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HERMETICALLY SEALED

NOW to MIL-T-27B

VARIABLE
INDUCTORS
HIGHD pus HIGHEST STABILITY

IMMEDIATE DELIVERY FROM STOCK

For almost a third of a century UTC has pioneered in
the development of transformers, electric wave filters,
high Q coils, magamps and similar iron core components.
Highest engineering talent plus the most complete facili-
ties for research and testing has made UTC the leading

NEW!=-VERNIER

WY VarIDYCTOR™

HERMETICALLY SEALED

The HVV Variductors have been
designed to emphasize extremely
high stabitity with temperature,
level, shock and vibration commen-
surate with the highest obtainable
Q. They are ideal for precise match-
ing to other components such as
capacitors with standard 10% toler-
ance. Units are provided with a ver
nier adjustment variation of +10%
through 900° rotation of adjustment
screw on top of case. Setting is
positive. There are 12 units in the
stock line with mean inductances
ranging from .006 Hy to 150 Hys.
Specific mean inductances other
than stock items are available on
special order. Manufactured and
guaranteed to MIL-T-27B, MIL type
TFARX20YY. Drawn metal case: 1Y8”
long, 25/32" wide, 1-7/32” high
(including adjustment screw); weight:

NARROW
RANGE

650 100 500 1K 5K 10K
FREQUENCY CYCLES

w8 T

£ 17| yax apy VYL ] 2 ounces. Effective Q over a wide
§::§ wEaN a0y T frequency range and variation of in-
£ talmin aoy ! ductance with applied AC voltage
g o are illustrated for a typical unit.

1 100
APPLIED VOLTAGE AT 1KC

Patent pending.

supplier in the industry for both stock and custom built
components. UTC Variductors (stock variable inductors)
have served as a simple solution to tuned circuit for
almost 20 years . . . for oscillators, equalizers, filters,
tuned radio circuits, etc.

™

HWE VARIDYLCTOR
HERMETICALLY SEALED

HVC units are usable over a wide
frequency range and have high sta-
bility with temperature and voltage
change. Nominal inductance values
of 12 stock units in series range
from .006 Hy to 150 Hys. The varia-
ble inductance range of each unit
is +200%, —70% of nominal
value through 900° rotation of ad-
justing screw on top of case. Setting
is positive. Case size and weight is
the same as HVV. U.S. Patent No.
2,879,489.

TVE VARIDULTOR™

TVC Variductors are identical to the HVC units, but provide
taps at 30% and 50% of total turns. Different taps are available
on special order. U.S. Patent No. 2,879,489.

WIDE
RANGE

50 100 500 1K 3K 10K
FREQUENCY CYCLES 1v APPLIED

WIDE
RANGE

vie barnoyeror™
COMMERCIAL GRADE

Nominal inductance values of 22 stock items
in this series range from .0085 Hy to 130 Hys.
Mean inductance may be varied +85%,

45% through 600° rotation of adjustment
screw in side of case. Rugged die cast case:
1-11/13” long, 1%” wide, 1.7/16” high,
weight 5% ounces.

Write for catalog of over
1,300 UTC HIGH RELIABILITY
STOCK ITEMS
IMMEDIATELY AVAILABLE
from your local distributor.

AND “SPECIAL” CUSTOM BUILT UNITS
TO YOUR SPECIFICATIONS

0000000

UNITED TRANSFORMER CORP.

150 VARICK STREET, NEW YORK 13, N.Y.

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.
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DISTORTION
ANALYZERS

SOLID- STATE
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to offer you harmonic distortion measurements
5 cps to 600 ke with 0.1% full-scale distortion
sensitivity, .. plus these features:

“"AUTOMATIC NULLING" for simple,
fast measurements

0.3 v rms input sensitivity for
100% Set Level reference

300 «v rms voltmeter full-scale
sensitivity (residual noise <25 wv)

Solid-state design in four Hewlett-Packard distortion
analyzers offers you extended frequency range,
greater Set Level sensitivity, improved selectivity,
greater overall accuracy, unprecedented ease of use.
All four measure total distortion down to 0.1% full
scale, 5 cps to 600 kc, with harmonics indicated to
3 mc. They measure voltage 300 nv to 300 v full
scale, have flat frequency response 5 cps to 3 mc.
Distortion analyzer and voltmeter input terminals are
the same. One-megohm input impedance. Floating
input and floating, low-distortion output for scope or
true rms voltmeter monitoring.

Two models feature automatic fundamental nul-
ling (--80 db rejection): Manually null to less than
10% of the Set Level reference, flip a switch, and
nulling is completed automatically. No more tedious
tuning on the more sensitive ranges! Two other
models employ high reduction gear drive to aid man-
ual tuning.
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Two of the analyzers provide a switchable high-
pass filter which attenuates frequencies below 400
cps on signals greater than 1 kc...removes hum
and gives you pure distortion measurements.

Two models incorporate an amplitude modulation
detector that covers 500 kc to greater than 65 mc,
measures distortion at carrier levels as low as 1 v.
Options include an indicating meter with VU ballistic
characteristics (01) and rear terminals in parallel with
front input terminals (02).

Ask your Hewlett-Packard field engineer for a dem-
onstration of the model incorporating features most
useful to your application. Or write for technical data
on all four moaels to Hewlett-Packard, Palo Alto, Calif.
94304, Tel. (415) 326-7000; Europe: 54 Route des
Acacias, Geneva; Canada: 8270 Mayrand St., Montreal.

Automatic Gear
Fundamental High-Pass AM Reduction
Model Nulling Filter Detector Tuning Price
331A Y $590
332A Vv V $620
333A vV v $760
334A vV Vv N4 $790

Data subject to change without notice. Prices f.0. b. factory.

HEWLETT (hp) PACKARD

An extra measure of quality

421

Circle 1 on reader service card 1



Type 230-A

10 to SOO VIC
POWER AMPLIFIER
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The BRC Power Amplifier Type 230-A is the ideal RF amplifier
for low-level applications exhibiting a typical noise figure of 6 to 8
db. Three tuned, cascaded stages of grounded-grid amplification
provide up to 30 db gain and a maximum power output of 5 watts.
Typical applications include:

RECEIVER PRE-SELECTOR —The Type 230-A, when used as a pre-selector
with conventional communications receivers, will readily provide frae-
tional microvolt sensitivities.

TUNED SELECTIVE FILTER — BRC 230-A provides a convenient means for
the selective amplification of RF signals in the 10 to 500 Mc. range with
excellent rejection of undesired frequencies.

HARMONIC AMPLIFIER — The new power amplifier may be used to am-
plify desired harmonics in the output of signal generators and fre-
quency synthesizers thereby extending their useful range.

FREQUENCY COUNTER PRE-AMPLIFIER — Type 230-A as a pre-amplifier
for conventional frequency counters, such as the @ 524/525, will
provide a 15 to 30 times improvement in input sensitivity. Remote, off-
the-air frequency measurements of M broadcast and communication
transmitters may be readily performed.

RF MILLIVOLTMETER PRE-AMPLIFIER — When used as a pre-amplifier for
RF millivoltmeters, such as the ’@ 411, the 230-A will provide 15 to
30 times improvement in sensitivity.

HEWLETT

LROnAE L @ BOONTON
DIVISION

GREEN POND ROAD, ROCKAWAY, NEW JERSEY 07866
Tel. (201) 627-6400 TWX: (510) 238-8461 Cable Address: BOONRACO

2 Circle 2 on reader service card

— for Low-Level Appliations

RF RANGE: 10 to 500 Mc.

BAND RANGES: 10-18.5 Mc. 65-125 Mc.
18.5-35 Mc.  125-250 Mc.
35-65 Mc. 250-500 Mc.

RF GAIN: 30 db (10-125 Mc.)
27 db (125-250 Mc.)
24 db (250-500 Mc.)

RF BANDWIDTH: >700 Kc.*(10-150 Mc.)

>1.4 Mc.*(150-500 Mc.)

*Frequency interval between points 3db
down from max. response

RF OUTPUT:

RANGE: Up to 15 volts*
*Across external 50 ohm load
IMPEDANCE: 50 ohms.

CALIBRATION:

0.2 to 3 volts f.s.;
increments of approx. 5%.
1.0 to 10 volts f.s.;
increments of approx. 5%.
2.0 to 30 volts f.s.;
increments of approx. 5%.
ACCURACY: =1.0 db of f.s. (10-250 Mc.).
#+1.5 db of f.s. (250-500 Mc.).
LEAKAGE: Effective shielding is greater
than 40 db.

RF INPUT:

LEVEL: <0.316 volts* (10-125 Mc.)
<0.448 volts* (125-250 Mc.)
<0.630 volts* (250-500 Mc.)

*For 10 volt output into 50 ohms
IMPEDANCE: 50 ohms

AM RANGE: Reproduces modulation of driv-
ing source 0-100% up to 5
volt max. carrier output

AM DISTORTION: <C10% added to distor-
tion of driving source

FM RANGE: Reproduces modulation of
driving source except as lim-
ited by the RF bandwidth

FM DISTORTION: Negligible distortion
added to distortion of driving
source for deviations and mod-
ulation frequencies <150 Kc.

INCIDENTAL AM: <10% added to modu-
lation of driving source at
150 Kc. deviation

MOUNTING: Cabinet for bench use; by re-
moval of extruded strips suit-
able for 19’* rack mounting

POWER REQUIREMENTS:
105-125/210-250 volts,
50-60 cps, 150 watts

Price: $1200.00 F.0.B. Rockaway, N. J.
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Technical Articles

l. Design

What's new in semiconductor emitters

and sensors (cover)

New materials and manufacturing methods
produce a variety of new devices

E.L. Bonin and J.R. Baird, Texas Instruments

Designer’s casebook

® Local feedback improves transistor
characteristics

Unijunction transistor turns off latching relay
Reduced loading for accurate cascaded pots
Adjustable regulator consumes little power
Photodetector gain control aids signal
discrimination

Six routes to noninductive tuned circuitry
The problem of obtaining inductance in integrated
circuits can be solved by a half-dozen techniques
Vasil Uzunoglu, Johns Hopkins University

Il. Application

Solid state multipliers for servosystems
Simple, rugged analog multiplier uses Hall
effect to achieve accuracy to within 19%
H.H. Wieder, Naval Ordnance Laboratory

Error-control systems get the message across
With the growth of digital communications
there's increasing need to detect and correct

errors occurring during transmission. Fundamentals

of error control are described in this first

article of a series

Albert G. Franco, Nathan Marchand and

Lester J. Saporta, Communications Systems, Inc.
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Readers Comment

Getting a bad name?

To the Editor:

When choosing integrated cir-
cuits, a buyer has to beware when
manufacturers tell him what leak
rates mean. Because of package
deterioration, I fear that integrated
circuits are going to fail at a whole-
sale rate after a period of use and
give the integrated circuit industry
a bad name that will be hard to
live down.

There is considerable disagree-
ment as to how much additional
protection a “planar passivated”
silicon device requires. In the tem-
perature and humidity controlled
clean rooms where they are manu-
factured, they function without any
packaging at all, and may be stored
unpackaged for long periods with-
out any degradation except surface
moisture leakage which is remedied
by drving under a heat lamp.

However, most users of semicon-
ductors ship their equipment all
over the world with little or no con-
trol or knowledge of the amount of
water vapor, sulphur dioxide,
smog, or other chemically active
agents in the air surrounding the
equipment. For this reason, they
generally require their semiconduc-
tors to be “hermetically” sealed.

A hermetic seal is specified as
not exceeding a certain “leak rate”
measured in cubic centimeter per
second. Since the purpose of the
package is to prevent an exchange
between the atmosphere in the
package and the atmosphere out-
side the package, the effectiveness
of the package may be indicated by
the time required for a volume of
ambient gas, equal to the volume of
the package, to penetrate the pack-
age. Ideally, this time should be
long, compared to the expected life
of the device.

Consider the low profile TO-5
can. The leak rate is normally spec-
ified at less than 1 X 10—% cc/sec
and the volume of the package is
0.11 cc. The “exchange time”
would be 130 days. However, the
situation is really better than that,
because the helium leak detectors
commonly used to measure leak
rates are not sensitive much below
1 X 108 cc/sec, so most of the

Electronics | November 15, 1965



Did you know

Sprague makes...?

UNICIRCUIT® RTL
INTEGRATED CIRCUITS

TO-5 CASE

Types US-0708 through
US-0721 ... Fully inter-
changeable mW digital
building blocks featur-
ing power consumption
of 4 mW/node and pro-
pagation delay of 40
nanoseconds.

Circle 262 on reader service card

UNICIRCUIT® CUSTOM
HYBRID CIRCUITS

Combine monolithic silicon circuits
with Ni-Cr alloy resistors. Close
resistance tolerances, low tempera-
ture coefficient, +29% resistor
matching.

Circle 265 on reader service card

DUET* HIGH-VOLTAGE
DUAL-EMITTER TRANSISTORS

New Type 3N123 low-cost transistor
with 25-volt rating now available.
[ ] [} [

Sprague makes more dual-emitter
chopper transistors than any other
source.
Y Trademark

ircle 268 on reader service card
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DIFFERENTIAL AMPLIFIER

NPN or PNP « Matched characteristics.
h g = 10-20%. AVgg = 5-20 mV.
AVgg/Temp = 5-20 uV/°C.

Circle 263 on reader service card

LOW-COST HERMETICALLY-
SEALED PLANAR TRANSISTORS

4 TNSSTNSS @1»

Low Level Amplifiers

TN59-TN64
General Purpose
Switch/Amplifiers
1 TN79-TN8O

Chopper Transistors
‘ TN81
i Power Amplifier

TN237-TN238 :
7&'&2 Gold Doped Core Drivers cﬁ‘&

Circle 266 on reader service card

TWIN DUET" DUAL-EMITTER
TRANSISTOR

Sprague leads again with two dual-
emitter chopper transistors in one
flat-pack case, with tight Vogr
matching of both devices.

Y Trademark

9 on reader service card

UNICIRCUIT® RCTL
INTEGRATED CIRCUITS

(8x actual size)

Sprague Series US-0100 . . . a com-
plete line of monolithic digital build-
ing blocks featuring low power
consumption (2 mW typ.)

Circle 261 on reader service card

MULTIPLE TRANSISTORS
(NPN-PNP PAIRS/QUADS)

/Z"' 7777 '1,“

s

s h‘r’o 23 / h‘” ’”ﬂlil?;
/. '7 77 e
7 / 2y VI, 7

AMPLIFIERS  SWITCHES CHOPPERS

Pairs Quads

2 NPN 4 NPN
2 PNP 4 PNP
1 NPN—1 PNP 2 NPN—2 PNP

ircle 264 on reader service card

SILICON ALLOY
REPLACEMENT TRANSISTORS

FULL PLANAR RELIABILITY

2N327 A 2N945 2N1026
2N328A 2N946 2N1469
2N329A 2N1025 2NIN7

Sprague makes 82 standard high-
emitter-voltage full planar silicon
alloy replacement types.

Circte Zo/ on reader service card

For complete technical data on any of
these products, write to Technical Liter-
ature Service, Sprague Electric Com-
pany, 35 Marshall Street, North Adams,
Massachusetts 01248.

485-81%2

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ‘(D" are registered trademarks of the Sprague Electric Co.
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SPECIFICATIONS (Type 1398-A)

Pulse Repetition Frequency
Internally Generated: 2.5 ¢/s to 1.2 Mc/s.

Externally Controlled: Aperiodic, dc to 2.4 Mc/s witb 1-V, rms,
input (0.5V at 1 Mc/sand lower). Output pulse is started by
negative-going input transition.

25c/s
to1.2 Mc/s

O.1 psec
to 1.1 sec

‘Output-Pulse Characteristics

Duration: 100 ns to 1sin 7 decade ranges, = 5% of reading or
= 2% of full scale or = 35 ns, whichever is greater.

Rise and Fail Times: Less than 5 s into 50 or 100 ©; typically
60 ns + 2 ns/(pF external load capacitance) into 1 kg (60 V).

Voitage: Positive and negative 60-mA current pulses (60V in-
to 1-kilohm load) available simuitaneously. D¢ coupled, dc

o - .

Type 1398-A Pulse Geherator

The Type 1398-A is designed 1o meet a broad range of pulse testing needs in a
single, economical package. Like the popular Type 1217, this new Pulse Gen-
erator has repetition rates that allow it to reach easily from low frequencies to
the high speeds of computer circuits, while its continuously adjustable 0.1-usec
to 1.l-sec duration control covers the entire range of commonly used pulse
widths. Other features include high power output (to 60 mA, positive and nega-
tive) and fast rise and fall times (less than 5 nanoseconds).

This new pulse generator produces a full complement of synchronizing sig-
nals. Positive and negative “prepulses” are simultaneously available in advance
of the output pulses. A delayed sync pulse, coincident with the late edge of each
output pulse, is also provided for triggering other puise generators (to form
composite pulses, e.g.). The power supply is built into the 12”7 x 514” x 814"
cabinet.

component negative with respect to ground.

Overshoot and Noise: Less than10% of amplitude with correct
termination.

Rampoft: Less than 19%.

Synchronizing Pulses:

Prepulse: Positive and negative 8-V pulses of 150-ns dura-
tion. Hf positive sync terminal is shorted, negative pulse
can be increiased to 100 V.

Delayed-Sync Pulse: Consists of a negative-going transition
of approx § V and 100-ns duration, coincident with the
late edge of the main pulse, immediately foliowed by a
positive transition of approx 5V and 150 ns.

Stability: With external-drive terminals short-circuited, prf
jitter and pulse-duration jitter are each 0.04%. (Jitter fig-
ures may vary somewhat with range switch settings, mag-
netic fields, etc.)

Duty Ratio Restrictions: None.

Price: $535.in U. S. A,

SPECIFICATIONS (Type 1397-A)

1.2 amperes,

Input Drive Rise and oy .
Mode Impedance Required Fall Times posntlve or negatlve
<50 ns (typi-
NORMAL 10052 or 100k$2
ihonid by a3 | =3 ptor | Y008 less than 50-nano-
50 pF i . J Q
e s | ™" | natattimes second rise & fall times!
S
VARIABLE =30V, p-to- | 3210 100 uS: repetition rates
Linear 30 kS, approx | p, approx, cnnlinu’nusly v
L | e up to1 Mc/s
0.5 to 500 us,
—3to —4 V, | approx; exgo-
Exponential | 10052 p-to-p, nential, con-
approx tinuously
adjustable

T VAREABE TRANBITION THHE
1|

E B

= =

Type 1397-A Pulse Amplifier

This new instrument makes available signals that formerly required much

more specialized and expensive equipment.

Output (ground reference; dc coupled):
Rampoft: Approx 25% with 5-ms pulse duration

As an amplifier, it provides the high output levels and short rise and fall

Overshoot: 10%, or less, of minimum transition time

Amplitude: 1.2 A, p-to-p, max (60 V into 502). 1 A, p-to-p,
with 10% duty ratio. Automatic overload protector with
manual reset.

Amplitude Variation: 20% for duty ratio changes from mini-
mum to 10%. With = 10% line voltage changes, positive
output variation is = 109, negative output is = 5%.

Internal Shunt: Positive output, 50Q or open circuit; negative
output, 50, 10092, or open circuit.

Transfer Characteristics: Operation ap proximates linear ampii-
fier in normal mode.

Transconductance: 0.53(2 V in produces 1 A out).
Inherent Delay: 50 ns between input pulse and output pulse.
Max. Duty Ratio: 10%.

Terminals: Input, Type 938 Binding Posts; output, GR874 re-
cessed, locking connector.

Price: $495.in U. S, A,

times used in testing radar circuits, switching arrays, etc. Its operation is es-
sentially linear, and it has a transconductance of 0.5-mho (2 V in produces 1 A
out). When used with the GR Type 1217 or Type 1398-A Pulse Generator, it
supplies pulses of up 1o 1.2 Amperes (60 V into 50 Ohms) with typical rise and
fall times of 30 nanoseconds. The output is direct-coupled with ground reference
and can be switched to be either positive or negative.

A sccond ‘‘variable-transition-time” mode of operation aliows the Type
1397-A to be used as a pulse shaper. In this mode, the rise and fall times can be
continuously adjusted. The resulting transitions (both linear and exponential)
are particularly useful in determining rise-time ranges of other devices, and in
the testing of inductors, transformers, semiconductors, and other components.

®) GENERAL RADIO COMPANY

2, WEST CONCORD, MASSACHUSETTS

:uS’Q\
BOSTON NEW YORK, N. Y., 964-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. ~ SYRACUSE DALLAS  SAN FRANCISCO LOS ANGELES. ORLANDO, FLA. CLEVELAND

(W. Concord) 646-0550 (Ridgefield, N. ).) 943-3140 (Oak Park) 848-9400 (Ft. Washington) 646-8030 (Rockvilte, Md.) 936-1600  353-9323  ME 7-2240 (Los Altos) 948-8233 469-6201 425-4671 886-0150

IN CANADA: Toronto 247-2171, Montraal {Mt. Royal) 737-3673

IN EUROPE: Zurich, Switzerland ~ London, England 5
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TO-5 cans may he one or two or-
ders of magnitude better than spec-
ified.

If the guaranteed hermeticity of
the TO-5 can is less than assuring,
look at the new and popular flat-
pack. The volume of a typical
X Ya-inch flatpack is 0.013 cc and
if a leak rate is specified, it is likely
to be 1 X 10~¢ cc/sec. In this case
a volume equal to the package vol-
ume leaks in every 3.5 hours. Such
a package does little more than
keep the rain off.

Since the volume of the flatpack
is only ', the volume of the low
profile TO-5, to achieve the same
isolation from the environment the
flatpack must have  the leak rate
of the TO-5.

Frances Hugle
Director
Research and Engineering
Stewart-Warner Microcircuits
Sunnyvale, Calif.

Defining Darlington

To the Editor:

It may be a small point, but the
circuit of Ingemar Ingemarsson in
the Designer’s casebook [Nov. 1,
p. 69] should not be called a Dar-
lington circuit. The Ingemarsson
circuit may do everything claimed
but it remains simply two cascaded
cmitter-followers. A Darlington cir-
cuit is usually thought to be two
cascaded emitter-followers in which
the impedance in the emitter of the
first stage consists entirely of the
input impedance of the following
stage.

The advantage of this is that Z.

h == re2 is used as the emitter
impedance of the first stage so that
the over-all input impedance is Z;
= ha hiea r.. which can be

[ e mm - - ——— —

: SUBSCRIPTION SERVICE
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very large. In addition, an a-c volt-
age gain of 0.98 is not spectacular
for emitter followers and is greatly
improved upon with a true Darling-
ton circuit for which A, = 1 —
hi/Z, which may be greater than
0.999.

Alex Schapira
New York, N.Y.

LOCI was first

To the Editor:

In a world where technological
change is measured in weeks, it is
understandable that a few are sev-
eral weeks behind. What is not
understandable is how Olivetti-
Underwood can be nearly one year
behind. The machine described as
the world’s first desk-top computer
[Nov. 1, p. 32] has no features not
alrcady offered by the LOCI-2 coin-
puter developed and manufactured
by the Wang Laboratories of
Tewksbury, Mass. The LOCI-2 was
introduced in December, 1964.

Let it therefore be known that
the Programma 101 is not the
world’s first desk-top computer.
Anyone doubting this is invited to
visit me or the Wang Laboratories
with or without an Olivetti repre-
sentative and/or Programma 101
for a demonstration of the LOCI-2
which has been in customer hands
for more than six months.

Earl F. Gill
Paddock-Joslow Co.
Silver Spring, Md.

= Though the Programma 101
seems to be more powerful than
the LOCI-2, clearly the Wang ma-
chine was on the scene first. Elec-
tronics reported the Programma
101 as the first in a family of re-
lated computers which Olivetti will
be introducing.
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1. How would I keep a capacitor charged
for up to 20 years?

2. Is it really possible to pack 150 volts/

cu. in. into a battery?

3. Where can I get a solid electrolyte bat-
tery whose mass and center of gravity
will not change with time or use?

4. Can I find a battery which will endure

short circuits (for hours) an_d recover
to its original open circuit voltage
within seconds?

5.1s it possible to obtain high voltage

batteries in almost any configuration?

6. Where can I find a battery which will

behave like this . . .

.

©
=
v

TERMINAL VOLTAGE

2 4 - ] L] ; ; [+]
TIME IN THOUSANDS OF HOURS
Single Cell Current Drain at 25 C 10 MQ2
load, 0.1uA Approximate Current Drain.

©

. . . and which has a total available
charge of 1500 microampere-hours or
5 coulombs per cell?

The answers to these questions are:
1. Using Sprague Solid Electrolyte
Batteries.

Yes indeed!

Sprague Electric.

Yes.

Yes.

. Sprague Electric. For complete tech-
nical data, write for Engineering
Bulletin 11,101 to Technical Litera-
ture Service, Sprague Electric Co.
35 Marshall Street, North Adamns,
Massachusetts 01248

as8.01%

QUAWN

THE MARK OF RELIABILITY

*Sprague’ and @ are registered trademarks of the Sprague Electric Co,
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World’s Highest
Power Tetrode —
Machlett’s ML-8545

The Machlett ML-8545 general-
purpose, vapor-cooled tetrode
delivers 16% more power with 25%
less plate voltage (plate modulation
service) than the closest competitive
tube. It is capable of 300 kW
continuous output as a Class C
amplifier or oscillator at frequencies
to 50 Mc. Maximum plate input is
420 kW. Applications include:
High-power broadcast and
communications; all-purpose rf
generation; particle acceleration.
For details on the ML-8545 and the

ML-8546 water-cooled version, write:

The Machlett Laboratories, inc.,
Springdale, Conn. 06879. An affiliate
of Raytheon Company.

ELECTRON TUBE SPECIALIST
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People

After 10 years of making laboratory
oscilloscopes, Tektronix Inc., has
decided to diversify. The company
has set up a
new, still-un-
named, division
and has selected
C. Norman Win-
ningstad, a 40-
year-old elec-
tronics engineer,
as its director to
handle research
and production. Tektronix hopes to
market new products in a year
or so.

About four years ago the com-
pany developed a cathode-ray tube
that stores signals for about an
hour. Since that development, the
company has designed new oscillo-
scopes that use its tube and started
looking for other applications for
the tube. The company decided to
aim for two markets: office equip-
ment and computers,

The storage tube, says Winning-
stad, could be used as a remote
readout for a computer or in equip-
ment that transmits printed data
over telephone lines, displays the
data and provides a permanent
copy of the material. Research on
both products is under way, Win-
ningstad says.

The new division chief holds a
bachelor’s degree in electrical en-
gineering from the University of
California. He worked on bevatron
instrumentation at the university’s
radiation laboratory before joining
Tektronix in 1958.

“We've just opened the door.” says
Col. Mitche! Goldenthal, the new
commander of the Army’s Satellite
Communi-
cations Agency
(Satcom) at Fort
Monmouth, N. J.

“We can ex-
pect a continu-
ous research-
and - develop-
ment effort that
will increase the
capacity and efficiency of all satel-
lite communications systems,” Col.
Goldenthal continues. He can be
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There’s Ed Maloney

inside every Bendix rectifier.

In today’s semiconductor business, who still talks inside every Bendix rectifier.

about the personal touch? Ed Maloney does . . . Sure He watches 100¢; high temperature testing like a
he’s got high-reliability rectifiers . . . and yes, he  hawk; he’s right on top of the smooth flowing process;
meets military specifications . . . - he’s checking into things from
and of course, he provides fast AT 150°C 1 the crystal stage all the way

TYPES MEETING

delivery on 300 different part MIL SPEC e to shipping.
numbers. You can’t afford not to have
But . . . Ed says there’s a lot | USNINII26A26A.284 | T 200.68 a guy like this on your side.
USAFIN1199-1206 12 50-600

more to it than that. As Man- Place Bendix rectifiers in your

ager of Silicon Rectifier Produc- IANIGQIZ02.R01.8.06.8 12 200’6?0 equipment! You'll feel better
A ] o JANIN1614,R-16,R &) 240-720 . . .
tion, he firmly believes that with them inside.

JANIN4458 R 59,R 5 960, 1200

personal integrity must be built

Bendix Semiconductor Division i - #7

HOLMDEL, NEw JERSEY [N

Baltimore (Towson), Md.—(301) 828-6877; Chicago—(312) 637-6929; Dallas—(214) 357-1972; Detroit—(313) JO 6-1420; Holmdel, N, J.—(201)
747-5400; Los Angeles—(213) 776-4100; Miami Springs, Fla.—(305) 887-5521; Minneapolis—(612) 926-4633;, Redwood City, Calif.—James S.
Heaton Co.,(415)369.4671; Seattle—Ray Johnston Co., Inc., (206) LA 4.5170; Syracuse, N. Y.—(315)474-7531; Waltham, Mass.—(617)899-0770;
Export—(212) 973-2121, Cable: " Bendixint,” 605 Third Ave. N. Y.; Ottawa, Ont.—Computing Devices of Canada, P.O. Box 508—(613) TA 8-2711.
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how to measure in- phase
quadrature and angle while
sweeping frequency to 100 ke

North Atlantic’s latest addition to the PAV line of Phase Angle Voltmeters* enables
you to make measurements while frequency is varying over half-decades without
recalibration. The VM-301 Broadband Phase Angle Voltmeter* provides complete
coverage from 10 cps to 100 kc, and incorporates plug-in filters to reduce the
effects of harmonics in the range of 50 cps to 10 kc with only 16 sets of filters.
Vibration analysis and servo analysis are only two of the many applications for this
unit. Abridged specifications are listed below:

1 — - -

1 mv to 300 volts full scale
2% full scale

0° to 90° with 0.1° resolution
(plus 4 quadrants)

Voltage Range
Voltage Accuracy. .
Phase Dial Range. ..

e

Phase Accuracy. ................ N, I .. co000000 0.25°
Input Impedance. .. 10 megohms, 30ppf for all ranges
ﬁ, (signal and reference inputs)
;: Reference Level Range ..................... 0.15 to 130 volts
£ Harmonic Rejection . 50 db
) Nulling Sensitivity U, less than 2 n.icrovolts
Size Sa— . 197 x 7" x 10” deep

Price $2290.00 plus $160.00 per set of filters

North Atlantic’s sales representative in your area can tell you all about this unit
as well as other Phase Angle Voltmeters* for both production test
and ground support applications. Send for our data sheet today.

*Trademark
INORTH ATLAINTIC industries,inc.
TERMINAL DRIVE, PLAINVIEW, L. 1., NEW YORK e OVerbrook 1-8600
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sure of an increased R&D effort
since he also was named Satcom’s
acting project manager, which
makes him responsible for this re-
search and development. Satcom
develops and tests ground facilities
to be used in military satellite com-
munications systems.

“Satcom’s work will not stop
when the worldwide network now
under development becomes opera-
tional,” says the 44-vear-old com-
mander. “I look for tremendous
growth in tactical systems.” The
need, he explains, is for highly re-
liable, portable ground stations to
provide communications between a
command-and-contro! center and a
field commander—no matter where
the commander might be.

A native of New York Citv, the
colonel is a graduate of West Point;
he received masters’ degrees in
mechanical engineering from Texas
A&M University and in interna-
tional affairs from George \Vash-
ington University.

The vacuum tube is still the work-
horse of the microwave business,
but in another decade it will face
tough competi-
tion from solid-
state sources—
unless better
tubes are made,
says Curtis M.
Hellenbrand, re-
cently named ‘
senior engineer A
at the tube divi-

sion of Microwave Associates, Inc.,
of Burlington, Mass.

Hellenbrand, 43 years old, will
supervise the company’s new re-
search and development program in
crossed-field devices. The mag-
netron—an oscillator—is the grand-
father of this species, but the in-
dustry push now is for crossed-field
amplifiers—second- and third-gen-
cration tubes with more bandwidth,
higher gain and lighter weight.

“Nore output power per pound,
in other words,” says Hellenbrand.

Immediate demands for new am-
plifiers come from the electronic
countermeasures area, but Micro-
wave Associates feels that an in-
creased capability in crossed-field
devices will give the company an
opportunity to expand generally in
the market for high-power tube
systems.
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CEC announces the first low cost,
three-in-one portable direct-writing recorder

CEC’s new solid-state DG 5511 intro-
duces engineering and performance ad-
vantages never before offered by any
recorder in its price range.

This portable, 2-channel, thermal
writing recorder is so versatile it pro-
vides the capability formerly achieved
only through multiple instruments. The
DG 5511 features two plug-in signal
conditioners for a wide range of voltage
inputs, No preamp is needed for high
Jevel signals. Due to its all-modular de-
sign, users may convert from high level
signal inputs to low level inputs by a
simple change of plug-in attenuator/
amplifier units.

Electronics | November 15, 1965

In addition. the DG 5511 is remarkably
easy to use with its unique snap-in, front
chart-loading and convenient push-
button selectable chart speeds.

Frequency response is equally out-
standing—d-c to 70 cps; flat to 125 cps
at reduced amplitude. And its wide sig-
nal range (25 millivolts to 500 volts full
scale) makes the DG 5511 readily
adaptable to telemetry and computer
readout. And of particular importance
to industry is the fact that the DG 5511,
being a true portable, may be used vir-
tually anywhere there is a power source
and wherever there are unknown forces
such as vibration, pressure or tempera-
ture to be measured. Consequently. the
DG 5511 is certain to be a “must” in-
strument for every conceivable applica-
tion from foods and pharmaceuticals to
chemicals, construction and heavy
cquipment,

Features:

{s] Portable
[® Rugged and compact

Lightweight

Low cost

Versatile (3in 1)

High performance

Snap-in chart-loading

Excellent frequency response
Push-button chart speeds

All solid state

A wide range of accessories and oper-
ating supplics is available.

What about service? CEC backs its
instruments with the largest, best
equipped sales/service organization in
the field today.

For a desk top demonstration of the
DG 5511, contact your nearest CEC
Field Office, or write for CEC Bulletin
5511-X8.

[© (@] (o] (o] o] (0] (6] [O]

CEC

Data Recorders Division

CONSDLIDATED ELECTRDDYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRIEDBERG (HESSEN), W. GERMANY
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#3714

Below: a Hermet next to a
TO-5. Both are transistor
packages; both are her-
metically sealed; both are
readily available. But, there
s a difference:

I

You can get TO-5 pack-
aging anywhere. You can
get the Hermet only from
Fairchild. The standard

Hermet: 80x80x60 mils. Gold . . A
over kovar leads. Hermetically ~ Fa | rC h | | d l I n e
sealed. Accommodates all :
Fairchild transistors except r‘ N Cl § d eS SO m e
power devices. _,' .
very special

packages: Cerpak, Flatpak,
Dual in-line, matched duals,
T0O-50,TO-51, and Hermet.

== ==
FAIRCHILD
V=" "
SEMICONDUCTDR
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In Volume Production!

a compatible Ii-
of DTL Logic

CERACIRCUIT

Thin-film Microcircuits

5 Mc DTL LOGIC CIRCUITS

Meetings

Electromagnetic Sensing Symposium,
University of Miami, American
Geophysical Union

University of Miami, Cora! Gables, Fla.
Nov. 22-24.

International Conference on UHF Tele-
vision, IERE; London, Nov. 22-23.

Nuclear Electronics Conference,
International Atomic Energy Agency;
Bombay, India, Nov. 22-26.

Symposium on the Interaction of Space
Vehicles with an lonized Atmosphere,
AAS, School of Environmental and
Planetary Sciences, University of
Miami, Deauville Hotel, Miami Beach,
Nov. 26-27.

International Symposium on Differential
Equations and Theory of Systems,
AFOSR, Brown University and the
University of Puerto Rico; University of
Puerto Rico, Dec. 27-30.

Astrodynamics Symposium, American
Astronautical Society; University of
California, Berkeley, Calif. Dec. 29.

American Society of Tool and
Manufacturing Engineers Meeting,
ASTME; Statler Hilton Hotel, Boston,
Nov. 30-Dec. 1.

Solid State Physics Conference,
Institute of Physics and The Physical
Society; Renold Building, Manchester,
England, Jan. 4-7.

Sealab 11 Symposium, Navy; Statler
Hilton Hotel, Washington, D. C., Jan.
11-12.

The basic member of the Sprague series
of DTL Logic Modules is the UC-1001B
NAND/NOR Gate (see schematic), with

? . : Ultrasonics in Medicine Conference,
typical propagation time delay of 10 nsec

AIUM; Lima, Peru, Nov. 26-27.

per stage over a temperature range of
—55C to +125C. Other DTL Logic
Ceracircuits include SCT Flip-Flop, Buf-
fer-Driver, Exclusive OR/Half-Adder, 8-
Diode Gate, and 5-Diode Gate.

To facilitate contact packaging and as-
sembly on printed wiring boards, all 5 Mc
DTL Modules are encapsulated in one
standard case, 1.0" wide x 0.4” high x
0.2” thick.

Circuit schematic, UC-10018 NAND/NOR Gate.

CUSTOM-TAILORED CERACIRCUITS

Ceracircuit Ceramic-base Microcircuits
provide the circuit designer with desir-
able features — component familiarity,
design versatility, increased reliability,
circuit economy. Thin-film technology
permits wide ranges of resistance and
capacitance values, holding close tol-
erances without high-cost penalties. Each
passive component keeps its identity,
allowing conventional design procedures.

Write for Brochure ASP-363
to the Technical Literature Service,
Sprague Electric Co., 35 Marshall St.,
North Adams, Mass. 01248

asM-s104

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ‘()" are registured trademarks of the Sprague Electric Co.
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Digital Equipment Computer
Symposium, DECUS; Stanford
University, Stanford, Calif. Nov. 29.

Joint Computer Conference, AFIPS,
Las Vegas, Nov. 30-Dec. 2.

Sonics and Ultrasonics Symposium,
IEEE; Hotel Sheraton, Boston, Dec. 1-3.

Vehicular Communication Conference,
G-VC/IEEE; Sheraton-Park Hotel,
Washington, D.C., Dec. 2-3.*

Integrated Circuit Design Seminar,
Integrated Circuit Engineering Corp;
Marriott Motor Inn, Philadelphia,
Dec. 6-10.

Analytical and Measuring Instruments
and Laboratory Apparatus Show,
Bureau of International Commerce;
U.S. Trade Center, London, Dec. 7-17.

International Conference on
Radiological Protection in the Industrial
use of Radioisotopes, Societe Francaise
de Radioprotection; Centre de
Conferences Internationales, Paris 16,
Dec. 13-15.

ASSET/Advanced Lifting Re-entry
Technology Symposium, Flight
Dynamics Lab; Wright-Patterson Air
Force Base, Dayton, Dec. 14-16.

American Association for the Advance-
ment of Science, AAAS; University of
Calif., Berkeley, Dec. 26-31.

Conference on Electronics in Publishing,
American University; international Inn,
Washington, D.C., Jan. 17-20.

National Electronic Representatives
Association Marketing Conference,
ERA; Riviera Hotel, Palm Springs,
Calif., Jan. 26-30.

International Symposium on
Information Theory, AFOSR, IEEE;
University of California, Los Angeles,
Jan. 31-Feb. 2.

Integrated Circuits Seminar, IEEE,
Basic Sciences Committee; Stevens
Institute of Technology, Hoboken,
N.J., Feb. 2.

Call for papers

International Symposium on General-
ized Networks, Polytechnic Institute
of Brooklyn, AFOSR, ONR, ARO; Ho-
tel Commodore, New York, Apr. 12-
14. Jan. 1 is deadline for submission
of papers on network theory and ap-
plications to the Symposium Com-
mittee, Polytechnic Institute of Brook-
lyn, 333 Jay Street, Brooklyn, N. Y
11201

Automatic Control Conference, AIAA,
ASME, ISA, IEEE and AIChE; Uni-
versity of Washington, Seattle, Aug.
17-19. Jan. 3 is deadline for submis-
sion of papers on control system the-
ory, applications and components to
the society of the author’s choice. All
papers should be marked “For 1966
JACC”.

* Meeting preview on page 16
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Astrodata’s New Astrolock-loop
FM Subecarrier Discriminator

EgN '

Within +0.01% of center frequency for
24-hours after a 5-minute warm-up.

The Astrodata Model 402-201, all
solid-state FM subecarrier discrimi-
nator utilizes the new Astrolock
phase-frequency detector, crystal-
referenced, FET chopper-stabilized
VCO, and current mode loop filter,
which are proprietary developments
of Astrodata, Inc.

This completely new and different
type of locked-loop discriminator
gives performance exceeding that of
both conventional phase-locked-loop
and pulse-averaging types of discrim-
inators.

The new crystal-referenced, FET
chopper-stabilized VCO provides
state-of-the-art performance in sta-
bility and linearity, without a tem-
perature controlled oven.

The Astrolock detector, with its com-
posite phase-frequency characteristic,
assures positive lock-in at any signal

24 *Trademark

Electronics | November 15, 1965

Linear

Better than +0.02% of full
bandwith, best straight line.

level within the 66 db dynamic range.
True locked-loop performance is pro-
vided for deviations up to *40%,
with specified linearity. A quadrature
detector mode of operation, selected
by a switch on the front panel, pro-
vides correlation detection for ex-
tremely low S/N signals.

The Model 402-201 introduces a new
method of tape-speed compensation in
which the reference frequency is
processed in the frequency domain.
As a result, tape speed compensation
is perfect at any fixed frequency from
lower bandedge to upper bandedge,
and is better than 30 db for intelli-
gence frequencies up to a modulation
index of 4. Deviations of more than
+3¢% anywhere in the band can be
accommodated. No adjustments are
necessary.

With this new Astrodata Tape Speed
Compensation system, the over-all

i

stability for a given data channel is
that of the data discriminator alone,
whereas in a conventional system the
over-all stability is the sum of the sta-
bilities of both the data discriminator
and the reference discriminator.

A complete line of accessories is avail-
able for use with the Model 402-201.
Channel Selectors and Low Pass Fil-
ters are provided for all standard
IRIG and Constant Bandwidth center
frequencies up to 300 ke. Six discrim-
inators and one common power sup-
ply mount in a rack adapter which
occupies a panel space of 7-in. x 19-in.

For complete technical information
on Astrodata’s unique Astrolock -
loop FM Subcarrier diseriminator
and full line of telemetry components,
call your local Astrodata engineering
sales representative or write to us
directly.

ASTITIROIDATT A INC.
P. 0. Box 3003 + 240 E. Palais Road + Anaheim, California 92803

TEL. (714) 772-1000 ¢ TWX 714-776-3760 ¢« FAX + TELEX O6-78828 + CABLE ADDRESS + ASTRODATA, Anaheim
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the

ENVIRONMENTAL
CHAMBERS

that we could Buy-

WEREN'T
GOOD ENOUGH!

Se...
we (lesigne(l and

BUILT OUR OWN!

TODAY-
tlmy’re available in

production gquantities from stock,
completel Yy warran teed
and competitively priced!

We spend, annually, some 260,000 man hours
over a broad range of reliability testing of the
most sophisticated naturc. Because our standards
arc so high and the degree of dependence

upon our work so critical, we found ordinary
environmental chambers cntirely inadequate.

Today, ASSOCIATED offers the most thoroughly
tested, highly qualified linc of environmental
chambers available. A wide range of sizes,
combinations and accessorics make it possible to
easily test operating units over a wide range of
temperature, humidity, corrosion, high altitude

and sub-atmospheric conditions. In addition,
ASSOCIATED also manufactures a line of units for
vibration use. Literature, engineering details, and
information available on request —

...completely self-contained units

from $295 and up...

sociated/ Testing Laboratories, Inc.

155 Route 46 « Wayne, New Jersey ® 07470
Area Code: 201 CL 6-2800
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Meeting preview

IEEE in Washington

Frequency-crowding in land mobile
communications will be the subject
of a panel discussion at the Vehic-
ular Communications Conference,
sponsored by the Institute of Elec-
trical and Electronics Engineers
(IEEE) in Washington on Dec. 2
and 3.

The panel will include members
of the advisory committee for land
mobile radio services, which has
been studying frequency-crowding
for two years under the auspices of
the Federal Communications Com-
mission. Allocating frequencies too
close together creates interference
for police cars, fire trucks, ambu-
lances and so on and is worsening.
James E. Barr, chief of the FCC’s
safety and special services bureau,
will be the moderator at this dis-
cussion.

Four sessions. Fourtcen papers
will be presented during the four
sessions. R.D. Carlton cf the Min-
nesota Mining and Manufacturing
Co. will discuss the use of thermo-
electric gencrators to provide
power to repeaters for mobile com-
munications systems.

John W. Battin of Motorola, Inc.
will examine the problems in
achieving high reliability in solid-
state vehicular communication sets.

S.J. Matvckas of the Radio Corp.
of America will follow with a paper
on solid-state mobile transmitters
and discuss overlay transistors
[Electronics. Aug. 23, 1965, p. 71]
in a transmitter’s radio-frequency
output power stage. He will also
describe design considerations nec-
essary to obtain maximum reliabil-
itv performance, such as preventing
antenna-load  mismatch  which
could destroy the transistors in the
output stage.

J.H. Eakin of the Farinon Elec-
tric Co. will deliver a paper on in-
termodulation control of mobile
transmitters. A paper by R.T. My-
ers and T.A. McKee of the General
Electric Co. will discuss using com-
puters as a tool to improve receiver
design.

Sen. Everett M. Dirksen (R, Il1.)
will be guest speaker at the con-
ference banquet on the evening of
Dec. 20.
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sometimes, the hest is too good

The OFHC brand says this copper is the best—the
purest and most uniform copper available in com-
mercial quantities. The “CERTIFIED" stamp guar-
antces thatimpurities total less than one-hundredth
of one percent. OFHC's extreme purity of 99.99-+%
and structural uniformity give it some truly uncon-
ventional properties.

For some copper applications, OFHC is too good;
its superior properties simply are not required.

For many other applications, OFHC is the only
copper that can give you top performance. It's worth
a hundred times the few cents per pound premium
it costs...which usually becomes insignificant
when you relate it to the total end-product cost.

We suspect there are still many applications ideal
for OFHC where it has not been tried—probably
because of the slight exira initial cost. However,
the properties inherent in 99.99+% pure copper
often turn a slightly higher initial cost into a lower
overall cost.

Electronics A November 15, 1965

Chances are that you'll be able to improve your
product's performance...and increase its profit-
ability at the same time because of the ease with
which OFHC can be worked. Interested?

Yours for the asking...

...technical information and assistance on
putting OFHC to work for you. Just contact the
AMAX Oxygen-Free Copper Products Graup.

OFHC is a registered trademark of American Metal Climax, Inc,

AMAX

@

COPPERS

AMERICAN METAL CLIMAX, INC., 1270 Avenue of the Americas, New York, N. Y. 10020
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Try to find a connection

The growing popularity of AE's Class E Relay
as the “workhorse of the industry” has set off a
demand for a wide variety of mounting tech-
niques.

Now AE can accommodate virtually every type
of circuit connection or mounting used in elec-
trical and electronic equipment designs.

Wherever designs call for “wiringin,” AEClass

E Relays are availablewith solder-type, wrapped-
wire, taper-tab and printed-circuit terminals.

AE has also developed special sockets for
chassis or printed-wiring board mounting, that
accommodate Class E Relays with PC or taper-
tab terminals. And prewired types with octal
plug-in bases.

Where extra protection is required, AE Class

Electronics | November 15, 1965




you can't make with
AE Glass E Relays
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E Relays are available in hermetically sealed Relays, ask for Circular 1942-C. Write to the
enclosures with either hook terminals or plug-in  Director, Relay Control Equipment Sales, Auto-
headers. Or plastic dust covers that snap on to matic Electric Company, Northlake, !li. 60164.
the chassis- or printed-circuit

s AUTOMATIC ELECTRIC

limitless variations in mounting sussioiary oF ]
and connections for AE Class E GENERAL TELEPHONE & ELECTRONICS GrElE
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Sigma relay idea of the month

How to avoid short
circuits when
reversing polarity

ot inductive loads.

CIRCUIT A %

LORD

ARC SUFPPRESSOR

Circuits A and B are both commonly
used for reversing polarity, but circuit A
has an advantage not often recognized.

When reversing the polarity of a difficult
load, such as a motor, a slight contact weld
might delay the transfer of one pole while
the other pole completes transfer. In cir-
cuit B this will short circuit the power
supply resulting in catastrophic failure.

In circuit A a non-synchronous transfer
would only short circuit the motor ter-
minal. This is not harmful, and can be done
deliberately with some relays, such as the

CIRCUIT B g

' -

=, |
m

e o

Sigma Series 42. Short circuiting the motor,
known as ““slugging,’”” stops the motor
more quickly, allowing faster reversals.

Neither circuit will prevent catastrophic
failure if an arc is drawn across the contact
gap, because this would short circuit the
power supply.

Where arcing may be a problem, arc
suppressors can be used.

If you have a relay idea or can show us
how to improve this one, we'd like to hear
from you.Your relay idea could be the next
one we publish.

Win [~

~
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Sigma relay of the month

DPDT relay wit

100 mw sensitivity
has mechanical life of

1 billion operations.

The Sigma Series 42 is designed for a wide range
of general purpose applications—from alarm and
control systems to demand meters and timing cir-
cuits. It combines sensitivity and long mechanical
and electrical life with stability, high insulation be-
tween circuits and high coil overload capacity.
Check all of its features and ratings:

Long mechanical life—1 billion operations—due
to pivotless hinge construction where the motion
is rolling rather than sliding, thus reducing wear.

Long life under load—1,000,000 operations—due
to small armature mass that reduces bounce, and
controlled contact wipe that prevents circuit in-
duced sticking.

100 mw sensitivity—minimizes coil load in cir-
cuits with limited load handling ability.

High stability—due to beryllium copper contact
springs and return springs.

High circuit insulation—due to glass alkyd con-
tact base.

High coil overload capacity—handles control
voltages 4 to 6 times rated coil input.

SIGMA DIVISION c- SIG

Electronics | November 15, 1965

Test the U. L. listed Series 42 for yourself—free—
against the type you may now be using. Just send
for the Sigma Series 42 bulletin and a free relay
redemption certificate.

Circle 21 on reader service card
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Assured Reliability With Advanced Design / Braintree, Mass. 02185
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KEPCO HYBRID GIRCUITRY

MAKES THE DIFFERENCE!

MlllIAMPElES
1 0‘ : epoo

e ——
BV——— %
————
e

REAR VIEW

KEPCO “.'m . GROUP

REGULATED DC SUPPLY

TRADITIONAL QUALITY, NOW AT EVEN LOWER PRICES

Kepco Hybrid circuitry utilizes vacuum tubes as series pass regulators, with a solid state error amplifier. The
combination provides high voltage, high power, full range regulation, stability and reliability. A tapped input
transformer ganged with the panel range switch provides optimum performance within predetermined ranges.
Packaged in a 3':” high, space saving design.

0.01% REGULATION and STABILITY
Voltage or current regulated

High resolution 10-turn vernier DCR(A):'I(';PUT OUTPOUJ ISMF;AEDANCE

. E M AX.
voltage ?ontrol, 5 volta.ge bands - b0 joced’irets Nlenice
Kepco pioneered hybrid regulator VOLTS| MA. g:g o1 KC} | 100KC
Voltage or current programmable " ) e 1027 08 .
Kepco BridgeT Regulator B2AM | 0—325 0-200 b 0.0 ! 9 $295.0

2 auxiliary 6.5V AC, 6 amp unregulated outputs HB 4AM | 0—325 0—400 ' 0.1 0.08 0.2+05 330.00
tApplicable Patent Nos. HB 6AM | 0—325| 0—600 | 0.06 ' 0.08| 0.2+ 0.5 365.00

furnished on request

OUR NEW CATALOG HB 8AM ' 0~325 0—800 | 0.05 , 0.08 0.2-+1.0 395.00
CONTAINING COMPLETE

el ellAl el HB 250M | 0—250, 0—1000 0.025 0.08' 0.2+0.5 495.00
AND APPLICATIONS

NOTES IS NOW HB 525M | 0—525| 0—-500 | 0.08 | 0.08! 0.2+0.5 435.00
AVAILABLE

WRITE See our complete Catalog in

FORNYOUR m s IBBeE6

FREE COPY!

KEPCO, INC. « 131-38 SANFORD AVENUE o FLUSHING, N.Y. 11352 o Phone: (212) 461-7000 » TWX #212-539-6623 « Cable: KEPCOPOWER NEWYORK
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Editorial

Surprise for
consumer firms

Many specialists in consumer electronics were
jolted last month when word leaked out that the
Admiral Corp. will use an integrated circuit in
its color television sets next year [Electronics,
Nov. 1, p. 25]. The experts had been declaring
with assurance that the use of IC’s in consumer
products was 5 to 10 years away.

Admiral’s decision has stirred many consumer-
electronics companies to reconsider IC’s—and
not a minute too soon. The Japanese are already
hard at work adapting IC’s for consumer prod-
ucts. IC’s will make their debut in Japanese
products by the end of 1966 and will be used
broadly by the end of 1967. Manv of these
Japanese products can be expected to compete
with American equipment.

Japanese efforts in integrated circuitry trail
those in the U. S. Serious study in Japan started
only in 1964, stimulated by IBM’s announcement
of the System 360 computer with some inte-
grated circuitry. But the Japanese are working

hard to catch up. Since the consumer field is by
far the most important segment of Japan’s elec-
tronics industry, that’s where the strongest re-
search efforts are being made. Also, by borrow-
ing heavily from U. S. technology, the Japanese
have short-cut the schedule required to develop
digital devices for computers, and have com-
pleted much of that work.

Today, nine Japanese companies are active in
integrated circuits, and their productive capacity
is far more than the Asian computer business
can absorh. The Nippon Electric Co. alone ex-
pects to be producing 500,000 IC’s a month by
the end of 1966.

Many integrated-circuit producers are also
big names in Japanese consumer electronics—
Hitachi, Ltd., NEC, Toshiba (Tokyo Shibaura
Electric Co.), Mitsubishi Electric Corp. and Mat-
sushita Electric Industrial Co. Their chief inter-
est is in selling consumer products, but they
have to justify their big investments in IC facil-
ities. Of the companies that supply their own
semiconductor devices, only the Sony Corp. and
the Sanvo Electric Co. have not yet gone heavily
into integrated circuits. Soon Sony may change
its tune. Though its newest product, an elec-
tronic calculator, to be introduced by the end of
the year, is made of discrete components, the
second generation is alrcady being designed for
integrated circuitry.,

Thus Admiral’s decision to go to integrated
circuits comes at a good time for U. S. compa-
nies. It forces others to take IC’s seriously now.

Dubious ‘boom’

After reading his obituary in a San Francisco
newspaper, Mark Twain quipped, “The report
of my death is grossly exaggerated.” Just as
exaggerated is the report of a boom in color
television in Japan, published earlier this month
in the respected New York Times.

The truth is that not many color-tv sets are
being made in Japan and even fewer are sold.
And this situation is not likely to change much
in the next two or three years.

According to the Electronic Industry Associa-
tion of Japan, which collects production figures,
only 80.000 color-tv sets have been built in Japan
since production started around 1960. Twenty
thousand of these sets. the association adds, are
so obsolete as to be unnsable. That hardly con-
stitutes a boom in a country that can turn out
500,000 black-and-white sets a month.

With a price of $575 per set, and with only
four hours of color-tv programing available daily,

color sets are not luring many purchasers. More-
over, there is a recession in Japan these days;
almost all the consumer-electronics companies
are looking abroad for business.

Production of color-television sets in Japan is
so scanty that some companies assemble them
in the engineering department hecause there
isn’t enough volume to justify a production line.
Only Toshiba (Tokyo Shibaura Electric Co.) and
the Sanyo Electric Co. have relatively large vol-
ume—as much as 2,000 sets a month. Most of
Toshiba’s production, which reached reasonable
proportions only last spring, is going to Sears,
Roebuck and Co. in the United States. Sanyo
started exporting last month and hopes to be
shipping 2,000 color sets a month soon.

Output of the Sony Corp.’s color-tv sets with
the Chromatron tube has been so slow that the
company has restricted sales to metropolitan
Tokyo and Osaka. Mechanical difficulties con-
tinue to limit production of the Chromatron tube
to pilot-plant proportions—about 200 tubes a
month. The Yaou Electric Co. is having similar
problems with its Colornetron tube, and produc-
tion is under 200 a month.
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These PsB relays are immediately
available at factory prices
from your electronic parts distributor

J

} "af.-"éca | !l‘nl 1]
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12

CD-38

SOLID STATE TIME DE-
LAY —You get excellent
timing characteristics in
these knob-adjustable solid
state relays. Timing range:
0.6 to 60 seconds. AC or DC
models. Internal DPDT re-
lay rated at 10 amperes,
115V AC resistive. For con-
tinuous duty over tempera-
ture range of —40°C to
-+55°C.

KHP

COMPACT FOUR-POLE
RELAY—Small, rugged
4PDT relay designed to
meet exacting requirements
of data processing, com

puter and process control
applications. Rated at 3
amperes at 30V DC or 115V
AC resistive. Solder termi-
nals. Special sockets have
printed circuit or solder lug
terminals. Also available
hermetically sealed.

POPULAR 25 AMPERE
POWER RELAY—Com-
pact, heavy-duty power re-
lay listed by U/L and CSA.
Screw terminals and rugged
construction suitable for in-
dustrial application requir-
ing reliability and long life.
AC or DC models.

VERSATILE IMPULSE/
SEQUENCING RELAY—
Unusual singie-coil relay
can be used to latch, step,
count and switch in se-
quence. Switching occurs
during drop-out for greater
reliability. AC or DC mod-
els. Contacts rated for.3
amperes. Can also be fur-
nished with uni-directional
printed circuit boards hav-
ing 10 or 12 switch posi-
tions.

KR3-H

SMALL RELAY SWITCHES
20 AMPERES—Three
KR3-H relays will fit in
space required for most
other 20-ampere relays.
Mechanical life exceeds
one million operations and
twin contacts are rated at
20 amperes at 115V AC, 60
cycles resistive or 28V DC,
1 HP 115/230V 60 cycles.
Contact terminals will ac-
cept U " quick-connects or
solder connections.
Contact arrangement:
SPST-NO-DB.

...and there are 60 other types to choose from! l

Chances are, you’ll save both time and
money when you order standard P&B re-
lays from an authorized distributor. You’ll
get speedy service at factory prices. Your
P&B distributor has available more than
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60 basic relay types totalling 627 coil volt-
ages and contact arrangements. All are
shown in our new Stock Catalog 100 . . .
free from your electronic parts distributor.
Ask for a personal copy today.
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POTTER s BRUMFIELD

Division of American Machine & Foundry Company, Princeton, Indiana
Export: AMF International, 261 Madison Avenue, New York, N.Y.



C-w laser ‘better
than radar’ for
low-angle tracking

GaAs in parallel
delivers 200 watts

British to fight
‘brain drain’

Tl to introduce
microwave IC's

Project MOL
remains secret

Electronics Newsletter

November 15, 1965

An automatic tracking system using a continuous-wave gas laser has
demonstrated high accuracy in field tests. At the Northeast Electronics
Research and Engineering Meeting (Nerem) in Boston this month, E.L.
McGann of Sylvania Electric Products, Inc., reported on a 10-milliwatt
helium-neon laser that tracked a foot-long rocket with accuracy of 100
microradians during powered flight and 25 microradians during the
coasting stage.

For tracking missiles in early launch phase, the laser is claimed to be
superior to radar in precision and in ability to do low-angle tracking.
C.J. Peters, manager of electro-optical projects at the Sylvania Applied
Research Laboratory, says the tracking laser’s accuracy “is comparable
to the best data collection system at Cape Kennedy—that is, the camera
systems.” Laser systems will also be explored with a view to target track-
ing for ground-to-air and ground-to-satellite communications links.

The system also tracked the approach of an aircraft from a 10-mile dis-
tance at an altitude of 10,000 feet against a bright sunlit sky.

By connecting two samples of bulk semiconductor material in parallel
to form a pulsed gallium-arsenide microwave generator, a record output
of over 200 watts at about 1.5 gigacycles has been achieved. Daniel G.
Dow, Charles H. Mosher and Arthur B. Vane of Varian Associates, pre-
dicted that in a couple of years these Gunn-effect oscillators will have 10
kilowatts of peak power at L band, 1 kilowatt at S band, and 100 watts
at X band. Efficiencies were reported at 5% to 10% and circuit tuning was
estimated at 10% to 25% of bandwidth.

A British recruiting team will tour the United States next year, attempt-
ing to lure British scientists and engineers back home. The British hope
to reverse the “brain drain” that has been bringing almost 6,000 foreign
scientists a year to the U.S. over the past few years.

Concern by the British has been intensified since the new U.S. immi-
gration law that takes effect Dec. 1 admits persons on a skills basis rather
than on the previous country-quota basis; this, they feel, may swell the
number of foreign scientists and engineers coming here.

The first experimental microwave integrated circuits are being developed
by Texas Instruments Incorporated for introduction at the convention
of the Institute of Electrical and Electronics Engineers next March in
New York. One circuit is a 4-stage power amplifier with a 2-watt output
at 2.25 gigacycles. It contains four transistor chips alloyed on a substrate
to thick-film passive components. Both ceramic and silicon substrates are
being evaluated.

Advocates of secrecy on the manned orbiting laboratory (MOL) project
apparently have carried the day—for a while, at least. “There is no plan
at this time to change the press policy on MOL,” Secretary of the Air
Force Harold Brown said in Los Angeles earlier this month. The present
press policy on MOL is one of almost complete silence, [Electronics,



Siemens and Bosch
may work together

H-P makes bid
with low-cost
wideband recorder

Varactor diodes
amplify, oscillate

Addenda

Electronics Newsletter

Oct. 4, p. 65]. Brown said MOL would be treated as any other military
space venture: not even the launches would be announced. Brown said
this secrecy probably would hold for the first MOL launches. A state-
ment will be released after the flights, he said. Asked if the Air Force
would never release information on MOL, such as on instrumentation,
Brown replied, “Never is a long time.”

At a briefing in Washington, a high Air Force official said a review of
MOL policy probably would be conducted after definition studies are
completed by the Douglas Aircraft Co., the prime contractor for MOL.

Two of West Germany’s biggest companies, Siemens & Halske AG and
Robert Bosch GmbH, are considering coordinating their production
efforts. Each company would remain independent, but each might drop
or deemphasize a product line in which the other is stronger, and become
a supplier of parts for the primary producer.

Siemens, with sales last year of $1.7 billion, is Germany’s biggest elec-
tronics company. Bosch, whose 1964 sales totaled $712 million, is a major
producer of electronic and electrical products.

The Hewlett-Packard Co. is making its debut in the instrumentation
tape recorder market with a 1.5-megacycle-bandwidth machine that sells
for $20,000, about half the cost of comparable ones, the firm says.

The 14-channel instrument has six electronically controlled speeds.
The machine has been designed for medium-size scientific and indus-
trial laboratories; most machines with a 1.5-Mc bandwidth are too expen-
sive for this market, John Young, general manager of Hewlett-Packard,
says. The company achieved the low price by extensive use of machine-
tool operations, rather than hand-machining.

Commercially available varactor diodes have been operated as X- and
ku-band oscillators at relatively high powers. The work was done by
Vincent Higgins, Frank Brand and Joseph Baranowski of the Army
Electronics Command at Fort Monmouth, N. J. Using epitaxial diffused
gallium arsenide, the researchers biased the diodes into the avalanche
region and got 25 milliwatts of continuous-wave power at 13 to 14 giga-
cyles and 16 mw at 814 to 10 Gc; efficiency was better than 5%, the
researchers say. The operation of the diodes was apparently similar to
the mechanism of the Read diode, a device that depends on avalanche
and transit-time -effects. Frequencies between 7.6 and 48 Gc were also
obtained.

Gallium-arsenide varactor diodes obtained from the Army group have
shown amplification in tests at Bell Telephone Laboratories.

The Fairchild Camera & Instrument Corp. plans to go into the memory
products business with a line of monolithic semiconductor “scratch-pad”
assemblies, ferrite memory cores, wired memory core planes and “stacks”
of core planes. . . . A computer that keeps track of a patient’s condition
during neurosurgery has been developed by the Mayo Clinic and the
International Business Machines Corp. for St. Mary’s Hospital in Roch-
ester, Minn. Medical personnel inside the operating room can operate the
computer’s simplified controls without extensive training.

Circle 27 on reader service card—>



BOURNS TRIMPOT®
ADJUSTMENT
POTENTIOMETERS

THERE MUST BE A REASON

why Bourns sells more Adjustment
Potentiometers than all others combined.
The answer is simply better value. This
short-form catalog not only shows the
excellent specifications and wide choice you
have with Bourns adjustment potentiometers,
but also describes why Bourns’ quality,
delivery and service are the best in the
industry. This TOTAL VALUE philosophy
saves you money in the long run by

cutting your procurement problems to a
minimum. In short, when the performance
must match the promise, remember —
TRIMPOT means Bourns —

Bourns means Quality.

ADJUSTMENT POTENTIOMETER SHORT FORM CATALOG NO. 12 OCTOBER, 1965



HIGH-PERFORMANCE WIREWOUND

OIMENSIONS
H w L

TERMINALS O ACTUAL SI1ZE
) = 5 ‘ 10 -10K | 8.64| 800| 7.20
SUB MINIATUREURE  5/16x3/16x 1 L,W % |+ | 100 175 | 15 | Yes| 0030k |1026 | 950! 855
(RT 10) I ’
i :
224 l | 10 -10k | 7.02| 650 5.8
. 20K25K | 864| 800 7.20
TEMPERATURE 5/16x 3/16 x 1 1/4 L,S,P +5 | 1.00 | 175 | 22 | Yes| 50K 018 | 850/ 7.65
®T 12 | 100K—I 11.34 | 1050 9.45
3000 | |
LTINS | l 50 -10K | 9.72| 9.00| 8.10
MICRO- . =4 I
MINIATURE HIGH 5/16 x 5/32 x 3/4 P e |+10(0.50 ’ 175 | 15 | Yes 20K 110.80 | 10.00 | 9.00
TEMPERATURE ‘
|
l T 1 1 f
3010 10 -IOK, 7.02| 650 585
HIGH 20K-25K | 8.64 | 8.00| 7.20
TEMPERATURE 5/16x9/32x11/4 L.P +5 | 100 | 175| 25 | Yes 50K | 9.18| 850 7.65
RT 1D | ook | 1134 10 504‘ 9.45
| I l L : l !
H 1 | | 1 ’ |
3070 5/16 x 5/16 % 11/16 b ‘ | | 10025k | 900| 834| 750
e I8x56x1106 T el RS | 50K | 1100 | 1019 917
poU RN sTRmRroT +5 |15 | 175 10 | Y - S
ResoLuTioN e s ' 101 YeS o0 25k | 980 | 9.08| 817
C | | ||| 50k 1180 10.93 9.83
395() [ 1 T 11010k 671] 6.22" 5.59
[ | 20K-25K | 7.56| 7.00/ 6.30
SUB-MINIATURE l 50K | 10.01| 9.27| 8.34
TEMPERATURE AR e o 5 | 100 | 175 25 | Yes| 00 T 6ol 602
(RT 22) 7/32x1/2x1/2 P, W ' t \ | 20k-25K | 797 7.'38\ 6.64
| || || 50K 1053| 9.75| 878
| T T T T
| ‘ 1
3260 ‘ 10 - 1K | 750| 695/ 6.25
MICRO. 1/8x 1/8x .17 H 0.2 | 175| 11 |Yes| 2K- 5K  825| 7.4 6.88
MINIATURE | .
MiNATURE | l | 10K-20K ;IO'SOT 9.72| 8.75
T —T T T T T f
3280 13/64 x 3/8 x 3/8 | 10 -10K | 756 7.00| 6.30
WioRo. KB LPW 3 . +5 [ 100 | 175| 25 'Yes 20k25K | 918| 850 7.5
MINIATURE ° 50K 9.72| 9.00| 8.10
SQUARE HIGH
TEMPERATURE R J \ I
1] ] i { | {
T 1| T T T T 1
3300 ) | R
MICRO- \_'( | 10 -10K1 594 550/ 4.95
MINIATURE 8x 174 15016 \g M Sl l2 | 20k| 7.56| 7.00| 6.30
HIGH TEMPERATURE : ) . + .50 | 175 | 280° | Yes | - t .
5/16 dia. x 15/32 S 5 | ‘ L 10 -10k | 8311 323 743

1

| 20K 1053

BOURNS TOTAL VALUE /Always your best value in potentiometers

EXCLUSIVE RELIABILITY
PROGRAM

The Bourns Reliability Assurance Pro-
gram is the only one of its kind in the
potentiometer industry. Its primary
goal is reliability! This program fre-
quently requalifies all standard models
to assure conformance with published
specifications. Free test data is also
made available, saving you the time and
expense of quality verification. Con-
ducted in addition to NPC-200-3 and
MIL-Q-9858A quality control, it makes
Bourns potentiometers the most thor-
oughly inspected and tested units
available.

© 1965 BOURNS, INC.

SUPERIOR QUALITY CONTROL

One-fifth of all Bourns production
employees work in quality control or
reliability monitoring. This is one of
the highest personnel ratios of QC
employees and inspectors in the elec-
tronics industry. All standard Bourns
products undergo extensive in-process
and 100% final inspection for all elec-
trical characteristics.




HIGH-PERFORMANCE NON-WIREWOUND

DIMENSIONS
H w L

TERMINALS (1) ACTUAL SIZE

N

3001

MICRO-MINIATURE
HIGH

TEMPERATURE
RESISTON @
ELEMENT

5/16 x 5/32 x 3/4

0.20

:

0
S (
&

|

150 |

15

Yes |20K-1Meg 11.02[10.20 9.18

3011

HIGH 5/16x9/32x11/4 L,P

TEMPERATURE
RESISTON
ELEMENT (RJ 11)

\ n-:'cr.uamm +20

P
- s
QN 3

[@ 50°

0.25

\

I

|

[ [
c 150[ 22 | Yes| 5K-5 Meﬁ 7.37| 6.83
| |

|| -

T

|
[61
14
|
|

3012

HIGH 5/16 x9/32x 1 174 L,P

TEMPERATURE
PALIRIUM
ELEMENT

|\ movnus Tason

s 248 +10
¢ | AT omR" N |

| |
|
Yes| 2K-1 Megl 7.13| 6.60|5.94

§951

RESISTON
ELEMENT (RJ 12)

5/16x3/16x11/4 L, S P

Josre-2 o5 INEE

EBOU WS Nndrors

+20

’
AR gy v e
S e

!

Yes| 5K-5 Meg| 7.37 6.83|6.14

3052

HIGH 5/16x3/16 x 1 1/4 L,P

TEMPERATURE
PALIRIUM
ELEMENT

+10

-1.00

175

25

Yes | 2K-1 Meg| 7.13 | 6.60 |5.94

ONImC
d()‘)d 6x3/16x11/4
HIGH 5/16 x 3/16 x
TEMPERATURE

PALIRIUM

ELEMENT

+10 (5-200%)

‘\ +15 (29)

0.50

175

25

20-200 7.13 | 6.60 |5.94

Yes| 2.5 11.02 10.20 9.18
10-200 7.13 | 6.60 |5.94

oK
3251
SUB-MINIATURE
SQUARE HIGH 3/16x1/2x1/2

TEMPERATUR o
" : P W

RESISTON 7/32x1/2x1/2
ELEMENT
(R] 22)

+20

0.50
@ 50°C

25

Yes|20K-1Meg|8.22 | 7.61 |6.86

3281
MICRO-MINIATURE
SQUARE

RESISTON
ELEMENT

13/64 x 3/8 x 3/8 L, PW

0.5
@ 50°C

150

25

Yes {20K-1Meg | 7.94 | 7.35 (6.62

3301

MICRO-MINIATURE

HICRO-MINIA 3/8x1/4x 5/16

HIGH TEMPERATURE  5/16 dia. x 3/16
ISTON

SEEMENT 5/16 dia. x 15/32

» oS

+20

0.25

10K-1 Meg|6.24 | 5.78|5.20

of o 1
150 [260°( Yes [10k.1 Meg|9.36 | 8.667.80

MOST ADVANCED PRODUCTS

As the pioneer in adjustment potenti-
ometers, Bourns has set the standards
for an entire industry—in new prod-
ucts, in product improvements, in mate-
rials, in processes. Innovations such as
the RESISTON® carbon and PALIRI-
UM® film elements and the virtually
indestructible SILVERWELD® termi-
nation demonstrate that Bourns is con-
stantly pushing the standards higher.

NOTES:

(1) Key to terminal types L Insulated stranded leads. S Solder lugs (includes panel mounting bushing on Madels 33675, 3368S. 3300S & 3010S
only), P Printed circurt pins, W Uninsulated wires (edge mounting 3250, 3251, 3280 & 3281)

(2) Franchised local distributors quote factory prices to 500 pieces. Contact factory for prices in high quantities,

(3) The following resistances are standard if they fall within the limits listed Wirewound — 10, 20, 50, 100, 200, $00, 1K, 2K, 5K, 10K, 20K, 25K,
SOK, 100K, RESISTON. RESISTALOY — 5K, 10K, 20K, 50K, 100K, 200K. 500K, 750K. 1 Meg . 2 Meg . 5 Meg PALIRIUM 2.5, 10, 20, 50
100, 100K, 200K, 500K, 750K 1 Meg. Other resistances svarable on special order

(4) Closer tolerances available on request, except commercial modeis
5) Al models are sealed against sand and dust

LARGEST SELECTION

Bourns offers the world’s largest selec-
tion of adjustment potentiometers and
an extensive line of precision potenti-
ometers, relays and micro-components.
This single-source capability means
less shopping around, avoidance of
costly specials.

(Continued)




GENERAL PURPOSE \*es;;%\':ﬁ\”\;‘; T

RESISTALOY(?D ELEMENT

Vo, * Re, PRICE ®
DIMENSIONS “am %mmﬁ% N
Pl TERMINALS (D ACTUAL SIZE “t,*)@@ )o“c. ,:&\00@ t s,,% S@D ~ ,_9\10_24 25'49
N 7 \
\2’\/(1)}61,\\ OUND [T \ teady| L0, c10K | 428 4.50 |4.05
L,S,P : OTTERTIES | +10| 05 125 | 25 0K-25K | 6.48 | 6.00 |5.40
e 5/16x1/4x11/4 § GEQ% 2R | State | - ‘l‘ggt‘ | % ?g | ;_gg 32(;
936 l 10 -10K | 7.02 | 6.50|5.85
20K-25K | 8.64 | 8.00|7.20
GENERAL 23/64 x 19/64 x 1 11732505 P +10 | 080 |135| 25 | Yes 50K | 9.18 | 8.50 |7.65
PuRresE : ' 100K [11.34 1050 [9.45
| l B 1 o 1 s o
60 I \ 10 -10K | 5.94 | 550 |4.95
2 L.S,P |1 steady| 20K25K | 756 700630
HIGH TEMPERATURE /16 x1/4x11/4 L +10| 100 |175| 25 |4 | 50K | 810| 7.506.75
GENERAL PURPOSE || 100k | 9.72| 9.00/8.10
3367 | |
) . 86! 4.5 !
SUB-MINIATURE 1/2 dia. x 15/64 P +5| o050 |105|285¢] Steady| 10_ 20K 1 486% 4.50 40i
SINGLE-TURN 1/2 dia. x 35/64 S - ' || State | 10 .20k | 5.67| 5.25|4.73
| i
271’3’5 || : 50 10K { 319[ 2.952.66
commERciAL s/16x1/8 11/4 L,S,P 105| 25| No 20K | 4.32I 4.00 | 3.60
. | |
3067 l
COMMERC 3
coMmeRcIAL 23/66 x9/32x 1 S, P 85| 15| No | 50 -20K 1.85!| 1.71| 1.54
! |
C : { T
?Z.)7 L 105/ 2| No | 10 10K | 319| 295|266
Tgmmmmu 22x1/2x1/2 P, W ‘ 1 i 20K I 4.32‘ 4,00 | 3.60
1 1
1 T
3307 3/8x 1/4 x 5/16 W J steady 50 -5K 3.78| 3.50|3.15
COMMERCIAL : W 150| 280 “Spote 10K | 4.86| 4.50|4.05
SUB-MINIATURE 5/16 dia x 3/16 P 20K | 594 550| 4.95
NON-WIREWOUND ] I |
| Steady | [
|
915 e Lo 125 22| eadf| 5K5 Meg) 4.86) 4.50/4.05
GENERAL PURPOSE /16 x1/4x1 1/ P S ~ x ’
RESISTON® ELEMENT | T. | | |
935 o] 52 || 2| v | 5w 201
GENERAL PURPOSE 23/64x19/6ax111732 L, S, P 125| 22 l Yes | 5K-5 Meg 7.02' 6.505.85
RESISTON ELEMENT | , ; I
| | ]
{ S - ! -
3368 1/2 dia. x 15/64 | ‘ 025 | | stead izox-l Meg | 5.94{ 550 4.95
SUB-MINIATURE — +20 @ 50 ¢ 105 | 285° l Statey i ’
SINGLE-TURN 1/2 dia. x 35/64 | [ | 20K-1 Meg 6.75| 6.25| 5.63
RESISTON ELEMENT . ‘ R . . ' |
! [ I | [ |
272,1‘,6 vg0 | 020 }1 . | T ‘ '
COMMERCIAL TRIMIT  5/16 x 1/4 x 1 1/4 ' @25°C| & | 25| No | 5K5Meg| 378 3503.15

N I N
T ]

l |
+20 020 | 85| 15| No | 20K-1 Meg| 1.85 171154
| | ||

3068

COMMERCIAL E-Z-TRIM 23/64 x9/32x1 S, P
RESISTON ELEMENT

|
! :

BOURNS TOTAL VALUE /Always your best value in potentiometers

BEST AVAILABILITY BEST APPLICATIONS HELP

The factory maintains a constant  Bourns provides a staff of 15 profes-

reserve of more than 500,000 units. sional Application Engineers whose

Whatever you need in potentiometers, sole job is to give you techngcal assist-

you can depend on Bourns for an off- ance. Each of these specialists serves

the-shelf answer. a specific geographic area. All are
extremely able and anxious to help you

NOTES (Continued) cut time, corners and costs.

(6) Humidity-proof version available on special order Contact factory for part number, price and delivery

(7) BOURNS. TRIMPOT. TWINPOT, TRIMIT, E-Z.TRIM, RESISTALOY, RESISTON. PALIRIUM, SILVERWELD, KNOBPOT and QUAORATRON are registered
trademarks of Bourns, Inc Other products made by Bourns, Inc . are identitied by trademarks which include: TRIMISTOR. TRIMM. MIL-E-TRIM,
CARBOLON. PANLTRIM. MILISEAL, CLDCKPOT. TRIMR. MICROTRIM, RESISTRIM. TRIMPOT JR. B. LABPOT. INFINITRON. DIALPOT. and
TRIMPONENT. Bourns, Inc 1s the owner. of nghts under the tollowing listed United States Letters Patents refating to certain of 1ts adjustment
potentiometers: 2.706,230 / 2,777,926 / 2.805.307 / 2.831.949 / 2.873.337 / 2.882.375 / 2.922.976 / 2.935.716 / 2.945.198 /
2.946.975 / 3.010,092 / 3.018.459 / 2.898.569 / 3.089.110 / RE 25.412 / RE 25,725 / 3.107.336 / RE 25510 / 3.124.779 /
3124.955 / 3,139.601 Other patents pending. Certain Bourns products are under 1ssued and pending foreign patents

(8) End setting vanies from 1 to 15% to account for lead resistance




SPECIAL PURPOSE

MOUNTING

Fegy ~
St 2oy \ \0(,,, "’o\
t 0‘6 (7 a’ 0/,,, 05,/ PRICE ®
DIMENSIONS o D \\ rt 40,
H W L TERMINALS S N 0%
ACTUAL SIZE NI (9‘ \ s,,t\ \ 9\%\.;9
WIREWOUND [ [
9207 P —TT s l l
3 L 2.00 100-50K 10 26 | 9.50
HIGH.POWER BAs xSz e *10 | @ 50°c ' 175 | 25 Moo | 150K 11758 | 1100 | 99
(2-WATT) | l l
: 1 l I
3020 | \I | ] | 100-10K 14 04 13 00 ,11 70
HIGH-POWER 20/64 x1/4x11/4 L 5| 375 | 200 125 | Yes | 20K-25K |15.66 | 14.50 | 13.05
HUMIDITY-PROOF l ‘ 50K 116.20 | 15.00 |13.50
+ ! ! i T T ; ‘i
‘ |
209 05 (each| -ac | |- |10 -10K (1296 12,00 [ 10.80
'T’m"‘-;%r‘%"" 5/16 x1/2x11/4 L ‘ *10 [ glement) | 135 |25 INo@’ 20K525)K 14.58 | 13.50 | 12.15
soacn s | ! K [16.20 | 15.00 | 13.50
- ,Tm- | [ ‘
| é I I ! !
HIGH-POWER @ PoURNS TRiNPT® @ |
HIGH TEMPERATURE k< - | | ‘ |
11/16 x 33/64 x 1 17/64 ® s030L-i-502 % @ | +10 @1255.,0 265 |25 | No |10 -10K 14.58[13.so|12.15
Rnlnnn
| ‘
| { | | ! | i | |
3040 | N
‘ |
RADIATION PROOF  3/g 4 19/64 x 1 1/4 W +10| 500 |350 |17 | No |500-20K |27.00 | 25.00 | 2250
TEMPERATURE | . [ | | | ' | .
ULTRA-RELIABLE ’ [ ‘ | | [
F
224-500 100-10K | 1458 | 13.50 | 1215
L | | o . .
WIREWOUND 5/16 x 3/16 x 1 1/4 L P 1 +5 ’ 0.50 | 150 | 22 | Yes 20K |16.20J 15.00 | 13.50
! ! ! | { | | l
HIGH RELIABILITY o } l [
O~r
§léwo)u(n)n 001 316 x1/2x1/2 L +5| 050 150 25 | Yes | 100-10K 1350|1250|1125
ke bW — | 20K 14581350 1215
| ; l l i : 1 !
T} 7 Most modals are available with the added convenience of panet Add to price of basic unit
PANEL .. » “2.‘3“.'&’:‘.»1".?"‘"3,.ﬂ:"'c"u:'L'r".'e'i.&"",'..o':.‘.!f‘ﬂ e 209 2,16 2.00 1.80
™ “ur ‘b‘ -'8‘ \ ﬂ\ mounting screws are available for other mounting requirements. Al) others .81 75 .68

TRIMPOT POTENTIOMETER (e wonss se——

P Nng

MOUNTING HARDWARE

H-228

-lzs

HO03

H Zl(

—1 1727, 2-56 machine screw

—2-56 Stainless steel rod stock (12“ length only)

—2-56 Hex nut, stainless :ml for use on H-01 and H.02

—1.72 machine screw. 1* lon,

5 —1-72 hex nut, stainless stes! (!w use on H-04)

75 — Stawnless steel side bracket for models with 1“ mounting centers

01
02
03
04

0
1
225 — Stamless steel side bracket for modets with 3/4” mounting centers.

25 — Stainless steel stackiag straps for models with 0 520 mounting centers
11€ — Stainless steel end brachet for models with 1* mounting centers

21E — Stainless steal end bracket for models with 3/4" mounting centers

265 — Starnless steel side bracket for models with 0 520 mounting centers

IXTTTIXTIITIT

LONGEST EXPERIENCE,
RELIABILITY

Bourns—originator and sole manufac-
turer of the TRIMPOT® leadscrew-
actuated potentiometer — has been
making adjustment potentiometers
longer than any other manufacturer.
Bourns products have the longest relia-
bility record, too, having performed
successfully in virtually every major
U.S. missile and space program. And
the record continues: in today’s world-
wide markets, far more adjustment
potentiometers bear the Bourns label
than any other.

COMPETITIVE PRICES

Depth of product line and high produc-
tion efficiency allow Bourns to meet or
beat the prices of competitors—despite
its heavy extra expenditure for product
reliability. Furthermore, Bourns “holds
the line” on prices while continually
upgrading its products. In those cases
where a Bourns unit is slightly more
expensive, you can be sure that the
small extra cost means considerable
extra value. It is a firm Bourns policy
never to compromise quality for price.




BOURNS QUALITY DESIGN
insures BUILT-IN reliability and performance.

TRIMPOT® LEADSCREW ACTU-
ATED POTENTIOMETERS were
introduced by Bourns, Inc., in 1952
to meet the need of the aerospace
industry for a rugged, high per-
formance miniature adjustment
potentiometer. These units pio-
neered such potentiometer qualities
as small size, accuracy, multi-turn
adjustment and stable settings, as
well as rugged, sealed construction
for reliable performance in severe
environments.

STAINLESS STEEL ADJUSTMENT SCREW
ACCOMMODATES STANDARD SCREWDRIVER

NO BACKLASH IDLING SPRING

HIGH TEMPERATURE THERMOSETTING

PLASTIC BODY CERAMIC INSULATOR

SOLDER LUGS SHAFT RETAINER

WIPER CARRIAGE

PRECISION WIREWOUND

RESISTANCE ELEMENT BOURNS EXCLUSIVE SILVERWELD®

TERMINATION

TEFLON INSULATED
STRANDED LEADS

L S

TERMINATION

WIREWOUND
ELEMENT

PRECIOUS METAL
CONTACT

CLUTCH ASSEMBLY

BOURNS EXCLUSIVE SILVERWELD®

!
.~‘

TWO SILICONE RUBBER

BOURNS WORM GEAR ACTU-
ATED POTENTIOMETERS, in
the popular square configuration,
were developed to add packaging
versatility yet assure the same high
performance and reliability as the
P ' TRIMPOT Leadscrew Actuated
N Potentiometer line. These units, in
15”7 and 33" sizes, available with
stranded insulated leads or printed
circuit pins, feature all-sealed con-
struction, excellent resolution, and
an exclusive clutch-action wiper
which prevents damage from forced
adjustment.

WIPER PICK-OFF

STAINLESS STEEL
ADJUSTMENT SCREW
ACCOMMODATES

STANDARD
SCREWDRIVER

¢

“0" RINGS

BOURNS SINGLE-TURN RO-
TARY POTENTIOMETERS com-
bine many of the leadscrew actuated
and wormgear actuated potentiom-
eter features in micro-miniature
and subminiature circular configu-
rations. Available with solder lugs
and printed circuit pins, these units
operate up to 175°C, are encased in
a lightweight, all plastic case, and
have excellent shock and vibration
stability. Micro-miniature types —
smaller than a transistor—are
available; while sub-miniature types
combine high performance with
nominal cost.

ROTOR ADJUSTMENT—SCREW SLOT ACCOMMODATES

STANDARD SCREWDRIVER HIGH TEMPERATURE

= THERMOSETTING
\PLAST!C BODY AND COVER

WIREWOUND
ELEMENT

SILICONE RUBBER
“0" RING

PRECIOUS METAL
CONTACT

BOURNS EXCLUSIVE
SILVERWELD® TERMINATION

GOLD PLATED PRINTED
CIRCUIT PINS




OTHER PRODUCTS BY BOURNS

Featuring the same exclusive TOTAL VALUE concepts.

SIZE (inches) RESISTANCE MAX. OP.
PRECISION POTENTIOMETERS RhER DIA, ~— CASE HLOMEES m‘tﬁg "‘(%I)OL ““(E,}:;'" ’;3::3 T(E.N(I:l)’. (Mmm%?w)

3400 113/16x 1 3/4 10 100-1 Meg +3 1015 5.0 @ 40°C 105 Yes
3410 2x5/8 1 50-100K -3 03 4.0 @ 70°C 125 Yes
3430 11/16x5/8 1 50.100K v 3 +0.5 1.5 @ 70°C 125 Yes
3440 3x5/8 1 100-500K -3 +0.25 6.0 @ 70°C 125 Yes

3500 7/8x 1 10 50-500K +3 +0.2 2.0 @ 70°C 125 Yes (1)

3501 7/8x1 10 1K-500K +5 +0.5 2.0 @ 70°C 125 Yes (1)

3510 7/8x9/16 3 20-100K +3 +0.30 1.0@ 70°C 125 Yes (1)

3520 7/8 x 11/16 5 25-250K +3 +0.30 1.5@ 70°C 125 Yes (1)
3 3530 7/8x1/2 1 25-50K +3 +0.50 1.0 @ 70°C 125 Yes
- 3700 1/72x 1 10 50-250K +5 +0.25 1.0 @ 70°C 125 Yes
) e LOW COST, 3507 7/8x11/8 10 100-250K +5 +0.50 2.0 @ 25°C 105 No
— INDUSTRIAL 3707 172 x1 10 100-100K 5 1.0 1.0 @ 40°C 105 No
3450 2x21/4 10 100-1 Meg +3 +0.15 5.0 @ 70°C 125 Yes
3460 2x5/8 1 50-100K +3 +0.3 4.0 @ 70°C 125 Yes
3480 7/8 x 9/16 1 50-100K +3 +0.5 1.5 @ 70°C 125 Yes
3490 3x5/8 1 100-500K +3 +0.25 6.0 @ 70°C 125 Yes
3550 1x19/16 10 50-500K -3 +0.20 2.5 @ 70°C 125 Yes
SERVO MOUNT 3551 7/8x19/16 10 1K-500K +5 0.5 2.0 @ 70°C 125 Yes
3560 7/8 x 1 3/64 3 25-100K +3 +0.25 1.5 @ 70°C 125 Yes
3570 7/8x13/16 5 25-250K +3 +0.25 2.0 @ 70°C 125 Yos
3580 7/8 x5/8 1 25-50K +3 +0.5 1.0 @ 70°C 125 Yes
3750 1/2x 1 3/16 10 50-250K +5 +0.25 1.0 @ 70°C 125 Yes
KNOBPOT® 3600 3/4x1 10 100-250K +5 +05(2) |1.5@ 25°C 125 Yes
POTENTIOMETERS 3640 11/4x11/2 10 100-500K +3 +01 () |2.5@ 25°C 125 Yes

(1) Std. models exceed humidity cycling requirements of MIL-STD-202, METHOD 103. Optional models are available meeting moisture resistance requirements of MIL-STD-202, METHOD 106.
(2) Standard dial accuracy, including linearity,

TURNS-COUNTING DIALS

Il
Madet 3100 | Mode 3101

MODEL 3660 LABPOT™
PRECISION POTENTIOMETER

VOLTAGE SENSORS Model 3910 Model 3917
Trigger voltage range: 0 to 1000 VDC 0 to 1000 VDC
Supply voltage: 20-30 vDC 20-30 VvDC
Life: 103 operations 10¢ operations
Output: DPDT relay SPSTNO—solid state

Contact rating:

Ambient temp. range:

1 ampere resistive
at 26.5 VDC
—55 to +-105°C

0.05 ampere resistive
at 30 vDC
—55 to +-105°C

P~ 4 e 4
- Resist i 4210

MICRO esistor \c"’“'“’ ! t QUADRATRON® EXPONENTIAL RESISTOR
COMPONENTS \ | Inductor “ Transformer

Range 1K-200K 10 pf to .12 mf 0.1 Hy-66 Hy 400 CPS-250K CPS

Tolerance 19 — *+10% +10% & *+20% S - o Mode) 4100A-1-010

Temp Range -65° to +150°C -55° to +150°C -65° to +130°C -65° to +130°C

Rating 0.07watt at 100°C 200 wvDC S 50 MW at 1 KC

Size 0.1” x 0.03” x 0.05” Variable 0.250” Cube 0.250” Cube

Environmental MIL-R-10509D MIL-C-11015C MIL-T-278 MIL-T-27B

CUSTOM FILM HYBRID CIRCUITS

Now you can get custom micro-circuits from Bourns for
Our total capability — conductive,

configurations eliminate special tooling and insure rapid delivery.

virtually any application!
resistive, capacitive and magnetic — can
satisfy your custom circuit needs at lowest possible cost! Standard flat-pack

%




BOURNS
FACILITIES & CAPABILITIES

Bourns TRIMPOT Division and
corporate headquarters are housed in
an ultra-modern 100,000-square-foot
facility in Riverside, California. Named
one of the “top ten” plants of 1963 by
FACTORY MAGAZINE, it is
specifically designed for full-scale
production of electronic components.
A controlled air system provides dust-
free environmental conditions
throughout the entire manufacturing
area. A separate molding depart-
ment, with many high-speed

presses produces virtually all of the
Division’s plastic parts and cases for
maximum control and quality.

1Fou 1T W

=

The new Ames, Iowa Plant, currently
under construction, incorporates all of
the advanced features of the Riverside
Facility, including a controlled air sys-

tem, movable partitions and high
intensity lighting. This 75,000-square-
foot plant will greatly increase Bourns
TRIMPOT Division manufacturing
capability. Bourns wholly-owned sub-
sidiary, Bourns (Canada) Ltd., pro-
vides the Division with still another
manufacturing facility to serve the
expanding Canadian market.

All Bourns potentiometers are individually

inspected and tested for all key physical and

electrical specifications. Your final quality

guarantee is the Bourns Reliability Assur-

ance Testing Program—the most stringent

in the potentiometer industry. Random sam-

ples are selected from stock and checked

for stability and performance under

extreme conditions of cold, humidity, shock

and vibration—each condition at the limit

I =iy of published specifications. Load life and

l rotational tests are also performed. This
unique reliability program is your final

‘ BOURNS guarantee that Bourns components meet or

* exceed published standards of performance
i e————— == and reliability.

BOURNS, INC., TRIMPOT DIVISION ¢ 1200 Columbia Ave., Riverside, Calif. 92507 e

Trimpot® & Precision Potentiometers.Relays-Microcomponents: Transformers, Inductors, Resistors & Capacitors-Microcircuits

LITHO IN USA



OPtimizing the A@rt...in delay lines

Typical problems we've made look easy: 32-module iso-
thermal multidelay package (0.01°C temperature stability)
— 150 microsecond digital delays with 20-80 db attenua-
tion. We can do even better to meet your special needs —
60 modules? 100? 0.001 °C thermal stability? 300-microsec-
ond Zero T. C. (Temperature Coefficient) Memory System?
So come to us for unusual requirements in glass, quartz,
electromagnetic and magnetostrictive delay lines, or in
associated electronics — transformers, amplifiers, temper-

WALTHAM

ature controllers, serial ultrasonic memories, and other
advanced components.

In the microwave field, we've done tricky things in phase-
locked and other oscillators, frequency and pulse stability
testers, noise measurements, and other advanced instru-
mentation. Oh, yes, since LFE *‘wrote the book’ on delay
lines, we'll be happy to send you copies of our brochures
defining common terms and basic measurement techniques,
To OPtimize your design, OPT LFE.

LFE ELECTRONICS

A DIVISION OF LABORATORY FOR ELECTRONICS, INC.

MASSACHUSETTS 02154

Delay Lines * Filters * Transformers * Amglifiers, and Associated Electronics

Microwave Measurement & Signal Generation Equipment

Circle 35 on reader service card




FILTER

VOLTAGE VARIABLE
ATTENUATOR

r21-PLATE®

- f —— e —

© gAND PASS FILTIR
500-1090 MC3
see, wo

The only thing better than these microwave components

If you are the project engineer looking for the best in microwave
components, order from Sanders. With Sanders microwave de-
vices, you automatically get all the benefits inherent in the
proven, reliable, space-saving performance features of TRI-
PLATE® strip transmission line techniques.

For example:

High density packaging in a voltage variable attenuator gives
you a solid state component that weighs only six ounces includ-
ing connectors. Sanders TRI-PLATE techniques used in this
S-band device produce a smooth change in attenuation from
30 to 40db.

A small S-band mixer with a 20° bandwidth gives you the elec-
trical performance of conventional mixers many times larger

36

and heavier. Here TRI-PLATE techniques, again, cut size and
weight to a minimum without affecting performance.

A miniature TRI-PLATE S-band filter is perfect for small space,
tight spot applications. The filter measures 6” by 3” by '/s” and
weighs just 5 ounces with connectors.

BUT . .. if your system requirements demand a small microwave
package of superior performance designed to meet your most
stringent specifications and form factor, then depend on a
Sanders-engineered and produced, fully integrated microwave
assembly.

Consider the following advantages of this S-band R.F. front end,
TRI-PLATE-engineered for use with a radar receiver, as com-
pared to a total microwave circuit incorporating specialized

Electronics | November 15, 1965



I« FLAT2
L &4
MODEL TA 76

ASLEMBLY

SIRIAL NO

KT susarag wnvocmn s ime

R.F. in O—

Calib. 0sC. 0scC.
Osc. DG 512 DG 512
Voltage Preset
Variable Variable
Attenuator Attenuator
Directional .
Filter Coupler Mixer —O I.F.

INTEGRATED ASSEMBLY
(R.F.front end assembly
for a radar receiver)

All units shown half size

( Specify Sanders for microwave components
or complex integrated packages)

components and designed to perform the same function. By
combining all elements in a single, integrated assembly, inter-
face problems are eliminated and high overall system perform-
ance is assured. The unique package has a bandwidth of 10%
and maintains a VSWR of 1.3 max. as compared to a 1.5 max. for
a system where all necessary microwave components are con-
nected. Conversion loss is only 8db as compared with the 9.5
max. in the component system. The noise figure drops to less
than 9db into 1.5db preamp; it would be 11db in a conventional
cable-connected microwave system.

Whether it's sophisticated microwave components or totally in-
tegrated microwave packages, Sanders TRI-PLATE strip trans-
mission line techniques incorporate all necessary solid state
elements including both active and passive functions, plus

Electronics | November 15, 1965

greater reliability and operating economy.

Which do you need? To get the most qualified recommendation
on the best method to solve any microwave packaging problem,
consult Sanders. Call or write today for complete details on
Sanders TRI-PLATE techniques and integrated assemblies, plus
comprehensive data sheets on solid state switches and mating
drivers. Sanders Associates, Inc., Microwave Products Dept.,
Nashua, New Hampshire 03060.

... and for creative employment opportunities write us today.
*T.M., Sanders Associates, Inc.

Sanders Associates,Inc. &\
-t

CREATING NEW DIRECTIONS IN ELECTRONICS
37
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Specialized RFI Test Equipment

The vast experience of Electro International, Inc. in radio frequency interference control is
clearly evident in these high performing, reliable units. Many have solid state circuitry—all have
been designed to military and commercial standards. For detailed specifications on instrumenta-
tion ready to solve your RFI problems, call collect: Electro International, Inc., (301) 263-2661.

PREAMPLIFIERS AMPLIFIERS

AP-501R — LOW NOISE TUNABLE VHF PREAMPLIFIER AW-203 & AW-203-1 — WIDEBAND AMPLIFIER GROUP

Covering the frequency range from 30

to 300 me, this preamplifier is de- :
signed to satisfy low noise require-
ments in narrow band applications. A\

Price: $1500.
Frequency Range 30-300 mc, 2 bands

Gain 23 db (nominal) Crcle 289, Rowder Servico Cerd
B epe Gl minimum (+2 db) Used in the detection of low level radiated or conducted wideband interference
Noise Figure 4.5 db maximum (less than 3.5 db below 250 mc) or as a high gain, low noise, video amplifier. Price: $1455.
Bandwidth (3 db) Band A, 30-70 me, 2 me Gain 80 db
Band B, $5-300 me, 4 me at 55 mc at 300 LCE Gain Control Continuously variable output control
Input and Output Impedance 50 ohms (nominal) plus compensated input step attenu-
ation of 0, 10, 20, 30, 40 db
AP-502R — LOW NOISE TUNABLE UHF PREAMPLIFIER Bandpass (3 db) 500 cps to 6 mc or greater with load
shunted by 60 pfd or less
For low noise requirements in narrow Input and Output Impedance (10 k) 50 ohms
band applications, this preamplifier . - — =
by covers the frequency range from 300 Highpass Filter Cutoff Frequency Approx. 5 ke and 25 ke
to 1000 mc. Price: $1700. Noise Figure 6 db
Frequency Range  300-1000 me
Bandwidth 3.5 mc at 300 mc
Clrcte 287, Reader Service Card 15 me at 1000 me AW-204 — TRANSISTORIZED WIDEBAND AMPLIFIER
Gain 26 db (nominal) + 3 db
Noise Figure 4.0 db at 300 me
8 db at 1000 me
Input and Cutput Impedance 50 ohm VSWR > 1.2:1

ARP-300S — LOW NOISE REMOTELY TUNED PREAMPLIFIER

150 KC — 30 MC
Designed to increase the
sensitivity of receivers using
remote rod antennas and

Clicle 230, Rezder Sarvice Cord

P i Provides a rapid means for remote
g measurement of extremely low level radio frequency
interference in the 14 ke to 30 mc frequency range. It is used in conjunction

::;cl;n r:::l;esoa kzo:harg :_:c with standard RFI meters and a calibrated signal source such as an impulse
Price: $1020 generator and employs the signal substitution method for calibration.
Circle 288, Reader Sepvica Cang falEES rice: § 2 Price: $750.
Tuning Range 150 ke to 30 me }';m—er:y Range 14 ke to 30 me (2 bands)
fnput and Output Impedance 50 ohms 14 ke to 2 me
Calibrate tnput 50 ohms impedance. Accepts narrow ol | 2 me to 30 me
band CW generator or impulse generator tnput and Output Impedance 50 ohms
POWER LINE FILTERS (r-f suppression) 130v, 60 cps
CURRENT INSERTION LOSS CASE SIZE** NOTE
TYPE RATING DB FROM TO |WIDTH [LENGTH|DEPTH
o —M (Amperes) (Inches)
FPA-1000.5-A1 (*) 2 40 | 0.150 MC] 1 KMC | 134 | 2% 1
. FPA-1000.5-B1 ( ) Y2 60 | 0.150 MC| 1 KMC| 13 | 2% 1
Mounting (A) FPA-1000.5-C1 ( ) A 80 | 0.15oMc|1KkmMC| 1% | 3% | 1
o FPA-1000.5-D1 ( ) 2 60 | 0.100 MC|1 KMC | 13 [ 2% | 11,
,1— - FPA-1000.5-E1 () b3 70 [ 0.160 MC |1 KMC | 134 2V, 1Y,
- ————— FPA-1000.5-F1 () Y2 100 | 0.100 MC[ 1 KMC | 134 | 3% | 1%
S . - | FPA-1001-F1 () 1 60 | 0.300 MC|1 KMC | 1% | 3% | 1%,
FPA-1003-G1 () 3 60 | 0.300 MC| 1 KMC | 2% 2% 1Y,
Mounting (B) FPA-1005-K1 ( ) 5 60 [ 0.300MC|1KMC| 3 | 3% |1y
it 291, Resder Sérvica Card ‘__{ r. FPA-201 () 1 70 | 0.150 MC| 1 KMC | 25/16| 211/32 | 1%
: FPA-203 (C) 3 60t 0.150 MC [1 KMC | 3/1s| 39/1s |19/16 |(C) MTG. ONLY
4_ _L. FPA-205 (C) 5 60| 0.150 MC| 1 KMC | 3'/16| 39/16 [1%/15 |(C) MTG. ONLY
i Mounting (C) **Not including mounting brackets, terminals and connectors 1 80 db at 0.400 ke to 1 kmc
y . ® () Letter assigned according to method of mounting desired by customer.

RADIO FREQUENCY INTERFERENCE CONTROL AND TEST SERVICES AVAILABLE

COMPLETE LITERATURE Wherever your problem exists, call for quick reaction estimates.
with detailed specifications
available on request.
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By Electro International, Inc.

ANTENNAS

BTA-901 — BI-TRIANGLE ANTENNA

Circte 202, Rasdsr Servica Card i I P— y
Bow.tie type, broadband dipole antenna for use “zgt ~

with receivers operating in the frequency range of
300 to 1000 mc. The antenna is fitted with a broadband balun which permits it

to operate efficiently over its frequency range without tuning. Price: $125.
_Frequency Rage_ 300 1000 mc .
Impedance 50 ohm unbalanced (type N fitting)

BCA-902 — BI-CONICAL ANTENNA /

Bi-conical, broadband, dipole antenna N
for use with receivers operating in the
frequency range of 88 to 350 mc. The

antenna is fitted with a broadband -y !
balun which permits it to operate ef-

ficiently over its frequency range with- Cirele 2. Restae Sires Card

out tuning. Price: $160.
t-'requency R_ange_ T - 88-350 mc
Impedance 50 ohm unbalanced (type N fitting)

ANCILLARY EQUIPMENTS

ET-1A/SA & ET-1A/E — SUBAUDIO DETECTOR GROUP

Provides a means of de-
tecting low level electric
and magnetic fields in
the subaudio frequency
range. The instrument is
used in two modes—elec-
tric and magnetic field

Circle 234, Reader Service Card

input. Price: $1630.

Gain: Electric Field Position 50 db (nominal) B

Magnetic Field Position 75 db (nominal)
MDS: Electric Field Position 40 db above 1 uv)meter or less

Magngtic Input Position Lessthan 32 db abovel microampere turns/meter
Bandpass 3.5 cps
Magnetic lnput lmpedance Approx. 10 ohms or Iess T )
RG-3 — INTERFERENCE RASTER GENERATOR

=
Used as an aid in determining the
sources of signals interefering with
computers, voice and digital com-

munications and telemetry.
Price: $1365.

Clrele 295, Rasder Service Card

Vldeo Bandpass (3 db) E cle to 5 mc_/s )

Video Gain d _40 db N

lnput lmpedanco (1 ke) 100 K ohms )
0utput lmpedanc:(ch_)‘ 50 ohms at Z axis output N

Gain Control 7 Contlnuously variable gain control plus
compensated input step attenuator of 0,
10, 20, 30, 40 db

FOutp_ul Oynamic Range—(lks - 30 volts ahpk or;eateT
Video Amplifier Modes - Normal or_inverted, linear or compressed

Low Pass Filter Cutoff Frequencies 5 mc, 500 ke, 50 ke, 5 ke, 500 cps, 50 cps
ngh Pass Filter Cutoff Frequencles 5 ¢ps, 50 cps, 500 cps, 5 ke, 50 ke, 500 ke

Pulse Stretcher Selectable blpolar, 40 microsecond
discharge time constant

HF-1 — POWER LINE IMPEDANCE STABILIZATION NETWORK

Specifically designed to present a high
imp to line-conducted r-f inter-
ference in the measurement of inter-
ference levels present on the power
supply line or terminal equipment
under test. Reflecting a high imped-
ance (relative to 50 ohm) the HF-1,
when used with any 50 ohm RFI detection system, precludes the possibility of
|naccuraC|es in RFi power Ilne conducted measurements. Price: $180.

Clecls 20 Readar Servies Card

Frequency 4 me - l gc Maximum Current 8 amps

Llne Voltagc, DC 200 volts max. Max|mum Insertion Loss — 15 db

Line V Voltage, AC (60 cps) 220 volts max.

50 ohms (unEed output must be terminated
with 50 ohms)

B

0utput Impedlnce

ELECTRO INTEHNA‘I’ ONAL, INC.

LF-1 — POWER LINE IMPEDANCE STABILIZATION NETWORK

Presents a high impedance to
line-conducted r-f interference in
the measurement of RFl levels
present on the power supply line
of terminal equipment under test.
Reflecting a high impedance (rel-
ative to 50 ohm) the LF-1, when
used with any 50 ohm RF| detec-
tion system, effectively precludes
the possibility of inaccuracies in

. . ~
RFI power line conduction meas- oy Kk e \ 14
urements. Price. $295, ©e 7 feaser Sanies Cad 4

50 ohms nominal

lmpedance (into Ac output on either BNC)

Llne Voltage, oc 200 volts, max.

Line Voltage, Ac (60 cps) 220 volts, max.

LK-1 — LOW LEVEL KEYER

Assists in isolating the sources of radio interference
from teleprinters and similar data handling equip-
ments under test. Price: $290.

Voltage Requirements 105-125 vAC, 60 cps, 40 watts
Clrcls 298, Readar Senvica Card

BG-7 — BAUD GENERATOR

Pulse pattern generator for bench or screen-room
testing of communications equipment such as de-
modulators, data processing equipment, low level
teleprinter keyers, paper tape punches, etc., at
speeds less than 60 wpm to over 100 wpm. Other
clock frequencies and ranges are also available. The
BG-7 can be used as a DC square wave generator
or keyed tone g:‘r;‘erator Price: $750.

Cirghe 29 Horbw 3o

KEYED DC OUTPUT

Baud Length Baud length continuously adjustable to cover range of
printer speeds from below 60 wpm to above 100 wpm.

Baud Sequence 7 or 8 baud cycle, each baud individually adjustable for
mark or space condition. Total of 128 combinations pos-
sible. (7 & 8 bauds switched together, i.e., double stop
for teieprinter. Double stop optional—switch selected.)

Voltage Level Variable 0 to 4 10 volts, 0 to — 10 voits, and 4 10 to
— 10 volts.

Output Impedance 600 ohms (nominal)

Keyed Tone Output Intarnal selectable 1 ke and 10 ke (nominal)
Frequency External, S cps to 80 ke

Prices and data subject to change without notice.

For discussion on complete product line, contact
representative in your area or Electro International, Inc.,
Box 391, Annapolis, Maryland 21404,

TEL 301—263-2661, TWX 301—267-8275

SUBSIDIARY OF ELECTRO INSTRUMENTS, INC., SAN DIEGO, CALIFORNIA

REPRESENTAYIVES: Glendate, Calif + Odando, Fla Chicago, | Brookline, Mage.,
Caldwell, N.J ! Albuquerque, N M, Utica, N Y
Oayton, O Dallas, Texay Seattle, Wash Washinglon, D.C.,
Electronics | November 15, 1965 Circle numbers 286-299 reader service card 39



New PAR Lock-In Amplifier Measures Signals
in the Presence of Noise by Crosscorrelation

The PAR Model HR-8 Lock-In
Amplifier represents a significant ad-
vance in signal processing equipment
for experimentalists who must meas-
ure low-level signal intensities in the
presence of noise. It employs the the-
oretically optimum technique for sig-
nal recovery, and can be incorporated
into a large class of experiments in
which the signal of interest is, or can
be made periodic, and in which a ref-
crence voltage related in frequency
and phasc to the signal can be ob-
tained. The Modecl HR-8 first ampli-
fies and bandlimits the input signal
and then crosscorrelates it with the
reference signal, suitably phase shifted
and shaped. The crosscorrclation of
input and reference signals yields a
DC output voltage proportional to the
signal of interest, while the cross-
correlation of the reference and noise
results in no nct DC voltage. The sys-
tem can also be described as a con-
tinuously integrating, highly scnsitive,
phase conscious voltmeter, the re-
sponsc of which is “locked” to that
particular frequency and phase at
which the signal information has been
made to appear.

40 Circle 40 on reader service card

Technical Features:
Frequency Range: 1.5 cps to 150 KC
continuously tunable in 5 ranges.
Time Constants: 11 values in 1-3 se-
quence extending from 0.001 to 100
seconds. Single or double section RC
filtering.
Pre-Amplifiers: Interchangeable low-
noise pre-amplifiers, operable either
within the HR-8 or remotely, are used.
Type A: Differential 10 megohm input.
Type B: Low impedance transformer
input for low source impedances.
Sensitivity: 21 calibrated full scale
ranges in 1-2-5 sequence.
With Type A Pre-Amplifier: 100 nano-
volts to 500 millivolts rms.
With Type B Pre-Amplifier: 1 nanovolt
to 5 millivolts rms.

Output: == 10 volts full scale, single-
ended with respect to ground. Will
drive galvanometric and servo
recorders.

Frequency Selective Amplifiers: Notch
network in negative feedback loop used
in both signal and reference channel
tuned amplifiers. Reference channel
Q of 10. Signal channel Q adjustable
from 5 to 25 with calibrated dial (no
gain change with Q adjustment).
Phase Adjustment: Calibrated 360°
phase shifter, providing continuous ro-
tation as well as a four position quad-
rant switch which shifts phase in 90°
increments.

Price: $2,250 with either Type A or
Type B Pre-Amplifier.

10M

100K

\
10K -1

E

1K

15db

~

FREQUENCY CPS —
1K 10K

SOURCE RESISTANC

1
1 10 100
Contours of constant noise figure for a
typical PAR Type A preamplifier plotted
to show dependence on frequency and
source resistance at 300° K. Amplifier
operated single-ended.

Write for bulletin No. 120 on the
HR-8 or ask for information on PAR’s
complete. line of Lock-In Amplifiers
and accessories.

PRINCETON

APPLIED RESEARCH CORP.
Dept. D

Box 565, Princeton, N. J., Tel, (609) 799-1222
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Missiles

Orbiting bombs

The best argument for producing
satellite-killer missiles was pa-
raded through Red Square on the
anniversary of the Bolshevik Revo-
lution. It was a 115-foot “orbital
missile,” called the Scrag, whose
warhead, the Russian military de-
clared, “can deliver its blow on the
first or any other orbit around the
carth.”

On Sept. 17, 1964, President
Johnson announced that the United
States had two operational satellite
killers: one a derivative of the
Army’s Nike-Zeus and the other
stemming from the Air Force’s
Thor. The President had said that
both weapons had proven their ef-
fectiveness, but neither has so far
been ordered into production.

Tracking danger. The satellite
interceptors would use the North
American Air Defense Command’s
elaborate space detection network.
which is operated by the Navy and
Air Force. The Air Force scans the
sky with large, land-based radars
throughout the United States; the
Navy with radars on board ships as
well as a large interferometer sys-
tem on land.

The Russian boast caught United
States officials by surprise. Back
in September, 1963, Soviet Foreign
Minister Andrei Gromyko pro-
claimed his government’s intention
to refrain from orbiting nuclear or
mass-destruction weapons. And
President Kennedy followed suit
the next day, with a similar an-
nouncement. Then, in October of
that year, the United Nations ap-
proved a resolution that bars weap-
ons in space, and both the U. S.
and Russia signed the ban.

Offense or defense. The question
for the United States, then, is
whether to concentrate on defen-
sive weapons—satellite killers—or
to orbit a bomb of its own. As re-
cently as last Aug. 25, a Pentagon

This Iron Maiden rocket, encased in a cylindrical pod, can be launched from
its own self-propelled transport. Weapons paraded in Red Square

showed Soviet emphasis on mobility and longer range. The Russians

also displayed a 115-foot ‘‘orbital missile."

official, during a press briefing on
the manned orbiting laboratory
(MOL), repeated the U. S. position
against orbiting a weapon of mass
destruction. MOL, it was empha-
sized, was to be a space platform
limited to experiments and surveil-
lance.

While the orbiting missile was
the big news of the parade, other
Russian weapons—many shown for
the first time—rumbled over the
cobblestones in an impressive dis-
play.

The emphasis on mobility and
longer-range solid-fuel rockets in-
dicates that the Russians are phas-
ing out of their arsenal stationary
liquid-fuel missiles—even those n
hardened underground sites.

Another new missile was a small,
intercontinental solid-fuel model
that looks like Russia’s operational
Scamp missile.

Mobility. Two tactical missiles,
the Frog and the Scud, were dis-
played; they are capable of carry-
ing nuclear weapons hundreds of
miles. Both appear to have been
lengthened, to 75 feet from 60 feet,
indicating an increase in their range
and destructive force.

Both missiles were hauled on

fast-moving carriages. This was in-
terpreted as evidence of Russia’s
desire for more missile mobility.

One new weapon that was shown
relied heavily on electronics. The
weapon, a 50-caliber antiaircraft
gun, carried on a vehicle, has its
own built-in radar to search out its
target. One analog computer,
needed for the fire control system,
will be used in each vehicle to aim
the weapon system’s four guns.
This is the kind of weapon that
has knocked United States planes
out of the sky over Vietnam.

Consumer electronics

Pay 'phone

Next year, some shoppers will be
able to pay bills by telephone. In a
preliminary version of the “pay-by-
’phone” technique, a chain of six
department stores in Delaware will
collect for purchases by telephone,
but the ’phones will be set up in
the stores.

The computer-operated system
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set up by the Bank of Delaware,
Wilmington, uses plastic identifica-
tion cards and the Bell System’s
new touch-tone ’phones. A slot in
these ’'phones accepts perforated
cards coded with frequently called
numbers.

Back-to-back. The bank issues a
perforated plastic identification
card to a depositor. When he
makes a purchase, he presents this
card to a store clerk who inserts it
and the store’s identification card,
back-to-back, in the phone slot. The
cards automatically dial the bank’s
computer, which notes the identity
of the customer and the store. The
clerk next presses numbered but-
tons on the face of the phone, as
if it were a cash register, to record
the dollar amount of the purchase.

Automatically, the bank’s com-
puter deducts the amount of the
purchase from the customer’s ac-
count and credits it to the store’s
account,

The principle behind the tele-
phone-computer technique isn’t
new. But similar systems currently
in operation are internal: clerks at
a bank branch can get data or
transact business through the
bank’s central computer via tele-
phone.

Other banks are also moving into
this new area of paying bills by
phone. The Wells Fargo Bank of
San Francisco and the Manufac-
turers National Bank of Detroit, for
example, which currently use the
internal system, plan to adopt the
external system soon.

Development work on the bill-
paying scheme is being conducted
by the International Business Ma-
chines Corp. and the American
Telephone & Telegraph Co.

Military electronics

Long-term gamble

“We're not going to participate in
project-definition competition
again; the amount of money you
spend, compared with the chance
of winning, isn’t worth it.”
Speaking is F. Edward Rushlow,
a vice president and director of

42

marketing of the Giannini Controls
Corp. Rushlow is not alone in his
complaint. Many businessmen are
unhappy because they say the defi-
nition phases of major military con-
tracts are becoming too long and
too costly.

The long round. The study phase
for the giant cargo plane, the C-5A,
for example, took about 18 months
before development contracts were
awarded. In the final round of com-
petition, the three airframe and
two engine competitors who were
still in the running required 240.000
pages to present their proposals.
Thirty copies of cach proposal had
to be submitted and the paper
alone weighed 35 tons. More than
400 Air Force personnel spent five
months reading and evaluating this
mass of data. Furthermore, the
competing companies spent some
$15 million each in the contest,
and received only $7 million each
from the government.

In the contract-definition phases
for the manned orbiting laboratory
(MOL) and the integrated helicop-
ter avionics system (IHAS), the
basic story is the same.

Loud complaints. Subcontractors
—and most electronics companies
are subcontractors—are the most
vociferous in their complaints, be-
cause their risks are greater and
their resources usually more limnited
than contestants for a prime con-
tract. In addition, the government
doesn’t help underwrite their par-
ticipation in the competition as it
does for prine contractors.

Most executives don’t go as far
as Rushlow of Giannini. They think
the definition concept is good, from
bhoth the government’s and the con-
tractor’s standpoint. But they feel,
as does Sidney Sternberg, vice
president and general manager of
Electro-Optical Systems, that the
time has come to shorten and sim-
plify the procedure.

The Defense Department is
aware of these criticisins and is
concerned about them, although it
does not agree thev are all valid. It
is considering asking industry asso-
ciations to form a study group to
look into the complaints and to sug-
gest specific remedies.

The Pentagon uses the defini-
tion technique to pin down design

details, technical risks, estimated
costs and time schedules before
embarking on a complex develop-
ment program. With contractors
performing definition studies on a
commpetitive basis, the Pentagon is
thus able to choose the one offering
the best price, development plan
and management concept. It also
employs the highly controversial
“technical transfusion” technique
of taking the best features of the
losers’ proposals and wrapping
them into the winning bid.

Why so long? Definition contests
are growing longer because the
government is increasingly cau-
tious about beginning risky new
developments such as MOL and
because, as in C-34, it is beginning
to demand that contractors submit
plans and bids not only for devel-
opment, but also for production
and provision of support equip-
ment.

In a recent speech to the Elec-
tronics  Industries  Association’s
Systems Eflectiveness Conference,
Sternberg pinpointed some of the
major problems:

As the competition goes through
its various phases, government rep-
resentatives “confer with each of
the competing primes, and then
rewrite the requirements, and con-
fer with the primes again, giving
guidance and evaluation results,
and perhaps again submitting new
requirements.” As a result, “ideas
generated vertically from prime to
government soon drift horizontally
—like cigar smoke in a crowded
room—toward the other primes so
that innovations developed pri-
vately by one soon become the
common property of all.”

Sternberg points out that the
subcontractor’s risk in contract
definition is always going to be
greater than the prime contractor’s
because the subcontractor has no
assurance he is going to share in
the final award of a hardware con-
tract. The primme contractor may de-
cide to reopen the subcontract
competition or, as in the case of
MOL, the government may insist
that this be done.

Double jeopardy. But the likeli-
hood of the subcontractor being
placed in double jeopardy increases
as the definition competition
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lengthens because prices and pro-
posals tend to become outdated.

Robert Charles, assistant secre-
tary of the Air Force, has said he
will try to simplify the data and
cost demands for contract defini-
tion under the “total package” pro-
curement technique used on C-5A.
Perhaps, he says, the Pentagon
should seek less design detail and
instead let the winning contractor
achieve required performance level
in his own way. And the Air Force
could be satisfied with less cost
data, he adds, since it is turning
more and more to fixed-price incen-
tive contracts.

On their toes

Representatives of Ling-Temco-
Vought, Inc., and a handful of
other military contractors breathed
easier last week in Dallas after
the A-TA Corsair II landed follow-
ing a successful maiden flight. The
contractors had been more con-
cerned than usual because the
multimillion-dolar contract for the
light attack plane is the most de-
manding one ever awarded by the
Navy. The order, the Navy’s first
fixed-price contract, calls not only
for stiff performance specifications,
but even stiffer maintenance specs.

So LTV has no choice but to
be extra tough with its vendors.
If the company fails to meet the
demanding specs, the Navy can hit
it with massive penalties.

He's out. Says an LTV spokes-
man: “We have a second tier of
vendors waiting in the wings. If
the first guy doesn’t deliver (on
time and within the specs) he’s
out.”

To be sure these difficult specs
are met, says Sol Love, LTV’s
project manager for the craft, the
company was forced to avoid state-
of-the-art equipment. Some 90%
of the avionics is conventional, off-
the-shelf gear.

The only exception is the classi-
fied forward-looking radar-televi-
sion display svstem being provided
by Texas Instruments Incorpor-
ated. But the system wasn’t
adopted without a struggle; LTV
officials at first were against gam-
bling on a development system.
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Navy's A-7A makes its maiden flight over Dallas. The plane
is being built under the Navy's first fixed-price contract.

However, Texas Instruments of-
ficials convinced LTV engineers
that not only is the display reliable,
but a new radar system would
give the prime contractor a big
advantage over other competitors
for the new Navy plane.

Under the maintenance specs,
LTV had to guarantee that for
each hour of flight, the A-7TA
wouldn’t need more than 115
hours of maintenance man hours.

So far, LTV has contracts in
excess of $221 million for 182 of the
planes, and it’s expected that the
Navy will eventually order between
1,000 to 1,500,

Instrumentation

Deep-sea Geiger counter

An unusual underwater Geiger
counter may help oceanographers
discover why fish can’t live in some
parts of the ocean.

The Research Triangle Institute
in Durham, N. C,, is developing an
“off-side” counter that will allow
a chemical examination known as
radio-release analysis to be used
for continuous measurement of the
oxygen content of water down to
depths of 6,000 feet.

Lack of oxygen is believed to be
one reason for the ocean’s barren
areas, a lack that is probably re-
lated to the absence of nutrients
that would support plant life. Stud-
ies of the barren areas have heen

hampered by the lack of continuous
measurement methods. Conven-
tional sample-taking and analysis is
a lengthy, difficult process.

Pollution gauge. Radio-release
analysis may also perk up the wan-
ing industrial interest in Geiger
counters, especially in view of a
nationwide effort to control water
pollution. The technique can be
used to measure the pollution of
rivers by sewage, since one meas-
ure of such pollution is a decrease
in oxygen.

Oxygen in water flowing over an
isotope of thallium, T1-204, causes
a chemical reaction that releases
thallium ions. The ions and the
water form a solution that emits
beta particles. The solution’s radio-
activity is proportional to the
amount of oxygen in the water.

For accurate analysis, water
must be at ambient pressure, and
conventional Geiger counters can’t
withstand decp-water pressures.

Eccentric tube. Research Tri-
angle has built a sturdy, but eccen-
tric, counter tube. The anode wire
is off-center to allow room for a
small, stainless-steel pipe that car-
ries the solution of thallium and
seawater through the counter. The
counter works as well as the con-
centric ones that others make, al-
though it is more difficult to cali-
brate. savs Harold G. Richter, of
Research Triangle’s measurements
and control laboratory:.

Counting circuits will be in a
protective container and connected
to surface equipment by an ar-
mored cable. Like most of the in-
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stitute’s work on counters, the de-
velopment is being sponsored by
the Atomic Energy Commission.
The institute is operated by three
North Carolina universities.

Wrap-around counters. Richter
and his coworker, Arthur S. Gilles-
pie Jr., have designed even odder
counters. One looks like a vacuum-
cleaner’s plastic hose. Increasing
the length increases the counting
capabilities. The hose was to be
wrapped around pipes and other
vessels  for  radioactive  tracer
measurements, but industry never
adopted the idea.

Many of the hoped-for applica-
tions of beta detectors have been
taken over by gamma counters,
which are more sensitive, or by
nonnuclear techniques that employ
a change in dielectric constant
rather than a radioactive tracer to
detect the interfaces between
liquids in a pipe.

Richter hopes for better luck
with an unusual design for anti-
coincidence counters. These sensi-
tive instruments, usually a cluster
of small cylindrical counters, reject
counts caused by high-level radia-
tion passing through the array.
Low-level radiation that triggers
only one counter is measured.

The same result can be obtained,
Richter says, by arranging four tri-
angular counters to form a square
in cross-section. Such counters
could be used to detect and com-
pare low levels of radioactivity in
gases channeled through each tri-
angular section and they would be
casv to make, Richter says.

Pollution control. Last winter,
Richter and Gillespie experimented
with radio-release analysis at the
local sewage plant. They found it
could determine whether there were
harmful bacteria in the plant’s out-
flow into a stream. If the oxvgen
content in the stream drops, it
means that some harmful bacteria
are victors in the war with “good”
bacteria in the plant’s digesting
beds.

The two scientists say radio-re-
lease analvsis may also be uscful
in monitoring food and beverage
production by fermentation proc-
esses.

Thev are hoping for a chance to
trv it out in a brewery.
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Advanced technology

What race?

Ask any laser rescarcher if he’s in-
volved in a race for the most pow-
erful, most efficient continuous-
wave laser, and he’ll deny it. But a
quick look at the flood of recent
announcements indicates that not
only is there a race, but the pace
is feverish.

Only a few wecks ago the record
output for a laser was 42 watts,
from yttrium aluminum garnet
(YAG). Since then, that level has
been more than quadrupled, with
Bell Telephone Laboratories—for
the time being at least—holding the
lead with 183 watts.

Here’s the way the field shapes
up:

The Radio Corp. of America re-
ported 10 watts of c-w emission
from double-doped YAG with an
efficiency of 0.33%. Two weeks ear-
lier the Linde division of the Union
Carbide Corp. announced 42 watts,
c-w, at 0.07% efliciency from a
neodymiumn-doped YAG. YAG emits
in the infrared at 1.06 microns.

Quasi c-w. Kumar Patel, Ping
King Tien and James McFee of Bell
Labs reported a 6.2%-efficiency
carbon-dioxide, nitrogen and he-
liumn laser with c-w power of 106.5
watts; it is excited by a direct-cur-
rent source. Then, using a-c as the
pump, the researchers got 183
watts of quasi c-w at 7.4% cffi-
ciency. They used a plasma tube
that is 2.3 meters long, 78 milli-
meters in diameter. Two frequen-
cies were emitted—one at 10.5915
microns, the other at 10.6324 mi-
crons. Quasi c-w is the result of
lasing only on the peaks of the a-c
cycle, and the output looks like a
continuous series of spikes.

At the Perkin-Elmer Corp., re-
searchers J. Dane Rigden and
Guido Moeller announced a 130-
watt CO.-N.-He laser, also provid-
ing a quasi c-w output, with an effi-
ciency of 82%. Another 40-watt
device has an efficiency of 13.8%.
The rescarchers used a plasma tube
6 meters long to get a spectral out-
put of several wavelengths close to
10.6 microns.

At the Raytheon Co., a 90-watt

CO.-N,-He laser has been operated
at about 7% efficiency. A 34-inch
plasma tube is used to give the
continuous-wave output, and larger
diameters are expected to increase
power by a factor of five. This is a
d-¢ pumped system.

Keep cool. The high efficiencies
of such gas lasers make cooling of
the discharge tube a negligible fac-
tor (fans or water jackets can be
used for this purpose), and the only
problem of any consequence is the
limitations of available power sup-
plies whose impedance matches
that of the laser’s.

Presumably, more inpnt power is
one sure way of pushing up output,
and increasing tube diameter is an-
other. However, beyond diameters
of about 3 inches, the gas discharge
is no longer uniform, that is, only
portions of the CO. become excited
enough to lase, and power begins
to drop. It is estimated that diam-
eters less than about 3 inches can
only provide powers of up to 500
watts. More than that will probably
come from folded tubes. Although
such geometries would be expen-
sive, they could probably get pow-
ers up to many kilowatts.

Lasing by induction

Gas-ion lasers are susceptible to all
sorts of trouble: even the slightest
impurities in the gas foul up the

FERRITE
TOROIO

LASER
T0 TUBE
VACUUM
STATION
- §

Design of an experimental laser system
developed by William E. Bel! of
Spectra-Physics. A ferrite toroid,
wrapped around the ion gas laser

tube, induces an alternating voltage

in the tube, causing laser action.
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NEW UHF POWER TRANSISTOR

~

= The new TRW 10W/400Mc (2N4040) UHF
Power Transistor provides full ratea performance in
conventional circuits...no need to resort 2o emitter tuning
or other techniques which contribute to circuit instability.

TRW 2N4040 is available now at competitive prices.

For detailed technical information phone wrte or wire:
TRW Semiconductors, Transistor Piant 14520 Aviation
Blvd., Lawndale, Calif. 90260. Phone: (213) 679-4561, Ext. 477
TWX: 213 647-5113

TRW designs and manufactures high performance iransistors for the communications industry and specialized
types for military and industrial applications,

TR w SEMICONDUCTORS
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metal electrodes, while sputtering
of particles from the cathode con-
taminates the gas. In addition. only
nonreactive gases can be used in
the tube and current input must be
limited to less than 50 amperes or
the tube will be destroyed. A laser
design that appears to get around
all these shortcomings is being de-
veloped by William E. Bell, a
physicist at Spectra-Physics, Inc,
of Mountain View, Calif. The laser
eliminates the troublesome elec-
trodes, and produces an alternating
voltage inside the gas tube by mag-
netic induction.

Double doughnut. Spectra-Phys-
ics” laser looks like two interlocked
doughnuts; one doughnut is the
gas-filled laser tube, and the other
is a coil wound over a ferrite core.
By driving the core with an alter-
nating current, a voltage is induced
in the tube. In every other respect,
however, the design is like any
other ion laser.

But, unlike a laser that uses elec-
trodes, this one is regenerative;
that is, ions are not lost at the
cathode—since there is no cathode.
Hence, ions excited by the induced
voltage remain inside the tube.
Efficiencies many times better than
those achieved with lasers that use
clectrodes are expected, according
to Bell.

The design has several other ad-
vantages. Since almost any gas can
be used in the tube, a wider variety
of output frequencies can be pro-
duced.

In addition, Bell reported that he
was able to operate a sulfur laser
for several hours with no signs of
cataphoresis or arc instabilities.
Earlier attempts to lase with sul-
phur gas haven’t been very success-
ful because of the reactive nature
of such a vapor.

Superpower generator

Some day the military may build a
laser powerful enough to blast a
hole through a mountain. If it does,
the system will need a mighty
power source—like the one Avco-
Everett Research Laboratory is de-
veloping in Haverhill, Mass., on the
shores of the Merrimack River.
“The long-range aim is hundreds
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Huge, rocket-powered generator produces 33.3 million watts.
The generator is being developed for the Air Force by
the Avco-Everett Research Laboratory.

and thousands of megawatts,” says
Thomas R. Brogan, director of the
magnetohydrodynamic (\THD) gen-
erator program at this division of
the Avco Corp.

Like many other laboratories,
Avco-Everett is working on gas
lasers, swhich offer promise of
power outputs in the kilowatt
range. There are indications that
MHD generators may be able to
pump 20 megawatts of short-dura-
tion power into a laser within a
year or two. And, if laser efficicney
levels do not improve significantly
it will require input powers in
the megawatt range to achieve kilo-
watt outputs.

Energy conversion. The MHD
generator operates on the same
principle as a conventional genera-
tor: an electrical conductor moving
through a magnetic field generates
a voltage. But instead of a rotating
armature driven by a turbine, the
MHD device drives a stream of
high-temperature, ionized gas—a
plasma—through a magnetic field.
Thus a solid moving part is re-
placed by the plasma, and the tur-
bine is eliminated. Electricity is
produced by a direct energy-con-
version process. which is simpler
and theoretically more efficient.

Under a program funded by the
advanced research projects agency
of the Department of Defense,
Avco-Everett developed a self-ex-
cited steady-state MHD generator
driven by a rocket engine. The
generator, called the Mark V, has
achieved a record direct-current
output of 31.3 million watts gross

and 23.6 million watts net. The 7.7
million watt difference was used to
encrgize the magnetic field.

Next step in a program on which
the government has spent $1.1 mil-
lion so far, is to demonstrate ex-
perimentally the feasibility of pro-
ducing repecated, short-duration
impulses of high-energy usable
electric power. This step is being
funded by the Air Force’s Aero
Propulsion Laboratory at Wright-
Pattterson Air Force Base in Ohio.

In the Mark V, the power is
duinped into a resistor load, con-
sisting of 50 water-cooled stainless
steel tubes, one for each set of out-
put leads. The Mark VI will be a
power supply instead of a labora-
tory experiment. There will be only
one set of output leads, so the
power will be usable.

For what? The Avco engineers
sav they don’t know yet. The antici-
pated 20 megawatts of net power
which would be available for as
much as three minutes would con-
stitute a valnable power source for
experimental superpower lasers.

‘Demand power.’ Short-duration,
very high-power outputs, called
“demand power,” fill many com-
mercial and military needs, accord-
ing to Arthur Kantrowitz, Avco vice
president and director of the Avco-
Everett Lab. In addition to pump-
ing high-energy lasers, demand
power could fill emergency peak
needs of generating stations, power
high-energy radar systems and help
to explore the possibilities of radia-
tion-type weaponry.

The MHD generator in Haverhill
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The digital instrumentation you create!

This new and imaginative application of the build-
ing block concept enables you to specify the exact
digital instrumentation you need — and you pay
only for the functions you require! The new Beck-
man Berkeley modular 6000 Series permits packag-
ing standard off-the-shelf circuit elements into a
variety of instrument configurations . . . without
the high engineering costs required for custom
instruments.

Here are some examples of 2-mc 6000 Series
instruments: Accumulators, Preset Accumulators,
Reversing Accumulators, Preset Reversing Accu-
mulators, Presct Frequency Meters, Time Interval
Meters, Gated Counters, Limit Frequency Meters,
Deviation Frequency Meters, Preset Pulse Genera-

tors, Digital Clocks . .. all are provided to your
specifications.

And these are only a few examples. You can have
one- to six-digit display, remote control, storage
for visual display and BCD data, or you name it!
So why not start now to solve your digital measure-
ment problems . . . just call your Beckman Berkeley
representative.

Beckman® BiNSGu=GaN N

BERKELEY DIVISION
RICHMOND, CALIFORN'A ~ 94804

INTERNATIONAL SUBSIDIARIES: GENEVA: MUN.CH; GLENROTHES, 5COTLAND;
TOKYQ; PARIS; CAPETOWN; LONDON

- ..

se s o -

2
- .,

-
® ¢ 0 O

-
m

Electronics | November 15, 1965

QR 9 @ : S
® . s e 00
e
e r———
o0 00 L @
¢t
o+
, _ =
- | G e

Circle 47 on reader service card

47



BARBER

COLMAN

HELPFUL DATA FOR YOUR
CIRCUITRY IDEA FILE

The circuit drawing below indicates just one
of the hundreds of ways many manufac-
turers utilize Micropositioner® polarized
relays to solve complex control problems.

ARC SUPPAESSION

POSITION CONTROL WITH

TRANSISTORIZED MICROPOSITIONERS ©

The MYZA transistorized polar relay
js a Barber-Colman Micropositioner
with a built-in preamplifier so that it
requires greatly reduced input power
to operate the contacts.

The MYZA relay is particularly use-
ful in positioning circuits where trans-
mitting and follow-up potentiometers
are necessarily small and have a limited
power capacity or where a high degree
of accuracy must be achieved.

With the circuit illustrated above,
the position of transmitting potentio-
meter, R1, can be indicated within 0.1
per cent. Movement of R1 provides an
input error signal to the MYZA relay.
The relay contacts energize a motor
coupled to the follow-up potentiometer,
R2, in order to balance the bridge.
Both potentiometers are shorting types.
Power required in a 25-volt system is
on the order of .1 watts, with as little
as .01 watts dissipated in the bridge.

MYZA relays are custom-engineered
to the requirements of each application.
‘Write for technical bulletins.

BARBER-COLMAN
MICROPOSITIONER®
POLARIZED D-C RELAYS

Operate on input
power as low as 40
microwatts. Avail-
able in null-seeking
and magnetic-
latching “‘memory’’
types of adjustment.
Also transistorized
types with built-in
preamplifier. Write for our latest catalog
with full information on polarized relays.
BaAarRBER-CoLMAN COMPANY
Electro-Mechanical Products Division

Dept. K, 1259 Rock Street, Rockford, Illinois
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burns oxygen and jet fuels in a
combustion chamber similar to a
rocket engine to create electrically
conducting gas which reaches a
temperature of 5,000°F. Traveling
at about 2,700 miles an hour, the
plasma discharges from the burner
into a channel where it interacts
with the magnetic field to generate
electric power. Usable power is
tapped through the electrodes
which make contact with the
plasma in the channel.

The experience developed during
Avco’s preliminary program, says
Brogan, “enables us to build rocket-
driven generators to meet any
ground-based power demands
ranging from a fraction of a sec-
ond to several hours.”

Integrated circuits

RCA’s ripple

About 25 companies now produce
commercial quantities of integrated
circuits and many are working
round the clock to keep up with the
burgeoning demand. Conspicuously
missing from the roster of commer-
cial IC producers has been the Ra-
dio Corp. of America, which has a
hand in producing most every other
electronic product, from consumer
goods to industrial equipment. This
week, the giant electronics com-
pany will take the plunge, with a
line of 17 IC’s but the plunge isn’t
expected to make more than a rip-
ple in the IC inarket—at least not
immediately. (For details on the
circuit, sce page 169.)

Although actual figures on RCA’s
present output of IC’s, manufac-
tured in Somerville, N. J., haven’t
been disclosed. it is known that the
level is insufficient to meet in-
house demands. Integrated circuit
production was initiated specifically
for the Spectra 70 computer series,
but even then RCA had to turn to
other companics, among them the
Fairchild Camera & Instrument
Corp., to supplement its needs for
monolithic IC’s for the computers.

RCA doesn’t plan to remain a
minor-league producer for long; ex-
pansion programs are currently un-

der way to double output, the
company says, although it won’t
discuss present production or the
size of the new facilities.

Wrong signal? RCA’s long delay
in starting commercial production
of IC’s goes back to 1958. At that
time, the Army’s Signal Corps, to-
gether with RCA, was convinced
that the future lay not in IC’s, but
in micromodules. Micromodules are
0.35-inch encapsulated square mod-
ules that contain a small number
of microelements on stacked wafer-
thin substrates. Each substrate is
notched around its periphery to al-
low interconnections, which form a
circuit.

RCA became prime contractor
for the circuits, but then, 5% years
later, when the Army stopped fund-
ing the project, the company turned
out a line of commercial micromod-
ules, including monostable multi-
vibrators, flip-flops, timers, differ-
ential amplifiers and power ampli-
fiers. Sales were low, despite the
Army’s endorsement of the devices’
performance and reliability. Fi-
nally, in 1964, RCA abandoned its
micromodule production at Somer-
ville, fastened its eye on IC’s, and
converted the New Jersey plant to
produce the monolithic IC’s.

RCA has a long way to go before
it can overcome its competitors
firm grip on the IC inarket. Full
families of IC’s were being pro-
duced by Fairchild and Texas In-

struments Incorporated back in
1961.
Communications

Laser signal-detector

While some researchers are work-
ing on ways to boost the power of
the laser, others are seeking meth-
ods for detecting even the weakest
pulses. One research team in the
latter group has developed a laser
detector 100 times more sensitive
than available instruments.

The detector, in which a pure
germanium photoconductor senses
light signals, has a noise-equivalent
power of 10—'5 watt; such a meas-
urement expresses the power of a
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light signal modulated at one cycle
per second, measured at the detec-
tor’s input, which will produce a
signal-to-noise ratio equal to unity
at the detector’s output; this is con-
sidered to be the minimum signal-
to-noise ratio that can provide use-
ful signal information.

Converting light. Developers of
the detector, Henry Sommers and
Edward Gatchell of the Radio Corp.
of America labs at Princeton, N.]J.,
say its bandwidth can be as large
as 100 megacvcles. The detector
converts light signals into micro-
wave signals.

Increased sensitivity, they ex-
plain, is achieved by applying to
the crystal an electric field that os-
cillates at 10 gigacycles per second,
extending the life of the minority
carriers in the crystal and enhanc-
ing its gain. Reducing the size of
the crystal also contributes to the
increase in gain.

The photoconductor is mounted
in a reflection-type microwave cav-
ity. Reflection of the cavity’s 10-Ge
frequency depends on the conduc-
tivity of the photoconductor. A
laser beam, modulated by altering
its intensity, is focused on the
photoconductor, Changes in the
beam’s intensity cause changes in
the photoconductor’s conductivity.
In this way, the information on the
light carrier leaves the cavity as
sidebands superimposed on the mi-
crowave frequency, which are am-
plified and detected.

Exciting electrons. The technique
for enhancing the detector’s sensi-
tivity is based on the use of the
electric field to maintain the minor-
ity carriers, or holes, within the
crystal. Light energy that hits a
photoconductive erystal will excite
some electrons into an unfilled en-
ergy band, causing a change in the
crystal’s conductivity. But when the
light levels are low and the modu-
lation frequencies high, the conduc-
tivity changes are hard to detect.

The high electric field enhances
the detection of the high-frequency,
low-power signal in this way:

Under the stress of a high elec-
tric field, the excited electrons can
move easily. If the electric field
were unidirectional, the minority
carriers, or holes (assuming the
crystal is an n-type material), would
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Ballantine DC/AC PreCIS|on Calibrator
Model 421

Price: $600

0-111 VACor DC

at 400 or lmcp DUTPUT VDLTAGE

0.15% Accuracy m{aﬁ

:-'j : adot N PANE
' -

w

Portahle!

Saves time, steps in callhratmg
Voltmeters,Recorders, Oscilloscopes

(and other ac and dc voltage-sensing devices)

i Tor TE1Y

Vs ides as an ncecurale and sftable voltare source for

nicnsurement of gain or [oss — a8 a calibrated vallage source

tor Insier measurements —aAs a stable biasing sowrce. for

bridees, ond Stenin canees

Ballantine’s portable Model 421 DC/AC Precision Cali-
brator enables you to check or calibrate your instruments

without removing them from service. And with an accuracy
(0.15%) never before poss1ble

.:Small, rugged, easy-to-operate # Pro-
vides known dc outputs up to 111 V, positive or negative, and ac outputs
of either 400 cps or 1 kc, indicated as rms or peak-to-peak ® Clear,
left-to-right digital readout ® Unmatched calibration accuracy of
0.15% @& Good long-time and short-time stability (0.01%) @ Low
waveform distortion (less than 0.1%) # Minimum line voltage effect
(%=10% line voltage change causes less than 0.05% change in output

voltage).
BALLANTINE LABORATORIES Inc.

‘L'.
-—— Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY VACUUM TUBE VOLTMETERS, REGARDLESS OF YOUR REQUIREMENTS FOR AMPLITUDE,
FREQUENCY, OR WAVEFORM. WE HAVE A LARGE LINE, W'TH ADDITIONS EACH YEAR ALSO AC/OC LINEAR CONVERTERS, CALIBRATORS,
WIDE BAND AMPLIFIERS, DIRECT-READING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS O TO 1,000 MC.

Notets m iny versatie 1ed

Member Scientific Apparatus Makers Association

— Since 1932 ~
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The “NEW" STANDARD

high voltage
silicon rectifier

Semtech Corporation introduces a completely new series of High Voltage
High Current Silicon Rectifiers, designed from the ground up to satisfy
todays problems more efficiently and economically.

Available with Standard, Medium (trr 1 usec.) or Fast (trr 150 nanosec.)
recovery characteristics. The new Slimpac series is the smallest Silicon
Rectifier configuration in mass production today. .25 inches deep by .50
inches wide (length will vary with PIV ratings from 1.125 inches to 4.250
inches). Slimpac series of Y2 amp (1 amp in oil) high voltage coaxial lead
mounting rectifiers are available with PIV ratings of 5000, 7,500, 10,000,
15,000, 20,000 and 25,000 volts. Low forward drop, low leakage @ PIV
(0.1 UA @ 25°C). Operating and storage temperature —55°C to + 175°C.
Units have .051 diameter axial wire leads for simplicity of installation.
Slimpac can be utilized in all standard, single and polyphase rectifier
circuits.

The Slimpac series is in mass production today and available for immedi-
ate delivery.

Send for Technical Bulletin No. H46.

SEMTECH b{% CORPORATION

Western Office: 652 Mitchell Road, Newbury Park, California
(805) 498-2111, from L.A., (213) 628-5392 / TWX 805-499-7137
Eastern Regional Office: 71 West 23rd St., New York, N.Y., (212) 989-7550
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be quickly swept out of the crystal
into the external circuit. Under
these conditions the electron-hole
pairs generated by the light would
disappear and the detection proc-
ess would be terminated. But with
a rapidly alternating electric field,
the minority carriers are not swept
out of the crystal.

Longer life. The lifetime of the
electron-hole pair is extended and
depends on the recombination
process within the crystal, rather
than on the applied electric field.
This permits a larger current to
flow than is possible with a uni-
directional field.

The RCA researchers trimmed
the size of the crystal down to 1%
by 1 by 1 mil. This contributes to
the enhancement of the gain, be-
cause gain is a function of the ratio
of the photoconductive time-con-
stant to the free electrons’ transit
time. Photoconductive time-con-
stant is the duration it takes a
light-activated electron to recom-
bine with a hole; transit time de-
scribes the duration required for a
free electron to traverse the crystal,

Pulses quicken

Although pulse-code modulation,
pem, is only starting to gain a foot-
hold in Europe’s telephone nct-
works (for details, see page 227), a
second-generation system is being
tested in the United States.

Bell Telephone Laboratories has
developed a model of a pem sys-
tem that handles up to 3,456 voice
channels simultaneously. Tele-
phone voice, television, business
data and other communications
can be transmitted at one time.

A maximum of 24 voice channels
can be transmitted by the currently
operating telephone pcm system,
where only channels transmitting
data at 1.5 million bits per second
are compatible. With Bell's high-
speed system, varying data rates
can be made compatible by, in ef-
fect, speeding up the slower ones.
The experimental system operates
at 224 million bits per second
and uses synchronization technique
called “pulse stuffing,” which
makes it possible to add or drop off
data along the transmission route.
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~ ENVIRONMENTAL PROOF
is what we call it . . .

¢ Stackpole Rotary Switches
Specially Designed to Guard Against

EXPOSURE—-CONTACT CONTAMINATION—PRODUCTION DAMAGE

COMPETITIVELY PRICED — This com- SAMPLES IN 3 DAYS—to your exact
pletely enclosed, rugged switch costs specifications. Send your drawing and
no more than the open clip type. prove it to yourself. :
SEND GYOUR DRAWING FOR A QUOTATION AND SAMPLE. Take advantage of
Stackpole quality, price and service. For additional information and technical
data write: Electro-Mechanical Products Division, Stackpole Carbon Company,
St. Marys, Pennsylvania 15857. Phone: 814-834-1521. TWX: 510-693-4511.

ORDERS IN 2 TO 3 WEEKS—On-time
delivery of uniform, high quality produc-
tion quantities to meet your schedule.

»

§ STACKPOLE

ELECTRO-MECHANICAL
PRODUCTS DIVISION



Get Fast Delivery on These T
Semiconductors From Weatherford

< New Tl temperature-compensated diodes offer improved
temperature coefficients, greater voltage range

New Texas Instruments temperature-compensated
diodes offer you greatly increased design flexibility for
high-frequency crystals, differential amplifiers, digital
voltmeters, and voltage-reference instrumentation. Units
are available in 14 standard ratings from 3.3 volts to
12 volts. Maximum TC ratings are 0.005%/°C from
—55° to + 100°C. Temperature coefficients as low as
0.001% /°C are available depending upon voltage range.
The new TI diodes provide temperature stabilization
over a wide current range and are relatively immune to
voltage fluctuations. Temperature is maintained within
1°C over a 10% voltage change. Call us for immediate
delivery of TI's new TC diodes — TIXD746-759.

Sensistor ® silicon resistors provide economical, reliable
temperature compensation or measurement

Sensistor silicon resistors offer unique, high, positive
temperature coefficients of + 0.7%/°C (nominal).
Available to meet any packaging requirement, they are
useful as temperature sensing or measuring elements
and provide excellent compensation for the temperature
characteristics of silicon transistors. Wide selection
available in power ratings from 10 mw to 1/4 watt.
Resistance values from 10 to 10,000 ohms.

Two Tl light sensors give you
high sensitivity, fast response

TI’s LS-400 and LS-600 light
sensors feature stability and
uniformity of electro-optical

LS-600 in 1/16” PC board characteristics. Typical light-
to-dark current ratio is 100,000 to 1 — speed is fully
adequate for all card and tape readers. Unique package
design of the LS-600 allows assembly into printed cir-
cuit boards. Order now from our complete stock.

Please send the Tl brochures covering diodes, resistors and light
sensors to:
(Please Print)

Name.
Position
Company
Address.
City. State Zip Code
[ TC diodes [J Light sensors [J Sensistor resistors

New bulletins are available on TI
temperature-compensated diodes,
Sensistor silicon resistors and
light sensors. For your copies,
complete the coupon, check the
information you desire, and send
it to us at the address listed
below.

7 R.V. WEATHERFORD CO.

DISTRIBUTORS OF ELECTRONIC COMPONENTS AND EQUIPMENT

ANAHEIM, CALIFORNIA: 1651 State College Bivd., Kl 7-7521

GLENDALE 1, CALIFORNIA: 6921 San Fernando Road, VI 9-3451 [EeAAgielidl4’) [ A%
WIS B Bk,

PALO ALTO, CALIFORNIA: 3240 Hillview Drive, Stanford Industrial Park, DA 1-5373
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THE
FILTORS

i
"MIRACLE_
WORKERS

Filtors Blue Ribbon Relays—Relays such as these did not come “miraculously” to Filtors. They are the product of long
experience.. . . Filtors’ unique, five-year, planned program with running statistical analysis . . . Filtors’ Blue Ribbon testing
program.. . Filtors’ Total Contamination Program ... Filtors’ 26 checkpoint production with 100% inspection and complete,
extreme temperature performance data recorded and sent with each relay.

That makes Blue Ribbon experience. Is Filtors’ Blue Ribbon experience in your project? It may help you work a miracle.

Watch for the Filtors High Reliability Relay Symposium. It will be in your area soon.

Filtors announces a totally new latching relay. The DDJL—a micro-miniature, four-pole, latching relay with a single H-shaped
armature for superior performance. It is sealed with Filtors’ Electron Beam Welder in a vacuum .« . DO contaminating flux,

Specifications:

Contactrating....................... 2 amperes, resistive or dry circuit TS T v (A ~TT5) O < N ORE |
Vibration rating.................. 30 g’s maximum from 5 to 2,000 cps
Shockrating................... 100 g’s at 11 milliseconds duration Fl[l. H IN . nElAvs

Latch and reset time............................... 4 milliseconds maximum T - S ARSI

Write for complete specifications,

FILTORS INC., EAST NORTHPORT, NEW YORK ELECTRONIC COMPONENTS DIVISION OF DEUTSCH COMPANY
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Who cares about Who cares if you improve
component innovations?  your circuit designs?

|

At General Electric, engineering is the most important Constant attention to new and improved electronic
factor in elcctronics. This engineering excellencc means circuit designs results in better quality, lower price,
you get the best in component reliability and performance. and new market growth for your business and ours.




Who cares about all
your component needs?

You can choose from more than 6,000 different G-E elec-
tronic components from capacitors, semiconductors and
tubes to instruments, batteries and integrated circuits.

General Electric cares

(so do you; that’s why
we're out to do
things your way)

We may not offer everything you want
from one supplier. But, we do come a little
closer than anyone else.

This means more than just being your
number one source for a full range of elec-
tronic components. Our experience, facil-
ities, and engineering competence—both
as a producer and major user—combine
to give you unmatched design capability
and component reliability.

You're also assured of continuing prod-
uct innovation—Iike Triac, the new low-
cost SCR, Compactrons, Blackhawk capac-
itors, and nickle-cadmium batteries, just to
name a few.

How do you benefit from this continuing
partnership in electronics? Ask the people
who represent us, your G-E engineer/sales-
man or distributor. %0002

Progress Is Ovr Most Important Prodvct

GENERAL @ ELECTRIC



THINK

No ordinary ‘“rats,” these.

These are airborne RATS — Ram
Air Turbine Systems — built by
Garrett-AiResearch for emergency
or auxiliary electrical, mechanical
and hydraulic power.

Maybe you've never considered
using Ram Air Turbines as inde-
pendent power sources. For
example, did you know that
Garrett-AiResearch RATS can sup-
ply electrical, mechanical, pneu-
matic, or hydraulic power for any
externally-stored airborne system
such as countermeasure pods,

56 Circle 56 on reader service card

photo or sensor reconnaissance
systems, chemical warfare equip-
ment, special armaments such as
Gatling-type guns, tow targets,
refueling oods, and many others?

AIRESEARCH RAM AIR TURBINE QUTPUTS VS, WEIGHT
250 Knots, Sea Level Standard Conditions

7 ELECTRICAL 400 cycle

= L FL PNEUMATIC, 3:1 pressure ratio

HYDRAULIC 3000 psi

INSTALLED WEIGHT, LBS.

SHAFT 8000 to 12,000 rpm

HP 10 20 30 40 50 60 70 80 90
KVA 7.5 14.9 22.4 29.8
GPM 5.7 11.4 17.2 22.9 28.6 34.3 40.0 45.8 51.5

And are you aware that Garrett-
AiResearch RATS offer great
savings in weight and size over

battery-powered systems and hot
gas power units?

Garrett-AiResearch has built
more than 10,000 RATS for a vari-
ety of applications. We offer units
from Yg to 100 shaft horsepower.
Our RATS have better power-to-
weight ratios, less drag, instantane-
ous response, better sensitivity to
acceleration and load change, and
fine speed control. And they're
available now for aircraft, drone
and missile applications.

Our brochure has a ot more to
say about RATS. Write, AiResearch
Manufacturing Company, 9851
Sepulveda Blvd., Los Angeles, Cal-
ifornia 90009.

v
ARRETY

N

AIRESEARCH RAM AIR TURBINE SYSTEMS



Inside story of the new look in series regulators

Westinghouse power integrated ampli-
fiers eliminate a complete driver stage.

Save space, improve reliability, cut

costs with Westinghouse power inte-

grated amplifiers. Types 2N2233 and

2N3477 provide exceptionally high gain

at high power levels—hfe = 400 at 10

amps l¢, Vee = 200 volts and Pp = 150

watts. Single and double ended pack-

ages provide complete design flexibility.

Check these exclusive features:

* Hard soldered junctions eliminate
thermal fatigue.

¢ Large emitter-base area puts an end
to secondary breakdown

* True monolithic construction stops
runaway leakage.

SINGLE DOUBLE | vy | &
ENDED ENDED | CE FE
. 3 . ! — e
2N2226 2N34%0 50 100
2N2227 2N3471 100 @
2N2228 2N3472 150 1oA
2N2229 2N3473 | 200
2N2230 2N3474 1 50 400
2N2231 | 2N3435 100
2N2232 2N3436 150 Lo
MN2233 | 2n3es7 l 200

a— o - - -

You can be sure if it's Westinghouse

And, of course, reliaaility is assured by
the exclusive Westinghouse Lifetime
Seniconductor Guarantee.* For full in-
formation call your Westinghouse sales-
man or distriautor, or write to the
Westinghouse Semiconductor Division,
Youngwood, Pennsylvania.

*Westinghouse war-ants to the original pur-
chaser that it will correct ary defect or defects
in warkmanship, by repair or replacement f.o.b.
factory, for any JEDEC-type silicon power semi-
concuctor during the life ot the equipment in
which it is originally installed, provided said
device is used within manufacturer’s published
ratings and applied in accordance with good
engineering practice. This warranty is applica-
ble to devices of the stated types shipped after
March 9, 1964, until furthe- notice. This war-
ranty shall constitute a fulfillment of all West-
inghouse liabilities in respect to said products.
This warranty is in lieu of all other warranties
expressed or implied Westinghouse shall not be
liable for any consequential damages. g¢.505
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Coaxial cable delay lines. Big. Miniatare. Plain. packaged
or potted. Capable of accuracies up to + .02 nanoseconds.

Combine the outstanding performance charaeter-
istics of Phelps Dodge Electronic’s eoaxial cables
with a proprietary ability to bend to a radius of
three times the sheath diameter to the center line
of the bend. Add newly developed measuring and
testing techniques to meet unheard-of accuracies.
Result? The unique in coaxial delay lines.

Here is broader band operation. less attenuation
per nanosecond of delay and greater stability over
wide temperature ranges. Here too, is great lati-

DODGE ELECTRONIC PRODUCTS 'va N
pHELpS NORTH HAVEN, CONNECTICUT "‘ﬁ:yf“'
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tude in the specification of operating parameters,
physical dimensions or. moisture. vibration. shock
and temperature resistance. Packaging? Contain-
ers, shock mounting. standard rack panel mount-
ing. strapping. potting and encapsulating. And.
availabihity for operation at frequencies from 60
eps to 12 Ge. power from one milliwatt to many
kilowatts, impedances of 50. 70. 75. 100 and
125 ohms.

Can we tell yvou more? Let uz hnow your
requirements, or write for Bulletin DL-2.

\
+
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-
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QUALITY, VARIETY
SERVICE

...that's the story of "Ohmitran” v. £,

From Ohmite’s tiny, exclusive,
l.amp VT1 to the husky VT20,
a full range of single-unit

ratings to 25 amps is available,

SATISFY

yourself . . . eliminate irritating variable
transformer difficulties with Ohmite’s famed reliability
and long service life. In any piece of equipment, an
Ohmite component indicates that there has been no
compromise with quality.

MEET virtually all your requirements from Ohmite’s
big selection. Single units start with a tiny (and exclu-
sive) I-amp model, extend through heavy-output mod-

els of 25 amps. For single and/or ganged models,
RHEOSTATS « POWER RESISTORS « PRECISION RESIST

SWITCHE

DHMITE
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ACITORS « SEMICONDUCTOR DIODES « R.F, CHOKES

MANUFACTURING COMPANY
3610 Howard Street « Skokie, lllinocis 60076
Phone: (312) ORchard 5-2600

variable transformers

i NS

voltage inputs begin below 40 volts, run to 480 volts.
There are assemblies for 3-phase applications, too,
plus models in stationary or portable cases—with
meters if you like. Most are stocked for fast delivery.

EASE engineering headaches by taking advantage of
Ohmite’s ready-to-ship stock of standard units, or will-
ing advice and service on units for special applications.

Bone up on the broad aspects of Ohmite’s complete
variable transformer service by requesting Catalog 500.

» YARIAZILE TRANSFORMERS »
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60

d is a 3 micron yoke residual magnified 1000 times

On a 4” CRT display it’s 0.0033%

Do you need a lower residual? Use a Deflectron

Conélanline Cfngineering c[aéoraloriea Com,nany

YOKES FOCUS COILS DRIVERS

Mahwah, N. ). 201-327-1123 Upland, Cal. 714-982-0215
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The industry's largest supplier of rack/panel connectors
...ther<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>