo .1 MFD | 1.0% maximum at 1 KC.
1600 WVDC — .001 to .05 MFD

———————— e s
Write for Technical Brochure Giving Complete Information on the
El-Menco Tubular Dur-Paper Lline.

THESE CAPACITORS WILL EXCEED ALL THE ELEC-
TRICAL REQUIREMENTS OF E.I.A. SPECIFICATION
RS-164 AND MILITARY SPECIFICATIONS #MIL-C-91A
AND MIL-C-25A.

FOR FAILURE-PROOF PERFORMANCE . . . COUNT ON
EL-MENCO MYLAR-PAPER DIPPED CAPACITORS . .
FROM MISSILE GUIDANCE SYSTEMS TO DATA PROC-
ESSING EQUIPMENT!

*Registered Trade Mark of DuPont Co.

e N e

ol e Y

COTHE iim@m@ong MEG. €O, INC.

Manufacturers of El-Menco Capacitors

s

® molded micae® dipped mica ® mica trimmer ® dipped paper
® tubule® paper ® ceramic ® silvered mica films ® ceramic discs

Arco Electronics, Inc., 64 White St., New York 13, N. Y.
Exclusive Supplier To Jobbers and Distributors in the U.S. and Coacda
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50 & 100 contact CONNECTORS

AMPHENOL Series 115 connectors, used primarily for circuit
analyzing and cable testing, were engineered to provide top
efficiency and built for rugged field use. The connectors ac-
commodate 50 or 100 No. 16 wires and are nominally rated
at 750 volts RMS 60 CPS at sea level. They represent maxi-
mum efficiency in the utilization of space for all applications
where a large number of circuits must be broken quickly
and conveniently,

The connectors incorporate simple, reliable knife blade
contacts, “free floating” for easy alignment in mating. Three
different contact terminations may be ordered: Crimp-on,
Extended Solder Cup or Taper Pin.

The photo to the right illustrates
the DIT-MCO Model 850
Multiplier used in conjunction
with their Model 200 Circuit
Analyzer. Because of their out-
standing capabilities, AMPHENOL
115 Series connectors were

used in both units manufactured
by this Kansas City firm ...
AMPHENOL’s 50 contact connectors
and 100 contact connectors in
both DIT-MCQO’s Model 200
Circuit Analyzer and Model 850
Multiplier ... proof that quality
equipment consists of

quality components.

FOR MORE INFORMATION ON THIS VERSATILE,
RUGGED CONNECTOR, AND OTHER CONNECTORS,
WRITE FOR CATALOG "‘A."

CONNECTOR DIVISION

CHICAGO 50. ILLINOIS
Amphenol-Borg Electronics Corporation

| used. Only fields parallel to the easy
axis are applied and the response is
typified by Fig. 1. Since selection
ratios as low as 1.5 have been ob-
tained, the elements are capable of
three dimensions of selections as in
a bit-organized memory. In a 2-di-
mensional system, the use of bias
allows selection times of less than
0.1 usec for full switching. Another
reduction in switching time results
| when using partial switching.

The effects of transverse fields
are being studied. Modes of opera-
tion similar to those proposed for
metallic film devices are expected
| to result.

The samples employed up to now
have dimensions of about 0.1 to 0.4
inch. Bit density using these ele-
ments would be smaller than for
some toroidal core arrays. However,
| it is expected that a decrease in
| sample size would result in informa-
tion density as great as with core or
metallic film arrays. Such a decrease
| eases the drive problem in some re-
| spects but at the expense of the
[ available information signal from a
storage location.

The ferrite films were described
| by J. M. Brownlee, W. L. Shevel,
|and O. A. Gutwin of IBM Research
| Center. The authors acknowledge
the assistance of K. R. Grebe and
:N. J. Mazzeo.

| REFERENCES

I 1) I_));; (;.”._ﬁ:nith. ICLECTRONICS, p 44, June
2) J" _1'}) Raffel, Jour Appl Phys. 30, p 4,
3) .}’:S LKggenberger, AIEIS Magnetism

and Magnetic Materials Conference,
Nov, 18, 1959

Radar Finds Meteor
‘Showers Are Frequent

WORLD'S space-weather report can
now be revised from “occasional”
to “frequent” showers of meteors
on the strength of new radar in-
l| vestigations by Stanford University
| scientists.

| Some modification of ideas about
the origin and lifetime of inter-
planetary matter may also result,
according to P. B. Gallagher and
V. R. Eshleman of the Stanford
Radioscience Laboratory. Their
work marks the first extension of
radar astronomy into the field of
micrometeors. Such space particles
are too small to be seen before they




burn up in the earth’s atmosphere.

New Stanford equipment enabled
the investigators to detect meteors
100 times smaller than any detected
previously by radar—down to the
raicroscopic size of one millionth
of an inch and a ten-millionth of a
gram in weight. The radar signals
are reflected by the ionized trails
af such meteors, not by the tiny
meteors themselves.

Space has been pictured previ-
ously as being sprinkled with small
meteors orhiting independently
through the interplanetary regions.
This postulated background of
small particles is punctuated now
and then by large particle showers
which are well known and predict-
able. These large particles are big
enough to produce visible light, and
are often erroneously called shoot-
ing stars.

Upon closer examination with the
more sensitive new radar equip-
ment, the background particles
have proved to be bunched into
great numbers of orbiting clouds
of very fine dust-like micrometeors.
There must be millions of meteoric
clouds that cross the earth’s path
and produce short-lived showers.

On the average, the earth is im-
mersed in about 11 of these clouds
at a time. Their number is so great,
and the earth encounters a given
cloud so rarely, that it would be
practically impossible to predict
their occurrence. The occasional
showers of large particles remain
predictable, but the dust-cloud mi-
crometeor showers are likely to
occur at any time of day or night.
They last for only a matter of
hours. There appears to be no pat-
tern of recurrence on an annual
hasis.

Most meteoric material in the
solar system is believed to bhe as-
sociated with present or past com-
ets. Thus these showers may indi-
cate the presence of a large number
of very small, invisible comets. If
so, it may be necessary to alter
present theories about the origin,
dynamics and lifetime of inter-
planetary matter.

The work used a pulsed high-
power transmitter. Antennas were
96 tv-tvpe Yagis mounted in two
rows, each 2.000 feet long. The work
was sponsored by the Air Force
Cambridge Research Center.
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MARK
TIME

TO AN ACCURACY OF 1 SECOND A MONTH

You time-correlate data within 3
parts in 108 per day...when you
design your instrumentation tim-
ing system around an EECo Time
Code Generator.

More accuracy per dollar...Use
Model ZA 801 for BCD output
- (24 digits), $7650°...Model
ZA 802 for Binary Coded output (17 digits), $7050%...both with
accuracy and stability equal to a secondary standard. Other minor
code format variations available.

Compact...sized for standard rack mounting...complete unit in-
cluding power supply measures 77 x 19” x 16”.

Furnishes as output both time-of-day code (24-hour recycling)
and any two of eight pulse rates. Suitable for oscillographs, strip
chart, recorders, magnetic tape, or driver for neon flash lamps.

Applications in lab or field. Use an EECo TCG as a clock, for
time correlation. Use it as the heart for your own system...incor-
porate it wherever you need time pulses. Or call on EECo’s special-
ized cxperience in developing complete timing and synchronization
systems.

For benefits and full specs write for Data Sheet ZA 801/802.

@ Electronic Engineering Company of Catifornia
1601 E. Chestnut Ave., Santa Ana, Calif. « Kimbery 7-5501 « TWX: § ANA 5263

® EE 04
MISSILE AND AIRCRAFT RANGE INSTRUMENTATION + DIGITAL DATA PROCESSING SYSTEMS
COMPUTER LANGUAGE TRANSLATORS + SPECIAL ELECTRONIC EQUIPMENT
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COMPONENTS AND MATERIALS

Tuning Fork for High-Q Resonance

By w. J. HOLT, President and Chief Engineer, Gyrex Corp.. Santa Monica. Calif.

NARROW-BAND electromechanical fil-
ters operating in the audio-fre-
quency range can utilize tuning
forks as ideal high-Q resonant ele-
ments. Input impedance can be rela-
tively high, and output impedance
low if desired. Transmission loss
can be held to a minimum, usually
6 db or less, for equal input and
output impedances.

Conventional tuning forks are
driven electromagnetically with a
coil and magnet assembly mounted

close to one tine of the fork. The
serves as a pickup which generates
amplitude of mo-

a etry, the drive

and shielded

second coil and magnet assembly,
a voltage pro-
Hkv\
tion of the tine.
and pickup coils
‘g‘ I G sufficiently to at-
<

mounted closely to the other tine.
portional to the

} With this geom-

can be separated

tenuate un-

wanted frequen-
cies over a fairly
wide band. The
main disadvan-
tage of this ge-
ometry is that it
is sensitive to
external vibrations. Since the
pickup coil generates a voltage pro-
portional to the motion of only one
tine, external vibrations causing
this tine to move will generate un-
wanted signals,

A balanced geometry which tends
to nullify unwanted vibratory sig-
nals is one in which the magnetic
circuit associated with the drive
coils is arranged to drive both tines
of the tuning fork simultaneously
and 180 deg out of phase.

In a similar fashion, the pickup
coils generate a voltage propor-
tional to the combined motion of
both tines. An external vibratory
motion would tend to move both
tines in the same direction, rather
than 180 deg out of phase, in which

Timer for Snark
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case the net motion of both tines
with respect to the pickup coil
would be zero and no vibratory volt-
age would be generated.

While the bualanced drive and
pickup system is good from a shock
and vibration standpoint, it is gen-
erally difficult to shield the drive
and pickup assemblies sufficiently
to prevent transformer coupling
outside the passband,

A geometry which employs the
desirable features of both balanced
and unbalanced drive systems is
shown in Fig. 1. .

This resonant eclement is a dual
tuning fork assembly with all four
tines attached to a common base
and tuned to the same frequency.
The drive coil and magnet assembly
is located between one pair of tines,
the pickup coil between the other
pair of tines. This affords max-
imum physical separation between
the drive and pickup coils and the
common base serves as an excellent
magnetic shield between the input
and output.

Since the pickup coil is located
between the tines and generates a
voltage proportional to the net
change in air gap between the tines
and pickup magnet, the effects of
external vibration are greatlv re-
duced,

A typical 1,600 cps unit has the

PICKUP
CoIL—__

DRIVE
COIL~—.
N

S~ RESONANT
ELEMENT

BASE

I—DBalanced
dual fork tends to nullify unwanted
vibratory signals

FIG. geonetry  of

following characteristics: input and
output impedance, 1,500 ohms: in-
put voltage, 2 v rms; transmission
loss, 6 db; relative attenuation (20
cps-20 Keo, 60 db; operating Q at
1,600 cps, 5,000; center frequency
stability, +0.01 percent; operating
temperature, zero to 70 deg C. With
temperature stabilized oven, center

frequency may be held to =0.001
percent.
Using this geometry and by

proper coil placement, there are no
spurious resonances in the 20 cps
to 20 Kc¢ range. The attenuation
remains essentially constant at 60
db. The resonant element is tem-
perature compensated and tempera-
ture coefficients less than one part
per million per deg. C may be ob-
tained.

The Gyrex Corporation has used
this patented dual fork geometry to
advantage in precision frequency
standards as well as filters. One of
the units currently in production
provides the precision 400 ¢ps tim-
ing signal for the Northrop Snark
missile guidance system.

An accuracy of +0.001 percent is
maintained while operating in a
vibration environment from 5 to
2,000 cps at 15 g, and constant ac-
celeration up to 20 g. Since the
accelerating forces act oppositely
on the two fork elements, the effects
of acceleration and vibration are
reduced greatly over that of a single
tuning fork resonator.

Ga Phosphide Diodes

AT THE USA Signal Research and
Development  Laboratory, IFort
Monmouth, N. J., an investigation
of the potentials of gallium phos-
phide used in point contact devices
points to gallium phosphide diodes
as ultimately competitive with
silicon in performance and far ex-
ceed silicon in temperature range.

The material used in the investi-
gation, as reported by Joseph
Mandelkorn was thin platelets pre-

MAY 20, 1960 + electronics



NOW-Ketay
**packaged”’
Gyro
components

. safeguard system accuracy
» save testing and machining

Norden’s Ketay Department, an acknowledged leader in the
rotating component field, is now able to deliver gyro com-
ponent ‘“‘packages’ tailored to your specifications . . . ready
for installation. This precision pre-assembly saves you ex-
pense and problems because:

TESTING, simulating your application, is handled by

Ketay.
MACHINING of mounts and fittings is accomplished at
Ketay . .. saving you machine time and engineering time,

RELIABILITY is further ensured, for the gyro ‘‘package’

is an entity wholly tailored to a pre-determined function

. not an assembly of individually modified compo-
nents. In addition, sets of such packages can be perfectly
matched.

Components shown above—Synchro, Torquer and Spin
Motor—are typical. Their specifications are tabled below.
Other Ketay gyro component “packages’” are Induction
Pickoffs, Pancake Resolvers, D.C. Spin Motors and a unique
D.C. Voice Coil Torquer giving a linear force of .55 grams
per milliampere of current.

SYNCHRO TRANSMITTER
TYPE SP-152

TYPICAL SPECIFICATIONS

A. C. TORQUER MOTOR
TYPE SP-170

A. C. SPIN MOTOR
TYPE SP-167

Input Voltage (to Rotor)—

400 cps—volts. . .......oeiiiiiinn 26
fnput Power—watts................ 1.0
Input Impedance (stator shorted), ... 110+j 36
Input impedance (stator open)...... 89--j 230
Transformation Ratio............... 454
Output Impedance

(Rotor open)—ohms, . ........... 27+ 44
Output Voltage—volts

(lineto ling). . ....oveivinnieins 11.8
Voltage Gradient—volt /degree....... 0.206
Total Nufl Voltage (mv. max.)....... 30

Efectrical Accuracy
(Max. Error from E.Z)—minutes... 3.0

(Tighter accuracy tolerances available for
applications requiring limited ranges of rotation.)

Fixed ~ Control input Voltage (line to line)—volts..... 26
Phase  Phase Frequency—(CPS). . oeveververeenens 400
Input Line Current (mv.)
Rated Excitation Voltage—volts 26 40 at stall condition...............uvs 350
Total Input Power (watts)
Frequency (Cps).......c..... 400 400 at stall condition (max.)............ 10
_ Input Line Current (mv.)
LG O REeiaetacy 2% 76 228,000 (DM, - eeeeeane. 300
Power—watts. . ............. 3.1 4.6 Totalzioovagr {watts) b e
at 24,000 rpm. (nominal) .......... R
Power Factor................ S 505 Stall Torque—(min.) in.0z. .......... .34
Resistance—ohms........... 585 893 No-load Speed (rpm.)—(in air)....... 24,000
Run-up ti ith rated voltage
Reactance—~ohms............ 855 1525 “{}n“a"i,)”?: ,{’L's_'iec, r\llqoax"g AAAAAAAAA )
Impedance—ohms............ 113 177 Moment of ‘nertia Gm.Cm2........... 190
. . Angular Momentum Gm.Cm?/Sec.
Effective Resistance—ohms... 218 348 at 24,000 rpm. ..o 475,000

Capacitor for Unity
Power Factor—mfd......... 1.35 2

Torque at stall {(min.)—oz.in. 1.0

Operating Temperature Range—minus
55°C to plus 125°C

Dynamically balanced to within

10x10-6 oz.in. max. unbalance
Coasting time (in air) (min.).......... 2Y
Total weight—gms...........oooeenns 151

Ambient Temperature Range~
Minus 55°C. to Plus 125°C.

electronics -

KETAY DEPARTMENT
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UNIVAC ®

Opportunities at
UNIVAC...

Investigate these immediate opportunities at Remington Rand
Univac. In addition to an attractive salary, you will work with
techniques that have made significant advances in solid-state de-
velopment, ultra-reliable military computers and other challenging

programs.

If you are interested in advancing beyond your present position,
be sure to investigate these openings.

STANOAROS ANO SPECIFICATIONS
ENGINEERS

To prepare engineering standards and
component specifications for electronic
equipment. Engineering or Science degree
with experience in military specifications
for electronic equipment.

COMMUNICATIONS ENGINEERS
Electrical Engineering degree with
experience in HF transmission, network
theory and antenna design.

SERVO-ENGINEERS

Electrical Engineering degree with experi-
ence in servo-amplifiers, servo-
mechanisms and airborne electronics.

OEVELOPMENT ENGINEERS

To develop advanced techniques in high
speed memory circuits, switching circuits,
and other data processing requirements.
Engineers are also required for work on
communications systems, antenna couplers,
and servo mechanisms,

RELIABILITY ENGINEERS

Engineering or Science degree with
experience in design, quality control, and
manufacturing processes relating to
electronic equipment. This is a relatively new
field with exceptional growth possibilities.

SYSTEMS ENGINEERS

Engineering, Mathematics, or Physics
degree with experience in weapons and
missile guidance systems involving digital
contro!, digital conversion, radar and
communications information processing,
and dispfay and output equipment.

QUALITY CONTROL ENGINEERS

Electrical Engineering degree with experi-

ence in reliability, statistical methods, and
test procedures for electronic equipment.

PROOUCTION ENGINEERS

Engineering or Science degree with
production engineering experience on
electronic equipment or electro-mechanical
business machines.

Send complete resume of education and experience to:
R. K. PATTERSON, Dept. T-5

Rormington FRand UWnivac
DIVISION OF SPERRY RAND CORPORATION
2750 West Seventh Street, St. Paul 16, Minnesota.

There are also immediate openings in all areas of digital computer development
at our other laboratories. Inquiries should be addressed to :

F. E. NAGLE

Department T-5

REMINGTON RAND UNIVAC
Division of Sperry Rand Corporation
1900 West Allegheny,

Philadelphia 29, Pennsylvania

110

R. F. MARTIN

Department T-5

REMINGTON RAND UNIVAC
Division of Sperry Rand Corporation,
Wilson Avenue,

South Norwalk, Connecticut

pared by the method described bv
Wolf, Keck, and Broder.® Indium
gallium was ultrasonically applied
to one surface of the platelets and
a tungsten probe brought to bear
on the opposite (top) surface. In
some cases the top surface was pre-
viously subjected to chemical treat-
ment. Platelets which appeared to
have good diode characteristies
under the above conditions were
then encased in the 1N23C diode
package and performance tested.

Diodes made in this fashion had
to be biased in the forward direc-
tion for approximately 50 pa of
current flow for the best perform-
ance. Some of these diodes had de-
tection sensitivities of —40 dbm
and mixer noise figures of 13 db at
a frequency of 10,000 mec.

These diodes are capable of being
formed with subsequent improve-
ment in performance until optimum
forming is exceeded. A preliminary
check of performance of one of
these diodes as a reactance ampli-
fier yvielded a gain of 9 db at 400 me
in a down-converter circuit.

Diodes of this nature were sub-
Jjected to temperature tests in argon
atmosphere and several showed
rectification at a temperature of 800
C. Rectification ratios in the order
of 10' were obtained at 500 C.

These performance figures were
obtained in test equipments de-
signed for silicon microwave diodes
and using crudely made unoptim-
ized diode packages.

REFERENCE
(1) J. Mandelkorn, Gallium Phosphide
I:ninl-(‘on(:l('t High-Frequency iodes,

U, S0 Army Signal Research and Develop-
ment Laboratory, Fort Monmouth, N. .I
Paper given at Electronic Components
Conf., Wash. D, C,, 11 May, 1960,

(2) G, A. Wolf, I>. H. Keck and .J. D,
Broder, Preparation and PProperties of the
{II \'1(‘()n|]mlmd, Phys. Rev vol 94 p 753,
May 19514,

Beryllia Heat Sink

AN R-F TELEMETRY power amplifier
which amplifies two watts to 25
watts posed the problem of heat re-
moval developed in the tube anode,
At first a blower was used. the
smallest that could be found for the
application. The blower had a life
rating of only 200 hours which was
a limiting factor.

The unit required cooling fins on
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{OW— CONTOUR PROJECTORS FROM EX-CELL-0!

FORMER KODAK® OPTICAL PROJECTORS
ADDED TO PRECISION GAGING LINE

Precision Contour Projectors, for-
merly manufactured by Eastman
Kodak Company, have been
added to an expanded line of
gaging and inspection equip-
ment from Ex-Cell-O. They are
sold and serviced by Ex-Cell-O’s
subsidiary, Optical Gaging
Products, Inc.*

e ¢ Ex-Cell-O Contour Projectors are
\ J c available in six table and console
(XLO] models for measuring and

inspecting parts ranging in size
from the smallest watch springs
to huge breech blocks, with
accuracy to .0001".

Features: Kodak Ektar® highest

- quality optics; finger-tip controls;
vertical or horizontal projection;
wide selection of lenses; maxi-
mum staging space and table
travel: screen sizes from 8’
to 30" and rugged, precision
construction.

Contact your Optical Gaging
Products, Inc. Representative.

®Kodak and Ektar are registered trademarks of Eastman
Kodak Co.

*26 Forbes Street, Rochester 11, N. Y.

Illustrated Model 14-5 is designed for large,
heavy parts. Standard features include:

e 14" screen with full-width brilliance.

o Extra-large, 26" x 8" heavy-duty work table.
o Built-in helix table.

e Full 17%" throat clearance.

o Six magnifications from 10X to 100X.

e Protractor ring for measuring image angles.

aw BACHIng rog
’M T \E O e Vertical and horizontal measuring attach-
' M P . ments, each with dial indicator and .0001"
"’m.,. g micrometer.

A S——~
EX-CELL-O FOR PRECISION Hackineny Diviscon
£X-CELL-0 PRECISION PRODUCTS INCLUDE: MACHINE T00LS - GRINDING ANO BOAING [X' [ll'
SPINDLES « CUTTING TOOLS « RAILROAD PINS AND BUSHINGS - DRILL JIG BUSHINGS « TOROUE
ACTUATORS » GAGES AND GAGING EQUIPMENT - GRANITE SURFACE PLATES « ATOMIC ENERGY CORPORAT/ onN
EQUIPMENT - AIRCRAFT AND MISCELLANEOUS PRODUCTION PARTS « DAIRY EQUIPMENT DETROIT 32, MICHIGAN 60-50

~
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NEW Time Delay Relays

INSTANTANEOUS RESET...
VOLTAGE-TEMPERATURE
COMPENSATED

|
|
4 'R
¢ v BRACKET MOUNTING STUD MOUNTING

RUGGED CONSTRUCTION THROUGHCUT

HEFReERRTTR T

Designed with an instantaneous reset feature, these relays provide
the same time delay for a series of cycles when temperature and
voltage vary.

They are pre-set from 3 to 180 seconds, are chatter-free and
will withstand severe shock and vibration. Because of this
unique combination of features, these relays are now being used
in such new circuit applications as:

Sequential timing for missiles .+  Automatic reset on digital readout
equipment . Oscillator stabilization . Overload protection
» Computer sequencing
gh. . "DM" SERIES STEPPING MOTORS
ot &, Curtiss-Wright Stepping Motors convert digital pulses into
e‘g. mechanical work or motion. Units are bi-directional with
: high starting torque.
Write for complete Components Catalog 260 to help you select Curtiss-
Wright electronic components for use where dependability is of prime
importance,

COMPONENTS DEPARTMENT«ELECTRONICS DIVISION

CURTISS [3) WRIGHT

CORPORATION « EAST PATERSON, N. J.

TIME DELAY RELAYS + DELAY LINES - ROTARY SOLENOIDS - DIGITAL
MOTORS + TIMING DEVICES « DUAL RELAYS - SOLID STATE COMPONENTS

12 CIRCLE 112 ON READER SERVICE CARD

the anode tube, power to operate the
blower., and—in some applications

pressurizing of compartments to
have a supply of cooling air in the
vacuum environment encountered
by missiles.

Telewmetry amplifier PA-11 as rede-
slgned to eliminate anode cooling
fins and blower. The beryllinm o.-
ide ceramic anode base is the white
black in the foreground. It provides
a thermal path to the amplific,
chassis to dispose of heat generatec
in the anode

An amplifier was designed which
incorporated the blower. Although
remarkably small, this design was
considered too large.

A beryllium oxide block solved
this problem for United Electro-
Dynamics. This base for the anode
was developed with National Bervl-
lia Corp.,, North Bergen, N. J.
BERLOX was chosen for its excellent
thermal conductivity and good in-
sulating properties at high radio
frequencies.

The beryllia component provides
a thermal path from the anode into
the mounting plate, equivalent to
that obtained by cold plate tech-
niques, yet also isolates the anode
electrically from the chassis.

By eliminating the blower and
tube fins the resulting amplifier re-
quired only 12.5 cu in. The ceramic
base is roughly 1 x 1.5 x 0.5 in and
includes several through holes and
blind holes. Blanks can be ground
to within 0.001 in. Holes are core
drilled, though they will be formed
in the blank, then finished hy grind-
ing, when the piece goes into quan-
tity production. The hard-fired sur-
face is immune to normal abrasion,
so that in its assembly operations
United ElectroDynamics is free of
concern about toxic dust.
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IS
WHAT’S
IN
HERE
THAT
COUNTS

Do you know, for instance...which electronic stocks are
hottest? Who's in the news and why? About “Three Ap-
proaches to Microminiaturization”? About the newest prod-
uct ideas hitting the market? What’s up in production?
Opportunities overseas? What’s going on in Washington?

It pays to know more than the next man! The questions
above are just 6 reasons why you should subscribe to
electronics.

IF YOU’RE ON THE TAG END OF A ROUTING SLIP,
get your own subscription. Knowing what’s going on is the
first step to going up.

Fill in the coupon below right now..,it will pay big
dividends.

FIND WHAT YOU NEED IN...
electronics

Renew my subscription for 3 more years.
Enter my new subscription.
U.S. Subscription Rates: __ 3 years $12, 1 year $6
Canadian rates $10 for 1 year. Foreign rates $20 for 1 year.
Name -

Street__ - _ R _ -
City__ _ 7Zone__ _State_ .
Company_— N S

Street__ S— S S
City_ ___ Zone State

Your Title - Department___

Product Manufactured or Service Performed____ -
Mail reply to: electronics, 330 West 42nd Street, New York 36, N.Y.
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For System Applications

*SYMBOL FOR INDUCTROL VOLTAGE REGULATORS

Complete Line of General Electric

400-cyce Inductrol’
Voltage Regulators

Induction regulation is the only reliable
answer to many system control problems

Ratings, 1000 kva and above—120 to 600
volts, single- and three-phase.

FEATURES
Built to meet MIL specifications
No brushes
No harmful waveform distortion
Drift-free tubeless controls
Voltage adjustment up to 100%
Automatic, motor-driven, or hand-operated
Compact—high capacity
Temperature, power factor, and frequency
compensated
o Highly reliable
FOR MORE INFORMATION about G.E."s com-
plete line of Inductrol regulators, contact the
General Electric voltage regulator representa-
tive at your nearby G-E Apparatus Sales
Office, or write to Section 457-02, General

Electric Company, Schenectady 5, N. Y.
t Registered Trodemark of General Electric Co.

Progress Is Our Most Important Produvct

GENERAL % ELECTRIC
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PRODUCTION TECHNIQUES

Evacuate Tubes Before Stems Are Sealed

SEALING TECHNIQUE adapted from
optical polishing is reported to sig-
nificantly improve the reliability
and life of glass envelope electron
tubes. Polishing the mating edges
of stems and bulbs allows them to
bond on contact, permitting the
tube to be evacuated during bake-
out and while the stem is sealed to
the bulb.

The technique was demonstrated
recently by Chatham Electronics,
division of Tung-Sol Electric Inc..
and U.S. Army Signal Supply
Agency, at Chatham’s plant in Liv-
ingston, N. J. The firm has com-
pleted an evaluation and laboratory
production program for USASSA.
Work began in 1956 with a process
developed by CSF. of France.

Chatham now has a new USASSA
contract to study process varia-
tions. Efforts will be made to re-
duce costs through mechanization
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FIG. 1—Results of life tests on
miniature hydrogen thyratrons

Ball lap used for polishing bulb
edge
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FIG. 2—Bulbs and stems are lapped so they bond before seal is made

and new techniques. The process is
estimated to add 15 percent to the
cost of premium tubes.

Called polyoptic sealing, the proc-
ess uses r-f heating, avoiding
several problems associated with
conventional gas flame sealing. Ad-
vantages of polyoptic sealing, ac-
cording to Ward Watrous, power
tube department manager, are:

Advantages of Process

There is no measurable oxidation
of tube elements; products of gas
combustion cannot enter the bulb;
gaseous products and metallic va-
pors driven from the glass are ex-
hausted; the glass is heated to the
softening point for only 15 seconds:
glass temperature during the seal-
ing period is lower than in flame
sealing; the seal is annealed under
vacuum; the seal is made without
distortion of the mount due to sof-
tening; premature breakdown of
the cathode binder is unimportant
as decomposition occurs in vacuum.

The initial study was restricted
to tube type 1258. a miniature hy-
drogen thyratron made of hard
glass with a mount structure close
to the seal zone. Fig. 1 shows re-
ported life test results for 38 of

these tubes made by the polyoptic
process and 50 made by gas flame
sealing. The process follows:

Bulb Preparation

Molded bulbs are preferred for
outside diameter control and to
avoid double cutting. After tubu-
lating, the bulb is cut to length with
a diamond wheel. The cut edge is
smoothed and flattened on a wetted,
flat, cast iron lap plate.

The mating edge is rough ground
with abrasive slurry on a cast iron
ball (Fig. 2A). Coarse lapping is
similar. A standard button stem is
used to gage seated height (Fig.
2B); the button should protrude
from the bulb the amount indicated
in the table. Curvature of the
lapped surface is checked periodi-
cally by the water drop method.

Fine lapping is done in a separate
room to prevent coarse abrasive
from contaminating the fine lapping
slurry. The fine lap is a brass ball.
Lapped surface curvature is fre-
quently checked to avoid tedious
corrections in the polishing stage.
When curvature deviates exces-
sively from standard. laps are re-
shaped.

The polishing lap is a ball made
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TAILOR-MADE TELEMETRY
WITH BENDIX-PACIFIC SERIES 300

These revolutionary Scries 500 Telemetry components offer you a quick, casy
“building block™ method of assembling a system to meet your

instrumentation requirements, ® Besides this catreme flexibility each Scries 300 unit
is sub-subminiature in both size and weight (approximately 1.6 cu. in. and 2 0z.)

Performance is guaranteed to cxceed that of old-style components.

Phone or wire for complete specification and prices. (
D

“Bores” Peitic )

IVISION OF BENDIX AVIATION CORPORATION

> 4

Instrumentation Facility
7250 Laurel Canyon Blvd.
North Hollywood, California

i

TRE—300 VOLTAGE REGULATOR

TOE— 300
SUBCARRIER
OSCILLATOR

TAA—301
AUDIO VOLTAGE AMPLIFIER

TAA— 300 I / >
COMPOSITE " J
SIGNAL AMPLIFIER //

/‘ ~_ TJS-306/308 COMPONENT MOUNTING ASSEMBLY

v it

5
K more performance per -powind
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save time! save money!
call your parts distributor for

PaB 4’“"\ RELAYS

These important savings are yours when you order—from your Electronic Parts
Distributor —P&B relays listed with Underwriters’ Laboratories, Inc. and Canadian
Standards Association:

SAVE TIME. You get fast, off-the-shelf delivery. Usually your order
is shipped the day after it is received. And no waiting for U/L or CSA clearance

. this has been done for you. Thus you get your project—and your product—
off to a fast start!

SAVE MONEY. You save the cost of getting relays listed with U/L
or CSA ... and you need have no big investment in shelf inventory. either.
Remember, you pay no premium over factory prices in quantities to 249.

More than 40 different standard P&B relays in 450 different coil voltages and con-
tact arrangements are available from the leading Electronic Part Distributors in
your area. For special applications, call your nearest P&B sales engineer

Series

Contact Contact
Type Arrangement* Trpe Arrangement®
PR1AY SPST-NO PRSAY SPOT
PRIAY SPDT-NO-DM PRZAY DPST-NO
PR1TAY DPDT

These reloys ore ovailable in any of the following operating
voltages: 6, 12, 24, 115, 230 volts 50/60 cycles AC.
Contacts are rated at: 25 amps, 115/230 V. AC 1 phase,
1 hp for 115/230 volt AC motors | phase.

*Read: NO normally open, NC normally clased, DB double
break, DM double make.

U/L File E22575 CSA File 15734

?étrm——?‘.

' i
AB Series Q%

U/L File 529244 \

t AY
—
CSA File 15734

For apphiance cnd general purpose aperations
requiring long life and quiet operation. Quick
connecf termmnals. Screw terminal adapters
also furnished with each reloy. Contact
arrangement: DPDT. Rated ot 10 amps, 115V,

5 amps, 230 AC non-inductive by U/L and CSA.

¢

[ T
ABC Series ‘ffg-{‘

X
U/L File E29244 '*’4'7 *y

Medivm duty power relay in dust cover. Far
small motors, industrial controls and similar
applications. Contact arrangement: DPDT.
Rated at 10 amps, 115 V., 5 amps, 230 AC
non-inductive by U/L and CSA.

J

CSA File 15734

f -
Sl
KA Series \\-= 4 1
\_,d s,
U/L File E29244 v CSA File 15734
Small, low cost, general purpose reloy for

hundlmg avtomatior work, small motors, sole.
noids, ather retays. Comoc' arr

A
h \
A

i)

KB Seri
eries L\ -

U/L File E29244

\."

CSA File 15734

Compact latch relay ideal for memory work
and overlood applications. Operates on
to either coil. Contact

SPDT DPDT and 2PDT. Rated at 5 omps u!
115 V., AC non-inductive by J/L and CSA,

urrungemenh '4PDT and 6PDT. Roted ot 5
amps at 115 V., AC non-inductive by U/L
and CSA,

f#) POTTER & BRUMFIELD

DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO
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let
NEWARK

carry your
P&aB RELAY
INVENTORY

We're Relay Specialists—Over 400 types
of P&B relays are available right off of
our shelves.

Fast Delivery—Orders received today are
shipped tomorrow.

Factory Prices—You pay no premium for
Newark's super-service. Newark offers
Quantity O.E.M. Prices that are com-
petitive with Potter & Brumfield's own
selling price!

FREE Newark Catalog No. 70.
Order your copy today! Check your P&B
relay needs, then write or call.. ..

IV AVRIES

ELECTRONICS CORPORATION

Dept. PB-2 + 223 West Madison Street
Chicago 6, lll.nois
STate 2:2944 + TWX: CG1401
°
Dept. PB-2 « 4747 West Century Blvc.
inglewood, California

ORchard 4.-8440 + ORegon B-044
TWX: INGL: 4043

'(';} ) POTTER & BRUMFIELD
\I‘If) Princeton, Indiama
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of rolled canvas-Micarta and the
rouge is Zerox-C mixed with water
to a thin paste. Shape and mainte-
nance of the lap is critical. Fit of
the bulb with a standard gage (a
carefuliy polished button stem) is
determined by interference bands
seen under a monochromatic helium
light source. If more than 2 fringes
occur along the circumference of
the polished surface, contour is cor-
rected. Polishing a bulb takes 3 to
6 minutes.

Stem Preparation

Button fabrication is conven-
tional except that edges are molded
in the specified ar¢ to minimize
grinding. Leads are inspected and
cleaned before grinding to protect
the polish given the edge.

The coarse lap is a ring of cast
iron (Fig. 2C and top view Fig. 2D)
with a concave shape. The holder
is a tube socket, machined and at-
tached to the end of a plastic rod.
The button is ground until surface
texture is uniform, about 2! min-
utes. Button fit with a standard

Fit between mating bulb and stem
edges s indicated by fringes scen
ander monochromatic helinm light

bulb is checked periodically by the
water drop method to monitor lap
curvature.

The button is chamfered to re-
move sharp edges, which could
crack during sealing. Chamfering
is done by reversing the button in
the holder and grinding the edge
until the chamfered edge (Fig. 2B)
is about 0.020 inch wide.

For fine lapping. the lap is made
of brass and a fine abrasive is used.
The motion of the lap rotates the
button, so the fingers are used for

CIRCLE 202 ON READER SERVICE CARD
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CINE

INSTRUMENT SWITCHES

* Long Life

* Rugged Construction

* Low Circuit Resistance

* Meet Military Specifications

MA

Cinema Engineering offers a complete range of
instrument switches to meet practically every
application and all the requirements of critical
circuitry and precision performance.

Switches feature contacts of one homogenous
material to provide minimum EMF and to insure
positive matal-to-metal wiping contact and con-
tinuous low electrical resistance for long-life
operation. Advanced engineering and construc-
tion techriques provide permanent precision
alignment and elimination of field failures.
Available in 1 to 8 deck styles for operation up
ta 100KC and for all DC circuits. 2 to 16 decks
are available on a single shaft through the use
of a unique Cinema precision gea’ drive.

Choice of Ccntact Arrangement—shorting (make-
before-break) or non-shorting (break-before-
make); Contact Material — solid nickel silver or
Coin Silver for lower switch circuit resistance;
Deck Material — fine linen base phenotic or
glass epoxy for extremely high insulation re-
sistance.

Write for your free copy of

our all-new Precision
4@\ Switch Catalog.
87

CINEMA

ENGINEERING

DIVISION AEROVOX CORPORATION
1100 Chestnut, Burbank, California
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do you know
what’s expected
from
semi-conductor
materials?

There were more than a
dozen articles on semi-
conductor materials in
electronics in recent months,
Each was specially edited to
give you all key facts, ideas or
trends—and there’s more com-
ing! Accurate electronics’ re-
porting tells you what’s hap-
pening now ... what's ex-
pected in materials and com-
ponents, Don’t miss dozens of
articles on basic subjects ed-
ited to keep you informed, help
make your research, develop-
ment, sales and marketing
plans pay off. It pays to sub-
scribe to electronies (or re-
new). Fill in box on Reader
Service Card now. Easy to use.
Postage free,

FIND WHAT

YOU NEED IN
electronics

braking. The polishing is done on
a lap of rolled canvas-Micarta with
Zerox-C. Polished buttons are in-
spected for fringe lines under he-
lium light.

All the laps are rotated at 1,000
rpm. Stems and buibs ave thor-
oughly washed in water between
each step. After polishing. stems
are also dipped in pure aleohol,
wiped with lint-free cloth and
stored in lint-free tissue paper
until used.

Sealing

Although a spherical seal shape
is used for tube type 1258, the mat-
ing surfaces can also be flat or
conical. 1f soft glass is used. low
melting point enamels can be fused
to mating surfaces before polishing.

Tubes are baked out and sealed on
this prototype sctup. Rakeout oven
has been raised

Sealing steps are: connect the
exhaust tubulation to the exhaust
syvstem; align the mount within the
bulb; position the graphite sealing
ring (Fig. 2K); evacuate: bake at
450 (75 heat graphite ring by indue-
tion to 950 C for 15 seconds (Iig.
2I) ; resume exhaust, which from
this point on is conventional.

With polishing accuracies of a
few millionths of an inch, vacuums
as low as 2 107" mm Hg are ob-
tained before sealing. Graphite
used to date for the sealing ring
wears relatively rapidly: an even
ring cross section is necessary to
prevent uneven heating and faulty
seals. An oven is lowered over the
tube during bakeout. A sealing time
of 15 seconds was found to be op-
timum. Shorter times may yield
leaky seals and longer times may
overheat the glass causing it to be
distorted by atmospheric pressure.

FAIRCHILD

2N696 ——F> 2N717
2N697 —1> 2N718
NEW NUMBERS

SAME CONVENIENT SOURCES

The new Fairchild 2N717 and 2N718 —
like other new Fairchild types—are
available for immediate delivery from
distributors at announcement. For
quantities 1 to 999, call your nearest
distributor. For quantities of 1,000 and
over, contact your local Fairchild office.

CRAMER ELECTRONICS INC.
811 Boylston St., Boston 16, Massachusetts
COpley 7-4700, WUX: FAX Boston, Mass.

PHILA. ELECTRONICS, INC.

1225 Vine St., Phlladelphla 7, Pennsylvania
LOcust 8-7444

SCHWEBER ELECTRONICS

60 Herricks Road, Mineola, L. 1., New York
Ploneer 6-6520, TWX: G CY NY 580

VALLEY ELECTRONICS INC.
1735 East Joppa Road, Towson, Maryland
VAlley 5-7820, TWX: TOWS 564

VALLEY INDUSTRIAL ELECTRONICS,
INCORPORATED

1417 Oriskany Street W,, Utica, New York
RAndolph 4-5168, WUX: FAX Utica, New York

EASTERN SALES OFFICES
JENKINTOWN, PENNSYLVANIA

100 Old York Road, TUrner 6-6623
TWX: JENKINTOWN PA 1056

WASHINGTON 6, D.C.
1027 Cafritz Buiiding, NAtional 8.777¢

GARDEN CITY, L.1., NEW YORK

600 Old Country Road, Ploneer 1-477¢0

TWX: G CY NY 5391

SYRACUSE, NEW YORK

731 James Street, Room 304, GRanite 2-3391
TWX: SS 94

MARBLEHEAD, MASSACHUSETTS

19 Preston Beach Road

NEptune 1-4436

SCHWEBER ELECTRONICS, FLORIDA
P.0. Box 1491, Melbourne, Fla.
PArkway 3-4461

SEMICONDUCTOR DISTRIBUTOR
SPECIALISTS, INC.

5706 West North Avenue, Chicago 39, lllinois
NAtional 2-8860

0AK PARK, ILLINOIS
6957 West North Avenue, Village 8-5985
TWX: OAK PARK 2820

HAMILTON ELECTRO SALES

12308 Wilshire Blvd., Los Angeles 25, Calif.
EXbrook 3-0441, BRadshaw 2-8453

TWX: W LA 66 37

KIERULFF ELECTRONICS INC.

820 West Olympic Blvd., Los Angeles 15, Calif.
Richmond 7-0271, TWX: LA 46

SCHAD ELECTRONIC SUPPLY, INC.

499 South Market St., San Jose 13, Calif.
CYpress 7-5858

LOS ANGELES 46, CALIFORNIA
8833 Sunset Boulevard, OLeander 5-6058
TWX: BV 7085

MOUNTAIN VIEW, CALIFORNIA
545 Whisman Road, YOrkshire 8-8161
TWX: MOUNTAIN VIEW CAL 853

IRGHILD

SEMICONDUCTOR CORPORATION
’
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NEW NUMBERS
SAME POPULAR TRANSISTORS
SMALL PACKAGE OPTION

TH E FA'RC H l LD 2N696 and 2N697 are the worid’s most copied

A wholly owned
subsidiary of Fairchild Camera
and Instrument Corporation

electronics = MAY 20, 1960

transistors. We have now copied them ourselves in scaled down versions.
The 2N717 and 2N718 are exactly the same as these popular types

but packaged in the TO-18 case. They occupy 15 the volume of the standard
TO-5, making them idea! for high-density equipment designs.

With maximum power dissipation of 0.4 watt at a free air temperature

of 25°C (or 1.5 watts at a 25°C case temperature), the small packaging
still gives more than adequate power handling capability for the majority of
applications. All other specifications are identical to those given in the
2N696 and 2N697 data sheets.

These new types are options. Fairchild, as the originator of the 2N696
and 2N697, remains your best source for these most reliabie types.

For specification sheets, write Dept. A.

1AIRCHILD

SEMICONDUCTOR CORPORRTION
/)

545 Whisman Road * Mountain View, California « YOrkshire 8:8161 * TWX MTN VIEW 853
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New On The Market

Miniature Tunnel Dtode

OSCILLATES AT 4,006 MC

DEVELOPMENT of miniature germa-
nium tunnel diode that can oscillate
up to 4,000 Mc has been announced
by Sylvania Electric Products Ine.,
a subsidiary of General Telephone
& Eiectronics Corp., 730 3rd Ave,,
New York.

The 1,000-Mc units will be avail-
able in a few weeks. Engineering
samples are zvailable of tunnel di-
ode type D4115 that oscillates above

Harmonic Generators
WORK UP TO 80 GC

TEN harmonic generators providing
second. third, fourth and fiftk har-
monics with output frequencies
ranging from L-band (1.30 tc 1.43
Ge) to V-band (53.0 to 80.0 G¢) are
available from Microwave Asso-
ciates, Inc., Burlington, Mass.

The units are broadband, fixed-
tuned and have filters to eliminate
unwanted harmonics. They have
coaxial, waveguide and strip-trans-
mission-line packaging and incor-
porate solid-state elements,

120

2 Ge and type D4115A that oscil-
lates above 3 Ge.

Tke new tunnel diodes have a
peak-to-valley ratio of 5 to 1, a peak
current of up to 4 ma at approxi-
mately 50 mv and minimum current
at approximately 350 mv.

The diodes are packaged in a ce-
ramic case destgned for microwave
strip trarsmission line application.

CIRCLE 301 ON READER SERVICE CARD

Using high-voitage varactors,
harmenic power of 100 to 150 mw
has been generated at third har-
monic¢ in the 6-Gc¢ region with a
conversion loss of 8 to 10 db.

In addition to the models avail-
able new units converting 1 w at
2,000 Mc to 100 mw or more at
4,000 and 6,000 Mc are under devel-
opment. Another model converts 1
watt at 3,000 Mc to 250 mw at 6,000
Me.

CIRCLE 302 ON READER SERVICE CARD

High-Voltage Voltmeter
CAN MEASURE 200,000 V

DIRECT potentials up to 200,000
volts can be measured with a volt-
meter consisting of a high-voltage
multiplier resistor in a tall phenolic-
resin tube and a separate indicating
instrument in a metal cabinet at
ground potential. The instrument is
made by Peschel Electronics, Inc.,
Patterson, New York.

The model M200DC kilovoltmeter
has an input resistance of 2,000
megohms, a 4!-in. meter and will
withstand a 150-percent overload.
The multiplier circuit is connected

to ground through a neon bulb so
that high voltage cannot appear on
the meter even if the multiplier re-
sistor should open.

CIRCLE 303 ON READER SERVICE CARD

Transistor Code Generator
PRODUCES 43 CHARACTERS

A TRANSISTORIZED code generator
that produces 43 Morse code char-
acters in real time has been de-
signed for emergency operations,

military reconnaissance and manual
entry of data into data-processing
or telemetry systems. The device
can also produce other outputs such

MAY 20, 1960 - electronics



INHERENT STABILITY
Assured in a DALOHM PH Resistor

Neither bake-oven heat nor bone-chilling cold
causes a deviation from the inherent stabilify
that is standard in Dalohm resistors.

Stored on the shell for months. .. or placed
under continuous load ... operating in severe
environmental, shock, vibration and humidity

conditions . . . Dalohm precision resistors retain
their stability because it has been “firmly in-
fixed” by Dalohm design and methods of
manufacture.

For all applications demanding resistors that
meet or surpass MIL specifications, you can

HIGH POWER ¢ WIRE WOUND o MINIATURE

DALOHW TYPE PH RESISTORS
Designed for primary application
of high power requirements.

. - ® Tolerance = 0.05%, 0.1%, * 0.25%.
coupled with precision tolerance. 0.5%. - 1%, = 3% ’
N v . . ’ 0 °
Mount through hole in chassis o Temperature coefficient 20 P.P.M.

for maximum heat dissipation.

DERATING DATA

Al resistos dissipate rated wattage
at 25 C. and derate to 0 at 275 C

Wirite for Bulletin R-36, with handy cross-reference file card,

® Rated at 10, 25, anc 100 wat's W

® Resistance range from 0.1 ohm to 60K

® Operating temperature ramnge from

Yount §
! Hoéjat egm?(n “ree Alr___J LR
PH 101 | 1D walts 6 watls D & :
PH25 | 25 walls | 125 watls minal to termine|
PHIOC | 10 walls 50 watts ¢

depend on Dalohm.

chms, depending on type

55 C.to 275 L.
Smallest in size, rarg'ng from %" x 3"

o i1%"” x 2-31,327
Ruggedly housed; sealed in silicone and
inserted in rad.ator finned aluminum

Complete welded construction from ter-

Mcde in aciordarce with mil-R-26C and
MIL R-18546B (Ships).

electronics - FMAY 20, 1960
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SPECIAL PROBLEMS?

You can depend on DALOHNM. too. for
help in solving any specia! problem in the
realim of development, engineering. design
and production. Chances are vou cun
find the answer in our standard line of
precision resistors (wire wound. metal
film and deposited carhon); trimmer
potentiometers; resistor retworks: collel
fitting knobs: and hysteresis motors. 1
not, just outline your specific situation.

from DALOHM
Better things in
smaller packages

DALE PRODUCTS, INC.

1300 28th Ave., Columbus, Nebr.
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as binary-coded decimal. The unit
is made by R. W. Johnson Co., 9372
Hillview Road, Anaheim, Calif.
Called the Codemite, the unit
measures only 6! by 5! by 2} in.
and is powered by self-contained
rechargeable hatteries. The unit in-
cludes a 10-bit magnetic-core mem-

ory. Rate of transmission is adjust-
able from 5 to 40 words a minute.

Each time a key is depressed, the
corresponding code character is
formed as a relay closure and side
tone. High-impedance earphones
are supplied.

CIRCLE 304 ON READER SERVICE CARD

Impedance Comparator
HAS 3-PERCENT ACCURACY

RESISTORS, capacitors and inductors
may be compared with a standard
sample using the type 1605-AS2
impedance comparator made by
General Radio Company, West Con-
cord, Mass. The instrument indi-
cates magnitude and deviation of
impedance difference and phase-
angle difference directly on panel
meters.

The device is accurate enough to
allow sorting high-quality silvered
mica films. Other applications in-
clide checking temperature coefti-
cients, making environmental reli-
ability tests and measuring small

Tunable Magnetron
HYDRAULIC ACTUATOR

FREQUENCY diversity and higher
definition for airborne radar and
countermeasures equipment is of-
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dielectric-constant changes in gases
and dilute solutions.

The instrument comprises a sig-
nal source, bridge and detector. The
internal oscillator provides 100 cps,
1, 10 and 100 Ke signals all accurate
to plus or minus 3 percent. Full-
scale ranges are plus or minus 0.1,
0.3, 1.0 and 3.0 for impedance mag-
nitude and 0.001, 0.003, 0.01 and
0.03 for phase angle. Accuracy is
3 percent of full-scale value.

The instrument is available for
relay-rack or bench mounting. Panel
is 19 by 81 in.; depth is 12 in.

CIRCLE 305 ON READER SERVICE CARD

fered with the L-3305 hydraulically
tunable magnetron made by Litton
Industries, Electron Tube Division,
960 Industrial Road, San Carlos,
Calif.

The magnetron can be tuned at
rates up to 100,000 Mc over the fre-
quency range from 8,600 to 9,500
Mc. Pulse stability at peak power
output in excess of 65 Kw is main-
tained while the tube is tuned.

The hydraulic actuator is an in-
tegral part of the tube design. The
hydraulic control valve can be at-
tached directly to the actuator. The
power supply and reservoir may be
remotely located.

CIRCLE 306 ON READER SERVICE CARD

Tiny Trimmer Capacitor
VARIES 0.4 PF A TURN

USE in airborne transmitters, com-
puters and communications receiv-
ers is seen for a miniature trimmer
capacitor line made by Corning
Electronic Components. a depart-
ment of Corning Glass Works,
Corning, N. Y.

Four models designed for panel
mounting have capacitance ranges
of 1 to 4.5,1to 85,1 to12and 1
to 18 picofarads. Behind panel
lengths are 31, 2, 1§ and 14 in.
Linear tuning is provided at rate of
0.4 picofarad a turn.

A nontraversing 0-80 adjusting
screw provides fixed cavity tuning.

The core has positive stops at both
ends of the tuning stroke.

Metal parts are made of invar
and brass tc achieve a temperature
coefficient of plus or minus 50 parts
per million per deg C. Silver plat-
ing provides minimum corrosion
resistance and a minimum Q of 500
at 50 Mc.

CIRCLE 307 ON READER SERVICE CARD

Multipurpose Voltmeter
COVERS 3 TO 600-KC

COMMUNICATIONS carrier measure-
ments, wave analysis and general
laboratory use are foreseen for a
frequency-selective voltmeter avail-

able from Sierra Electronics Corp.,
a division of Philco Corp., 3885

MAY 20, 1960 * electronics
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Various combinations of only eleven basic pulse cireuit
modules,* when plugged into wired rack frames, make
up the four standard pulse generators shown above —

3450C—.015 ;s rise single pulses, 50v into 50 ohms to 2MC,
variable durations, delay and waveform.

3450C/X —Adds pulse pair and pulse train capabilities to 3450C.

3450C/Y —Fast rise, power flip-flop (45v into 470 ohms, Pos. and
Neg. outputs), duration to 1 sec., rep rate to 1.7MC.

41208 —Economical fast-rise pulses to 500KC, 35v into 100 ohms.
$ Write for complete data: Bulletins 3450 and 4120

FULL coverage in Pulse Instrumentation
through MODULAR CONSTRUCTION

Modular plug-in construction adds unparalleled versatility and
serviceability to proven EP circuit quality. allows extension of
standard instruments to special requirements, and provides
the key to rapid. cconomical fabrication of simple or complex
pulse and digital instrumertation systems.

Electro-Pulse currently manufactures 137 standard pulse and digital
circuit modules (both tube and transistor types). Over 90 catalog
instruments are offered to save you time and moncy in the generation
of fast-rise pulses, pulse pairs. pulse trains, gates, time delays. digital
words, programmed current pulses, PPM and PCM codes. ete. Our
current comprehensive catalog is yours for the asking,

*Basic modules in photo above:
Time Base, Delay and Width Control, Puise Forming, Flip-
flop, Trigger Amplifier, 2 Output Amplifiers, 2 Power Regu-
lators, Rectifier-Filter, and Gating Control, with variations.
Also available: Counters, And/Or Gates, Crystal Oscillators
Precision Time Delays, Blocking Oscillators, Mixers, Inverters
Attenuators, Input Amplifiers.

Note, in above photo of 3450CX, the ease with which a sin-
gle module may be extended on plug-in adaprer for service.

Pulse and Digital Circuit Enginesrs:

Representatives in Major Cities Rapidly expanding Systens uctivity and

Electno - Pulse, Tuc.

New Product development at Electro-Pulse
have created several attractive openings
for qualified engineers. Please send reswomne

to T.C. Ridgway, Personnel Manager.

11861 TEALE ST., CULVER CITY, CALIF. * Phone: UPton 0-2193 or EXmont 8.6764

electronics « MAY 20, 1960
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lependabilify

are the key words for

EAMAL

lime Delay

A

designed and produced by

.

WRITE FOR FREE LITERATURE

(HERMAL
LONTROLS, INC

and O.K. ELECTRONICS

41 RIVER ROAD
NORTH ARLINGTON, N. J.
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Bohannon Drive, Menlo Park, Calif.
The instrument covers the fre-
quency range 3 to 600 Kc and oper-
ates with both narrow and wide
selectivity settings plus a flat volt-
meter position.

The voltmeter’s range in the tun-
able modes is —90 dbm to plus 32
dbm and from --30 dbm to plus
32 dbm in the flat mode. The nar-
row-selectivity bandwidth is 250 cps
at the 3-db points and 600 cps at
the 30-db points. The broad selec-
tivity bandwidth is 2.5 Ke at the
3-db points and 6 Kc at the 30-db
points.

Accuracy on both bandwidths is
plus or minus 1 db in level measure-
ments. Accuracy of frequency meas-
urement is plus or minus 1 K¢ from
3 to 100 Kc and plus or minus 2 Ke¢
from 100 to 600 Ke. The instrument
is designated the model 125A and is
of modular construction with etched
glass epoxy circuit boards.
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Proximity Switch
MAGNETIC OPERATING

A PROXIMITY switch for rotating
cam timers has been developed by
Tann Corp., 3750 Outer Drive, De-
troit. The switch consists of a
single beam that rocks on a single
pivot. The beam is held in place
by a magnetic field and is released
when a ferrous mass approaches.
The unit features snap action and
repeatability within 0.001 in. Dif-
ferential between on and off posi-
tion is approximately 0.008 and the
unit is shock resistant. Contacts
are rated for 6 amp at 110 v re-
sistive and 3 amp at 220 v. Life
ratings are in millions of evcles.
The switch is 13/16 in. in diameter
and 2! in. long. Price is $17.50.
CIRCLE 309 ON READER SERVICE CARD

Silicon Rectifiers
SIX-AMPERE DEVICES

CORNELL-DUBILIER ELECTRIC CORP.,
Norwood, Mass., is producing sili-
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ENGINEERS
‘work on these
rewarding projects

THE OPPORTUNITIES:

Designing the “Lifeguard Station”
for Project Mercury (opposite
page) is just one of the challenging
projects at Stromberg-Carlson-San
Diego. Others include development
of high-speed electronic printers
that print up to 1% million magazine
labels daily, microfilm printers that
print out data from major com-
puters, and display consoles for
jet-age air traffic control.

THE COMPANY:
Stromberg-Carlson is « division of
General Dynamnics Corporation,

THE LOCATION:

San Diego, Culifornia is a world-
famous resort area on the Pacific
Ocean, adjacent to Mexico. 1t offers
| the finest year-around climate

i the ULS.

|

| muunzs LEARN THE
CAPARILITIES STROMBERG-
' CARLSON-
e SAN OIEGO STORY!
}’ Y SEND FOR THIS
[ 17 a ¥ FREE BOOKLET!

] Dept. D-45, 1895 Hamcock Street, San Diego, Calif.

STROMBERG
‘CARLSON
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LIFEGUARD STATION

for a man in space

The vital Cape Canaveral nerve center for Project Mercury, the U.S. program to put a man in
space, is being designed and built by Stromberg-Carlson-San Diego. Display information
about the flight will be fed to the operations room from computers and from a world-

wide network of tracking and telemetry stations. One wall of the 40 by 60 ft.
operations room will be a large map display, visually summarizing all pertinent
information about the flight. It will show the capsule moving along its orbital
flight path around the earth and will also show the location, range and status

of all ground based equipment and communications links. The operations

room will contain display consoles presenting information to the Flight

Director, Chief Flight Surgeon, Capsule Communicator, Flight

Dynamics Officer and other decision-making personnel. For

information on how Stromberg-Carlson-San Diego can help

solve your data/display problems, write to Department

A-43, 1895 Hancock Street, San Diego 12, Calif.

Telephone CYpress 8-8331.

STROMBERG-CARLSON

2 oivision or GENERAL DYNAMICS CORPORATION

u éuu =y I!
‘ il
1 ¢
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“DIAMOND H” Relays

Look into the heart of the control system for a missile, a
computer, a nuclear submarine, or a great many other critical
applications. You might be surprised how often you’ll find
“Diamond H”’ relays.

Unless, of course, you’re one of the increasing number of
engineers who’ve already selected “‘Diamond H”’ relays for a
spot where they just have to work despite all sorts of adverse
conditions.

Hart makes relays of three basic types: miniature, hermeti-
cally sealed, aircraft-missile relays (Series R S); high speed,
sensitive, polarized relays (Series P), and general purpose AC,
DC relays (Scries W).

Technical literature outlining the wide range of characteris-
tics available with each type relay is yours for the asking. You’ll
find ““Diamond H"’ engineers uncommonly adept at working out
a variation of the basic designs to meet your set of specific
requirements.

Tell us your needs . . . by phone, wire or letter.

H AR MANUFACTURING
THE

COMPANY
202 Bartholomew Ave., Hartford 1, Conn.
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con rectifiers for medium power ap-
plications up to a maximum of 6
amperes. The rectifiers, available in
4 in. hex ceramic insulated or 7 in.
hex styles, are offered in eight piv
ratings from 50-600 v. Complete
electrical and mechanical character-
istics are described in  bulletin
SC1006.
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Decade Counter
ADD-SUBTRACT

ROBOTOMICS, INC., 4621 E. Garfield,
Phoenix, Ariz. A new transistor-
ized 100 Kec¢ add-subtract decade
counter features simple switching
control. Grounding one of two con-
trol lines determines whether dec-
ade will add or subtract. Available
in single voltage model 1303 requir-
ing + 100 v at 40 ma; or lower dual
voltage model 1203 requiring + 30
v at 35 ma, and 60 v a-¢c at 1 ma.
Bright, ten number display, electri-
cal zero reset, and optional coinci-
dence output. Plugs into standard
10-pin p-c connector. Size: 3 in.
high by 1 in. wide by 3% in. deep.
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Sampling Scope
SINGLE PACKAGE

HEWLETT-PACKARD (0., 275 Page
Mill Road, Palo Alto, Calif. Model
185A is a 500 Mc oscilloscope which
provides viewing of repetitive milli-
microsecond pulses. It has a rise
time of less than 0.7 usec. It is use-
ful wherever pulse analysis of fast
circuits can speed engineering, re-
search, design or performance test-
ing—as with transistors. diodes,
memory units, fast computer cir-
cuits and surveillance radars. It has
a full 10 em vertical display and
high vertical amplifier sensitivity,
A fast rise syne pulse, suitably de-
layed from the start of the oscillo-
scope trace, is available for trigger-
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Circuit reliability is determined
by the quality of the components
and the understanding with which
they are applied. A-B hot molded
resistors are universally recog-
nized for their quality and reli-
ability. Here are 17 facts that
will assist you with your design
and development work.

7

]
2

5

Resistance changes due to
humidity are temporary
but Allen-Bradley resistors
can be returned to their
original value by proper
conditioning or “loading.”

Resistance changes due to
increase in moisture con-
tent are always positive.

Resistance change due to
humidity varies with the
resistance value and is less
in the lower values.

Resistance change which
has occurred due to humid-
ity may be returned to the
original value by condi-
tioning the resistor at
100°C for 48 hours.

Resistors operating at 1/10
rated wattage load are
hardly —if at all—affected
by humidity.

electronics « MAY 20, 1960
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Allen-Bradley Co., 110 W. Greenfield Ave, Milwaukee 4, Wis. In Canada: Allen-Bradley Canada Lid., Galt, Ont.

ALLEN-BRADLEY

about

ALLEN-BRADLEY
Hot Molded Composition

RESISTORS

. . . to assist you in the design of
more stable, more reliable circuits

Hermetically sealed resis-
tors do not change because
of humidity.

Resistance change due to
“load life’’ is permanent
and ultimately negative.

Resistance change due to
“load life” can be mini-
mized —on the order of
19, to 297 in many thou-
sands of hours of service
by derating the resistor ap-
proximately 507.

This same result can be
attained by limiting the
maximum operating sur-
face temperature of the re-
sistor under load to 100°C.

Resistance change due to
soldering is positive; but
if the resistor is dry, if
will return to its original
value in a matter of hours.

The temperature character-
istic of the Allen-Bradley
resistor is positive above
and below room tempera-
tures between -+10°C and
~80°C ambient.

The temperature character-
istic of the Allen-Bradley
resistor is negligible from
+10°C to -+80°C ambient.

CIRCLE 127 ON READER SERVICE CARD
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The voltage character-
istic of the Allen-Bradley
resistor is negative. Itis
less at elevated tempera-
tures than at room am-
bient (+10°C to +80°C).

The voltage character-
istic is less in low-value
resistors than in high-
value units—it is linear.

The wvoltage character-
istic and the temperature
characteristic tend to
cancel one another in an
Allen - Bradley resistor
under average operating
conditions where both
voltage and temperature
are present.

The *"heat sink” to which
a resistor is connected
affects its rating. Resis-
tors operated in parallel
should be derated unless
an adequate “‘heat sink”
is provided.

The quality and reli-
ability of Allen-Bradley
resistors are exactly the
same regardless of the
“‘tolerances” for which
the resistor is listed.
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LING’S LIQUID-COOLED SHAKERS DISSIPATE
HEAT FAST WITH WATER Improved system efficiency goes with the

improved design of Ling’s new series of
liquid-cooled shakers. For instance, Model 249 shawn above not only offers an impressive 28,000 pound force
rating, but a number of other advantages. The new closed-loop cooling system, employing clean raw or dis-
tilled water, dissipates heat so efficiently that less is dnmped on the testing site. The series also features a
new web-design armature of lightweight aluminum. Force is transmitted to the table with maximum rigid-
ity. Finally, special construction details make these liquid-cooled shakers adaptable for environmental cham-
ber testing without special accessories. Tests can be conducted from —100°F to 300°F at any altitude. Field
and armature coils are designed to help eliminate corona at altitudes; special thermal barriers can be supplied
which control heat flow from the shaker to the chamber. This built-ir adaptability and high efficiency grow

from Ling research; For details on the liquid -cooled
X L I N G
)
!

shaker series, write Dept. EL-2 at either address below, e
J ELECTRONICS

A DIVISION OF LING-ALTEC ELECTRONICS,{NC. + 1515 SOUTH MANCHESTER, ANAHEIM, CALIFDRNIA + 120 CROSS STREET, WINCHESTER, MASSACHUSETTS
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LING ELECTRONICS

The shaker at the left is just one
of many design improvements to
grow out of Ling’s continued re-
scarch and development program.
Its high 28,000 pound force rating—
one of the highest force ratings
available—is another result of Ling's
constant scarch for better equip-
ment and better methods of vibra-
tion testing.

In addition to the special advan-
tages offered by the efficient liquid-
cooling system, this new series offers
other important features which it
has in common with the air-cooled
shaker series.

Ling’s dual magnectie field structure
provides a low stray ficld and im-
proved force-current lincarity. Ling
shakers arc engincered to operate
continuously at maximum force on
low input, feature simplificd com-
pensation over wide bandwidths.

Check the ratings on the entire
liquid-cooled scrics. The perform-
ance of the series is just one more
proof that whatever your needs in
high power electronics — vibration
testing, acoustics or sonar—you can
rely on Ling for the most advanced
design and practical engincering.

LING'S LIQUID-COOLED
SHAKERS cover this useful
range of force ratings:

Model 245—2,000 lb. force rating
Model A246-—7,500 1b. force rating
Model 275-10,000 Ib. force rating
Model 249—-28,000 1b. force rating

LI NG

ELECTRONICS

HIGH-POWER ELECTRONICS FOR
VIBRATION TESTING » ACOUSTICS « SONAR
CIRCLE 205 ON READER SERVICE CARD
electronics = MAY 20, 1960
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ing external circuits. In situations
where the test circuit will respond
to this trigger, a delay line is un-
necessary.

CIRCLE 312 ON READER SERVICE CARD

Servomotor Gearheads
400-CYCLE UNITS

GUIDANCE CONTROLS CORP., 110 Duffy
Ave., Hicksville, L. I, N. Y, in-
troduces a line of rugged 400 cycle
servomotor gearheads for appli-
cation in computer, control and
servo positioning systems or where
size/weight ratio is ecritical and
ultrareliability is paramount. Units
are 27 in. long and weigh 6 oz.
Series 11 are available in over 1,000
ratios, from 5:1 to 78125:1. Stock
ratios range from 5:1 to 2,000:1
and all ratios are designed to a
maximum recommended load torque
of 100 oz in. Maximum backlash
does not exceed 30 minutes as meas-
ured with a 1 oz in. load on the out-
put shaft. No-load speed of the
units is 6700 rpm and torque at
stall is 0.63 oz in. Operating tem-
perature range is from —54 C to
as high as +120 C.
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Switching Mesa
ULTRA-HIGH SPEED

MOTOROLA  INC., Semiconductor
Products Division, 5005 E. DMe-
Dowell Road, Phoenix, Ariz. The
2N705 millimicrosecond switching
mesa transistor features a maxi-
mum power rating of 300 mw at
25 C case temperature. It is suit-
able for high speed counters, flip-
flop circuits, logic circuits, and a
wide varicty of computer pulse and
switching circuits, both saturating
and nonsaturating. A germanium
pnp diffused base transistor, it is
housed in a TO-18 (3-lead, 0.100 in.
pin circle) package with collector
connected to case. To assure maxi-
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TYPE 333-A

wltra-low
frequency

PHASE METER

FEATURES:

e Direct Reading from O to 360°in
6 Ranges of 60° each

@ 0.0001 cps to 1.0 cps in Decade
Ranges

® Phase Accuracy +1° from
0.0C01 cps to 0.1 cps; +=2°from
0.1 cpsto 1.0cps

This unit measures the phase angle
in degrees between two sinusoidal
or non-sinusoidal voltages within
the frequency range from 0.0001
eps to 1 cps. A wide variety of ap-
plications are oflered in the field
of: servomechanisms, vibration
studies and other low frequency
phenomena. Readings of phase
angles are indicated directly on a
large 5” meter which has 6 full
scale ranges of 360°, 300°, 240°,
180°, 120°, and 60°.

SPECIFICATIONS...

Amplitude Range: 1 to 30v rms
sine wave with no d-c component.

Input Impedance: Not less than
100k ohms.

Wave Form: Will measure all sine
waves and complex wave forms
provided that the applied signals
have no d-c component. The ap-
plied signals should not have more
than one positive-going or one
negative-going zero-axis crossing
per cycle.

Dimensions: 197 x 10-16” x

13-15"

Cabinet: Aluminum with gray
wrinkle finish. Gray baked enamel

I front panel.
For full details write or call:

@J [] ACTON
LABORATORIES, INC.
A Subsidiary of

TECHNOLOGY INSTRUMENT CORP.
517 MAIN STREET, ACTON, MASS,
Telephone: COlonial 3-7756

129
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SORENSEN power rides
the weather satellite!

The new weather satellite, TIROS, is one of the most remarkable
space vehicles yet to take to the skies. For TIROS carries a complete
TV transmitting system into space.

Built by RCA for the National Aeronautics and Space Administra-
tion, under technical direction of the U. S. Army Signal Corps,
its missicn is to televise cloud formations and transmit the pictures
back to earth to aid weather forecasters.

Among the advanced electronic equipment in TIROS is a
Sorensen dc-to-dc converter that transforms the output of the
satellite’s solar cells to voltages necessary for the satellite’s com-
plex electronic gear. Of course. this converter is both miniaturized
and transistorized (weighs only 20 0z.) and its reliability is vital to
success of the project.

MORE THAN 130 MODELS
Read about the more than 130 different models of dc-to-dc con-
verters offered by Sorensen in our new 32-page catalog . . . plus
a complete line of highly regulated d-c supplies, a-c line-voltage
regulators. high voltage supplies to 600,000 volts, frequéncy
changers . . . plus valuable reference data. Write for your copy to
Sorensen & Company. Richards Avenue. South Norwalk, Conn.

CONTROLLED
POWER
PRODUCTS

... THE WIDEST LINE MEANS THE WISEST CHOICE

A SUBSIDIARY OF RAYTHEON COMPANY

» ~
; — ' Jp—
o . - T

s _‘“5;&'? 5

SO B e
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| mum reliability, this transistor
dergoes an in-process vacuum bake
out at 200 C and is welded into :
vacuum tight enclosure. The device
also receives a stabilization bake
for a minimum of one week at ten
peratures in excess of 100 C.
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Phase Shift Control
INHERENTLY FAILSAFE

VEC TROL ENGINEERING, INC.. P.O
Box 1089, Stamford. Conn.. an
nounces the Silicontrol, an inher-
ently failsafe full range phase shift
control for silicon controlled rectifi
ers of all makes and ratings, Tt
provides complete control of one
or two scr’s in one small, compact,
ready-for-use package, eliminating
additional involved cireuitry. A su-
persensitive phase shifting networ)
applies 60-cycle steep pulses of con
stant amplitude to rectifier gate
and varies their phase angle over a
full 180 deg to control the rectifier
output from zero to maximum
Pulse rise time is only a few psec.
The constant amplitude output
which is a feature of the Silicon-
trol technique is of vital importance
because any gcate overdrive, how-
ever transient, can and usually does
destroy the rectifier.
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Silicon Rectifiers
STACK MOUNTED

TRANS-SIL  CORP., 55 Iloneck St.,
Englewood. N. J. Developed to pro-
vide high power in a minimum of
space, the type 7D stacked rectifiers
are hermetically sealed high powes
silicon cells for all types of power
applications. They will deliver up

| to 2.000 amperes in full wave cir-
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An achievement in

defens&crronics

NEW THERMOPLASTIC RECORDING DISPLAY ACHIEVES

Detection to Projection
in Less than a Second

Large-screen display of radar signals can be recorded and pro-
jected in less than a second. This advanced technique in in-
formation display is an example of one application of the new
thermoplastic recording system developed by General Electric.

The grainless, thermoplastic film eliminates processing delays
and permits, with higher resolution, much greater enlargement
than is practical with high-speed photographic film. Target
delineation is also significantly improved by optical filtering used
to increase the signal-to-noise ratio.

Now undergoing final development in General Electric’s Elec-
tronics Laboratory, the ‘‘thermoplastic display’ is expected to
find maximum application in the high-speed radar systems of the
future. 17603

Progress /s Ovr Most Important Prodvef

GENERAL @3 ELECTRIC

DEFENSE ELECTRONICS DIVISION
HEAVY MILITARY ELECTRONICS DEPARTMENT
SYRACUSE, NEW VYORK




ANOTHER REASON WHY PARAGON-REVOLUTE QUALITY PAYS OFF FOR YOU!

BlraryEs

Better Prints Due to
Perforated Rollers! '

Better, faster, more economical
prints are what you get as a re-
sult of these perforated stainless
steel rollers . . . a patented ex-
clusive feature you’ll find only
in Revolute whiteprinters. The
holes allow practically 100% ex-
posure to the developer—at high
speeds, low speeds, or fluctuating
speeds. Prints travel a shorter
route, come through clearer, fast-
er, and there’s 14 to ¥4 less am-
monia consumption than in other
designs.

This is just one of the many im-

portant advantages in a Revolute
Star that pays off for you in more
efficient, economical perform-
ance. Moreover, you'll find a Star
model to meet your printing
needs exactly. Printing widths of
24", 42" or 54"; top speeds of 45
or 75 fpm.

If you're in the market for a
whiteprinter right now ... or if
you expect to be soon ... it will
pay you to investigate the Star.
Why not drop this coupon in the
mail and we’ll send you full
details.

PARAGON |
REVOLUTE |

DIVISION OF CHARLES BRUNING CO., INC.
BRUNING )

77 South Avenve e Rachester 4, New York

132

Paragon-Revolute
Advertising Department, Dept. P5-Z

1800 Central Rd., Mt. Prospect, lilinois

Please send me information on your
Star whiteprinters.

Nome Title
Compony

Address

City County State
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cuits. Capable of operating at tem-
peratures up to 150 deg ambient,
the assemblies are available in all
circuit configurations and are avail-
able for either forced or natural
convection cooling. All assemblies
use copper fins, melamine insulation
and other materials to insure satis-
factory performance in high am-
bient temperatures.
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Plug-In Relay
FOUR-POLE

BRANSON CORP.,, 41 8. Jefferson
Road, Whippanyv, N. J. Now the
four-pole crystal can relay is avail-
able for use in a printed cireuit
socket. At ambient temperatures
up to 125 C the relay meets the re-
quirements of military specifica-
tions including 50 g shock and 20 g
vibration at frequencies up to 2,000
cps. It features full 2 ampere con-
tact ratings. The addition of the
plug-in mounting styvle makes the
relay useful in many new applica-
tions.
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Frequency Monitor
SOLID STATE

VOI-SHAN ELECTRONICS, 13259 Sher-
man Way, N. Hollywood, Calif.
These solid state frequencv mon-
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Helping to guarantee a vital
“something” for a rainy day

hallicrafters -

\EQH,
‘.‘ 7%
shuns®

The effectiveness of America’s defense ‘“‘umbrella”— today
and tomorrow—depends on tnstant availability of superior elec-
tronics weapons.

ot
!
' -
.
» )

For over seven years, the Hallicrafters company has been
answering this urgent need with *QRC—Quick Reaction

Capability.
For your electronic requirements . . . from single circuit to ENGINEERS: Join our rapidly expand-
complete system . . . for application or land, sea, air or space ing QRC team now. For complete
H i f RC id i<h h" . d . information address your inquiry to:
... Hallicrafters QRC can provide you with this unique design William F. Frankart, Director of Engi-
and production service in electronics. neering.
MILITARY ELECTRONICS DIVISION CHICAGO 24, ILLINOIS

UR GENT PR OBULEMS RELIABLY S oLV ED

electronics ¢« MAY 20, 1960 CIRCLE 133 ON READER SERVICE CARD 133
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CABLE-bility

ENGINEERING service

when you need it!

AMPHENOL Cable & Wire Division makes over 140
RG-/U coaxial cables, but even this large selection can-
not meet all the needs of the electronics industry. Here
are recent examples of AMPHENOL engineering
Cable-bility, cables designed and produced to special
customer needs:

1. Low Capacitance, low loss cable using Polyfoam®
dielectric—to maintain excellent electrical prop-
erties under adverse mechanical conditions.

2. Low Loss, high power, flexible Teflon-tape cables
for electronic counter-measures equipment.

3. Semi-solid Teflon version of RG-63/U for use in
a production ICBM.

4. Pressurized cable with flexible metal-hose jackets.

5. Ultra-high Temperature cables, including one de-
sign that operates at {000°F continuously.

Assistance in design problem areas
is another way in which AMPHENOL
Cable & Wire Cable-bility can help
you!

CABLE & WIRE DIVISION

S. HARLEM AVE. at 63rd ST., CHICAGO 38
AMPHENOL-BORG ELECTRONICS CORPORATION

itors provide accurate indication
and/or control of phenomena asso-
ciated with varying frequency. Re-
lated functions such as time delays
for opening or closing contacts and
activating warning or control de-
vices, may be incorporated in the
basic frequency monitor. Operating
within frequency ranges of 400 cps
to 10 Kc at = 1 percent accuracy,
these units have input supply volt-
age of 28 v d-¢, with a minimum in-
put signal of 900 mv. Output is
spdt, or to customer specification.
The devices have temperature range
of — 55 to + 125 C, shock, vibra-
tion, and altitude to requirements
of MIL-T-5422C.
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Survey Meter
PORTABLE UNIT

FRANKLIN SYSTEMS, INc., 2734
Hillsboro Road, West Palm Beach,
Fla. Model 15-2 portable nuclear
radiation survey meter is a re-
liable, self-contained beta-gamma
ray responsive instrument designed
for survey and monitoring pur-
poses. Unit is an ultrasensitive
transistorized scintillometer. Typi-
cal applications are: (1) rapid low
level background monitoring; (2)
field survey from moving vehicle;
(3) rapid location of contaminated
or tagged material.
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Torque Motors
UNITIZED CONSTRUCTION

Servotronics, Inc., 190 Gruner Rd.,
Buffalo 25, N. Y. Model 20 series
torque motors in four models are
characterized by their unitized con-
struction wheh completely contains
and affixes pole pieces, magnets and
armature to a nonmagnetic stain-
less steel frame. This construction
completely eliminates such prob-
lems as pole pieces or magnets shift-
ing position or breaking away from
the assembly in either shock or vi-
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bration. Stroke (in.) ranges from
-+ 0.006 to + 0.015; output radius,
0.593 to 0.906; midposition force
(1b), 2.5 to 13.0; hysteresis. 2 per-
cent for all; resonant frequency
(eps), 400 to 910; maximum power
required (watts), 1.6 to 5.2; weight,
2.8 to 18.5 oz.
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Converter
ANALQG-TO-DIGITAL
Packarp BeLi COMPUTER, 1905

Armacost Ave., Los Angeles 25,
Calif. New solid-state analog-to-
digital converter has a speed of 10.-
000 conversions per sec at 0.05 per-
cent accuracy and is priced at $4,-
500. Either 11-bit binary or 3-
digit BCD plus sign is available. It
is also available in 4 decimal digits
plus sign on special order. Power
requirements of the DMultiverter
M3 are 115/230 v a-¢, 50-400 cps,
with a maximum consumption of 35
w. Input impedance is operational
and therefore absolutely specified
at 10,000 ohms per v. Reliability is
extremely high due to a low compo-
nent count, solid-state design, and
the absence of cyvelets and etched
circuit connectors.
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Distributed Amplifier
WIDE BAND

Community  Engineering  Corp,
P. 0. Box 824, State College, Pa.
Capable of amplifyving sine waves,
symmetrical signals or fast pulses,
the model 1004 incorporates a spe-
cially designed and constructed p-c¢
board holding inter-wire capaci-
tances to a minimum and assuring
long life and trouble free operation.
This rack mounted amplifier fea-
tures careful shielding to eliminate
radiation, and easily removable
dust covers to protect circuiting.

NEW .occc.

MAXITOR

winds toroids from *40
to *7 wire using

3 interchangeable heads

Boesch’s new MAXITOR Toroidal Coil Winding Macline covers a
wide range of zpplications, including exceptionally large diameter,
heavy wire gauge winding jobs. The coil shown above is typical. It
is being wound with #1¢ wire on a MAXITOR machine using Boesch'’s
HW-200 winding head and continnous-winding core holder.  Seg-
mental-winding holder is also available.

Two other interchungeable heads are available which mnake MAXITOR
a really versatile machine. The H1W-300 head winds wire gauges as
large as #7 to finished O.D. as much as 14", 11W-100 handles gauges
from %40 to #22 to maximum O.D.’s of 10".

And MAXITOR is packed with “dream” features. Pushbutton drive
ring and magazine positioning saves set up time. A dial control on
the operator’s panel provides micrometer brake settings for casiest
variable speed tension control. Turn spacing is infinitely variable at
the turn of a knob. And the runge of winding applications for MAXI-
TOR is apparent in the table below.

Head Min. Final Max. Final Max. Final Wire Range

Type 1.D. 0.D. Height AWG #
HW-100 n" 10" 6" 40to 22
HW-200 17 10" 6" 24 to 10
HW-300 2" 14" 10" 20to 7

WRITE TODAY for complete specifica-
tions, prices and delivery information.

BOESCH MANUFACTURING
COMPANY, INCORPORATED
BOESCH DANBURY, CONNECTICUT

Bandwidth is 10 to 90 Mc and phase
response is substantially linear
within the pass band. Gain is 40
db, nominal, with a noise figure of
better than 8.5 db at 85 Mc. Ampli-
fier delay is approximately 0.03
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Thermistor Kit—$15.00

ow—Kidde experience sets the
standard for quality and performance!

Kidde experience. For more than ten years, Kidde has manufactured
thermistors for use in sensitive aireraft fire detectors. Now, by using
the experience gained in this demanding field, Kidde makes available
a complete selection of thermistor components for general use.

Kidde performance. First developed to meet the rigid specifications
of the military, Kidde thermistors have been proven in perform-
ance, In temperature control, compensation, time delay or voltage
regulation, you can be sure of the stabilized characteristics and high
temperature capabilities of Kidde thermistors.

Kidde quality. By utilizing unique automated manufacturing tech-
niques in the production of thermistors, Kidde can now offer the
utmost in thermistor uniformity and quality at the lowest possible
price. And, in addition to a wide off-the-shelf selection, Kidde also
offers engineering help in the application of thermistors toward the
solution of special problems. For more details on Kidde thermistors,
and their application to special problems, write today.,

&

ELECTRONICS DEPARTMENT

Kidde Aero-Space Division

Walter Kidde & Company, Inc., 550 Brighton Road, Ciifton, N. J.
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NEW IDEAS FOR SALE!

Words and pictures tell you about the top new
product ideas each week in “On the Market”.
Who makes 'em and what they’ll do for you.
Easy way to keep in touch with the latest
and best.
Another reason why it will pay you to sub-
FIND WHAT scribe to electronics (or renew your subserip-
tion) right now. Fill in the box on Reader

YOU NEED IN... Service Card. Easy to use. Postage free.

electronics
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wsec. Input and output impedance

is 300 ohms, type N connectors.

Power supply is self contained,
CIRCLE 322 ON READER SERVICE CARD

Readout System
TEMPERATURE/PRESSURE

TEXAS INSTRUMENTS INC., Geosci-
ences and Instrumentation Divi-
sion, 3609 Buffalo Speedway,
Houston 6, Texas. New digital
temperature and pressure readout
system reads out from resistance
temperature bulbs in the 0-1,100 F
range and from resistance pressure
transducers ranging from 0-10,000
psi. System reads out combinations
both of temperature and pressure.
Capable of accuracy in the magni-
tude of ! percent to 2 percent ab-
solute (depending upon range and
transducers), the system offers sig-
nificant cost reduction through the
use of copper wiring to transducers
in lieu of more expensive thermo-
couple wiring. In addition to the
local readout feature, the system is
capable of remote interrogation be-
cause information is encoded for
telemetering. Temperature and
pressure may be monitored from
as many as 99 different points.
CIRCLE 323 ON READER SERVICE CARD

Leak Valve
ADJUSTABLE

VACTRONIC LAB. EQUIPMENT, INC,, 21
Monmouth Court, East Northport,
N. Y., has available an adjustable
leak valve for precise, uniform pres-
sure regulation in the high vacuum
region. The Vari-Vac, Cat. VV-40,
affords fingertip micrometer contiol
of leak rates ranging from 0.02 to
2 standards ccs per sec. The Vari-
Vac valve body contains a sealed
stem which has a precise machinad
groove along its axis. The machined
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Fine Laboratory
Instrumentation

designed for easy operation -

Klystron
Power

Cubic Mode! 701-B

A compact unit providing all electrode
and modulation potentials necessary for AM,
FM and CW operations in:

Development work
Microwave research
A\ From Production test
e VSWR determination

]2 to 1200 Attenuation measurement

watts there’s The 701-B offers these advantages:
. x Extended beam volitage operation to 600 V
d Gen eral Elect“c CW or square wave operation without re-
\ adjustment of the reflector voltage
i 1 Greater voltage stability
80|derlﬂg iron Switch voltage overlap for proper vernier

g control operation
to do your IOb Minimum FM modaulation of the klystron
Human-engineered for convenience

.. AND GENERAL ELECTRIC WILL HELP YOU

CHOOSE THE EXACT IRON YOU NEED - . .
cision electronic equipment:
Whatever your soldering requirements may be-—from

complex miniature electronic sub-assemblies to heavy-duty Microwave instrumentation
gdustrilalEllxses.—one of tlhe hi]gh-speeld soldering i{)ons in Test equipment
enera ectric's complete line will do the job. < fori
G-E irons shown abovep include (left ta righv.):Jo The And C. complgte line of d'g'tal
MINIATURE for production-line soldering of sub-miniature instrumentation
assemblies.
MIDGET for pinpoint soldering of hard-to-reach joints.
EXTRA HEAVY-DUTY for industrial high-wattage soldering. P
LIGHTWEIGHT for soldering of most electronic components. — N
INDUSTRIAL for general industrial soft-solder applications.
For expert assistance in choosing the exact iron you need,
contact your General Electric distributor or local G-E
Apparatus Sales Office; or write Section 758-03, General
Electric Co., Schenectady 5, N. Y,

Cubic Corporation for the ultimate in pre-

INDUSTRIAL DIVISION

U B I C CORPORATION

5575 Kearny Villa Road, San Diego 11, Calif.
Engmeenng With a Dimension for the Future

ngress /s Ovr Most Important Prodct

GENERAL @3 ELECTRIC

CIRCLE 206 ON READER SERVICE CARD
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iN OW’ a new concept 1n

138

graphic recorder design

sets a new standard of

Versatility, Accuracy,
Reliability and Economy!

N

‘Engineered specifically for modern laboratories
with all the features you've wanted. .. now only $320.

SOME OUTSTANDING FEATURES

Null balance servo type. (]

Response time 1/, second full-scale
in standard model.

Sensitivity 14 % of span with zero
adjustment anywhere on chart.

14,% accuracy.

Available with step attenuator to
max. 100 v,

10 mv full scale sensitivity.
Floating input

Max. signal source resistance of
100K on 10 mv position.

e Multiple chart speeds from 1 in/hr

to 16 in/min.
5 inch chart.

Designed to serve a wide variety of
recording needs, for addition of
special accessory and optional
equipment, and for adaption to spe-
cial applications.

Compact cabinet and rack mount
models.

WRITE FOR COMPLETE SPECIFICATIONS

esco

DESIGNERS AND MANUFACTURERS OF PRECISION INSTRUMENTS
638 WEST 17TH STREET, COSTA MESA, CALIFORNIA

CIRCLE 138 ON READER SERVICE CARD

groove varies in depth at a con-
trolled rate per unit length. A ver-
nier drive causes this stem to pass
along a sealing surface. By this
means, the Vari-Vac provides repro-
ducible leak rates, which may be
varied linearly.

CIRCLE 324 ON READER SERVICE CARD
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Frequency Meter
DIGITAL TYPE

s
*

-
-

BECKMAN INSTRUMENTS, INC., Berk-
eley Division, 2200 Wright Ave.,
Richmond, Calif. Model 7175 cre-
ates a digital indication of any fre-
quency from 10 c¢ps to 110 Mce. It
occupies 8% in. of rack space. Meter
consists of a 10 Me counter closely
integrated with a simple heterodyne
frequency converter. Frequencies
up to 10 Mc are measured by the
counter alone. Frequencies above
10 Mc are beat against a selected
reference frequency to create a dif-
ference frequency below 10 Me.
Accuracy far exceeds FCC require-
ments over communications range.
Possible error is said to be only
0.00004 percent or less from 1 Mc
to 110 Mc. Sensitivity is 100 mv
rms. Input impedance is 1 megohm
up to 10 Mc, 100 ohms above 10 Me,
Price is $1,895.

CIRCLE 325 ON READER SERVICE CARD

Transistors
GERMANIUM NPN

GENERAL ELECTRIC CO0., Syracuse,
N. Y. Types 2N1288 and 2N1289
high speed germanium npn switch-

MAY 20, 1960 - electronics



ing transistors are capable of oper-
ation at a frequency of 60 Mec. The
computer circuit designer can use
them to complement his pnp tran-
sistor circuits and thus simplify the
overall circuitry. In logic circuits
the new transistors have a constant
gain bandwidth. It is the same at
5 ma at 1 v, collector to emitter, as
it is at 1 ma at 5 v, collector to emit-
ter. The 2N 1288 and 2N1289 have
guaranteed collector to emitter volt-
age ratings of 10 v and 15 v re-
spectively; both have emitter to
base guaranteed ratings of 5 v, and
collector to base guaranteed ratings
of 15 v and 20 v respectively. All
are rated for operation from — 55
C to + 85 C. Typical d-¢ beta at
— 55 C is greater than 70 at a col-
lector current of 10 ma.

CIRCLE 326 ON READER SERVICE CARD

Insulating Varnish
SILICONE BASE

MELPAR, INC., 3000 Arlington Blvd.,
Falls Church, Va. Melvar A-100
silicone base varnish reduces mois-
ture absorption and acts as an in-
sulator. It is particularly well suited
for protectively coating transform-
ers, coils, capacitors, resistors, and
p-c boards. It protects against elec-
trical leakage caused by contami-
nants, and provides additional pro-
tection against breakdown at high
altitudes. Under tests specified in
MIL-V-173A, the varnish shows
satisfactory fungicidal properties
after being exposed to temperatures
well in excess of 400 F, its maxi-
mum recommended operating tem-
perature. Water-thin and trans-
parent, it can be applied by dipping,

electronics + MAY 20, 1960
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Models MF, NF and HF fans. with propeller
diameters of 5%”, 6%” and 8” respectively, are
produced to fulfill such design criteria as: high
output, light weight. compactness and

self-contained construction.

Power requirements are 50-60 or 400 cps, 14

or 3¢. The fans can be mounted with their shafts in any
position. Motors can run in both high and low ambient
temperatures and require no maintenance. Venturi ring
permits simple mounting to a dust filter housing

or cabinet wall. Push or
pull air-flow available.
Mil specs are met.

Write for complete catalog
information for the fan
that best meets your
particular requirements.

)

NoooN
wn O

— NN oo Y|
100 200 300 400 500
AIR VOLUME -CFM

STATIC PRESSURE
INCH WATER COLUMN
o

Motors are covered by U.S. Pat. Design No. 174,148, Other U.S. and Foreign Pats. Pend,

e o o0 0

ROTRON
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R“TH“N mfg. co., inc.

WOODSTOCK, NEW YORK
In Carada: The Hoover Co., Ltd., Hamilton, Ont,
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the number to remember

for faster soldering!

KESTER 44’
RESIN-CORE SOLDER

You get the fastest possible
suldering action with Kester
“417 Resin-Core Solder. created

/

(o

(e

for today’s high speed
requirements, "k Resin
meels all applicable MHH. and
Federal specifications, latest

amendments, Army, Navy,

i

Air Foree. Flux-residue non-

corrosive and non-conductive.
All alloy s, cores and diamelters...

Dt e e 7

on b 51Ih. and 20 Ih. spools.

/4

\\\\\}\\\\\\\\"\\\\\\W\é

FREE. WRITE for 78-page
— Technical Manual “SOLDER . ..

Its Fundamentals and Usage.”

Kester Solder

COMPANY

4204 Wrightwood Avenue, Chicago 39, lllinois |
Newark 5, New Jersey - Anaheim, California - Brantford, Canada |

Over 61 Years’ Experience in Solder and Flux Manufacturing |
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brushing, vacuum impregnating or
spraying without obliterating com-
ponent markings,
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Waveguide Switch
FOR X-BAND

WAVELINE INC., Caldwell, N. .I.
Model 678-E is a manually operated
four part waveguide switch for use
over the full range of 8,200 to
12,400 Me. It is designed for lab-
oratory use or for systems applica-
tion to make alternate connections
between two wavegude inputs and
two waveguide outputs. Vswr is
less than 1.05 over the range, and
crosstalk or isolation between ports
is greater than 45 db. Attenuation
through any channel of the switeh
is negligible and power handling
capacity is approximately the same
as the waveguide itself. Switch
measures 3 by 3 by 3 in. and flanges
are equivalent to UG-135 /U with
No. 8-32 tapped mounting holes.
CIRCLE 328 ON READER SERVICE CARD

Medium Power Relay
TELEPHONE TYPE

LINE ELECTRIC CO0., 229 River St.,
Orange, N. J. Series TW medium
power telephone type relay is avail-
able with contact arrangements up
to 4 pdt, in voltages from 6 to 220
v a-¢ and d-¢ % diameter contacts
made of fine silver and gold flashed
are rated at 5 amperes at 115/60
noninductive. Coil resistance is 10
K as standard, higher upon request.
Applications include: communica-
tions equipment, computers, indus-
trial programming devices and

MAY 20, 1960 - electronics



many other applications requiring
a small fast-acting multicontact re-
lay. Drice is $5.50 to $8.05.

CIRCLE 329 ON READER SERVICE CARD

Current Governor
PROGRAMMABLE

NORTH HILLS ELECTRIC CO., INC., 402
Sagamore Ave., Mineola, L. I.,, N. Y.
Model CS-12 current governor is
designed especially for meter cali-
bration, transistor and diode for-
ward testing, and as a filament cur-
rent source. It furnishes currents
from 10 pa to 1 ampere for load
voltages from 0-7 v. The current is
set to five places by decade knobs
arranged to provide a digital in line
read-out. Accuracy at any current
setting is 0.05 percent *= 1 pa. Line
and load regulation are better than
0.01 percent. Unit is 19 in. by 10!
in. by 18 in. and weighs 45 lb. Price
is $995.

CIRCLE 330 ON READER SERVICE CARD

Velocity Indicator
VERTICAL TYPE

KEARFOTT DIVISION, General Preci-
sion Ine., 1150 MeBride Ave., Little
Falls, N. J. The T8614-11 servoed
vertical velocity indicator is pri-
marily designed to be utilized in
submarine and aircraft applications
to measure vertical velocity as a
function of an a-c input voltage.
“Rate of elimb” information is pre-
sented in feet per see and displayed
on a dial illuminated according to

electronics + MAY 20, 1960

measures
from

100 MICROVOLTS to 320 VOLIS

regardless
of
waveform

Price:
$445,

TRUE RMS

frequency range 5 to 500,000 cps

FEATURES
Built-in calibrator . . . easy-to-read 5 inch
log meter . . . immunity to severc
overload . . . useful auxiliary functions

SPECIFICATIONS

VOLTAGE RANGE: 100 microvolts to 320 volts

DECIBEL RANGE: —80 dbv to +50 dbv
FREQUENCY RANGE: 5 to 500,000 cycles per

second

ACCURACY: 3% from 15 cps to 150KC;
5% elsewhere. Figures apply to all meter readirgs
MAXIMUM CREST FACTORS: 5 at full scale;
15 at bottom scale:

CALIBRATOR STABILITY: 0.5% for line
variation 105-125 vclts
INPUT IMPEDANCE: 10 MQ and 25 uauf, below
10 millivolts; 10 MQ and 8uuf above 10 millivolts
POWER SUPPLY: 105-125 volts; 50-420 cps,
75 watt. Provision for 210-250 volt operation

DIMENSIONS: (Portable Model) 143" wide,

1014~ high, 1238” deep—
Relay Rack Model is available

WEIGHT: 2! lbs., approximately

Write for catalog for complete Information

BALLANTINE
VOLTMETER Model 320

~7

= Since 1932 =

P BALLANTINE LABORATORIES e

Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS, REGAROLESS OF YOUR REQUIREMENTS FOR
AMPLITUOE, FREQUENCY. OR WAVEFORM. WE HAVE A LARGE LINE, WITH AQOITIONS EACH YEAR. ALSO AC/0C ANO OC/AC
INVERTERS, CALIBRATORS, CALIBRATED WIOE BANO AF AMPLIFIER, OIRECT-REAOING CAPACITANCE METER, OTHER ACCESSORIES.
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BECAUSE
_ IT'S DIGITALLY
=~ PROGRAMMABLE-
LU e

~~ CON AVIONICS
"= DC POWER

S SOURCE...
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... INSTANTLY PROVIDES ON COMMAND ANY VOLTAGE
FROM 0.1 TO 50 VOLTS DC—UP TO 15 AMPERES

Another first by Con Avionics, this digitally programmable power source
translates manual push-button setting or output of your program device
into the selected voltage. It can be made to respond to any digital
ccde from sources such as paper or magnetic tape readers, punched
card readers, or keyboards. Voltages may be changed from any setting
to any other within 300 miltiseconds. Voltage is stable and accurate
within +0.1% of the selected value. Ripple is less than 0.05% rms.

The completely self-contained design of the Con Avionics DC Power
Source eliminates external rheostats, step switches and other devices.
This unit reduces equipment complexity in data systems, automatic

checkout equipment or precision testing applications.

Outstanding results are obtained both in the lab and on production work.

CONSOLIDATED AVIONICS CORPORATION

A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION

800 Shames Drive » Westbury, L. I. » EDgewood 4-8400
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the lighting specifications of MIL-
L-25467A. Unit contains a tran-
sistorized servo amplifier, and in-
corporates design features meeting
applicable portions of MIL-1-98313.
The indicator operates reliahlv even
under the environmental extremes
specified in MIL.-F-5100.

CIRCLE 331 ON READER SERVICE CARD
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D-C Power Supply
PLUG-IN TYPE

PLUG-IN INSTRUMENTS, INC.. 1116
Lebanon Road. Nashville. Tenn.
Model SI’R-2011-P is a trarsistor-
ized plug-in reguluted d-c power
supply. With input of 105-125 v
a-c, 60 ¢ps, it is capable of deliver-
ing 24 v d-c at 0-90 ma. A trimming
adjustment iz included. ILine regu-
lation is = 0.01 percent. Short term
load rvegrulation is == 0.05 percent

no load to full loud) and long term
load regulation is 0.1 percent (no
load to full load). Ripple is less than
I mv-rms. With the top cover re-
moved, all critical cireuitry is read-
ily accessible for easy maintenance.

CIRCLE 332 ON READER SERVICE CARD

A-F Circuit Aligner
- INSTRUMENT

KAY ELECTRIC €0.. 14 Maple Ave..
Pine DBrook, N. .. Model M S0na
Sweep is a complete measurement
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system for alignment of audio-
frequency circuits without tedious
point-by-point frequency response
checks. The ultrastable unit makes
possible continuously adjustable
center frequency sweeps—20 cps to
200 Kec, adapting accepted tech-
niques of r-f swept frequency align-
ment for sonic and ultrasonic de-
sign and test work. Continuously
variable, narrow sweep range cov-
ers 500 cps to 20 Ke, and continu-
ously variable wide sweep widths
of 2 Ke to 200 Ke—both linear and
logarithmic. The logarithmic 30-
cycle sweep, extremely useful for
studying audio and video low-pass
circuits, provides an expanded view
of the low-frequency end, while
showing overall frequency charac-
teristics.
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We got’em!

Multi-turn potentiometer connois-
seurs...the men who buy them...tumn
to Helipot to succor their circuits.
They make their choice from the
nineteen separate and distinct series
of ueLiPOoT multi-twrms, each with a
myriad of models, scaled from 7/8"
dia. x 1-1/2” up to 3-5/16” dia. x 6.
They find it easy to pick the pot
that suits their circuit...linear or non-
linear...high temperature or stand-
ard range...with resolution from a
three-turn 0.164% up to a forty-turn
0.00073%...and linearities to =0.01%!
Join the well-informed 7 out of 10*
who turn to Helipot. Get the com-
plete story on this profusion of
multi-turns (plus a delineation of the
HELIPOT single-turn line). Write for
Data File A212.
*Based on a well-known national trade

Magnetic Ampliﬁers - v publication’s own survey of thousands
400-CPS UNITS of pot specifiers and buyers.

AIRPAX ELECTRONICS INC., Seminole
Division, Fort Lauderdale, Fla.
With thermocouple, strain gage,
photocell or other low-level input,
these amplifiers can deliver 0 to %=
5 v output into a 50 K load at accu-
racies of 0.1 percent in a single
stage of amplification. Series 5800
PREAC amplifiers feature built-in
temperature compensation, a fil-
tered output and inherent high gain
and reliability. These d-c amplifiers ! | A S .
are applicable to ground multi- a1 Helipot
channel data amplification and air- oAb it

borne instrumentation and are

eREAR

AMPLIFIER

<=l =

employed as high reliability and RS T A e ke 5
flexible building blocks in instru- ¥ Helipot Division of Beckeman Instruments, Inc., Fullerton, California

Engineering representatives in 29 cities

mentation and control systems. Ap- B

plications also include linear ampli-
fication, null and error detection,
summing with electrical isolation,
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IN S TR UME NTS integrating, microvolt and micro-
FOR P R EC'S'ON ampere measurement.
Cl R c U | T A N A Lv S | S CIRCLE 334 ON READER SERVICE CARD

Proved in every tvpe of service. these quality
|n~trunwnt~arv used by experts for FCC* "proof-of-
performance” tests and supplied as original equip-
ment with many broadcast station installations.

Matchmaster. This versatile test equipment com
bines thiee instruments in one self-contained unit
Built 1n dummy antenna standing wave ratio in-
dicator. direct reading RF watt meter. Model 650
(for 52 ohm hiney and Model 651 (for 73 ohm hne)
mdicate transmitter output power up to 125 watts
directly. Model 52-500 pives direct readings up to
600 watts and 1s designed for permanent connec

I
I
I
|
|
I
tion mto 50 ohm coaxial lines such as RG-8/U I MODEL 200 AUDIO OSCILLATOR
I
I
|
I
|
|

Capacitance Bridge
BATTERY POWERED

THE DECKER CORP., Forty-Five-Mon-

ument Road, Bala-Cynwyd, Pa.

Model 910-1 a-¢ capacitance bridge
| is a general purpose dimensional

measurement tool for non-contact or
— | capacitive gaging. The portable

Modet 404 tlinear Detector. Combined RF detec
tion and audio bndging circunts for use with any
distortion meter. 400 ke to 30 mc range with 20-30
volt RF carnier Essentiatly tlat frequency response
from 20 to 50.000 cps

¢ Frequency Range: 30 to 30.000 cycies

¢ Frequency Response. Better than
-1 db. 30 to 15.000 cycles wrth 500
ohm lo

o Stability: Better than 19

e Calibration- - 3.09% of scale reading

¢ Voltage Output 10 volts into 500 ohm
load.

Model 300 Frequency Meter, Measures audio frequen-
cies o 30.000 cps in 6 ranges. Integral power
supply and input level control.

—————

e Distortion: less than 2% at 5 volts
output,

o Residual Noise- 02597 of less o Adjustable 500 microamp meter

5

| | transistorized unit has provisions
! I | for 60 c¢ps or 400 ¢ps modulation
| | of the carrier. It has a frequency
I I response of 13 Ke. Available with
! I two 10-ft cables providing a sensi-
I I tivity of 3.5v/upf or 30-ft cable
I ' with sensitivity 9 v/uuf. Ca-
MODEL 400 DISTORTION METER | || ;‘1“1 sensitivity of ?9 \}/1## C'
* Frequency Range Fundamentals from I ' dles up to 50 ft in lengt ‘m‘l.\ e
tc 15.000 cycles Measures Har used between the electronics and
monics to 45.060 cycles I MODEL 600 DIP METER I .
e Sensitivity: .3 volts mumimuom input l ])()ll]( of measurement.
i I * Covers 1.75 to 260 mc in 5 bands ' CIRCLE 335 ON READER SERVICE CARD
o Caltbration Distartion medasurements | ® Momtoering jack & B+ OFF switzh
+ 5 . Votage measurements: ' ® Shaned for use n hard-to-get-at ,
+ 59 of full scale at 1000 cycles. pl
: II;TI:»I:‘“'D‘“I“”w" 0575—30—15 000 : ¢ Sturdy. color coded. plug-in coils. I |
4

2 o L {
> Buiker & Wiltliomson, Ine. I"!I,“* .
Canal Street & Beaver Dam Road, Bristol, Penna. . !
’ ¢ i

..'..'
Specnalusts in Designing and building equipment to operating specifications

BA&W olso design ond monufocture filters for: ANTENNAS « RADIO INTERFERENCE » RADIO RANGE » UHF and VHF
os well as many speciol types designed to perfarmonce specificotions. Availoble to commerciol or militory standards.
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HIGIILY RELIABLE

ELCO CORP., “M” St. below Erie Ave.,

' Philadelphia 24, Pa. Radial con-

nector illustrated has 15 contacts

- at approximately 5 deg spacing;

guide pins and bushings; set-screw

Words and pictures tell you about the top new

product ideas each week in “On the Market”. locking device which permanently

Who makes ’em and what they’ll do for you. I secures connector in mated position.

'];:nadsvb;:f‘y to keep in touch with the latest Connector employs Varicon mating

Another reason why it will pay you to sub- principle; contacts are from Eleo

FIND WHAT scribe to clectronics (or renew your subscrip- | series 5000. The forklike Varicon

contacts, with 4 mating coined sur-
faces, assure low contact resistance,

- high current rating, lete re-
electronics | Hiabilit after thousands and thou-
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tion) right now. Fill in the box on Reader I

YOU NEED IN... Service Card. Easy to use. Postage free.



sands of insertions and withdraw-

als.
CIRCLE 336 ON READER SERVICE CARD

Latching Switch

COAXIAL TYPE
TRANSCO PRODUCTS, INC., 12210 Ne-
braska Ave., Los Angeles 25, Calif.,
has available a solenoid actuated co-
axial latching switch which requires
no holding power. Newly designed
solenoids operate from 28 v d-c and
draw only 3.2 pa/hr—switching
time of 10 millisec. The 50
ohm switch is make-before-break.
Weight is 8.7 oz. Frequency range
extends to 11.000 Mc with typical
specifications at 7,000 Mc of: vswr
1.4; insertion less 0.4 db; crosstalk
30 db. Type N and TNC connectors
presently available—others can be
supplied.
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Electronic Counters
ALL-PURPOSE

HEWLETT-PACKARD C0., 275 Page
Mill Road, Palo Alto, Calif. Models
523CR and 523DR directly measure
frequencies from 10 ¢ps to 1.2 Me,
time intervals from 1 usec to 10°
sec and periods from 0.00001 cps to
100 Ke. Stability is 2/1,000,000 per
week. The 523CR has an in-line
readout. Readout of the 523DR is
by six columnar neon indicators.
The counters have an accuracy of
=+ 1 count + crystal stability. Gate
times of 0.001, 0.01, 0.1, 1 or 10 sec
are selected with a front panel
switch. The versatile and self-con-
tained counters also measure phase
delay, random events, ratios and—
when used with transducers—such

efectronics * MAY 20, 1960

“"Kemlite
Flash Lamp
Type S-471

“Linde’’ and ""Union Carbide’
are registered trade marks
of Union Carbide Corporation,

o
\
h‘

™ irum®

KEMLITE LABORATORIES
USES “LINDE”

XENON

Lighting the way to safer aircraft landings
is only one of many important uses for
Kemlite Laboratories’ new xenon-filled
lamps. They are also used in missile-
tracking, stroboscopic equipment, and the
graphic arts, producing light intensities
approximating zenith-position sunlight!
LINDE is a leading producer of rare
gases which include xenon, krypton,
argon, and neon. These are extracted
through a wnique liquefaction process
pioneered by LINDE to meet the most rigid
standards of purity for highly critical ap-
plications. For example, LINDE produces

xenon of highest purity available, yet this

gas exists as only one part in 12 million
in atmosphere!

LINDE was first to produce many of the
rare gases in wide use today. These are
available in pure or mixed form. Mixtures
can also be supplied with the radio-active
isotope Krypton-85 as an additive.

For information, write Linde Company,
Division of Union Carbide Corporation,
Rare Gases Dept. @EE), 30 Eost 42nd
Street, New York 17, N.Y. In Canada:
Linde Company, Division of Union Carbide
Caonada Limited, Toronto 7.

TRAQE MASK
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Important facts to know about laminated plastics

N

A few Taylor composit

RS e

¢ laminates (left to right): copper-clad section; sandwiched cop-

per component; Taylorite vulcanized fibre-clad pari; laminated tube, copper inserts.

Composite Laminates Open Up New Design Opportunities

While the great variety of commer-
cially available laminated plastics
satisfy most electrical and mechan-
ical requirements, there arc applica-
tions that can benefit from the com-
bination of properties provided by
composite laminates. Recent ad-
vances in bonding techniques have
made it possible to bond virtually
any compatible material with a lam-
inatc. These can be supplied as clad
or as sandwiched materials. And
they can be molded into many shapes
to fit design requirements. Taylor is
presently supplying to order the fol-
lowing composite laminates:

e Copper and laminated plastics.
Clad for printed circuits and formed
shapes. Sandwiched for special ap-
plications.

e Taylorite® vulcanized fibre-clad
laminetes. These combine the
high strength of laminated plastics
with the superior hot-arc-resistance
of vulcanized fibre. They are being
used in both high and low-voltage
switchgear applications. Also in ap-
plications where the high impact
strength of vuleanized fibre may be
advantageous.

* Rubber-clad laminates. Almost
any type of natural or synthetic
rubber may be used as the cladding
material. These laminates are widely
used for condenser tops in wet con-
densers to protect the laminate
against highly alkaline electrolytes.
They also have application in any
part where sealing or chemical re-
sistance s needed.

e Asbestos-clad laminates. For
applications where high heat- and
arc-resistance are required.

e Laminate-clad lead. [.cad sheets
sandwiched between Grade XX pa-

per-base laminates have been used
fer X-ray shields. The laminatc
provides strength and contributes
to the high shielding propertics of
the lead.

e Aluminumeclad laminates. These
have been used extensively for en-
graving stock. They also offer pos-
sibilities as printed-circuit material
and as plate holders for X-ray
michines,

e Beryllium copper-clad laminates.
Berylium copper is nonmagnelic
and a good conductor—properties
that give these laminates possibil-
ities in many applications.

e Stainless steel-clad laminates.
Applications  where  nenmagnetic
propertics are required. Also in cer-
tain corrosive environments where
the resistunce of stainless steel to
attack is an asset,

* Mcgnesium-clad iaminates.
These laminates have been pro-
duced in 108-in.-long sheets for use
as screens for X-ray operators.
Weight was a factor.

Our design and production enginecrs
arc constantly developing new ma-
terials, new applications, and new
procedures for fabricating laminated
plastics. Our experience is yours for
the askirg. And if you have a prob-
lem requiring assistance or more in-
formation on composite laminates,
write us. Also ask for your copy of
Taylor’s new guide to simplified
selection of laminated plastics.
Taylor Fibre Co., Norristown 40, Pa.

aylor

LAMINATER PLASTICS VULCANIZED FI8RF
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physical variables as speed. weight,
pressure, temperature and flow.
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Potentiometer
TRIMMER TYPE

CTS CORP., Elkhart, Ind., has devel-
oped a trimmer potentiometer with
MIL-R-94 tvpe carbon element, a
contact mechanism with long spring
arms for adequate spring range in
limited space, and a 25 turn lead
screw with clutch stops. Series 140
is also available with 18 turn lead
screw with fixed stops. Power rat-
ing is 0.2 w at 70 C with maximum
operation up to 125 C. Infinite
resolution is provided by the ex-
tremely stable carbon resistance ele-
ment. Resistance range is 500 ohms
through 1 megohm (linear taper)
and case size 1} in, by .7 in. by 3!
in. Available with insulated leads
or p-c pins.

CIRCLE 339 ON READER SERVICE CARD

H-V Thyratron
2.5-AMPERE UNIT
NATIONAL ELECTRONICS, INC., Ge-
neva, Ill. The NL-T10A is a 2.5
ampere, 2,500 peak inverse and for-
ward voltage thyratron designed es-
pecially for the higher voltages en-
countered in the new spike welding
applications. Other ratings are the
same as the NL-710/6011: filament
volts, 2.5; filament current, 9 am-
peres; peak anode current, 30 am-
peres; average anode current, 2.5
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amperes; and condensed mercury
temperature limits of 40 to +
20,
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Ceramic Capacitors

RESIN-DIPPED
RPRAGUE FLECTRIC o, North
Adams, Mass., has available Mono-
Ivthic capacitors using high dielec-
tric constant Formulation 23 body.
Into a small rectangular block ' in.
by }in. by 5 in thick, it is possible
to pack a capacitance of as much
as 2.2 uf at 25 v d-c or 047 uf at
50 v d-c. The new capacitors are
made by spraying alternate layers
of ceramic diclectric material and
metallic electrodes until the desived
capacitance is achieved, using auto-
matic machinery especially made
for the purpose. The resultant ca-
pacitors are solid homogeneous
blocks. They are then protected
against moisture and mechanical
damage by a resin dip.
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Delay Lines
HIGIH DENSITY

VALOR INSTRUMENTS, INC.,, 13211
Crenshaw, Gardena, Calif. Revolu-
tionary network and construction
developments led to a delay line
series which offers a 10:1 size and
weight reduction over conventional
lines. The high density of 150
lumped constant sections per cu in.
ix achieved by using unique design
and construction approaches plus
subminiature toroidal inductors and
special disk capacitors. Units with
delavs of 0.1 to 20 p=ec, 100 to 2,000

electronics « MAY 20, 1960

Double

THE NEW Nems-Clarke 1906 AM/
FM/CW Receiver has been reduced
in height from 8%" to 312" with no
sacrifice of performance. With a
tuning range of 30-260mc it gives
more information while using less

o . .
/ / space. The 1906 Receiver has wide
/ application in surveillance, counter-
/ measures, direction finding and sim-
[ / ilar specialized military functions.
14
by
|
« 1
\
\
\
\ 1906 RECEIVER
\ Tuning Ronge ....... 30-260mc (two bonds: 30-60me,
60-260me switched)
\_\ Noise FIgure ..........coovevereeses 6db maximum
COR tnput impedonce ........... 50 ohms unbolonced to
\ 2 Type N connector on reor apron
\ \\ 13 Reiecﬁ.on R TR SERPETRR 65db minimum
\ tmoge Rejection v ieemasiensgess 60db minimum
\ : I/F S S R L R ods . 2V.4me
\ \IF Bandwidths: 300ke, 20kc {switchable  from front
‘ panel]
Power Input 115/230v AC, 50/60 cycles, 100w opprox
% 2@ ., .. 19% wide, 314" high, 15” maximum depth
e
7]

NEMS-CLARKE CO.

A DIVISION
OF VITRO
CORPORATION

OF AMERICA

PRECISION

919 JESUP-BLAIR DRIVE

SILVER SPRING
MARYLAND

ELECTRONICS S I NCE 19009
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MORE NEWS ABOUT
SILICON POWER RECTIFIERS
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FANSTEEL’

FANSTEEL METALLURGICAL CORPORATION North Chicago, 11, u.5.A.
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ohms impedance, 100:1 delay to rise
time ratios and attenuations as low
as 0.008 db (1 percent) are avail-
able.
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Rotary Switches
DECIMAL-BINARY

MICRO SWITCH, Freeport, Ill., an-
nounces ten new decimal-to-binary
rotary switches which convert
decimal constants to a positional
number code. Primarily for com-
puter control consoles, the switches
are available keyved to various bi-
nary code combinations (straight
binary; excess 3; 2-4-2-1 or gray).
Selectors are available with 8 or
10 detented positions, yvet only 1.3
sq in. of mounting surface is ve-
quired. Double turret terminals al-
low easy wrap-around solder con-
nections, with all wiring on one
plane. Each plastic-enclosed pre-
cision switch is spdt, with gold con-
tacts for reliable long life. Electri-
cal rating is 0.5 ampere inductive,
1 ampere resistive at 30v d-c.
CIRCLE 343 ON READER SERVICE CARD
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Components
MINTATURIZED

POLYPHASE INSTRUMENT CO., East
Fourth St., DBridgeport, Mont-
gomery Co., Pa., announces a new
line of transformers, filters and in-
ductors called PICO Tran, PICO
filters, PICO Ductors, and PICO
coils. Typical of these miniature
units is a precision inductor for de-
lay lines or filters; a PICO Ductor
with specs as follows: inductance 13
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microhenries =1 percent; Q is 125
at 2.5 Mec; temperature stability,
inductance constant within 0.5
percent over —20 C to 75 C; epoxy
encapsulated & in. by | in. by | in.;
shielding is provided by a well
closed magnetic circuit.
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Band-Pass Filter

SELECTIVE UNIT
PYTRONICS co., P. O. Box 3676,
Columbus 14, Ohio. Model 720 is a
narrow handpass selective filter for
operation over a frequency range
from 1.0 cps to 10,000 cps. Fre-
quency is selected by a digital selec-
tion technique using a set of four
dials. A three-position gain selec-
tor switch permits gain settings of
either —20 db, 0 db, or +20 db.
The filter selectivity is adjustable
with a maximum selectivity of =2.3
percent to the 3 db down points.
The filter offers 38 db rejection to
3rd harmonic with a maximum at-
tenuation rate near the center fre-
quency of 250 db/octave. Filter is
ideally suited for separation of
closely spaced frequency compo-
nents that are not necessarily har-
monically related.
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Magnetic Pickups
HIGH TEMPERATURE

ELECTRO PRODUCTS LABORATORIES,
INC., 4500 N. Ravenswood Ave.,
Chicago 40, Ill. The 3100 series of
magnetic pickups are capable of op-
erating at temperatures as high as
800 F. They are wound with a spe-
cial copper and nickel magnet wire

electronics » MAY 20, 1960

THAT FANSTEEL'S SHOULDER
AND CURL DESIGN* PROVIDES
THE BEST METHOD OF

SEALING A TANTALUM
' ELECTROLYTIC CAPACITOR ‘

BEFORE TEST AFTER TEST

This unretouched photo (twice octuol size) shows o Fonsteel “'PP" type
tontolum copocitor before and after being subjected to internol pressures
of 600 psi. As shown, the test resulted in o stretching ond deformotion of
the silver cose, but no failure or leakoge whatsoever in the seal.

What Every Designer  //
and Engineer Should [
Know About This Seal

FANSTEEL’

FANSTEEL METALLURGICAL CORPORATION North Chicago, Il U.S.A.
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P.Il. tape recorder secret
is an open book

A unique stacked-reel tape magazine is cne of many
space-saving secrets which enable Precision instrumen-
tation recorders to out-perform conventional magnetic
tape instruments many times their size. Other design
secrets are push-button selection of

function and speed, light beam end-

of-tape sensing, front panel calibra- (
tion and testing, interchangeable tape =

loop magazines, and all-solid-state %’,‘
plug-in electronics. 5

All the secrets of these recorders are
unveiled in detailed new brochure
558. Write for your copy today. —

R p 14-CHANNEL

— PRECISION RECORDER
Loaded magazines can be
interchanged in 5 seconds.

PRECISION INSTRUMENT COMPANY

101l Commercial Street ¢ San Carlos e California
Phone LYtell 1-444} . TWX: SCAR BEL 30

REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD

CIRCLE 150 ON READER SERVICE CARD

and insulated with a ceramic ma-
terial to permit operation at high
temperatures. The pickups are
mounted in a 2-in.-18 internallv
threaded hole. Connections can be
made by means of silver brazing to
lugs or by means of a special 1000
I mating connector. Stocks are
available in both lug and connector
forms and semi-rigid 1000 deg cable
can be supplied on special order.
They have no moving parts, and
make no contact with the equipment
that activates them. They do not
require auxiliary bearings. shafts,
or special housings.
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D-C/D-C Converter
MEETS MIL-E-5272C

POWER INSTRUMENTS CORP., 235 Ore-
gon St., El Segundo, Calif. New
transistorized d-c/d-c¢ converter fea-
tures 0.1 percent regulation for =
10 percent line change as well as
100 percent load change. Nominal
input is 28 v d-¢ and the output is
150 v d-¢, 0-250 ma. Ripple is 0.5
percent pp. Size of the unit ix 3.75
in. by 4.5 in. by 3.75 in. and it
weighs 3.2 1b. It meets all require-
ments of MIL-E-5272C.
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Audio Oscillator
TRANSISTORIZED

ALLEN ORGAN c0., Components Di-
vizion, Macungie, Pa. Type C
transistorized oscillator provides a
frequency adjustment range of +2
percent by means of two external
components. An input of 12 v d-c
at 3 ma will produce up to 4 v rms
into a 200 K ohm load with a choice
of either sinusoidal or peaked wave-
form. Frequency drift is less than
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0.27 percent from 22 to 50 C. Unit
is encapsulated with typical dimen-
sions of 81 in. by 2! in. by 1 in. for
a frequency of 125 cps.
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Filament Transformer
LOW CAPACITANCE

PEARSON ELECTRONICS, INC., 707
Urban Lane, Palo Alto, Calif. Low
capacitance high voltage insulated
filament transformer is rated at 300
Kv pulse immersed in oil or 30 Kv
pulse, a-c, or d-¢ in air. Variety of
output veltages and currents avail-
able including the common heater
voltages for high pewer klystrons,
twt’s, hydrogen thyratrons, high
voltage diodes, magnetrons, etc.
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X-Ray Generator
HIGH INTENSITY

BRACKE-SEIB X-RAY CO0., INC., 16
Pelham Bay Park West, Pelham
Manor, N. Y. Model 60-50-FW-IP
x-ray generator produces high in-
tensity soft x-rays for environ-
mental or other studies requiring
radiation in the range from 5 to 50
Kv at intensities ranging to the
order of 10* R/min. Water cooling
of the x-ray tube and transformer
unit permits continuous operation
at maximum rating of 50 Kv at 50

electronics * MAY 20, 1960

ADVANCED ENGINEERING
PRECISION FABRICATION

to convert your antenna concepts

into reliable structures. ror information,

contact the Blaw-Knox Equipment Division, Pittsburgh 38, Pa.

BLAW=KNOX

ANTENNAS
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TWO POTS

for missile
pressure
measurement

Here’s a rugged pair—
one for low pressures and
one for high pressures—
that can really take shock
and vibration. That's why
accurate in-flight missile
pressure measurement is
their particular specialty.

THE HIGH-PRESSURE 4-383
comes in gage and absolute
models that measure
pressure from 600 to 3500
psi. It’s a helical Bourdon
tube instrument, oil filled
and featuring welded
construction of 304
stainless steel (no gaskets
or O-rings) ... fail-safe

case that takes 5000 psi
...vibration resistance

to 35 g’s.

s

=

NOICIAIG HRINDH Y ML
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THE LOW-PRESSURE 4-380A
uses a force-summing
pressure capsule and a
pot to measure absolute,
gage, or differential
pressures from 0 to 100
psi. It features a balanced
dual flexure pivot for
extreme resistance to the
effects of shock and
vibration.

You’ll want more information on these pot pressure transducers
that operate in a range of —65°F to +200°F—with resistance of
5000, 7500, and 10,000 ohms. Write for Bulletins CEC 1604-X29
and 1625-X4, or provide us with your exact requirements for a
custom-engineered instrument.

Transducer Division

CONSOLIDATED ELECTRODYNAMICS / pasadena, california

A sussipiary oF Bell&Howell . FINER PRODUCTS THROUGH JNVAGINATION:

ma. The x-ray tube features a low
absorption bervllium window and
is available in a variety of target
materials,
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Instrument Wire

ULTRA-THIN
MECHTRON  DIVISION of Tensolite
Insulated Wire Co., Inc.. 1000 N,
Division St., Peekskill, N. Y. A line
of instrument wire in unlimited
lengths offers stranded silver plated
copper conductors from Awg 23
(7 36 stranding) down to Awyg 36
(7744 stranding) with extremely
thin (1 mil to 6 mil) Tetlon insula-
tion walls. Solid silver plated cop-
per conductors from Awg 20 to
Awg 36 are also available with the
ultra-thin insulation. The wire is
rated for 300 v at temperatures
from —90 to +250 C, and is avail-
able in 12 colors.
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Splice Welder
HIGH-SPEED

HEXCEL PRODUCTS INC.,, 2332
Fourth 8St., Berkeley. Calif. New
splice welder was specifically de-
signed  for high-speed precision
splicing  of  structurally  eritical
honeycomb core materials. It can
average 12 to 15 welds per sec—
compared to one weld per sec for
comparable hand welders.  Elece-
tronically, the unit is composed en-
tirely of transistors and other solid
state devices with the exception of
one premium quality electron tube.
No thyratrons, ignitrons or similar
devices are used. Solenoid valve
life is estimated at over 10 million
operations. In addition to normal
heat setting, both welding fre-
quency and interval spacing are
completely adjustable. High quality

|
} node welds in materials ranging
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from 0.001 in. up to and including
0.010 in. thicknesses are possible.
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Copper Coating

FOIR PRINTED CIRCUITS
ETCHOMATIC, INC.. 182 Newton St..
Waltham, Mass. “Conduct-a-Coat”
is an electricallv conductive copper
coating for a new, simple, positive
and economical way to plate
through-holes in printed circuits. It
is applied by dipping. removing ex-
cess. oven-drying, light sanding and
copper strike. Manufacturer claims
thiz process fills and levels irregu-
larities, contributing to a smoother.
precision plated hole. Unlike chemi-
cal deposition processes, “Conduct-
a-Coat” does not require expensive
equipment or laboratory controls,
Price for a 6 oz sample kit is $5.95.
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Life-Test Oven
FOR COMPONENTS

ITT. COMPONENTS DIVISION. 813 San
Antonio Road, Palo Alto, Calif.. in-
troduces an elevated-temperature
thermostatically controlled life-test
oven with complete internal power
supply and test-facility cirvcuitry.
Unit handles 660 bipolar compo-
nents or 330 tripolar devices. Stund-
ard units are rated at 125 C maxi-
mum. Components are carried in
low-resistance electrical c¢lips on
mounting racks of expanded metal.
These have self-mating connectors
on their rear surtaces and the re-
lated circuitry permits either con-
nection of all racks to a common
power supply or each to an indi-
vidual one. This Teflon-insulated
wiring terminates in a patch panel
above the oven, by means of which
electrical checking of the compo-
nents under test can be performed
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RECORDING OSCILLOGRAPH

with 3-process capability - -

It’s a print-out oscillograph...an automatic processing rapid-access
oscillograph...a conventional oscillograph, It’s a single engineering
research tool with directly interchangeable magazines that precisely
records up to 50 channels of static or dynamic data —simultaneously.

CEC’s 5-119V Recording Oscillograph is designed with twin record-
ing banks of individual magnet blocks, each with its own galvanometer
light source. This lets the test engineer record low-speed data with
low light intensity and high-speed data with
high light intensity —simultaneously.

The 5-119V converts quickly to:

A print-out ‘osecillograph with a high-actinic
light source and a slot-exit magazine that
clearly resolves writing speeds in excess of
50,000 ips...renroduces records on standard
print-out papers without chemical processing.

An automatic processing rapid-access 0s-
cillograph that processes standard photo-
graphic papers . . . provides ready-to-read
test results in 0.8 second after exposure at
25 inches per second.

A conventional oscillograph using 12-inch
recording films or papers that are processed
after the record run.

For complete details on the 5-119V and its acces-
sories, call your nearest CEC sales and service
office or write today for Bulletin CEC 1536-X15.

Electro Meckanical Instrument Division

CONSOLIDATED ELECTRODYNAMICS / pasadena, california

Asussoiry oF Bell&Howell « FINER PRODUCTS THROUGH INAGINATION
World Radio Histo



Astallasa
7-story

building...
but it uses
tiny BRISTOL
CHOPPER

More than 40,000 parts, each of wkich must meet the most
stringent reliability standards, make up the U. S. Atlas inter-
continental ballistic missile, built by prime ccntractor Convair
(Astronautics) Division, General Dynamics Corporation.

Among these parts is the Bristol Syncroverter* chopper . . .

adding to its record of service in U. S. guided missile systems
of almost every type since their very beginnings.
Billions of operations. To insure the reliability so necessary
in aircraft and missile operations, Bristol Syncreverter chop-
pers are constantly under test at Bristol, with and without
contact load. One example: We’ve had five 400-cycle choppers
operatirg with 12v, 1ma. resistive contact load, for more than
26,000 hours (2.96 years) contmucusly without failure—over
37-billion operations!

Many variations of Bristol Syncroverter choppers and high-
speed relays are available —including external-coil, low-noise
choppers. Write for full data. The Bristal Company, Aircraft
Equipment Division, 152 Bristol Road, Waterbury 20, Conn.
.09 *T.M. Rey. U. 8. Pat. Of.

BRISTOL FINE PRECISION INSTRUMENTS FOR OVER SEVENTY YEARS
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actual size

externally without disturbing the
internal temperature by opening
the oven. Test circuitry is rated at
750 v and 5 amperes with resistance
less than 0.5 ohm. Prices start at
approximately $4,000.
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Multiplex Converter
TUNABLE 23KC-70KC

AUTOELECTRONICS, INC., 6207 Brea-
more Road, Indianapolis, Ind., an-
nounces a new Neophonic multiplex
converter unit that is completely
tunable from 23 Kc to 70 Ke with
an average audio recovery of 1 volt.
Crosstalk is controlled to a 60 db or
better with a sensitivity of 0.1 v
for 30 db quieting. The converter
has a self-contained power supply
and a relay controlled squelch. Unit
is said to perform excellently with
all types of f-m receivers now on
the market.
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Outline Template
FOR TRANSISTORS

RAPIDESIGN, INC., P. O. Box 429,
Burbank, Calif. Based on the
standards registered by manufac-
turers with JEDEC, the No. 319
transistor outline template has cut-
outs for 27 sizes of transistors,
using the registered designating
numbers, sizes and specifications.
Outlines are of both top view and
side elevation, allowing immediate
ascertainment of space require-
ments of transistors in layouts of
wiring diagrams and printed cir-
cuits. Made of 0.030 matte finish
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The bat’s keen hearing en-
ables it to pick up sounds

mathematical quality plastic, actual | ’;‘Yn“"‘: the range °:‘"';‘°

size of the template is 9! in. by ’ :i't:ed “tries it cone

5% in. Price is $3.00. | ‘ tinvously emits are re-
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and guide the bm’
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Octal Plug Caps
ONE-PIECE UNITS

BEAUCIHAINE AND SONS. INC., Lake-
port. N. H., has available Beaucaps
molded in four standard NEMA col-
ors. Material is rugged linear poly-
ethylene. They have high resistance
to physical damage and excellent di-
electric characteristics. They are
designed to replace the drawn metal
cap. which employvs fish paper in-
sulation and a rubber grommet.
Colors are red, hlue, green and |
black. Cable openings of & in. and
“ In. in either top or side are stand-
ards, but other locations and sizes
are available. Also offered is a ca-
ble elamp for top openings.
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Here's an antenna that’s survived severe en-
vironmental testing through several thousands
of years. Design factors, if we can believe
Darwin, were purely empirical.

Dorne and Margolin has designed hundreds

. of specialized antennas for every major air-
Power Supply Modules craft manufacturer in the country)t With less
SOLID STATE time at our disposal than the bat, we’ve had
SOLIDYNE, 7460 Girard Ave. La to evolve ingenious solutions to antenna de-
Jolla, Calif. Model PS202 is an signjproblems: (We'EBnevsrfdiledwdn dstigns

ment,

If you have a problem involving antennas,
“18 v or a single output at +36 it's ‘more than Iikely; that our .buckgro:und of
v. Line and load regulation is =1 dfmgn and producnorj exporigce can pro-
percent with less than 6 mv of Wie"disRegy, SEonomiiEa! olvtjog,

ripple. The 8 in. by 3 in. by 3 in.
unit weighs 2 Ib and is convenient

inexpensive, compact d-c supply
with duual output up to 150 ma at

Write for illustrated catalog.

for bench work as well as the build- E;‘.,:’.,,. eftin i J T 1 e T

Q - J ma e S B . R affording opportunities for stock participation,

ing block of transistor equipment. a5 wall a5 many other banefits, are offered 1o A”[”M

It is a highly stable well regulated Toineer Contact R. E. Anderson, Chief s
d-¢ supply primarily used where a -

reference source is required. Line
regulation from 95 to 135 v a-e D 0 R N E & M A R G 0 I_I N I n c.
input to 0.1 percent with continu- ’
ously variable d-¢ output of 2 to 21
v. Load regulation is 0.1 percent [
with loading of 0 to 100 ma. Tem-
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... Complete transistorized
EECO Digital System Breadboard

Designers who want to go places fast systemswise can be sure
of getting there on time with an EECO suitcase. It's packed
with a complete and integrated breadboarding system de-
signed around mutuatly compatible EECO T-Series Germanium
circuit modules, N-Series transistorized decades, and R-Series
Minisig® sensitive indicators

Standard 19” amateur-notched panels have the necessary
permanent wiring to accommodate any standard EECO Ger-
manium circuit module, and all other circuit interconnections
are made by patch cords or plugs, with unique, prepunched
circuit cards to guide you. No soldering is required, and experi-
mental arrangements of T-Series circuits can be quickly patched
up, changed, or taken down without waste of time or materials.

Bottom half of breadboard
suitcase is compactly laid out
to store all necessary T-Series
circuit modules, circuit cards,
patch cords, and compatible
power supplies.

EECO T-Series breadboard equipment is available in both suit-
case and rack-mounted types. Breadboard Kits of any degree
of complexity can be built up in stages, according to the
specific panels and number of circuits incorporated. Compat-
ible interconnections between racks or suitcases further enable
the designer to expand the equipment into a complete systems
development console. Compatible solid-state, convection-cooled
power supplies are also available in two different models:
ZA-720 is a dual 12-volt, 5-amp supply; ZA-721 is a 12.volt,
1-amp plug-in power supply.

FEATURES

® Permits rapid formulation of digital electrical systems.

® System may be operated slowly to permit inspection of
its mode of operation, or over-speed to indicate
system derating.

® Operation may be analyzed with a minimum of test
equipment.

® Provides a means for rapidly building and testing
alternate ways of formulating a system.

® Minimizes wiring errors and the inclusion of defective parts.

o Circuit cards provide a means for rapidly visualizing
the system, and facilitate drawing a circuit diagram.

e Circuit cards enable the designer to determine the
elements involved, as well as the cost of the system.

A request, on your rompuny letterhead, will bring detailed
information on the flexcibility of the EECO T-Series Bread-
boarding equipment, and « demonstration if desired.

ENGINEERED

ftecrronics | ENGINEERED ELECTRONICS COMPANY

Compony

1441 East Chestnut Avenue - Santa Ana, Calif.
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Circuit cards are selected
according to the system it s
desired to breadboard and
placed on the ganel in align-
ment with the jack pattern.
Corresponding T-Series circuit
modules are plugged in above
each card.

- 3.8
Circuit interconnections are
made by patching through
holes in the circuit cards.
Resulting pattern of symbol
cards and patch cords shows a
schematic and bill of materials
for the system, once it is
checked out.

perature stability is 50 parts per
million per deg F in the range of 40
to 120 F. Line-load isolation is in
excess of 10,000 megohms. Module
dimensions are 7.5 in. by 3.5 in. by
2.5 in. Unit finds wide application
in the strain-gage instrumentation
field.
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Casting Resin
MOISTURE RESISTANT

EMERSON & CUMING, INC., Canton,
Mass, Stycast TPM-5 polyethylene
copolymer casting resin is a one
part system and when cured can he
used well above 325 F. Cured cast-
ings have phyvsical and electrical
properties similar to that of high
density polyethylene. Manufacturer
claims it is unsurpassed in moisture
resistance as compared with con-
ventional casting resins. 1t also
exhibits extremely low loss, low
dielectric properties, making it use-
ful as insulation material in miecro-
wave, waveguide and coaxial com-
ponents.

CIRCLE 359 ON READER SERVICE CARD

Insulator Wafers
FOR DIODES

MONADNOCK MILLS, subsidiary of
United-Carr Fastener Corp., San
Leandro, Calif. Hard-anodized in-
sulator wafers for stud mounted
diodes provide outstanding dielec-
trie insulation and thermal conduc-
tivity. Installed between diode and
chassis and between hex jam nut
and chassis. Extruded center hole
insulates stud from chassis and
eliminates necessity for separate
insulating bushing. Five diameters
for stud sizes 8-32, 10-32 and }-28
now in stock; additional sizes soon
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available. Wafers designed for use
with semiconductors of other con-
figurations also available.
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Servo Amplifier
HIGH TEMPERATURE

WESTAMP, INC., 11277 Massachusetts
Ave., Los Angeles 25, Calif. Model
A419 servo amplifier has been de-
veloped for operation in the temper-
ature range from — 55 C to + 159
C. Features of the new amplifiers
are the operation of motors up to
size 15 at temperatures up to 150
C and the self-contained power sup-
ply for operation directly from 400
cps power source.

CIRCLE 361 ON READER SERVICE CARD

Rejection Circuit
QUADRATURE TYPE

KEARFOTT DIVISION of General Pre-
cision Ine., 1150 McBride Ave., Lit-
tle falls, N. .J. The D4816-01 quadra-
ture rejection circuit is designed to
operate from a preamplifier or gain
controlled amplifier into a transistor
servo amplifier. Small, lightweight,
and rugged, this device rejects the
component of the input wave which
is 90 deg from the reference input.
The component of the input wave
which is in-phase with the refer-
ence will produce a square wave
whose magnitude is proportional to
the load and the magnitude of the
in-phase signal. Unit is designed to

electronics * MAY 20, 1960

HIRTEEN

NDISPENSABLE

HARACTERISTICS

FOR Precision G0 1t 1 L

1 High Reliability

Z Low Forque

PRECISION SERVO 3 High Accuracy

POTENTIOMETERS
HAVE ALL
13 FEATURES

‘ Low Inertia

5 High Resolution (or
Infinite in Film Type)

Your Assurance
of Superior System
Performance

B Wide Resistance
kange

1 Low Phase Shift
Over Wide

A few of the many applications of
Frequency Range

TIC Precision Servo Potentiometers
are as input-output transducers

in servo systems for airborne
navigation and flight control, fire
control, fuel control, shipboard gun
directors, missile aiming and flight
control, analog computing, air
traflic control and telemetering.

8 Low Noise Level

9 Highly-Precise Non

Linear Functions

10 can Be Ganged

TIC Precision Servo Potentiometers 1% Long Life
are available in 21 types with
ciameters from 15" to 3%, giving
design engineers a wide range from
which to select. Included are
single and multi-turn types with
cither wirewound or infinite
resolution mctallic film resistance
clements, as well as types designed
for ganging without a shaft.
And TIC Precision Servo

12 Cicse Mechanical
Tolerances

13 Withstand Extreme
Environmental
Conditions

Potentiometers are engineered to = Write °’t:‘3"

. R : or this new catalog
withstand the severc environmental on the TIC line
conditions imposed by military of Precision

Potentiometers -
the most complete
line on the market.

cquipment operation,

TECHNOLOGY INSTRUMENT CORP.

569 MAIN STREET, ACTON, MASS.

SJBSIDIARIES: ACTON LABORATORIES, INC., ACTON, MASS. + ALTDMAC CORP., CANTON, MASS.
TECHNOLOGY INSTRUMENT CORP. OF ARIZONA, TUCSON, ARIZ.
TECHNOLOGY INSTRUMENT CORP. OF ILLINOIS, FRANKLIN PARK, HLL.
TECHNOLOGY INSTRUMENT CORP. OF CALIFORNIA, NEWBURY PARK, CALIF.

MFR1

Type MFR — encapse
latec cortact patented
Metlkim, ultra-reliable
long ife petentiometers

Type PVR — new,.com
plete ine of low torque.
Mgh accuracy, perform

| ance proved, servo type
precision  potentiome
ters

MI0T08

Type MIOT09 - multi
turn 3, 5, 10dun
bighly accurate pre
cison dotenhometers

“ype AVBCY — umitaee
sonsbuchon fof de
velopment work

2900 potentiometers
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operate in an ambient temperature
range of — 55 C to 4+ 115 C at alti-
tudes from 0 to 100,000 ft.

CIRCLE 362 ON READER SERVICE CARD

FREQUENCY

NEW

low cost

multi-purpose
electronic

fPu counter

Magnetic Modulator
12,000 OHMS LOAD

FREED TRANSFORMER CO., INC., 1718

(f Weirfield St., Brooklyn 27, N. Y.
‘ This unit is essentially a low-power
1 level magnetic amplifier. The modu-
[‘ lator shown has an input of 115 v
|\ at 400 cps and an output of from

0 to3 vand 0 to 2.5 v with a re-
versible phase. The d-c¢ signal in-
put is 0 to 100 pa, with a 20
percent maximum distortion of out-
put. The load of the unit is 12,000
ohms.

readout CIRCLE 363 ON READER SERVICE CARD

Model 720 events-per-unit-time counter is specially designed for
industrial and laboratory uses where unusual flexibility is required.
The unique modular construction permits the measurement of virtu-
ally any physical variable. such as rate of flow, RPM, frequency or
time interval. NIXIE in-line readout is easy to read and reduces oper- .
ator fatigue and the chance for error. Simplified construction permits ' ’

operation by relatively unskilled personnel. Low Cost starts at $475
for the 3-decade model. Send for complete technical literature. Test Adapters
COMPACT UNITS

DECADES: 3,4,50r6 LAIK ELECTRONICS C0., 311 Hickory
FREQUENCY RANGE: 0 to 120,000 pulses/sec. St., Kearny, N. J., announces
SENSITIVITY: 50 Millivolts RMS adapters designed to simplify the
ACCURACY: -+ one count =+ time base error work of the engineer as well as pro-
DISPLAY TIME: 0.2 to 6 sec. or infinite duction line testing of electronic

equipment. Urits are made as
small as possible for use in crowded
places. The adapter is inserted into
the vacuum tube socket and the
ERIE-PACIFIC manufactures a complete line of digital counting vacuum tube is plugged into the
and timing instruments and systems for military or commercial use. adapter so that it becomes an in-

tegral part of the electronic circuit.

\

{
? ., ERIE PACIFIC DIVISION l At this point it can be used as any
ERIE RESISTOR CORPORATION l ordinary adapter for taking voltage

{

SIZE: 19” x 514" x 12"
WEIGHT: 25 Ibs.

_ 12932 S. Weber Way, Hawthorne, California and resistance measurements.
INSTRU/MATK)N Phone: ORegon 8-5418 Breaking into tne circuit is accom-
plished by loosening the screw in

the circuit or circuits under test
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high-performance Series F

Tarzian Silicon Rectifiers

“' -~ AT - The addition of Type 2F4 expands the Tarzian F Series
6XK-SXKW Bl :l to cover a current range from 200 to 750 milliamperes dc
\.\ J (to 85° C). Characteristics of the complete F Series are shown

below, in condensed form.

WH E RE COMPARE THESE ADVANTAGES:

l ¢ Small Size...diameter ¥s" max; length %" max.

Tn FI N n e Low Cost... and high quality resulting from Tarzian production methods
¢ Insulated Body...no mounting problems

¢ High Efticiency...oversize junction and low voltage drop

H I M ¢ Avaiiable...now from stock

In addition to providing good operating efficiency at low

The electronics man may be found in temperature rise, thereby increasing reliability, the oversize
any or all of the areas of resecarch, de- . . . . .
e e — junction also handles inrush currents far beyond normal circuit
Your problem: seli him (wherever he requirements. Careful selection of materials increases stability
is) and keep him sold all year long. and improves thermal characteristics.
Iere's the simplified key to this job!
Use electronies to arouse his terest For additional information about Series F rectifiers, call your
and create acceptance for your products Sarkes Tarzian sales representative, or write Section 4887A.
in the magazine's weckly issues. . . . . .
Usethecleetronies BUY ERS' GUIDE Sarkes Tarzian is a leading supplier of silicon, tube replacement,
and Reference Issue to be there all year and selenium rectifiers. Practical application assistance
leng whenever he is is always available.

electronics

ready to buy.

This is the best
. . . Max. Amps.

selling combination —
R ) leetroni Tarzlan Amps. DC Max. Recurrent Surge
in the electronics Type (850C) PIV RMS Volts Peak (4MS)
industry ... and the — =
one that carries the 2F4 -20 400 260 2.0 20
most weight! F.2 .75 200 140 7.5 75

F-4 .75 400 280 7.5 7s
THE ELECTRONICS MAN F-6 75 600 420 7.5 75

“BUYS' WHAT HE READS IN...

electronics

@ A McGRAW-HILL PUBLICATION () l
330 West 42nd Street, New York 36, New York

SARKES TARZIAN, INC.

World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast
Equipment « Air Trimmers « FM Radios « Magnetic Recording Tape « Semiconductor Devices
SEMICONDUCTOR DIVISION ¢« BLOOMINGTON, INDIANA
! /n Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, Inc., New York
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JAMES

A MINIATURE CHOPPER
WITH ALL MODELS OF
INSTRUMENT QUALITY!

¢ All with center pivot armatures
» All models for 100°C

* Low Mechanical noise

» Low residual noise

NEW Printed Circuit Standard 7 F[énge
Board Mount Pin Models Mounts

WRITE FOR CATALOG AND TECHNICAL DATA Dept, E-5

ELECTRONICS INC.

4050 N. Rockwell, Chicago 18, Illinois

CO7-6333

CIRCLE 208 ON READER SERVICE CARD

METALS for ELECTRONIC APPLICATION
rolled ULTRA THIN

by QUR SPECIAL ROLLING
TECHNIQUE

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS

Note: for highly engineered applications—strips of TUNGSTEN
and some other metals can be supplied

ro//éw[ clown to .0003 l‘icéneu

® Finish: Roll Finish—Black or Cleaned
¢ Ribbens may be supplied in Mg. weights if required
Developed and Manufactured by

15 BEEKMAN ST, N. Y. 38, N. Y

WOrth 2-2044
H Oc Ross COO TELEPHONE ¢ Ortlandt 7-0470

CIRCLE 160 ON READER SERVICE CARD

and inserting meters or components
between the upper and lower lugs.
This may be done by means of any
small clips (such as alligator clips).
No special leads, jacks or plugs are
necessary.

CIRCLE 364 ON READER SERVICE CARD

Logie Circuit Unit
ENCAPSULATED

DALE PRODUCTS, INC., Columbus,
Neb, The SPPR-76 Dalohm balanced
resistor network measures 1} by 1}
by 1. Network contains five pre-
cision wire wound resistors and one
transistor incorporated into a NOR
logie circuit. The complete circuit
ix encapsulated in a rigid epoxy
compound. The network is designed
to withstand tough moisture, tem-
perature cyeling, vibration and life
tests,  Termination isx ideal for
printed circuit or plug mounting.

CIRCLE 365 ON READER SERVICE CARD

Standard Gain Horns
FIVE, GUIDE SIZES

RADAR DESIGN CORP., Pickard Drive,
Syracuse 11, N. Y. The RDH
seriex of 15 db standard gain horns
contains a horn for each of the
waveguide sizes from ! in. by | in.
to 3 in. by 1% in. Each horn covers
the full AN-rated frequency band.
The hoins are designed on optimum
gain principles and feature cover
type flanges and vswr below 1.1
over the entire applicable frequency
range. A curve of gain-vs-fre-
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new, high-speed
micro-
microammeter

e
‘o', .

@

The new Kcithley Model 415 micro-
microammeter offers high speed of re-
sponse, accuracy, and zero suppression. |
A speed of response of less than 600
milliscconds to 90% of final value at
10-12 ampere is possible where external
circuit capacity is SOupf. Accuracy is
+2% of full scale on 1073 through 1078
ranges and +3% on ranges below. Zero
suppression permits full scale display
of one per cent variations of a signal.
The 415 is ideal for use with ion
chambers, ionization gages, gas chroma-

tography, mass spectrometry.

Response to a current step of 10-12 amp. |
Input capacity is 35 uuf, One major hori-
zontal division equals 200 milliseconds. ‘

SPECIFICATIONS ’

Ranges: 10-12, 3x 10-12, 10-11, 3x 10-11,
cte. to 10-3 ampere f.s.

Accuracy: +29; f.s. 10-3thrul0-8amp;
+3% f.s. 3x 107Y thru 10712 amp.

Zero Drift: Below 2% of f.s. per day.
Input: Grid current below 5x 104 amp. |

Output: 1 v fs. up to 5 ma. Noise less
than 20 mv.

Rise Time: On 10-12 amp range — at |
50, 150, 1500 ppf Cin — rise time is .6,
.8, 2.5 sec. respectively to 90% of final
values; decreasing to .001 sec. on all
ranges at 3 x 107¥ amp and above for
stated input capacitances.

Price: Model 415 . . . .. ... $750.00

KEITHIL.EY
INSTRUMENT S

For full details, writc:

e

12415 EUCLID AVENUE

CLEVELAND &6, OHIO |
CIRCLE 209 ON READER SERVICE CARD
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quency is supplied. Price is $95 to
$170 dependent on guide size.
CIRCLE 366 ON READER SERVICE CARD

Pressure Switch
MINIATURE DEVICE

CENTURY ELECTRONICS & INSTRU-
MENTS, INC., 1333 North Utica,
Tulsa, Okla. Originally designed for
use in the Polaris missile program,
the 58600 series rugged, all-metal
miniature pressure switch is 1} in,
long, § in. in diameter, and weighs
only 2 oz. It can be factory set from
30 to 500 psi gage or absolute. It
is environmental proof for missile
applications.
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Terminal Blocks
SHOCK RESISTANT

PRECISION CONNECTORS, INC.,, P. O.
Box 96, Mineola, N. Y. Series 100-
53 solderless terminal blocks fea-
ture molded-in taper pin recep-
tacles for complete immobility and
maximum resistance to vibration
and shock. Receptacles are preci-
sion reamed to accommodate stand-
ard “AMP53” solderless taper pin
wiring terminals with high me-
chanical bond and low contact re-
sistance. Any desired combination
of feed-through individual or
shorting circuitry is available, in
protected, molded-in internal con-

nections between terminals. Elec-
trically common adjacent recep-
tacles in groups of two or more

can be shunted internally to pro-
duce any desired terminal circuit
configurations. Horizontal and ver-
tical mounting holes allow for
diverse stacking applications. Vari-

looking for...

.or any major brand industrial
electron tube and semi-conductor?
TRANSITUBE ... the distributors’
supplier...will fill your order...
immediately. .. at great savings...
from the well-stocked shelves of
3 modern warehouses.

| Address your inquiry to:

transitube

114 LIBERTY ST., NEW YORK » WO 4-0252-3-4
CIRCLE 210 ON READER SERVICE CARD

EICO

Electronics f"g -

Catalog

you save 50% on Top-Quality
Test Instruments
Hi-Fi ¢ Ham Gear

KITS AND WIRED

for professional and home use

TEST INSTRUMENTS
battery eliminators
battery testers
bridges
decade boxes
electronic switch
flyback tester
oscilloscopes
probes
signal and

sweep generatars
tube testers

RI-FI

stereo and monaural
tuners

preamplifiers

power amplifiers
integrated amplifiers
speaker systems

HAM GEAR

cw transmitter
modulator-driver
grid dip mater

transistor tester
vacuum tube
voltmeters

OVER 2 MIiLLION
EICO instrements in
volt-ohm- use throughout
milliammeters the world.
LIFETIME service and calabration guarantee.
IN STOCK at your neighborhood EICO dealer.
Send now for FREE catalog E-5

@ 33-:00N.Blvd,, L. LC.1,N. Y.
. . . praised by the experts
as BEST BUYS IN ELECTRONICS
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BEST TIP MILEAGE!

Dutiasts copp'er Tips 20 to 1 ‘ ous combinations of standard and
Doubles the Life of Clad Tips | e ations of stand:

special terminal blocks are avail-
able for every application.

% Q : CIRCLE 368 ON READER SERVICE CARD

HEXACON -
x.r RA D u R Connector

RACK-AND-PANLEL
82 \ LONG-LIFE / CONSOLIDATED ELECTRODYNAMICS
SIZES SOLDERlNG TIPS CORP., 560 Sierra Madre Villa,
AND L L Pasadena, Calif. The 500, series
SHAPES rectangular rack-and-panel connec-
tor is available in 48- or 63-contact
configurations. The 63-contact con-

TOP PERFORMAN CE, TOO! nector has 59 size 20 snap-in con-

Multicoated for extra long wear by a new exclusive process. Solder adheres | tacts and four size 16 WUDEIE The
only to working surface at point of tip — prevents solder dropping on com- 48-contact unit has 43 size 20 and
ponents or creeping into tip hole Eliminates costly tip maintenance. five size 16 snap-in contacts, and

two standard RGH8/U coaxial con-

INDUSTRYS Mo |
f‘r.iuaﬁgﬁﬁe“n?oﬁfé‘o%%ﬁ; A —a"% HEXACON ELECTRIC €O. | tacts. The individual snap-in con-
line of Industria! Soldering E EUN 130 WEST CLAY AVENUE tacts, made for crimped-on attach-
lrons and Long-Life Tips. B — 5 \ ROSELLE PARK, NEW JERSEY ' ment of conductors, are de<igned to
SOLDERING RON QU '
_O0GD . LY P .
SERVING INDUSTRY FOR A QUARTER OF A CENTURY meet MIL-C-26636 specifications,
CIRCLE 211 ON READER SERVICE CARD CIRCLE 369 ON READER SERVICE CARD
]
RECT)-pioes
e, PULSE

SCHMELING | e
MODEL 140 UNIVERSAL
RELAY ANALYZER

TR ...FOR FAST, 1
Quantitatively checks relay ) T
operation under actual contact ACCURATE, 1 A4 i!{
current . L
TESTING OF
RELAYS Rectifier Trigger
ALL SOLID-STATE
® Precise Check of Pull-in and |  HANSON - GORRILL - BRIAN, INC., 85
drop-out Voltage Hazel St., Glen Cove, N. Y. Series
e Exact Measurement of Contact 351 Necti-ulse rates a stee
Make and Break Time [ 7” recti-hu .\( S e . P
s A ate Evaluation of wave front signal for contvolling
ceurate tva uCclJOnta%t Bounce the firing angle of silicon controlled
e Overlap Time on Make Before ’ rectifiers or Trinistors. The ser
Break and Break Before Make power output is thus varied in pro-
Contacts portion to low level control signals
e Contact Resistance D - ~ ©ovarvi
Measurement under Both Load | " hl.(h SO RS O SEULLS
and Dry Current Conditions resistance. Response time is 1 cycle

| or less. Multiple isolated control

AUTOMATIC MODELS ® [ | . . o (3D . :
AVAILABLE — Call or e S@ m(cs \\'111(11'ngs allow great freedom }n
wrte for complete S circuit design. Models are avail-

information on

standard and auto- DIVISION OF & RARITAN INDUSTRIES CORP. able for both full wave and half
matic models. today! 20 FIRST STREET, KEYPORT, NEW JERSEY, U.S.A. wave circuits from 50 to 400 eps.
- DISIGNERSTAND? AANUS LR J ALL 4 The all solid-state circuit compo-

162 CIRCLE 162 ON READER SERVICE CARD MAY 20, 1960 - electronics



WHO’S MAKING
OUT BEST?

A quick, 3-minute Financial Round-
up that names electronics companies
that have achieved substantial financial
gains. Tells where they are and what
they make.

s Fast visual summary of active stocks
each week in the electronics industry.
New public issues. Stock price averages.

This highly readable score card helps
keep you informed on what counts most
on the financial front. This is just one
more reason why you should subscribe
to clectronics (or renew your subscrip-
tion). Fill in box on Reader Service
Card. Easy to use. Postage free.

FIND WHAT
YOU NEED IN...

electronics

electronics + MAY 20, 1960

nents are hermetically sealed and
suitable for use to 100 C.
CIRCLE 370 ON READER SERVICE CARD

.

Pulse Transformers
MINIATURIZED

ATLAS TRANSFORMER €0., 1839 Moore
St.. San Diego 1, Calif., announces
a new line of miniature pulse trans-
formers designed for printed cir-
cuit poard mounting and available
for various voltage ratios. Dimen-
sions are 0.62 in. deep by 0.31 in,
high and all units are designed to
MIL-T-27 requirements.

CIRCLE 371 ON READER SERVICE CARD

[-F Amplifiers
TRANSISTORIZED

RS ELECTRONICS CORP., P. O. Dox
368, Station A, Palo Alto, Calif.
New transistorized i-f amplifiers
are designed for use where severe
environments, minimum size and
lower power drain are required.
Models 83003H and 83003D (illus-
trated), using silicon transistors,
operate with a center frequency of
30 Mc and a bandwidth of 3 Mec.
Model 83003H has a gain of 100db
and uses one subminiature tube in

CIRCLE 163 ON READER SERVICE CARD

looking for...

thyratrons

...or any major brand industrial
| electron tube and semi-conductor?
I'TRANSITUBE, .. the distributors’

supplier...will fill your order...

immediately. .. at great savings...
from the well-stocked shelves of

3 modern warehouses.

' Address your inquiry to:

transitube

l
.'
|
114 LIBERTY ST., NEW YORK » WO 4-0252-3-4
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. YOU CAN SAVE

‘ UPTO soo/o ON

'SMALL PARTS LIKE THESE
by using
2

BEAD CHAIN /),

®
Multi-Swage /
| PRODUCTS
| Every year Bead Chain pro- /

duces billions of tubular metal

| parts for electronic and me-
chanical applications. Multi-
Swage eliminates costly turn-
ing, drilling, stamping and
forming—automatically swages
from flat stock into strong
precision forms with positive,
tight seams. If you’re a volume
user of such parts, in any
metal, up to %4 ” diam. x 14” C
long, find out how much Multi-
Swage can save you. Send
sketch or standard parts for
prompt estimate. Write for
catalog today.

B®
| THE BEAD CHAIN MANUFACTURING €O,

88 Mountain Grove $t., Bridgeport, Conn.
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SET IT DOWN!
HOOK IT UP!

éOMPLETE
AUTOMATIC
DE-IONIZER

Here is a complete, loaded, fully-
mstrumented, automatic loanhange
unit in a neat, compact and ready-to-
operate ‘‘package.” It is equipped with
our own Illco/Matic, all-plastic, air-
actuated valves, which have been
specially developed for ionXchange ser-
vice. The Control Panel, also our own
design and manufacture, provides all
necessary quick-adjustment features,
and requires only electrical hook-up to
the terminal box on the frame. The
only other connections required are to
plant service.

FULLY ASSEMBLED AND
READY TO INSTALL

All structural assembly of elements, all
piping, all wiring, and all installation
of air lines is done in our factory by
men of long experience. Then the unit
is tested for proper operation of all
circuits, loaded with the proper sup-
porting beds and resins, painted, bolted
to a skid, and crated for delivery to the
exact spot it will be used. This is the
quickest, easiest, and surest way for you
to get a reliable, ready-to-go ion Xchanger
— arranged and instrumented to suit
your special needs, whatever they are.

Werite for Particulars
840 Cedar St.

AT a ILLINOIS WATER
{n”““:l I!"". ot |
b Rockford, (1.

TREATMENT CO.
NEW YORK OFFICE: 141 E. 44th 51, New York 17, N.Y,

CANADIAN DIST.: Pumps & Solteners, Lid., London, Can.
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the input for minimum noise figure.
Model 83003D, completely tran-
sistorized, has a gain of 60 db. Both
units incorporate gain control.
CIRCLE 372 ON READER SERVICE CARD

Thermal Wells
HIGH PRESSURE

FENWAL INC., Pleasant St., Ash-
land. Mass. Pressures up to 3000
psi at 600 F, or 2000 psi at 700 F.
can be handled by new thermal
wells. Wells are available in three
stvles: coupling head. hex head. and
with a moisture-sealed. tamper-
proof cover. All are type 316 stain-
less steel with heliare welded func-
tions.

CIRCLE 373 ON READER SERVICE CARD

Miniature Test Clip
SINGLE OR DOUBLE

GRAYHILL, INC., 561 Hillgrove Ave.,
La Grange, Ill., announces a mini-
ature, single or double, spring ten-
sion test clip, with hex nut for
adjustment of tension to suit condi-
tions of use. It assures simplified.
rapid testing of resistors, tran-
sistors, capacitors and other pig-
tail type components, as well as for
single wire connections and for
bread-board work. They are de-
signed to allow rapid connection
and positive contact without manu-
ally opening and closing jaws.
Panel area required by the single
unit (2-41) is approximately & in.
by 4 in., while the area required by
the double unit (2-42) is approxi-

|

|

...that’s what a
growing number
of industrial
executives are
saying and doing!

In the past four years
they announced :

389 new prants

39 RE-OPENINGS
OF IDLE PLANTS

788 PLANT ExPaNsiONs

(Send for the list—oddress below)

They are finding:

Surplus of industry-minded
workers . . . Strategic locations

in the great Eastern market with
access to major trunk line rail-
roads, and modern highway and
Turnplke networks . . . Ports on the
Atlantic, St. Lawrence Seaway

and Ohio River system . . . All types
of industrial raw matenals and
components . .. 100% low-interest
plant financing in labor surplus
areas . . . Choice of industrial
*‘parks’’ and individual plant sites.

Excellent “'tax climate”

No state personal income tax—no ma-
chinery or inventory taxes—no gradu-
ated state tax rates—no direct state
property tax—manufacturing activities
in Pennsylvania are exempted from
capital stock, franchise, and sales taxes.

For free copy of “‘Plant Location
Services" pamphlet, or for de-
tails on 100% financing, write
or call:

e

Pennsylvania Department of Commerce

South Office Building
803 State St., Harrisburg, Pa.
Phone: CEdar 4-2912
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mately 1 in. by 1 in., exclusive of
tension adjusting nut. Mounting
stud extends I in. below the adjust-

ing nut.
CIRCLE 374 ON READER SERVICE CARD
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Indicators
WIRE WRAP TERMINALS

TRANSISTOR ELECTRONICS CORP.. 333
Republic  Ave., Minneapolis 26,
Minn., announces that wire wrap
terminals are now available on its
complete line of indicators. These
terminals are available on all of
Tee-l.ites neon or incandescent indi-
cators with either permanent or re-
placeable lamps, standard or tran-
ststor driven, and are offered at no
increase in price over standard
solder or taper pin terminals.
CIRCLE 375 ON READER SERVICE CARD

High Loss I*oam
LOW WEIGHT

EMERSON & CUMING, INC.. Canton,
Mass. High loss. low weight ce-
ramic foam block ix useful in con-
structing vhf high power loads.
Suitable designed loads made with
Iiccosorb WG are capable of aver-
age power dissipation in excess of
2,000 w without torced air or water
cooling. Operating temperatures up
to 1,000 I' are possible without per-
manent deterioration. IKach block
has holes drilled through it so that
a large surface area is available for

electronics + MAY 20, 1960

20 to 200 D.P.

Send your prints
for quotations

SPURS
HELICALS

WORM AND
°  WORM GEARS"

STRAIGHT BEVELS
LEAD SCREWS
RATCHETS
CLUSTER GEARS
RACKS '
INTERNALS

ODD SHAPES

(N N A

e 06060 00

We make gears like these for a wide variety
of gages, meters, indicators, controllers.

etc. Tell us your needs,

1021 PARMELE STREET,

For the latest advances in data illumination, read:

66 pPILOT

Foremost Manutocturer of Pilot Lights

DIALIGHT

CORPORATION
60 'STEWARY AVE., BROOKLYN 37, N.Y,

HYACINTH 7-7600

ROCKFORD,

LIGHTS.

FOR AUTOMATIC
CONTROLS

ILLINOIS

CIRCLE 214 ON READER SERVICE CARD

The only Brochure devoted especially to
visual indication by means of read-out
lights, data display, plocard lights, word
and number discs, lenses-with-legends, etc.
Applications: data processing, computers,
dutomation, motor-controlled devices,
automatic merchandising . . . Comprehensive;
colorful For a free capy, mail coupon now.

DIALUIGHT CORP. E-5-20-60

6C Stewart Ave., Brooklyn 37, N.Y.

Plzose send copies of “kights that Enlighten”.

Name S

Pcsition Dept.

Company o - —
Address - S S —
City Zone State
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Modet RB-504
Bench mount

With any of North Atlantic’s
RB500 Ratio Boxes you can now
measure voltage ratios about zero
and unity—without disrupting test
set-ups.

And—a complete range of models
from low cost high-precision types
to ultra-accurate ratio standards
—in portable, bench, rack mount,
binary and automatic stepping
designs—lets you match the
model to the job.

T s i

For example, characteristics cov-
ered by the RBS00 Series include:

"4,

Frequency: 25 cps to 10 kc.
Accuracy: 10 ppm to 1.0 ppm
Input voltage: 0,35f to 2.5¢

: Input impedance: 60 k to
1 megohm

Effective series impedance:
7.5 ohms to 0.5 ohms

Long life, heavy duty switches

e

Name your ratio measurement
and its probable there’s a North
Atlantic Ratio Box to meet them
— precisely. Write for complete
data in Bulletin 11K

~aT b

Also from North Atlantic
...a complete line of
complex voltage ratio-
meters...ratio test sets...
phase angle voltmeters

TR

S Fsvet -

o S

e e T ST

168

heat dissipation. Supplied in blocks
10 in. by 15 in. by 3 in., weighing
less than 3 1b, Eccosorb WG has a
useful frequency range from below
100 Mc to about 1,000 Mec.

CIRCLE 376 ON READER SERVICE CARD

magnetic core  dielectric PVC jacket

inner conductor

winding suter conductors
»)
Delay Cable
MAGNETIC-CORE
COLUMBIA TECHNICAL CORP., 61-02

Thirty-First Ave.,, Woodside 77,
N.Y. Type HH-1500A (RG-266/U)
delay cable features an impedance
of 1,500 ohms and a delay of 0.08
usec per ft with delays on the order
of several microseconds. Ratios of
delay-to-rise time of 100:1 can be
achieved. The delay cable has an
o-d of 0.400 in. It is very flexible
and can be easily installed in elec-
tronic equipment., It can be sup-
plied in 100 ft bulk lengths or in
calibrated sections with molded
PVC end caps and tinned leads.
CIRCLE 377 ON READER SERVICE CARD

Regulated Supply
TUBELESS UNIT

FREED TRANSFORMER CO., INC., 1718
Weirfield St., Brooklyn 27, N. Y.
New tubeless regulated supply con-
tains a Freed veactor and a her-
metically sealed constant voltage
transformer. Featured in the sup-
ply is a time delay relay adjustable
from 30 sec to 3 minutes to allow
for warm-up. Input is 95 to 130 v
a-c at 60 cycles; output is 1556 v
d-c at 150 ma regulated to =1 per-
cent. Ripple is less than 10 mv.
Also built in is a 6.3 v a-c, 60 cycle
supply regulated to =1 percent
against line variations of 95 to
130 v.

CIRCLE 378 ON READER SERVICE CARD

CIRCLE 168 ON READER SERVICE CARD

PRECISION
DEFLECTION

WITH

Slip Ring Yoke
Two Axis Fixed Yoke
Component Development
Engineering at its BEST!

® ADVANCED ELECTRICAL DESIGN
® PRECISION MECHANICAL DESIGN
® ACCURATEPRODUCTION METHODS

Custom Built to the most
Exacting Specifications

by Cossor Engineers

In Muraaetal Cores for Optimum Geometry
In Ferrite Cores for Speed and Sensitavity
fn Non.magnetic Cores fo: Periection of Response

Any of Cossor’s Uhree Core Types can be
made in single or double axis with single or
ush-pull windings. and encapsulated  for
ixed or slip ring (rotating) use

Normal  charactenistws of vokes for 1-1 2 n
neck tubes nre

Positional accuracy  the sput position will con
form to the yoke current
co-ordinates within 0 25%
of tube diameter  For de
flection angles less than
: 257 bettet accuracy can
easily be achieved

05% max  without over
swing

0 1%, ot less wath controlled
overswing

Memory

Complete eacapsulation in cpuay 'stycasts or
silicone. resina is standard for all Cossur deflection
yokes, and i8 done with specia! nwvlding tools
easuring nccurate alignment of the yoke axis - When
slip rings are added, solid silver rings are mountec
in encapsulating resin.  The fimshed ship cing voke
is precision turmed to centre bore, and can include
beuring mounting surfaces with dimensional toler-
anices approsching those associable with mgh quahty
metal parts,

Settling Tims Micro sec. =

120 v Inductance 1n Henrisee

Sanaltivity - degresa] mill i
/lrndu::.nn - millihenries
0085 ¥ 7 Accelerator Voltage - KV

COSSOR

Electronics Limited

WOODSIDE. DARTMOUTH. N. S

2005 Mackay St. Montreal. Que

3077 Bathurst St Toronto. Ont.
Corperation House. 160 Laurier West Ottawa. Ont

CIRCLE 215 ON READER SERVICE CARD
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Haron

advancement
in instrument
design

actuol size
Model HCM 7,16

MINIATURE 74" INDICATOR

Micro-miniature moving coil, core mag-
net indicator; 716" diameter, 31,32”
length. Weight 10 grams; seoled.
Available with o pointer or flag dis-
play in o wide variety of electrical
sensitivities and functions. Dota on
request. Marion Instrument Division,
Minneapolis-Honeywell Regulator Co.,
Manchester, New Hampshire, U.S.A. In
Conada, Honeywell Controls Llimited,
Toronto 17, Ontario.

Honeywell
PIONEE;ING THE FUTURE @ %t &&d C&m/

iNCE 1865
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There’s
\.......‘/ going to be
AR 2 meeting

Who's going to get together and what are they going
to talk about?

Electronics men are meeting all over the country to
talk about everything from ultrasonics to quantatum
electronics.

clectronics tells you where and when “Meetings
Ahead” ... gives you the highlights later on.

Another reason why it will pay you to subsecribe to
electronies (or renew your subseription) right now. Fill.
:ifn the box on Reader Service Card. Easy to use. Postage
ree.

FIND WHAT YOU NEED IN...

electronics

electronics + MAY 20, 1960

PRICES
HAVE
DROPPED!

on high voltage transistor
regulated power supplies

for critical commercial and

? military applications

A e full five year warranty includes
all components

e guaranteed to meet published
specs.

¢ short circuit protected

u o fit standard 19” rack

PP Model Model Model Model
Specifications | ps4251m |PS4231M | PS4222M | PS4232M
Voltage Range (VDC) | 30-210 | 120-330 | 30-210 | 120-330
Current Range (Amps) 0-1 0-1 0-1.5 0-1.5
Regulation Against
20% Line change | 0.1% 0.1% 0.1% 01%
0 to full load | 0.1% 0.1% 0.1% 0.1%
Impedance (Ohms)
DC to 100KC A4 A4 2 2
Ripple (RMS) in Mitlivoits 2 3 2 3
Panel Height 17 5%" 5%a" 51"
Price: (See Notes) $555 $620 $580 $645
Note 1: If meters not desired deduct $30 and drop *“M" from model number.
Note 2: If fixed output desired (+5 volts) deduct $40 and add “‘F"’ to model
rumber followed by nominal output voltage desired.

Write for complete specifications
s S;)vea/é POWER SOURCES
BY

POWER SOURCES, INC.

Burlington, Massachusetts

CIRCLE 169 ON READER SERVICE CARD 169




for maximum reliability

PREVENT
THERMAL
RUNAWAY

Prevent excessive heat from
causing ‘‘thermal runaway’ in
power diodes by maintaining
collector junction temperatures
at, or below, levels recommended
by manufacturers, through the
use of new Birtcher Diode
Radiators. Cooling by conduction,
convection and radiation,
Birtcher Diode Radiators are
inexpensive and easy to install in
new or existing equipment,

To fit all popularly used

power diodes,

FOR CATALOG

. | and
% " test data writes

with NEW
BIRTCHER

DIODE
RADIATORS

Birtcher cooling and rentention devices are
not sold through distributors. They are avail-
able only from the Birtcher Corporation and
their sales representatives.

THE BIRTCHER CORPORATION

industrial division
4371 Valley Blvd. Los Angeles 32, California

Sales engineering representatives in principal cities.

CIRCLE 217 ON READER SERVICE CARD

RF

PROJECT ENGINEERS
SENIOR DESIGN ENGINEERS

VHF-UHF

atmosphere.

landing instrumentation.

Positions now open for engineers experienced in management of
radio frequency projects, and for engineers experienced in radio
frequency design. Our long range programs in lunar and interplane-
tary communications offer challenging assignments in an academic

Current projects include advanced development of precision radio
tracking systems, digital telemetry and command systems, and terminal

Minimum B. S. degree and five years related design experience
tequired, 10 to 15 years desired.
Immediate “on lab’ interviews arranged for qualified applicants,

Send resume and qualifications today to

CALIFORNIA INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY
PASADENA, CALIFORNIA

M A Research Facility aperated far the Notianal Aeranautics and Space Administration ‘

O

170

Literature of

SUB-SUBMINIATURE SWITCH
Micro Switch, Freeport, I1l. Data
sheet 169 describes the 1XE1 en-
vironment-free sub-subminiature
switeh.
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TACHOMETERS The Electro-
Mechano Co., 241 E. Erie St., Mil-
waukee, Wisc., has available a bul-
letin covering portable and hand
tachometers for general shop and
lab testing of rotational speeds on
most any type of equipment.
CIRCLE 381 ON READER SERVICE CARD

INSULATING MATERIAL Wes-
tinghouse Electriec Corp., Benolite
Plant, Manor, Pa. Eight-page book-
let MB-1908-A describes the proper-
ties and uses of Limitrak surface-
coating insulating material.
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QUARTZ CRYSTAL TRANSDU-
CERS Kistler Instrument Corp.,
15 Webster St., North Tonawanda,
N. Y, has published a well-illus-
trated brochure showing a full line
of natural quartz crystal trans-
ducers for pressure, force, accelera-
tion and vibration measurements.
CIRCLE 383 ON READER SERVICE CARD

ELECTRONIC COUNTER Hew-
lett-Packard Co., 275 Page Mill
Road, Palo Alto, Calif. A loose-
leaf data sheet describes model
521G electronic counter. Advan-
tages, uses, and specifications are
listed.

CIRCLE 384 ON READER SERVICE CARD

CAPACITORS General Electric
Co., Schenectady 5, N. Y. Bulletin
GET-3032 provides detailed infor-
mation about a wide range of stand-
ard commercial, MIL-C-25A, and
Permafil capacitors used for such
a-c/d-c applications as blocking and
bypass service, power supply filters
and other general purpose military
and commercial applications.

CIRCLE 385 ON READER SERVICE CARD

SENSING DEVICES Consolidated
Electrodynamies Corp., 360 Sierra
Madre Villa, Pasadena, Calif. De-
sign details and applications of
pressure instrumentation, force-
balance instruments, unbonded

MAY 20, 1960 - electronics



the Week

strain-gage and potentiometer pres-
sure transducers, vibration trans-
ducers, galvanometers, and ceramic
and precision optical products are
featured in a 16-page general cat-
alog.
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WINDING MACHINES Boesch
Mfg. Co., Danbury, Conn. Catalog
60 is a 40-page booklet on a line
of winding machines and acces-
sories for the electronics industry.
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FASTENERS Deutsch Fastener
Corp., 14504 So. Figueroa St., Los
Angeles 61, Calif., offers a new,
profusely illustrated two-color
brochure featuring four new con-
cepts in special-purpose fasteners,
including the Pawl-Loc, Zip-Loc,
Pres-Loc and Deutsch blind rivets.
The devices described increase de-
sign freedom for engineers con-
cerned with missile, rocket, air-
craft or ground-equipment fas-
tener applications.
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R-I1 FILTERS Sprague Electric
Co., North Adams, Mass. Engi-
neering bulletin No. 8100A illus-
trates and describes a line of small
and light cylindrical style radio in-
terference filters.

CIRCLE 389 ON READER SERVICE CARD

VOLTAGE LIMITERS Clevite
Transistor, Waltham, Mass. Bul-
letin B220A covers a line of volt-
age limiters which are subminia-
ture glass diodes designed to have
a maximum ratio of d-c to a-c
impedance in the region of 1 to 10
ma and 0.25 to 0.75 v.

CIRCLE 390 ON READER SERVICE CARD

PULSE TRANSFORMERS Tech-
nitrol Engineering Co., 1952 E.
Allegheny Ave., Philadelphia 34,
Pa. Bulletin PT-201 describes the
company’s complete line of stand-
ard miniature pulse transformers
and includes a full page of appli-
cation notes showing circuits and
design formulas of interstage cou-
pling applications and vacuum
tube and transistor blocking oscil-
lator applications.

CIRCLE 391 ON READER SERVICE CARD
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Parts shown 243 actual size. 28 years of

progress in .
tiny parts )

Full Specs for Hundreds of Combinations of One-
Piece Die Cast Zinc Alloy—spur gears, gear clus-
ters, pinions, cup gears—with hubs, shafts, spac-
ers, or special features—at little or NO tool cost.

If you use small gears and pinions it will pay you

to keep this valuable guide book at your finger-
tips. It shows parts made by GRC's interchangeable
unit die systems and exclusive single cavity casting
techniques; new design flexibility, new assembly
shortcuts—reduced production and material

costs. Maximum sizes: 1-5/16" O.D. by 1/16" face
width—wider faces with smaller diameters.

Send TODAY for your
GRC Gear Guide Book

|\
GRlES REPRODUCER CORP.
/ World’s Foremost Producer of Small Die Costings

151 Beechwood Ave., New Rochelle, N. Y., NEw Rochelle 3-8600
See us at the Design Engineering Show—Booth #2435
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YOU HAVE TO BE THE
BEST TO STAY ON TOP

SUPERIOR
el

In every industry there’s a leader
that earns and maintains its posi-
tion through its ability to produce
a better product than its com-
petitors.

Superior Electronics Corporation,
oldest and largest exclusive manu-
facturer of electron gun mounts in
the world, continues to hold this
position of leadership through
consistent and complete applica-
tion of its talents and skills in elec-
tron gun mount research, engi-
neeringand productlontechmques.

For standard gun mounts, proto-
types or special purpose mounts
for any application call on Supe-~
rior Electronics Corporation.

SAMPLES, CATALOGS. PRICES AVAILABLE ON REQUEST

AVE. *» CLIFTON, N. J.* GRegory 2-2500
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PEOPLE AND PLANTS

Hitemp Opens Western Plant

Hitemp Wires, Inc., producer of
high temperature insulated wires,
cables and cable assemblies, has in-
creased its production capacity 25
percent with the recent opening of
an integrated manufacturing facil-
ity in Monrovia, Calif. The new
plant is operated by Hitemp, Inec.,
a newly formed, wholly owned sub-
sidiary.

George F. Rolfe, president of Hi-
temp Wires, said the West Coast
move became necessary when the
company’s present manufacturing
facilities in Westbury, N. Y., had
difficulty in meeting increased de-
mands from western companies.

The trend today, he said, is to-
ward highly specialized wires and
cables., “We constructed a fully
equipped, modern installation in
Monrovia to provide the experi-
enced engineering service and fast
delivery of finished products re-
quired by the growing list of elec-
tronics, missile and aircraft pro-

Company Formed
In Pittsburgh

A NEW FIRM, Norbatrol Electronics
Corp., has started operations in
Pittsburgh.

The company, using facilities
formerly occupied by Westing-
house’s Collins Avenue plant, manu-
factures magnetic amplifiers and
electronic controls, components, as-
semblies and systems.

Thomas H. Nimick, Jr., is presi-
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ducers in the western states.”

The new plant represents an in-
vestment of approximately $250,-
000. It contains enough space and
provisions for ultimately increasing
the company’s over-all production as
much as 50 percent, Rolfe added.

The eight-year-old company,
which supplies some 1,500 users
with high temperature wiring prod-
ucts, was an early pioneer in the
mass production of Teflon-insulated
wires. Hitemp’s research and devel-
opment department recently devel-
oped a ceramic-insulated wire for
applications at temperatures up to
1,000 F. Flat ribbon cables and
bondable Teflon wires were also
perfected in the company’s labora-
tories and are now widely used.

Another recent development by
Hitemp researchers is thin-walled
tubing of Teflon made in large di-
ameters. The tubes are fabricated
with continuous windings of Teflon
tape material.

dent and Roland W. Roberts, execu-
tive vice president. The company
employs about 50 persons, mostly
womer,

Nimick handles the financial and
administrative phases of the busi-
ness. Roberts handles sales.

Harry J. Abrams and Ronald C.
Blackmond, engineers with manu-
facturing and design experience,
have joined the company. Abrams
is vice president in charge of manu-
facturing and Blackmond is chief

design engineer at the plant.
All four men are stoekholders in
the corporation.

Shortess Takes
WacLine Post

EDWIN &. SHORTESS has joined
WacLine, Inc., Dayton, Ohio, as
general manager of its Meter Di-
vision,

Prior to coming with WacLine,
he was associated with Hickok
Electrical Instrument Co. as direc-
tor and as administrative engineer
for 7 years, and he was chief en-
gineer and a director of Burlington
Instrument Co. from 1945 to 1953,

WacLine specializes in military
panel meters and special meters and
indicators of many types.

Hughes Aircraft Names
Five Lab Managers

F. P. ApLER, director of advanced
projects laboratories at Hughes
Aircraft Co., Culver City, Calif.,
announces the appointment of five
laboratory managers.

They are R. L. Roderick, ballis-
tic missile and ballistic missile de-
fense systems; J. W. Ludwig, space
systems; Leonard Mautner, special
systems; R. K. Ausbourne, tactical
missile systems, and L. J. Money,
tactical aireraft systems.

The advanced projects Jlabora-
tories are responsible for invention
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magnetic phase modulators for defense application

Transmitter circuitry can be simplified

MPM’S compact design does it — with fewer multiplier stages

The Magnetic Phase Modulator, an innovation in
G.E.'s Electrically Variable Delay Line family, now
combines small size with increased time delay, linearity
and vreliability. Improved phase shift capability per-
mits usc of oscillators operating to a frequency ol 18
mc. By climinating one or more transmitter multiplier
stages, both circuit complexity—and total cost—are
i greatly reduced. Designed to withstand extreme con-

% actual size 0.0 P o no . a . .
ditions of humidity, shock and vibration, this magneti-

i cally stable device finds ready application in portable
and semi-portable military equipment, with particular

MAGNETIC
OSCILLATOR LIMITING POWER . =0
| PHasE 1P ‘
o oSt [ aMpLIFIER MULTIPLIER b oo F iR use in FM communications.

Magnetic Phase Modulators, developed to defense
specifications, are available for high and low frequency
transmitters, and are suitable for printed wire board
o ey o e 0 s (o wedens 00 b o mounting, transistorized circuitry and chassis minia-

basic transmitter circuit to permit higher frequency operasion. De- turization. For completc_s/)cczﬁmtzons write to:  Defense
emphasis network and unnecessary multiplier stages are now eliminated. Industries Programs, Section 176-51.

AUDIO

G E N E R A I. E LE CT R I c DEFENSE ELECTRONICS DIVISION
HEAVY MILITARY ELECTRONICS DEPARTMENT, SYRACUSE, NEW YORK

CIRCLE 219 ON READER SERVICE CARD

BENDIX-PACIFIC

in Southern California

neeas ENGINEERS with
DOCTORS - MASTERS- BACHELORS'

DEGREES

for electrical, mechanical and systems work in fields of
Instrumentation —Telemeltry
Anti-Submarine Detection  Systems | Operations Research
Missile and Airveraft Fluid Controls.

IVISION OF BENDIX AVIATION CORPORATION

Please send resume to MR. RALPH LAMM,
DIRECTOR OF ENGINEERING zendél/- GCI'/I'C"
DI

Other High-lLevel Electronic

Engincering Positions Available 11602 SHERMAN WAY
NORTH HOLLYWOOD, CALIFORNIA

electronics - MAY 20, 1960 173



NE

TRANSRADIO LTD,138a Cromwell Rd. London SW7 ENGLAND

* R LOW &cggenuaﬁon

WE ARE SPECIALLY ORGANIZED
TO HANDLE DIRECT ORDERS OR
ENQUIRIES FROM OVERSEAS

SPOT DELIVERIES FOR U.S.

BILLED IN DOLLARS—
SETTLEMENT BY YOUR CHECK

CABLE OR AIRMAIL TODAY

acitancé

TYPE | FA[IMPED .| O.D.
c1 (73] 150 |.36
Cn [ 6.3 [ 173 | .36]
€2 [ 63 [ 171 | .44
C22[ 55 | 184 | .44
C3 | 54 | 197 | .68
C33] 48 | 220 | .64
Ca | a6 | 229 .03
Ca4a| a1 | 252 1.03

‘MX and SM' SUBMINIATURE CONNECTORS

Constant 50n-63n-70n impedances

CABLES: TRANSRAD, LONDON

TEST THE SUPER ACCURATE

AVOMETER 8

WITHOUT COST, WITHOUT OBLIGATION
Guaranteed lorg-Term Accuracy 1%,

We invite you to test
the world-famous
AvoMeter 8 for one
month. No cost.

No obligation.
Thousands in

use wherever
accuracy and
dependability are
required. Closer to

a laboratory

standard than to

a conventional test
meter! Accuracy
guaranteed, 1% BC
current, 2% DC
voltage, 2Y2% AC
current and voltage.
Sensitivity: 20k /v
DC. 1k(!/AC. Hand
Calibrated «

Mirrored Scale o
Automatic Overfoad
Protection « AC
Current Ranges o
Reversing Switch

3 Zeroing Controls «

A ies Extend 4
Moderate Price is $89.01

BRITISH INDUSTRIES CORP.

Use Coupon or Letterhead

' Scientific Instruments Division
' Port washington, New York

We wish to test the Avodleter without cost ﬂ
or obligation. \

firm name.

~0one. state.

your name.

i

]

| city
I
i
I
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\
addr \
|
|
|

are going

for everybody in

MISSISSIPPI

Executives will weigh this
mandatory tax reduction pro-
gram in their future plans,

Top Income Tax bracket will

be reduced 507, graduated
over a six-year period,

Personal Exemptions are in-
creased $1,000; individuals now
$5,000, married couples $7.000.

tax reduction as a very real

y Main Street merchants view
incentive to industrialization.

For Further Information Contact
MISSISSIPPIAGRICULTURAL ANDINDUSTRIAL BOARD
Jackson, Mississippi
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INCOME
TAXES

and preliminary design of missile,
space and electronic systems.

Telemeter Magnetics
Appoints Englert

RROBERT ENGLERT has joined Telem-
eter Magnetics, Ine., Components
Division, Culver City, Calif., as ap-
plications enginecer. 1le will pro-
vide engineering assistance for
customers’ problems involving mug-
netic data storage components.

Englert was formerly with Tele-
computing Corp. where he served
as western manager of field engi-
neering, a position he held for 4
years. Prior to this he was with
Western Electric Co.

Stromberg-Carlson
Hires Lawrence

WILLIAM LAWRENCE has been ap-
pointed director of operations for
the Electronies Division of Strom-
berg-Carlson, Rochester, N. Y.
Prior to joining S-C, Lawrence
was assistant general manager of
the Avionics and Automation Di-
visions of Bell Aireraft Corp. From
1953 to 1956 he was manager of
manufacturing of the Radio Con-
denser Corp., Camden, N. J. Pre-
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viously he had been manager of
operations at Magnavox Corp.,
Greeneville, Tenn., and plant man-
ager for General Electric Co. at
Syracuse, N. Y.

Elects Officers

The board of directors of P. R.
Mallory & Co. Inc.. Indianapolis,
Ind., has elected G. Barron Mallory
(picture) to the oftice of president.
succeeding Joseph E. Cain. who has
been president since 1946 and prior
to that was executive vice president
from 1935 to 1946.

Philip R. Mallory was re-elected
chairman of the board of directors
with J. E. Cain elected co-chairman.
Cain was also elected chairman of
the executive committee, suecced-
ing J. F. Rilev who remains a mem-
ber of the executive committee to-
gether with C. Harver Bradley and
G. B. Mallory.

G. Barron Mallory, son of com-
pany founder and board chairman.
P. R. Mullory., has been adminis-
trative vice president since Oetober
1058, Active in Mallory company
affairs for many vears. he was a
director of the company before his
election as administrative vice
president.

The 2MMallory board also an-
nounced four other executive pro-
motions. Charles A. Barnes, for-
merly vice president-controller, was
elected vice president-finance: Leon
Linn, who heads the Metallurgical
and Mechanical Group, was elected
ice president of P. R. Mallory &
Co. Inc.: Kenneth W. Shearer, for-
merly assistant to the controller,
was elected controller; and Paul
M. D. Harrison was elected assist-
ant secretary.
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Talos missile, prime armament of the missile-age cruisers, biasts off from the U.S.S. Galveston.

Bendix Talos--

on target for your future!

Talos was on target from the start, The
Navy credits it with consistently high
accuracy and effectiveness. As a result,
Talos was installed directly aboard first
line eruisers, rather than auxiliary ships.

The established success of Talos by
Bencix Missiles, its prime contractor,
not only assures permanence to  the
present program but has opened the door
to other advanced missile projects that
offer new and challenging job oppor-
tunities (e design, development, testing,
and manufacturing.

Bendix  Missiles, in addition to 1ts
direet responsibility for Talos and other
advanced missile  projects, is a  key

Bendix "o Missiles W20

PRIME CONTRACTOR

division of Bendix Aviation Corporation.
The corporation-wide activities of Bendix
cover practically every phase of advanced
technology with particular emphasis on
svstems design and development. Partici-
pation in this highly diversified corpora-
tion effort is your further assurance of a
more secure future,

Enjov living in the Midwest and find
ummnatched job opportunities with Bendix
Missiles. Grow professionally as well as
financially. Take the first step today.
Mail the coupon for your copy of the
interesting hooklet “Opportunitics Abound
at Bendix Missiles.”

AVIATION CORPORATION

FOR THE TALOS MISSILE

Bendix Products Division—Missiles |
402E So. Beiger St., Mishawaka, Ind. |

Gentlemen : | would like more information concerning opportunities in guided missiles.
Please send me the booklet “‘Opportunities Abound at Bendix Missiles.” :
NAME. __ — — — :
ADDRESS S I :
cITY = - STATE |
—— e — o ——— —— o —— ——— o ——————— -
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The future. ..
from your
point of view

A good day’s growth for a hard
day’s work.

A position to suit your talents,
experience and ambition.

Opportunity to exercise full
initiative in Research,
Radar, Doppler Naviga-
tional Systems, Magnetic
Memory Systems, Micro-
wave and Computers.

PLUS

Management awareness encouraging exploration beyond the
range of present knowledge.

APPOINTMENTS NOW AVAILABLE:

SENIOR ENGINEER

Air Traftic Control Systems

Experienced in problems involving the relation of overall
ground-air environment to such elements as Navigation,
Data Acquisition, Processing and Display.

SENIOR ENGINEER

Radar Systems & Techniques

Thoroughly grounded in existing systems, philosophies and
techniques. To study, design and plan advanced programs
for varied applications.

SENIOR ENGINEER

Airborne Electronic Weapon Systems

Experienced in existing systems and requirements. To plan
the optimum integration of such various subsystems as radar,
navigation, central data computers, communications, etc.

For a confidential discussion, please write:

Eugene Rust
Laboratory for Electronics
75 Pitts Street, Boston 14, Massachusetts

LABORATORY FOR ELECTRONICS
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CONTACTS

FOR THE FIELD OF
ELECTRONICS

LIFSCRULTZ
=FAST FREIGHT=

FASTEST TO BOTH COASTS!

'lI.I‘S(NUI.Tl —I-|'5‘HU|.YZ ] <

0o, va. X 7
SWIFT, =X - —
LOW COST

TRUCKLOAD SHIPMENT via
LIFSCHULTZ PIGGYBACK

Between Middle" West and
Atlantic Seaboard Points

Specify LIFSCHULTZ
and Be Sure It's On Time!

DROPPED .
THE BINOCULARS?

With everybody watching each other
along the DEW line and the Iron Curtain
these days, electronies has replaced bin-
oculars.

What’s happening in the giant markets
for missile controls, radar and communi-
cations equipment?

electronics tells how things are going,
keeps you informed of developments as
}hey occur. This is a good time to sub-
scribe or renew your subscription. Just
fill in box on Reader Service Card. Easy
to use, Postage free.

FIND WHAT
YOU NEED IN...

electronics
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Engineers / Scientis

FROM AN ENGINEER’S NOTE PAD

X
ity / ' qimt

"You plot your own curve at HMED'

ExciNerrs are a curious lots a hreed apart. Their during & discussion ot General ‘ Elecuric's unique
natural preferences for facts, their talents for logic Sabiry Admmisteation Program.
have been ramed and disciplined. Circuit engineers will have litde trouble in reading

. g . it. Others may have more difheulty. Al may wish
The result many times...an uncommon. reheshing ’ ’

. . " . addirional derail, For this, as well as other informa-
way ol expressing the well known .. i diveet, succinet

. ton regarding the unusual professional and out-
method of stating the complex. o o .

standing personal opportunities awaiting you  at

Here is an actual example. Tois a composite of General Electric’s Heavy Military Electronics Depart-

sketehies made by one ol our Engineering Supervisors ment. write in confidence to George B Callender.

HEAVY MILITARY ELECTRONICS DEPARTMENT

GENERAL &3 ELECTRIC

Div. 69-WT Svracuse. New York

There are openings for graduate engineers at intermediate (3 or more years) and high levels of experience in the following
areas: Weapons Systems Analysis; Mathematical Analysis of Engineering Problems; Military Communications Systems; Radar
Systems; Weapons Control Systems; Electronic_Circuitry; Experimental Psychology — Human Factors; Instrumentation.



EMPLOYMENT OPPORTUNITIES

SYSTEMS
ENGINEERS

ENGINEERS
ELECTRONICS

CHALLENGING R & D OPPORTUNITIES

Fundamental and applied research in the fields of hydrodynamics,
acoustics, electronics, network theory, servomechanisms, mechanics,
information theory and noise reduction. Also design of electronic
instrumentation for underwater ordnance and application of
analogue and digital computers.

Opportunities for Graduate Study
Faculty Appointments for Qualified Applicants
Excellent Working and Lliving Conditions

Send Resume to

ARNOLD ADDISON, PERSONNEL DIRECTOR
ORDNANCE RESEARCH LABORATORY
THE PENNSYLVANIA STATE UNIVERSITY
BOX 30, UNIVERSITY PARK, PA.

has opportunities for We are placing on the market several new
INEERS products including recording and control-

ling instruments and require Sales Engi-

neers for our Houston, St. Louis, Chicago.,

the following fields; Detroit, and Cleveland districts, Prefer

o MICROWAVE RADIO Electncu(l: Mec’};amcal 1olr Chemical Engi-
t 1
DESIGN ENGINEERS for qualified men. Successtul candigaios
o TELEPHONE CARRIER il be given G favtory courss of Vaie®
DEVELOPMENT ENGINEERS above districts.
e SALES ENGINEERS Write Mr. H. E. Beane, Vice President,
Extensive telephone exp. req. BSEE
also req. THE BRISTOL COMPANY
o ENGINEERING WRITERS Waterbury 20, Connecticut

e QUALITY CONTROL ENGINEERS

Live and work on the Beautiful

San Francisco Peninsulal SEMI-CONDUCTOR PHYSICIST
Please direct inquiries to: 3ne of :'hc stronges& mtanuta(ct(l]lrcrs of scmil-con-
wctor devices seeks ten 10)  semi-conductor
E. Jack Shannahan physicists with varying range of expﬁ:rience (B.S.
Employmenf Manager and tadva\ncc gegrres) ';ocnted i;|_ w::rmh lsluvmy
climate. ivision offers exceptional challenge
LENKURT ELECTRIC COMPANY, Inc. Vll_ﬂ:l assureedwlumrc sandd most satis'!‘yin'q income,
1105 County Road San Carles, California Wide salary range. Send resume. Cptces
If more conyvenient. call—collect LYtel 1-846) MONARCH PERSONNEL L.
28 East Jackson Chicago 4, lllinocis
THREE PRODUCTS MANAGERS
SALARY $15,000+ S
Planning new products. programming into manu- e
facturing, customer liaison, market planning. Ex- MANUFACTURERSI
perienced in the fields of ﬁtcml conguctol:'s v“an;%::_v;
b tub iature and sub-mini
:::hﬁ: p(o::;rpa:\lycscne“:\'t“ assumes all employment REPRESENTAT’VES
expenses. \
ESQUIRE PERSONNEL INC. ‘ IN THE ELECTRONIC INDUSTRY

202 South State Street, Chicago 4. llinois

s SEARCHLIGHT SECTION==m— |

Auﬁqup SAMUEL K. MACDONALD, INC.

manufacturers representalives over 25 yeors

TELEPHONES 1531 SPRUCE STREET, PHILA. 2, PA.
As_is  complete, docorau\e purpose Territory: Other Offices:
F1Z0m herkink, ordsr, lnterconen: Pennsylvania « New Jersey Pittsburgh
circtit only.  Write for compiete tist. Deloware ¢ Marylond Baltimore

Al shipments FOB, Simpson,
TELEPNONE ENGINEERING CO
De E-50, Simpson, Pa,
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Virginia @ West Virginia Washington, D.C.
District of Columbia
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DESIGN
ENGINEERS

check these openings in
advanced gyro and electrical
components design

In 1949, Honeywell developed
and flight tested the floated gyro
for control systems. Since then, its
Gyro Design Group has become the
focal point for a multi-million dollar
component development program,

| supporting the inertial navigation
| industry. This is, perhaps, the most

advanced program of its kind. It
has expanded rapidly and now has
openings for additional top level
engineers.

This group is involved in all
fields of gyro design. It works in
such areas as precision gyro and
accelerometer design, hydro-dynamic
bearings, vibratory mechanisms, pre-

| cision electric suspension techniques

and gyro magneltics.

The men needed to fill these posi-
tions should be capable of develop-
ing advanced concepts for gyros
and of following through on their
projects. They should have a mini-
mum of two years’ (and up to
twenty years’) experience in such
areas as precision gyro mechanics,
servo techniques, digital data han-
dling, electronics packaging, advanced
nstrumentation, or magnetic com
ponent design.

To discuss these or other openings,
write Mr. Bruce D. Wood, Dept.
614B, Aeronautical Division, 1433
Stinson Blvd., Minneapolis 13, Minn.

Honeywell
H Midtary Prodiats- Groupe

To explore professional opportun-
ities in other Honeywell operations
coast to coast, send your applica-
tion in confidence to H. K. Eck-
strom, Minneapolis 8 Minnesota.
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EMPLOYMENT OPPORTUNITIES

T/I

needs an S-C product engineer

whose design philosophy
is reliability

to develop and improve diodes,

regulators, rectifiers,
capacitors, resistors

suce eed At TI's Semiconductor-Components division, product engineers of integrity have the

in’ opportunity of putting their talents to work in an atmosphere where reliability is the only

acceptable design philosophy. Here the daily challenge is to make the world’s best semi-

conductor products at the lowest possible cost without sacrificing dependability. M As a

w'th ' TI S-C product engineer it would be your responsibility to strive constantly to adopt new

techniques and technologies toward improvement, simplification and increased reliability

of existing processes and products. l We now require product engineers to undertake

challenging key assignments in reliable design, development and evaluation of ultra-fast

computer dlodes, tunnel diodes, rectifiers, controlled rectifiers, voltage regulators, resistors, and tantalum

and other advanced tyvpes of capacitors. H You qualify as a product engineer for semiconductor com-

ponent projects if yvou have a degree in Klectrical Engineering, Physics or Physical Chemistry and at
least three vears experience in diode, capacitor or resistor design and circuitry.

OTHER PROFESSIONAL POSTS AVAILABLE: """~ "~/ " = T T ]
Component Packaging Engincers I for complete information about TI's Semiconductor- |
Circuit Development Engineers I Components division, send coupon for “TIPS” today.
Test Equipment Engineers o

Electronic Sub-Systems Engineers
(Standard and Modular)
TEXAS INSTRUMENTS INCORPORATED
Semiconductor-Components Division
INTERVIEWS in vour area will be held in the near P. O. Box 312, Dept. 117, Dallas, Texas
future. If you qualify for positions
deseribed, please send resume imme-
diately to C. A. BESIO, DEPT. 117.

|
1
I
|
|
Please send me TIPS containing complete in- |
formation about currently available TI S-C |
professional careers in my field, and related |
information. |
NAME - |
ADDRESS. |
City . STATE :
My professional ﬁeld is |
My specialty is [

|

1

TExAs iﬁﬁ_ﬂ INSTRUMENTS

INCORPORATED

SEMICONDUCTOR - COMPONENTS DIVISION
POST OFFICE BOX 312 « DALLAS. TEXAS U
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Hermetically

Sealed
onnectors

CONSECO connectors represent an
achievement of more experience in
design and manufacture of glass-
sealed hermetic items than can be
found in any other organization in
the United States. This unique, spe-
cialized “know how" is at your service
in these available units, or for con-
sultation on applications not nor-
mally stocked.

MINCON
HERMETIC
SEALED

MINIATURE
CONNECTOR

MULTIPLE
¢ts  CONTACT
Gacd NS

fQ ; TYPE
CONNECTOR

Really rugged, CONSECO connectors
provide genuine hermetic sealing.
They are engineered out of top tech-
nical experience to meet military
specifications and to perform under
the toughest going.

Write for FREE literature.

Connector Seals Corp.
300 North Lake Ave. + Pasadena, California

TWX PASA §581
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American Electronies Ine.. . ... ..
American Lava Corp.............
Amnhenol-Borg Electronies Corp.
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Avnet Electronics
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* See advertisement in the June, 1959 Mid-Month
ELECTRONICS BUYERS GUIDE for complete line

of products or services.
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Hallicralfters Company, The..,.....
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Hart Mfy.

Heiland Division, Minneapolis-
Honeywell .. ....... ...
Helipot, Division of Beckman Instru-
ments Inc.

Hewlett Packard Co.. ... ... ... N,

Hexacon Flectric Co..
itemp Wires Ine.. .. ... .. oo

Hudson Tool & Die Company, Inc...

Hydro-\Nire Inc.

IMinois Water Treatment Co........

International Business Machines
COrp. v i i

International Nickel Company, Inc..

James Electronics Inc,...........
Jet Propulsion Laboratory........
Jettron Produects, Inc... . ....... ..

Johnson Company, E. F...........

“ Keithley Instruments, Inc..........
Kester-Solder Co.

Kidde & Co., Inc., Walter,........

Laboratory for Electronics Inc.. ...
Linde Co. .. ... ... ... ... ..

Ling Electronics, Inc. ... ... .. 128,

Lifschultz Fast I'reight...........

MacDonald Inc., Samuel K.........
Magnetic Metals Co..............
Mandex Mfg. Co., Inc.. . ..........
Manson Laboratories, Inc.. ... ...

M B Electronics, A Division of Tex-
tron Electronics, Inc......... ..

Marion Instrument Division, Minne-
apolis-Honeywell Regulator Co.. .

Minnesota Mining & Mfg, Co.
Minnicom Division . ...........

Mississippi Agricultural and Indus-
trial Board ... ......... ...,

Mycalex Corp.

Natvar Corporation ........ 00000
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Loems-Clarke Co.
Nerc¢o Instruments, Inc........... 138
Newark Electronics Corporation. ... 117
Non-Linear Systems, Inc.......... 15

North Atlantic Industries, Inc...... 168

O'Neil-Irwin Mfg, Co....... BOa000 6

Pennsylvania Dept. of Commerce. .. 1641

Philco Corp.

Lansdale Tube. . ... .. 17, 18, 19, 20
Potter & Brumfield. ... ....... 116, 117

# Power Sources, Inc............... 169
Precision Instrument Co........... 150

Radio Corporation of America. . tth Cover

Raytheon Company ...........3%7, 38
Relay Nales, Ine................. 47
Remington Rand Univaec, Division of
Sperry Rand Corporation. .... 110
Rotron Mfg. Co. Ine.............. 139
Royal Electric Corp.............. 11
St. Regis Paper Co.. ..o v vvn.. .30, 35
Sarkes Tarzian Inc............ .. 159
Schmeling Electronies . .......... 162
Sorensen & Co............ ... ... 130
Sprague Electric Co.. . ... .. .. .. i

Standard Pressed Steel, A division of
International Blectronic Industries 52

Stromberg-Carlson ... ....... 121, 125
Superior Electronics Corp.. .. .. N |
Syvilvania Electric Products, Inc,
Semiconductor Division ... ... .. 23
Radio & TV Tube Division. . 55, 56
Special Tube Operations. . ...... 68
* Taylor-Ifihre Co. .. ... .o 116
Technology Instrument Corp....... 157
Texas Instruments Incorporated
Metals and Controls Division. .. ... 76
Semiconductor-Components
Divigion . ................. 12, 13

* See advertisement in the June, 1959 Mid-Month
ELECTRONICS BUYERS GUIDE for complete line

of products or services.

MANDEX

OFFERS YOU THE
MOST COMPLETE
LINE OF

TERMINAL
STRIPS

Subminiatures
(%" Spacing}

Universal Lug

Wire-Grip Lug

High Speed Automated
Assemblies Bring You:
® Consistent Quality
® Quick Delivery
o Low Cost

Send prints-specs for prompt quo-
tation ... For complete
information request ]

NEW MANDEX .;‘L-’f

GUIDE BOOK =y
TO TERMINAL = |
STRIPS e

MANDEX
MANUFACTURING
CompPAaNYy, INC.

EEXEXET Specialists In Electronic Parts
(———
4023 West 48th St., Chicago 32, lllinois
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CURTIS HELPS
THIS SWITCH LIVETO
A RIPE OLD AGE

Pad-mounted transformers for under-
ground power distribution systems are
built to last a lifetime. They require a
minimum of maintenance. Settings are
changed infrequently. Butwhen a change
is required, this switch must operate
smoothly and surely. To insure a long,
dependable life, without freeze-ups or
rust-outs, the manufacturer equipped it
with a Curtis C-646 1”7 O.D. Stainless
Steel double universal joint.

This kind of dependability is the stock-
in-trade of Curtis joints — size for size
the strongest universal joints designed
for industry. Sclected materials, precision
engineering, continuous testing, inspee-
tion and quality control at every stage
of manufacture — these are some of the
things that make Curlis joints your most
dependable buy.

14 SIZES ALWAYS IN STOCK
3% to 47

Not sold through distributors. Write or phone
REpublic 7-0281 for latest catalog, free engi-
neering data and price list.

GURTIS

UNIVERSAL JOINT CO., INC.

195 Birnie Ave., Springfield 7, Mass.

As near to you as your telephone, Exclusively
a monvfacturer of universal joints since 1919

|

Thermal Controls, Inco. o o000, 121
Thompson-Ramo-Waooldridge ... ... 26
Transitube

Transradio, Ltd. . ... 00000, 171

United Aircralt Corp.

Ketay Dept. . ... ., ... .. ... .. 100
United Transtformer Corp......2nd Cover
Varian Associates .. ... .. ...... 28
Veeder-Root, Inc. ... o000, Ta
Vitramon, Inc. ... ... 0. o
i U S S A N e e TR 39

CLASSIFIED ADVERTISING
F. J. Eberle, Business Mgr.

EMPLOYMENT OPPORTUNITIES . 177-179

EQUIPMENT
(Used or Surplus New)
For Sale ...........cciiiiiiniiniin, 178

ADVERTISERS INDEX

Bristol Company ...........cieiienan.. 178
Esquire Personnel Service . 178
General Electric Company 5 177
Honeywell . e 178
Lenkurt Electric Company, Inc. 178
Monarch Personnel . e 178
Pennsylvania State University . 178
Telephone Engineering Company 178
Texas Instruments Incorporated.......... 179

* See advertisement in the June, 1959 Mid-Month
ELECTRONICS BUYERS GUIDE for complete line

of products or services.

This indcx is publishea as a service. Every care is taken
to make it accurate, hut ELECTRONICS assumes no

responsibilities for errors or omissions.
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do you know
what’s expected
from
semi-conductor
materials?

There were more than a
dozen articles on semi-
conductor materials in .
electronics in recent months.
Each was specially edited to
give you all key facts, ideas or
trends —-and there’s more com-
ing! Accurate electronics’ re-
porting tells you what’s hap-
pening now ... what’s ex-
pected in materials and com-
ponents. Don’t miss dozens of
articles on basic subjects ed-
ited to'keep you informed, help
make your research, develop-
ment, sales and marketing
plans pay off. It pays to sub-
scribe to electronics (or re-
new). Fill in box on Reader
Service Card now. Easy to use.
Postage free. -

FIND WHAT

YOU NEED IN
electronics
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Daven solves your solid-state power supply problems!

Take advantage of Daven's experience in designing extremely compact, light-weight, high temperature
units, which can withstand the most severe altitude, shock, and vibration environments. Let us engineer
solid-state supplies for your missile-borne, airborne, shipborne, underwater or ground support equipment.

Converters

® DC input voitage from 6 volts to 230 volts
® DC output voltage from 1 volt to 15 kilovolts

DC output current from microamperes to 100
amps
® Dynamic regulation, ripple, stability as required

L]

Inverters

DC input voltage from 6 volts to 230 volts
AC output from 20 VA to 2500 VA
60-400-800-1600-2000 cycles per second
One, two or three phase, any voltage level

Voitage and frequency regulation 0.1 % tc
109% as required

Output waveform — sine or square wave

e DAVEN <o

TODAY, MORE THAN EVER, THE DAVEN

Frequency Changers

» 20 VA to 2500 VA

e Change to or from any of these frequencies:
60-400-800-1600-2000 cycles per second

o Voltage and frequency regulation 0.1% to 10%
as required

Write for complete information, including your
application and requirement data.

© STANDS FOR DEPENDABILITY



Now...for highisquehcy applications to 250Mc-

#

New RCA b S8
Silicon Mesa Transistors =

Three new -RCA N-P-N high- frequency medium- power transistors, 2N1491, 2N1492 and 2N1493, designed
specifically for industrial and military communications equipment in the 30-Mc to 250-Mc range

" . - R . T et PBASERINEUT. .
These three new RCA high-frequency silicon transistors can provide M-watt [E oA T B R L Ts 15 T
o . . L _ EMITTER MILLIAMPERES=-15
minimum useful power output in a crvstal-controlled transmitter at 70 Me. POWER OUTPUT (MILLIWAT TS)=10

AMBIENT TEMPERATURE (°C)=25

Each of the three new RCA tvpes is controlled for power output and power “or ' ' '
gain to facilitate use i integrated circuit designs. For example, in a high- | 1
v : . - © T 1 1 4
frequency circuit where the 2N1491 acts as an oscillator, the 2N1492 as a q | 'I
driver, and the 2N1493 as an rof power amplifier, cach type delivers ample aol— LU |
sower to drive the following stage and provide output of 0.5 watt at 70 Me. All !
= - I
three types, packaged in JEDEC TO-12 case with %" leads, feature a dissipation 7 I ”*f T
rating of 1/5 watt at 100°C and a maximum junction temperature of 175°C. |2 il |
RCA high-frequency silicon Mesa transistors were developed in cooperation | T
w
with the U. S. Air Force, Wright Air Development Division, and initially pro- |§ ] T l | J
’ a
duced in cooperation with the Air Material Command ou an Industrial Pre- l
T . 1 4»
paredness Mceasure for Military Devices. 10— 1 —+ +
Call vour RCA Ficeld Representative today for details. For teclical bulle- J_l |
tins on these three types, write RCA Semiconductor and Materials Division, [ l il
Commercial Engincering, Section E-19-NN-3 Somerville, N. |. of | 1 |
] 2 3 a4 L] Blo a
B - " RATINGS AND CHARACTERISTICS o T l TS AU
- N Maximum Rotings, Absolute Volues: T IN1491 IN1492  7N1493 ) TYPICAL POWER GAIN—RCA 2N1492 and 2N1493
Collector-to-Base Valtage 30 60 100  max. volts |
Emitter-to-Bose Voltage 1 2 4.5 mox. volts EAST: 744 Brood Street, Newark 2, N. J., HUmboldt 5.3900
Em'"?' c:""‘"' . 30 I;O —50  max. ma ‘ NORTHEAST: 162 Second Avenue, Needhom Heights 94, Mass.,
Runctionliomperaly: s HEN— . — LONE. LI 175 mas. <C Hillcrest 4-7200 + EAST CENTRAL: 714 New Center Bldg..
__ Choroceristics ot Ambient Temperature  25C. _ ) | Detroit 2, Mich., TRinity 5-5600 + CENTRAL: Suite 1154, Mer-
Max. Output C(-:po(i'on(c 5 5 5 [ ‘ chondise Mort Plozo, Chicogo 54, 111, WHitehotl 42900 « WEST:
M'"'.";f;"g' 95."‘ AL . " 6355 E. Woshington Bivd., Los Angeles 22, Colif., RAymond
with 100 milliwott eutout - = - | 3-B361 + SOUTHWEST: 7905 Empire Freeway, Dollas 7, Texos,
with 500-milliwat? autput . 10 db Fleetwood 7-B167 » GOV'T: 224 N. Wilkinson St,, Doyton 2,

—' Ohio, BAldwin 6-2366; 1725 "'K'* Street, N.W., Washington,
D.C., FEderal 7.8500..

AVAILABLE - , - : R :
- a )l The Most Trusted Name 1 EFlectronics

RCA DISTRIBUTOR RADIO CORPORATION OF AMERICA




