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We ask you to review what you are paying for 
precision computing resolvers. In the past CPPC 
has been able to lower traditional prices of 
rotary components.

We are already tooled for many types of these

anv or all units

quantity or short run Whenever you need any 
rotary component, think of CPPC.

Call or write Sales Department, Hilltop 9-1200 
Suburban Philadelphia or our Representatives.
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Mod 0 brush block obtainable.

extreme symmetry of rotor and stator, nulls 
are excellent in these resolvers. Low phase 
shifts are also a feature.

VERSATILITY
CPPC Precision Computing Resolvers can be 
had with anv of the following features- corrosion 
resistant construction, stainless steel or alumi
num housing. Units to resist temperatures up to

assembly operations 
together by epoxy 
centrifugally cast, i

complished simply wi

Low-Cost Cooling Fan (Cover) 22
Cost barrier for a quality cooling 

fan has been broken by special tool 
mg which eliminates machining and

ACCURACY
Highest accuracy in rotating components is a 
CPPC fundamental. Our Precision Computing 
Resolvers are no exception. Without compen
sation, a recent production run of resolvers 
showed functional errors of .06 7t or less. Per-

George Rostky s editorial suggests a 
method for getting the consolidated 
opinion of many readers. With your 
support, this opinion can be made 
strong enough to influence manufac
turers. Let s work together.

Let's Do Something About Too 
Many Diodes

Read the Editorial on p 1 7 to learn 
how you can help cut down on the 
number of types of diodes that are 
now being produced.

When we question diode manufac
turers about the absurdity of produc 
mg thousands of different types ’hey 
say that Ihey are in business to please 
the customer. If he wonts a special 
type, they II make it.

There is a prevailing view on how 
to lick the problem. We all say Why 
not make these thirty or forty types? 
They solve 95 per cent of our prob
lems. But the trouble is one reader s 
recommended list is as good as an
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Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 
Chicago 38, III. Communications division of 

International Telephone and Telegraph Corporation.
See the Kellogg-ITT Display at the IRE Show : 

BOOTHS 2510-2625.

Highly sensitive: adaptable for marginal operation
Long coil construction: permits use of high resistance coils
Low current: operates on as little as .002 amps
Slow operate (Type AKSO), or slow release 

(TypeAKSR) models also available
Coil Characteristics:

operating voltage—up to 230 volts D.C.
single or double wound

Contact Assembly:
single or double pile up
forms A to E
14 springs maximum in each pile-up 
alternative: single or double microswitch 
standard terminals also available

Operate and Release Time:
.002 sec. minimum operate
.100 sec. maximum operate delay
.400 sec. maximum release delay

Weight: 8-12 oz. net (approx.)

ELECTRONIC DESIGN is circulated only to qualified electronic 
design engineers of U. S. manufacturing companies, industrial 
consultants, and government agencies. If design for manufactur
ing is your responsibility, you qualify for subcription without 
charge provided you send us the following inform ition on your 
company’s letterhead: Your name and engineering title, your 
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The letter must be signed by you personally.
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RECTIFIERS 
have won the confidence 
of users throughout 
the industry
SPECIFY THEM for all missile and
other highly critical applications calling for 
uniformly dependable performance.
Raytheon Solid State Diffused Junction Silicon Rectifiers pro
vide the precise junction gradient for specific applications. They 
have flat junctions for uniform control of characteristics. Look 
at the charts and the tests. See for yourself why so many users 
have standardized on these reliable Rectifiers.

§
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Raytheon Silicon Rectifiers easily pass these Important environmental tests
Temperature: every rectifier is cycled 8 times from — 55°C to + 150°C

Samples are tested for :
Mechanical Shock: 500G, 1 milli
second
Thermal Shock: -65°C to + 100°C
Storage Life: 500 hours at 1750c

500 hours at -65°C

Operating Life: 1000 hour and 4000 
hour tests at 250mA, 150°Cand rated 
PIV. 1000 hour and 4000 hour tests 
at 750mA, 25°C and rated PIV.

Moisture Resistance: per MIL stand
ard 202, method 106

Sait Spray: 95 hours
Centrifugal Force.- 20.000G

Vibration Fatigue: iqq

Drop: 30" on maple block, per MIL, 
19500A

Readily available in production quantities. Write for Data Sheets.

SILICON AND GERMANIUM DIODES AND TRANSISTORS
New York, Plaio 9-3900
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Fig. 3. Comparison of contact 
set wear. Conventional (left); 
Transistor (below).

Transistorized Ignition Systems
for... Reliability... Cold Weather Starting... Increased Engine Efficiency

SLIGHTLY LARGER than a conventional igni
tion coil, a complete, self-contained transistor

ized ignition system promises lifetime distributor 
contact service, reliable starting in temperatures as 
low as —20 F, and constant voltage output for 
spark plug firing throughout the engine speed 
range.

Shortcomings in the conventional ignition system 
an* eliminated in the new development announced 
by The Electric Auto-Lite Co., Toledo, Ohio.

Conventional Ignition System
The conventional ignition system for a simple 

four-cylinder engine is shown in Fig. 1. Current 
through the primary of the ignition coil, or trans
former, is interrupted by the primary switch. This 
switch is mechanically operated by a cam, driven 
by the engine shaft through a gear train. Every 
time the switch opens, high voltage appears across 
the secondary of the coil and is applied to the 
rotating “finger” of the distributor. This finger is

driven by the same shaft as the primary switch, 
and the distributor contains as many equally- 
spaced fixed contacts as there are cylinders.

No actual contact exists between the* rotating 
finger and the fixed contacts—the spark jumps 
across the air gap every time the finger conies in 
front of a fixed contact and, simultaneously, the 
primary switch opens.

Each fixed contact is connected to a spark plug 
so that the high-voltage circuit comprises the sec-

DISTRIBUTOR
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ichan
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DISTRIBUTOR
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Fig. 1. Conventional ignition system for a 4-cylinder engine.
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PRIMARY SWITCH

BATTERY

SPARK PLUGS

•±r Fig. 2. Transistorized ignition system.
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Both are mechanically tuned, integral-
œ

1 Mc/V 600 Kc/V

±0.1 Mc/oC

calle

peraobtain detailed application informationYou can
Excellence in Electronics

Tl
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the first 
cover the

of a planned series of tubes to 
entire communications band.

Fi9 
stan

five 
rap

To insure efficient operation the tubes 
are available with integral cooling fins 
or with a heat-sink attachment suitable 
for connection to the chassis.

ondary of the coil, the distributor huger, an air 
gap, fixed contact, spark plug, and return to coil 
secondary. Most of the troubles due to the igni
tion system originate in the primary switch or in 
the coil.

cavity, long-life, reflex-type tubes. The 
QK-754 uses a coaxial output ; the QK-661, 
a waveguide output.

( 10 V pk-to-pk mod volt )
Temp. Coefficient ±0.1 Mc/oC

Creative Microwave Technology/WWWW
Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON MANUFACTURING COMPANY, WALTHAM 54, MASS., Vol. 1, No. 2

NEW ONE-WATT COMMUNICATION KLYSTRONS COVER GOVERNMENT AND COMMON CARRIER BANDS

Designed primarily for use in microwave 
relay links, the QK-661 and the QK-754, 
one-watt transmitter klystrons, operate 
at frequencies of 7,125 to 8,500 Me and 
5,925 to 6,425 Me, respectively. The QK- 
661 is the first tube of its kind to cover 
the entire government band. The QK-754 is

Typical operating characteristics

Frequency Range 
Power Output 
Electronic Tuning 
(to half-power pts)

Modulation 
Sensitivity

QK-754 
5925 to 6425 Me 

1.5 watts
50 Me

QK-661 
7125 to 8500 Me 

1.6 watts
25 Me

TYPICAL REFLECTOR VOLTAGE
(AT MAXIMUM POWER OUTPUT) 

vs. FREQUENCY

FREQUENCY-KMC

TYPICAL POWER OUTPUT 
vs.

FREQUENCY

Shortcomings

In a mile of ax erage driving, the distributor con
tacts make and break at rates ranging from 12,0(M) 
to 24,(XX) times a minute, depending on engine 
speed. With primary currents as high as four amps, 
current densities exceed 1,(XX).()()() amps in.2 dur
ing “break.” The resultant heat created erodes the 
contact surface until ignition failure requires con
tact replacement.

During average climate conditions, the engine 
turns over rapidly during starting so that the rate 
ol contact operation does not permit the heat 
created to raise the contact surfaces to oxidizing 
temperature. In extremely cold weather, the en
gine turns over slowly, the contact surfaces remain 
together longer, and the excessive heat will bring 
the tungsten surface to red-heat, resulting in 
build-up of tungsten oxide. This bluish rust-like 
scale, “blue points, accounts for poor cold 
weather starting and is responsible for a large 
majority of “down” time.

Finally, at high speeds the contacts open and 
close too rapidly to permit full build-up of input 
current. This results in reduced output when the 
engine speed is increased; up to 50 percent drop 
off in available ignition power may occur, for 
example, when a driver swings out to pass an
other car.

FREQUENCY-KMC

and special development services by contacting: 
Microwave and Power Tube Division, Raytheon 
Manufacturing Company, Waltham 54, Massachusetts

Transistor-Switched Transformer System

As shown in Fig. 2, a power transistor is placed

Auto-Lite “Transicoil package with transistor and 
heat sink visible.A LEADER IN CREATIVE MICROWAVE TECHNOLOGY
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CONVENTIONAL SYSTEM

/. R. E. SHOW: See the Hughes Exhibits Number 2801-2807.
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Failure of computers has been known to force 
scientists back to more primitive forms of calcula
tion. (Note the extra digit which comes in handy 
when numerical concepts need to be “carried”.) 
However, at Hughes, we have developed and are 
producing components which insure you against 
breakdown even under the most severe opera
tional conditions. Our most powerful ally is an 
almost unreasonable passion for quality control.

On the three following right-hand pages you’ll 
find specific examples of Hughes reliable compo-

pne 
nps,
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Creating a new world with ELECTRONICS _ _ _
. HUGHES PRODUCTS

4111c 
rate 

» eat 
¿ing 
en

lain 
i ing

nents — Parametric Amplifier Diodes, tonotron* 
Storage Tubes, and memo-scope’ Oscilloscopes.

In addition to these, other Hughes Products 
devices which offer you this “built-in” reliability 
include: Precision Crystal Filters for selective 
tuning...Rotary Switches...Thermal Relays... 
MEMOTRON® and typotron* Storage Tubes... 
Microwave tubes... Diodes, Transistors and 
Rectifiers with uniform performance...and 
Industrial Systems which automate a complete 
and integrated line of machine tools.
’Trademark of H.A.C.

cold 
irgc

&O0 0 O0

0 «

ÖOO 
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between the battery source and the primary coil; 
the distributor contacts, triggering the base cir
cuit, handle less than 2.50 ma while controlling 
7.5 amps flow7 through the primary coil. This re
sults in greatly increased contact life. Prolonged 
endurance tests of over 3.500 hours and 100,000 
miles show7 practically no wear, see Fig. 3. Cold 
weather starting tests have shown oxidation to be 
completely eliminated.

The input current of the transistor system rises 
rapidly to maximum value w hile the conventional 
system rises slowly from the time the contacts 
close, shown in Fig. 4. This rapid rise of current, 
regardless of engine speed, is responsible for an 
almost constant output voltage tliroughout the 
speed range; comparison between output voltages 
for both systems is shown in Fig. 5.

A new development in contact set design, 
called ‘ Power Points,” further improve reliability 
by reducing high speed bounce approximately 15 
percent over previous designs.

Applications

I'he new system can be installed, in a matter of

Don’t forget to mail your re
newal form to continue receiving 
ELECTRONIC DESIGN.

1000 2000 3000 4000 5000

ENGINE SPEED RPM
Fig. 5. Transistor system output voltage remains con 
stant despite engine speed changes.

SEMICONDUCTOR DEVICES • STORAGE AND MICROWAVE TUBES • CRYSTAL FILTERS • OSCILLOSCOPES

CIRCLE 5 ON READER-SERVICE CARD

OUT Ur )

_ _—q aFig. 4. Conventional system primary current rises rela
tively slowly (2 5 amps P-P) Transistor base current rises 
rapidly (250 ma P-P).



IMMEDIATE "OFF THE SHELF" DELIVERY
featuring highest capacitance In the smallest package yet!

Teaming creativity with unlimited capacity! U. S. Semcor advanced 
technology in the semiconductor field has imparted typically 

“over spec" standards to a new line of Solid Electrolyte 
Tantalum Capacitors.

Extreme stability at low temperature 
U. S. Semcor "over spec” standards

SEE THESE NEW COMPONENTS
IRE Booth No. 3823

Tiny .OOO5 % °CTc 
Reference Silicon Diode
1 he only reference diode up to 
.0005% °C Tc from -55° to 
+ 185°C. A range 35° higher 
than other available devices. 
Case size only .290" long x .250" 
in diameter. Less than 1/10 
the si/e of existing competitive 
devices. U.S. Semcor dill used 
triple wafer sandwiching 
method provides greatly 
increased reliabilitx at low
prices.

What this moans to you! A complete line of these all-new sub
miniature capacitors are immediately available “off the shelf in 

quantity to fill your every requirement for a superior product... 
in coupling, by-pass, low voltage filter and similar applications 
... competitively priced as always. They supersede the entire 

production formerly offered by the U. S. Edcor Division.

These solid, Inorganic, non-volatile electrolyte tantalum capacitors 
produce a low and linear temperature coefficient, low dissipation 

factor, long shelf life, wide operating temperature... 
and no liquid electrolyte to create leakage problems.

- .115* x .250 
- .172* x .43« 
- .279* x .650 
-,341*x .750

1 mfd/35V to 4.7 mfd/6V 
6.8 mfd/35V »• 56 mfd/6V 
22 mfd/35V to 150 mfd/éV 
56 mfd/35V to 330 mfd/6V

Capacitane« ranges tiom 33 mfd to 330 mfd; operating 
temperature —80‘C to 125’C; capacitance ±20% of rated 
value at 25°C. 120 cps; dissipation factor not to exceed 0.06 
at 25*C, 120 cps; leakage current not to exceed 0.03 micro- 
amps/mfd/volt or two micro-amps, whichever is greater; 
moisture resistance to Mil standard 202, method 106.

U.S. eiMICONDUCTOR PRODUCTS, INC.

3S3« WEST OSBORN ROAO • RHOBNIX, ARIZ. IRE SHOW BOOTH NO? 3823

For new Solid Tantalum Catalog, of for a call from our 
nearest Field Engineering Representative, write, wire or 
’phone COLLECT to the Sales Engineering Dept, today.

Double Anode
MEDIUM POWER Zener Diode
U.S. Semcor announces another 
ol ils continual parade ol new

MEDIUM POWER double 
anode silicon /encr diode lor 
e lipping, pulse forming, anel 
voltage regulating applications 
with lower Tc. Offeree 1 in same
small packages
Semcor’s stane

(able m
medi urn

power line. Zener voltages from 
7i/2V to 35V, .03«% to .066%

talent in diffused junction tech
nique provides commercial and 
military users superior perfor
mance for their applications.

IRE Booth No. 3823

Other U. S. Semcor Products:
Hi-Voltage Rectifiers • Alloyed Junction Silicon Low 
Power Rectifier and Zener Diodes • Diffused Junction 
Silicon Medium Power Zener and Rectifier Diodes 
• Dry Electrolytic Solid Tantalum • Infra-red Silicon 
Components.

U. S. SEMICONDUCTOR PRODUCTS, INC.
3536 West Osborn Road • Phoenix, Arizona
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LIMITING LEVEL

with the Hughes MEMO-SCOPE* Oscilloscope
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Have you sent 
renewal form?

TUNED 

TRANSFORMER

, PULSE 

GENERATOR

TRANSISTOR 

OSCILLATOR

LIMITING
CIRCUIT

PHASING 

CIRCUIT

.ow 
ion

diagram for a typical transistorized
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Fig. 7, A typical pulse generator for the new system 
uses a conventional alternator (driven by the engine), 
a phasing circuit (to provide spark advance), and a 
limiter (to clip the sine waves).

A Hughes representative will gladly demonstrate the memo-scope’ 
oscilloscope in your company. Simply address your request to 
Hughes Products, Marketing Dept.-ViE.HO-3COVvR 
International Airport Station, Los Angeles 45, California

(.renting a new world with lilt TRON ICS ID LI ^ ”T

SWEEP SPEED FOR STORAGE' 10 microseconds to 10 seconds per division (0.33" .

FREQUENCY RESPONSE: DC to 250 KC down 3 db.

SENSITIVITY: 10 millivolts to 50 volts per division or with optional high sensitivity preamp! 
tier 1 millivolt to 50 volts per division.

APPLICATIONS: Trouble shooting data reduction equipment switch and relay contact 
study... ballistics and explosives research... ultrasonic flaw detection ... physical testing — 
shock — stress - strain.

Foreign Design Approach

A leading French automobile manufacturer, 
iccording to A. V. J. Martin of the Carnegie 
institute of Technology, is conducting tests on 
i transistorized oscillator supply for high voltage 
generation. The primary switch is replaced by 
in electromechanical pulse generator triggering

Trial and error methods necessary to capture elusive 
transients on conventional scopes waste time, film, 
and precious research dollars. Never again need this 
happen. With the Hughes memo-scope oscilloscope 
vou may instantly “’freeze’’ wave forms with brilliant 
clarity for careful study, comparison and analysis.

The Hughes memo-scope* oscilloscope retains these 
frozen transients until intentionally erased. Selected 
transient information may he triggered externally or 
internally. Successive wave forms may be written 
above, below or directly over the original information.

minutes, in any battery ignition system by remov
ing the existing ignition coil and capacitor and 
mounting the new transistor assembly. Applica
tions include passenger, commercial and military 
cars, trucks, boats, and tractors.

The complete package, consisting of the transis
tor, its heat'sink, the transformer and associated 
circuitry, will be available as optional equipment 
for 1961 passenger cars. The initial cost is esti
mated to be in the range of power steering.

Fig. 6. Block 
ignition system

Fig. 8. The time difference d, corresponding to the 
automatic advance, is provided automatically by the 
difference in the sine wave amplitudes at different 
engine speeds.



BEHIND THE NEWSWITH FAFNIR MINIATURE BALL BEARINGS

SCREEN
OSC.

SHAFT

metallic

OSCILLATOR

SHAFT

All Fafnir miniature bearing tolerances are to ABEC-7 standards except for the inner ring bores where

lapped to 2.5 millionths for sphericity and 5 millionths for size variation. Fafnir Miniature Ball Bearings
the transistor oscillatorare available in the following types: open; flanged; two shields and flanged two shields. Complete details

and dimensions in bulletin No. 469. Write for copy. The Fafnir Bearing Company, New Britain, Conn

CIRCLE 8 ON READER-SERVICE CARD

HARDENED RETAINERS. All retainers are 
made of hardened 410 stainless steel.

SWAGED RETAINERS. In manufacture 
retainers are swaged so that ball pockets 
of retainers are ironed outwardly.

HEAT STABILIZATION. All rings and balls 
are heat stabilized to 600 degrees

ADVANTAGE. Standard Fafnir bearings may 
be used for high temperature applications 
as well as regular applications.

ADVANTAGE. Ball runs against a hardened 
smooth surface not a rough edge.

ADVANTAGE. Precise hardening, insured 
against brittleness and easy breakage 
by quality control, provides springiness, 
eliminating bending or distortion.

screen between the two coils of the 
transistor oscillator.

ADVANTAGES. Since vacuum melt steel is 
extremely clean, balls and races are 
free from pits and inclusions providing 
better finishes which result in super 
sensitive bearings with low torque values.

ADVANTAGES. Pitch circle of the balls 
is centered between bore and 0 D. and 
bearing is symmetrical in design

VACUUM MELT 440C. Balls and rings of 
Fafnir miniature bearings are made from 
vacuum melt 440C stainless steel.

BALANCED DESIGN. Each size 
bearing has its “tailormade" retainer of 
predetermined weight and dimensions.

Fig. 9. Another electromechanical

tolerances are -p.OOOO —.0002 to provide greater flexibility in selective assembly. Bearing balls are
Developmental ignition system built inside the usual 
high voltage coil can. The two transistors can be clearly 
seen in the foreground.

The electromechanical pulse generator can tak< 
a number of forms. For example, in Fig. 7 a con 
ventional alternator, driven by the engine, provides 
a sinusoidal voltage whose frequency is equal to 
a multiple of the rotation speed. A simple limiting 
circuit will then change the sinusoids into a square

ELECTRONIC DESIGN • March 18, 1959

FAFNIR
BALL BEARINGS
Most Complete Line in America

pulse generator uses

Fig. 10. This screen, driven by the 
engine, pulses the oscillator when a 
slot allows coupling between the 
two oscillator coils.

Fig. 11. In the magnetic circuit method, the spokes of 
magnetic material close the oscillator circuit.
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waveform. The phase (and hence the advance) can 
be adjusted manually or automatically by a phasing 
circuit connected between the alternator and the 
limiter.

Moreover, the amplitude of the sinusoidal volt
age varies with the speed of rotation. This makes 
for an automatic increase of the advance, since 
the same limiting level will cut a large amplitude 
sinusoid sooner than a small amplitude sinusoid 
(Fig. 8). The time difference “d” corresponds to 
the automatic advance. The transistor oscillator, 
using a ferrite core step-up transformer, operates 
between 50 to 80 kc.

Direct Pulsing of the Oscillator
The electromechanical pulse generator can be 

integral with the oscillator, with corresponding 
simplification and economy. An example is given 
Fig. 9. A metallic screen is placed between the 
two coils of the transistor oscillator and prevents 
oscillation. However, this screen is of the shape in
dicated in Fig. 10 and rotates with the engine. 
W hen the shaft position is such that no metallic 
part is placed between the coils, the oscillator 
functions and provides the high voltage. The cir
cular screen Ikis as many slots as there are cylin
ders.

Another possibility is indicated in Fig. 11. The 
rotating part is now a star of magnetic material, 
with as many spokes as there are cylinders. When 
the shaft position is as indicated on the figure, the 
magnetic circuit of the oscillator is closed, and the 
oscillator functions. When the rotation of the star 
opens the magnetic circuit, the oscillations cease.

In both Figs. 9 and 11, the shaft carrying the 
rotating screen or star also carries the finger of 
the distributor.

Practical Advantages
The system indicated in Fig. 11 can be of. small 

dimensions, and has been constructed as a small 
unit which takes the place of the usual primary 
switch-distributor combination, and does away 
with the separate coil, see Fig. 12.

The new ignition system takes less current from 
the battery for better results at all speeds. It can 
be parasitic-suppressed to reduce radio interfer
ence by virtue of its fixed low frequency and un
decaying oscillation during pulses.

The automobile industry has been concerned 
with the deficiencies of the classical circuit, and 
several ideas have been put forward embodying 
some electronic equipment. Before, however, sys- 
tems using vacuum or gas tubes suffered from the 
limitations of the tubes themselves, especially as 
regards ruggedness, life expectancy, and supply 
voltages. In aircraft, where safety is at a premium, 
two complete and entirely distinct ignition cir
cuits of the conventional type are now7 necessary . 
The solid state devices seem ideally suited to this 
kind of problem.

AN IMPORTANT NEW PRODUCT ANNOUNCEMENT FROM HUGHES!

PARAMETRIC

FOR LOW-NOISE MICROWAVE AMPLIFIERS

Now Hughes Products brings you high perform
ance parametric amplifier diodes at a price in the 
same range as good microwave mixer crystals. 
These Hughes diodes have been designed to solve 
your problems associated with low-noise para
metric amplifiers, modulators, frequency con
verters, harmonic generators, electronic tuners, 
switches, etc., at microwave as well as at lower 
frequencies.

Used in a 3000 Me high gain parametric ampli
fier with both signal and idler channels as inputs, 
these diodes have produced at room temperature in

TECHNICAL SPECIFICATIONS AND DATA:

CAPACITANCE vs. 
BIAS VOLTAGE

o v 
3 v
7 v

2.5 
0.76 
0.60

Address inquiries to:
Hughes Products, Semiconductor Marketing Dept.
P. O. Box 278, Newport Beach, California. 

!
Creating a new world with ELECTRONICS

HUGHES PRODUCTS

SEMICONDUCTOR DEVICES • STORAGE AND MICROWAVE TUBES • CRYSTAL FILTERS • OSCILLOSCOPES • RELAYS • SWITCHES • INDUSTRIAL CONTROL SYSTEMS
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the1 laboratory a noise temperature of 100 K above 
absolute zero. Noise temperatures of 50 K above 
absolute zero were obtained when diode was cooled 
by liquid nitrogen.

The Hughes Parametric Amplifier Diodes are 
available in two rugged, hermetically sealed ver
sions. One has a miniaturized glass package (type 
HPA 2800); the other has been adapted to a con
ventional microwave package (type HPA 2810). 
Both are hermetically sealed in glass and have the 
same cutoff frequency.
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Co-ordinating Computer Networks 
for 

Increased Efficiency
logical problems are encountered that do 
not ordinarily occur in the usual single
computer system. One problem is that of 
devising an efficient scheme for enabling 
all the computers to share among them
selves. automatically, the total workload 
undertaken by the network. Another prob
lem is that of designing a machine in
struction system which can carry out these 
complex operations effectively and yet is 
simple enough to code easily. Investiga
tions of the Bureau’s data-processing sys
tems laboratory has resulted in the de
sign of the new NBS Pilot Data Processor, 
a multi-computer network with powerful 
data-processing capabilities.

INCORPORATED

)X 544E • BRIDGVORT 1, CONNECTICUT

ONE APPROACH to developing more 
useful computing systems is that of 

connecting together several computers 
into an integrated network. Techniques 
have been under study at the National 
Bureau of Standards for attacking and 
solving the logical problems encountered 
in organizing such a network. These prob
lems include devising a scheme for mak
ing all the computers collaborate effi
ciently, and designing an instruction sys
tem for carrying out such collaborative 
operations effectively.

Problems

In organizing such a network, many

PRIMARY COMPUTER SECONDARY COMPUTER

SEE US
AT I.R.E. 

BOOTH NOS. 
1401 * 2403

REGULUS II
SPARROW II
SPARROW III

TITAN 
VANGUARD 
EXPLORER

Two-computer network

WORD TRANSFER ROUTES

SELECTION SIGNALS FOR 
WORDS BEING TRANSFERRED

CONTROL SIGNALS

“Vitramon” Capacitors for high 
reliability applications are tested 
to meet the most stringent require
ments for performance. Every 
capacitor ordered under the new 
High Reliability Specification 
S-1002 undergoes tests encom
passing 300,000 UNIT HOURS 
OF LIFE AT 125° C to assure an 
A. Q. L. 12 times higher than 
Mil Specifications — and every 
shipment against an S-1002 order 
is accompanied by tabulated results 
to verify extreme reliability.
Inherent characteristics are built 
into “Vitramon” Capacitors 
through the fusing of quality 
porcelain enamel and fine silver 
to produce a dense, homogenous, 
truly monolithic unit that requires 
no case or hermetic seal. If you 
have capacitor applications 
requiring high reliability, write 
for High Reliability Specification 
S-1002, describing materials used, 
manufacturing process, as well as 
all tests and failure rates.

INSTRUCTION REGISTER instruction.

instructions <1 data

ADDRESS Nüi

PRIMARY STORAGE UNITS

ADDRESS 
SELECTION

(HIGH-SPEED
INTERNAL MEMORY)

RUN- 
“ HALT "

ARITHMETIC UNIT ■ information on result 
(PRIM ARY) J ~ ~ ~

a ß T P65 a b c dj

INSTRUCTION REGISTER
aODrE SS No

»v, cp

g -h

9 «k

SECONDARY 
STORAGE 

(INCLUDING 
BASE REGISTERS)

ADDRESS 21* 
SELECTION

j 'NEO ON RESULT 

Of CN0CIÌ •, ■ •.

L 9 . h

' ARITHMETIC 

UNIT 
(SECONDARY)

ttTRAMON" CAPACITORS 
OF PROVEN QUALITY 
ARE USED IN 
THESE MISSILES:
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Initial Approach

One mode of approach for increased efficiency 
is to connect together several computers into an 
integrated network so that all of the machines in 
the network could be made to work together on 
large-scale problems. By dividing up the total task 
into different pieces, and by having all the differ
ent computers in the system work on different 
pieces of the task simultaneously, an increase in 
the speed of solution can be achieved.

Under ideal circumstances, the entire job could 
>e split up into pieces that are completely inde

pendent, and each computer could carry out its 
assigned portion of the work without interacting 
on the other machines in the network. In actual 
practice, however, this ideal of complete inde
pendence cannot be attaint'd because the results 

>1 one set of computations will, as a rule, be 
needed as input data for another set, and the 
farting of one phase of operations will have to 
' ait for the ending of another phase. When these 
uccessive phases are carried out by several dif- 
rent computers, one machine may have to stop 
id wait idly for data from another if the dif- 
rent steps are not properly coordinated—thereby 

.casting time.

Multi-Computer System

rhe new NBS multi-computer system is made 
ip of several independently operating units that 

run concurrently. From time to time, as the need 
irises, they can exchange data and instructions.

I he primary computer of this system is a full- 
scale machine that performs a wide variety of 
arithmetical and other operations. The secondary 
computer, though an independent internally pro
grammed machine, is more limited in scope and 
is intended mainly as an adjunct to the first ma
chine. While the primary is performing the major 
arithmetical processing manipulations, the sec
ondary concurrently carries out specialized pro
cedures that assist the primary’s program; these 
correspond to the “job requests’’ delegated by the 
primary.

Associated with the secondary computer is the 
secondary' storage unit containing a certain num
ber of short word-storage locations. Some of these 
locations are used as “base registers” by the pri
mary computer. These base registers contain num- 
Ixts used by the primary as automatic address 
modification constants, or as alternative addresses 
for its next instruction Loading of the base reg
isters and manipulation of the numbers stored in 
them are carried out by the secondary computer.

To make a “job request,” the primary instruc
tion program inserts a new instruction in the sec
ondary’s computer’s instruction register. Alterna
tively, the primary program can also order data 
transferred betwen the primary storage unit and

THE FIRST 21"ST0RAGE TUBE
High light output! Controlled Persistence! Full gray scale!

The Hughes 21" tonotron* tube offers you a new level of 
sophistication in displays for: Air traffic control, Combat 
situation plotting, Radars, Large-scale read-out, Medical 
diagnosis, Industrial television, and Slow-scan displays.

This new tonotron tube provides high light output, in
tegration abilities, full gray scale, controllable persistence, 
and a very large display area—all in one envelope!

Hughes also announces a 21" character-writing typo
tron* storage tube, which gives you the added capability

See the new Hughes 21" tonotron tube in action at the LR.E. show (Booths 2801-2807)

Creating a new world with ELECTRONICS

HUGHES PRODUCTS

*Trademark of Hughes Aircraft Co.

SEMICONDUCTOR DEVICES • STORAGE 

of high-speed digital character display. The 21" typotron 
tube is ideally suited for any of your digital read-out re
quirements. In addition, this unique typotron tube offers 
you either character read-out or spot writing modes—or a 
combination of both capabilities.

Both the 21" tonotron Tube and the 21" typotron tube 
are now" available for delivery. For additional information 
please write: Hughes Products, Electron Tubes, Interna
tional Airport Station, Los Angeles 45, California.

CIRCLE 11 ON READER-SERVICE CARD
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LIBRASCOPE
SH AFT-TO ■ DI GITAL ENCODERS 
meet and surpass rigid requirements of air
borne analog-to-digital translation despite 
environmental extremes. Shock, vibration, and 
severe temperatures do not affect their con
tinuous, noise-free operation.

they’re direct Librascope encoders provide 
a simple, one-step means of digitizing analog 
data.

they're rugged Operation is unaffected by 
30g shock, 0 to 2000 cps vibration, through
out a range of —55° to + 100°C.

they're reliable Multi-million turns at high 
sp^ds with constant contact resistance.

They're versatile 14 basic models in a wide 
range of^capacities with special function codes 
bt(ilt-in to simplify computer requirements.

MODEL 740 MODEL 713 MODEL 758 MODEL 724 MODEL 708

RESOLUTION 
PER TURN

DIMENSIONS 
DIA. x LENGTHOUTPUT CODE MODEL NO. @

TOTAL 
CAPACITY

PARALLEL 740 10 bits (1024) 1024 4X*"x2’4"
BINARY 
(LINEAR)

743 13 bits (8192) 128 2"x3%"

SERIAL
BINARY

707 7 bits (128) 128 2"x2*V'
713 13 bits (8192) 128 2"x3%"
717 17 bits (131,072) 128 2"x4’M*"

(LINEAR) 719 19 bits (524,288) 128 2"x4%"

SERIAL 
BINARY 
(SIN-COS)

757t

758f

7 bits per quadrant* 
(4 quadrants)

8 bits per quadrant* 
(4 quadrants)

512

1024

2%"x4X."

4%"x3V'

BINARY 
CODED 
DECIMAL 
(8-4-2-1)

723 2,000 200 3K."X4%"
724 20,000 200 3X*"x4%"
733 3,600 200 3X*"x4%"
734
735

36,000
360,000

200
200

3X*"x6%"
3X*"x6»/,"

GRAY 708 8 bits (256) 256 3X." x 1%"

0001

@AII models available with internally mounted 

isolation diodes for sequential multiplexing ap
plications.

(Available in hermetically sealed servo-driven 
package as Models 757-S and 758-S.

'Including limit 1 and polarity information. Sine 

and cosine functions generated simultaneously 
and independently. One turn of shaft generates 

4 quadrants of information.

For full details on Librascope 
shaft-to-digital encoders write 
for catalog E 11-1.

0101 
0110

jwKASCOPE GENERAL 
PRECISION 

COMPANY

For information on career opportunities at A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION

Librascope, write Glen Seltzer, Employment Manager. librascope, inc. 40 East Verdugo Avenue • Burbank, calif.
CIRCLE 12 ON READER-SERVICE CARD

the secondary storage unit.
To synchronize the actions ol the two com

puters properly, the programming system ear' 
marks certain selected instructions in the primarx 
program. Instructions so marked are intended to 
be performed after certain key instructions h ive ( 
been carried out by the secondary computer.^ 
When an earmarked instruction is reached in the i 
primary program, control of the relative time s ’- • 
quencing of primary and secondary operahon^S 
passes to the secondary program. This program’ 
can then regulate the relative priority of execu
tion of subsequent instructions in either program 1 
by special sequence-regulating instructions— f 
called an rp (regulate primary program) instruction.

Operation
In operation, the primary compute, upon 

reaching an earmarked instruction, will check, be
fore executing this instruction, to see whether th® 
secondary computer is stopped and waiting w iTM^ 
an rp instruction. If this is not the case, the pn 
mary waits until the secondary reaches an rp. AS** 
soon as both programs have reached a mutu; 
waiting status (that is, with the primarx xxaitin; 
with an unexecuted earmarked instruction and 
the secondary waiting with an unexecuted rp in
struction), the sequencing xx ill take place accorc. 
ing to an explicit code written in the secondary 
(rp) instruction word. Various alternatives are 
available, under xvhich priority may be accorded 
to either computer depending on whatever order 
of sequencing is most appropriate to the logic of 
interchange. Possible sequencies include repetition 
or skipping of the primary instructions.

When both computers are in a mutual xvaiting 
condition, the secondary computer can also refei
to the various base registers and control counters 
that the primary Computer has just referred to or 
is about to refer to. The secondary computer can 
make these references either directly, that is, as a 
result of explicit register numbers written in the 
secondary instruction or indirectly that is, accord
ing to the locations specified in the currently 
waiting primary instruction. In consequence, the 
secondary computer can be used to monitor or in 
terpret the program of the primary in a highly’ 
flexible fashion.

The new NBS Pilot Data Processor contain'' 
not only a primary and secondary computer but 
also a third independent computer, which spe
cializes in operations that control and interpret 
the data floxving between the system’s internal 
memory and its external storage and display de
vices. In the future development of these network 
systems, it is expected that even larger numbers 
of independent machines will participate coopera
tively in the performance of stringent tasks.

Circle 498 for Ohmite spread ►

ELECTRONIC DESIGN • March 18, 1959



CASI: H/STOB/SS

Frequency Time Standard 
instruments, selected by 
Smithsonian Institute to 
clock satellites, are 
equipped with New 
Departure ultra - precise 
ball bearings.

Photos: Courtesy Ernst Norman Laboratories 
and Bodine Electric Co.

U/fra Precise Baii Bearings 
He/p "dock"A Saie/Hfe.'

CUSTOMER PROBLEM:
Require ultra-precise bearing design for Bodine 
electric motor used in satellite-tracking micro
clock. Bearings must provide uniformly low 
starting torque, precise location of rotor shaft 
and minimum maintenance, to help mechanism 
achieve time determinations to 0.001 second.
SOLUTION:
N/D Sales Engineers studied special bearing 
requirements, and recommended New Depar
ture ultra-precise ball bearings. These ball 
bearings measured up to every requirement for 
micro-clock motors . . . thanks to New Depar
ture’s advanced equipment for research, devel

opment and production. N/D equipped micro
clocks, selected by the Smithsonian Institute, 
are operating in a dozen locations around the 
world right now, keeping track of vital satellite 
movements ... to accuracies of one milli
second and better!

If you’re manufacturing or designing electric 
motors for any high precision applications, 
including instruments, why not call on New 
Departure? N/D engineering and research 
facilities are turning out the latest in high 
precision instrument ball bearings and 
advanced ball bearing designs. For more 
information write Department J-3.

OF G E N E R A L/M O T O R S , BRISTOL, CONN.
/nothino bolls l/ks a »all
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TANTALUM

CAPACITORS

COMPONENTS
PACE INDUSTRY’S

PROGRESS

DIODES

PRECISION

RESISTORS

RHEOSTATS

High power vibrator and "high shock” test equipment enable Ohmite 
to develop components for the most severe military applications.

Write on company letter
head for your personalized 
copy of Ohmite Catalog 
and Engineering Manual 
No. 58.

OHMITE
Manufacturing Company
3635 Howard Street 
Skokie, Illinois, U. S. A.



RELAYS

R. F. CHOKES

RESISTORS

TAP SWITCHES

This unceasing research activity has kept Ohmite 
components truly “pacing the progress of industry.”

Ohmite has complete laboratory facilities where 
difficult customer application problems are studied.

PRODUCTS SHOWN 
ACTUAL SIZE

For forward thinking . . . for new products to meet 
the needs of tomorrow . . . you can depend on 
Ohmite. Ohmite maintains a continuous program 
of research and development to explore new product 
ideas and to improve present products and processes. 
Furthermore, Ohmite’s superb laboratory facilities 
permit in-plant testing of its products to meet rigid 
military specifications.

VARIABLE

TRANSFOI



NEWS BRIEFS...
• • • ELECTRONIC TOPICS, ranging from 
computers to communication systems to semicon
ductor devices, comprised almost 40 per cent ol 
the program offered at the* Winter General Meet
ing of the AIEE, held in New York (Jity during 
Fei). 1-6. Over 5<X) papers were presented to an 
estimated 6500 engineers. Consensus of opinion 
among memlxTs indicates the growing popularity 
ol the informal presentation and panel discussion 
as contrasted with the stiff, formal reading of pre
pared papers encountered in the past. Discussions 
after paper presentations were particularly lively 
and pointed. In addition, then* appeared to be a 
marked, and healthy , increase in participation by 
students from various universities throughout the 
countrv.

• • • FOURTEEN NATIONS are active
competition for positions on the program of the 
First International Conference on Information 
Processing to Im* held in Paris during June 15-20. 
So far, approximately one-third of the selected 
papers have been prepared by U. S. engineers and 
five of the thirteen planned symposia w ill be co 
ordinateci by American computer experts.

In conjunction with the five day technical ses
sion. a worldwide exhibition ol information proc
essing equipment will be on display from June 
13-23. The exhibit, called Auto-Math 
be limited to the* latest in equipment 
nique.s in the field.

• • • PLEASURE CRAFT, vachts

1959. will

boats can be outfitted w ith a new line of marine 
equipment ranging from low-cost Loran to a 
portable, transistorized direction finder. Recently 
intHKhicecI by Sperry Piedmont (Jo., Charlottes
ville, Va. division ol Sperry Rand, the naviga
tional instruments feature a sleek nautical ap- 
pearance as contrasted with the “black-box” look 
common to earlier sty ling. A ten inch radar unit, 
with range extending to 20 miles, a compact five 
inch radar with a one- and five-mile range, an 
automatic pilot, converters, and miniature gyro
compasses round out the full line.

• • • WRITERS OF GHOST STORIES and 
horror movies may soon lose a favorite device* for 
setting an eerie atmosphere . . . the “squeaky 
hinge’ is on its way out. An application for its 
successor—a silent, non-sticking all-nylon plastic- 
hinge—is now in the U. S. Patent office. The new 
hinge, developed by American Plastics Corpora
tion, will require no lubrication and is expected 
to outwear its conventional metal counterpart 
many times.

This is the time of our annual sub
scription renewal.
< CIRCLE 498 ON READER-SERVICE CARD
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a continuing series on technical topics of specific interest to engineers

What is the true value of high purity 
aluminum foil in electrolytic capacitors?

Since the word “purity” is relative, the term “high 
purity” in describing the foil used in electrolytic ca
pacitors has been often misused. Twenty years ago, 
99.80% aluminum was the highest purity commercially 
available. A few years later, 99.85% aluminum anodes 
became available and for a period of time were con
sidered “high purity” foil.

Today, 99.99% aluminum is readily available for ap
plications where the cost differential between 99.99% 
and standard purity anodes is justifiable. In some 
technical circles, purities of 99.85% to 99.87% alumi
num are still referred to as “high purity”. At Sangamo 
Electric Company high purity means 99.99%? alumi
num or better anode foil.

From the engineer’s viewpoint, the advantage of 
99.99% aluminum over 99.87% aluminum in elec
trolytic capacitors is both tangible and intangible. 
Most of the benefits are derived from the fact that 
there are fewer crystals of metal impurities on the sur
face of the higher purity foil. Crystal impurities such 
as iron do not form an insulating dielectric oxide and 
produce points of high electrical leakage. In a circuit, 
where capacitors of lower anode aluminum purity 
are used, voltages are set up between the dissimilar 
metals and deformation, or point corrosions, slowly 
takes place. This action decreases the shelf life of 
the capacitor.

Other benefits provided from the use of 99.99% alumi
num foil include longer life, better high temperature 
operation and lower dissipation factor. When variable 
factors are equal, the summary advantages of 99.99% 
anodes versus 99.87%, anodes can be shown as follows:

99.87 % Anodes 99.99% Anodes

DC leakage Per MÌ1-C-62A 
or EIA-RS-154

Shelf life 2 years

EIA-TR-140 or 
about J 2 leakage 
for 99.87 % anodes

Estimated life 
expectancy

4—7 years

2^—3 years

7—12 years

REFERENCE 
DATA FILE 
Folio 59-1

_____

Where extremely low leakage is important, where tem
perature of operation is between 65°C and 85°C, or 
where exceptional long life is required and some
thing better than standard electrolytic capacitors is 
desired, 99.99% aluminum anodes are well worth 
the additional cost.

Capacitor manufacturers, like Sangamo, pay a pre
mium of approximately 60% more for 99.99% alumi
num foil. To obtain this near-perfect purity, the alumi
num ingots used to produce 99.99% anodes must be 
reprocessed from a good supply of bauxite and a well 
run electro-chemical process.

£4 ^4 9
Sangamo TYPE TR 

High Reliability 

ELECTROLYTIC CAPACITORS 

HAVE 99.99% ALUMINUM 

FOIL ANODES

The use of 99.99% high purity aluminum anodes in 
Sangamo Type TR Twist-Tab Electrolytics, surgically 
clean papers, and a highly effective end seal gives these 
capacitors excellent operating life and superior elec
trical characteristics. They are designed to operate in 
a temperature range from — 20°C to 85°C and are 
available in ratings from 3 to 450 volts D.C.

Engineering Catalog Number 2227 gives full informa
tion and is available upon request for your files.

5C59.I

SANGAMO ELECTRIC COMPANY, Springfield, Illinois
--designing towards the promise of tomorrow
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PACIFIC DIVISION 
DEPT D-17 
720 MISSION ST. 
SOUTH PASADENA, CALIF. 
RYAN 1-2841 
TELETYPE PASACAL 7528

atcntable, and will

pass filter 
s. Phvsica

EASTERN DIVISION
□EPT. D-17

10 PELHAM PARKWAY A 
PELHAM, N. Y. HG? \

PELHAM 8-5000
TELETYPE PELHAM 3633
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large numbi 
hich may be

Though the nature of such recommendations is 
not yet known, the group has cited, with apparent
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19/32" x 15/16 
band width 15%

New Legislation

Legislative action may be suggested “to bring 
der to this presently chaotic field of impor-

terest in what the government does with its pat 
ent rights.

The band pass filter. I ype TTJ pic
tured here, ranges from 7.350 cvcles

Copyrights. The group's chairman, Senator Joseph 
C. O’Mahoney (D., Wyo.) points out that the fed
eral government is the “largest single investor in 
scientific research and development, and both the 
amount of money it spends and the number of 
agencies administering its research programs are 
steadily increasing.”

Noting that this activity is presently producing

Loose U. S. Patent Policy 

to be Tightened

Government patent policies, inconsistent 
“contradictory ’, are being examined by the 
ate's Subcommittee on Patents, Trademarks

Department. This urged that the government take 
title to all patents produced under research con
tracts or grants, except in special cases. In the 
exceptional instances where the government did 
not take title to the patent, it was to receive an 
irrevocable, royalty-free non-exclusive license and 
if the contractor failed to place the invention in 
adequate commercial use within a designated 
period, he was to offer non-exclusive licenses at 
a reasonable royalty to all applicants.

The Government Patents Board, created in 1950, 
was not given power over the disposition of inven
tions made by contractors or grantees, according 
to the subcommittee, and practices with regard 
to inventions by employees vary. For example, the 
National Science Foundation (which is consider
ing a change in its rules) has so far taken the view 
that in no case is it desirable for title to patents 
produced through government-financed research 
to rest in the government: it feels that a non-exchi-

See these and other subminia* 
turt‘ components on display at 
Booth 2919-2921. IRE Exhibit.

I z max. 
om 7.500

Type TCLJ starts at 400 c 
size is 11 16” x 1-11 16 : 
For higher frequencies 
cvcles up to 100 kc. size i

— 10% at 40 db. Wherever space and 
performance are critical requirements, 
miniaturized MicroiD k low pass 
and hand pass filters provide utmost 
reliability as well as more unit surface 
economy on printed circuit boards. 
Completely encapsulated, they are 
idcalh suited to withstand high accel
eration. shock and vibration environ
ments. Write for special filter bulletin 
to help solve your circuit problems.

even greater number in the future, 
adds that “the public has a very j

Burnell X Co. may not be experts in 
the ait of head shrinking. But when it 
comes to toroids, filters and related 
networks, Burnell has the know-how 
to solve an infinite varietv of small 
space problems. The new MiCROlD 1 
filters bv Burnell & Co. are a notable 
achievement in the shrinking of filters 
which can be designed for low pass or 
band pass applications.
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Contact resistance

ASPR More Lenient acceleration

350 milliwatts

mi

CIRCLE 15 ON READER-SERVICE CARD

Contact

Contact

broad bi 
program

patent 
Patents

Shock ..

Vibration

580 ohms

0.4 oz.

high performance and superior environmental sta
bility in an unprecedented relay design of exciting 
import to airborne electronics designers.
In fit and fighting trim, the new Crystal Case Relay 
(weight 0 4 oz.) is designed for a minimum of 100,000 
functional operations in ambients from — 65' to

life, operations 

material

regulations which w 
participation in the sp.

is in
Unde

Ambient Temperature

Dielectric strength

Dielectric strength across 
open contacts ......................

lus ASPR rule substi 
Act provision.

*s it difficult 
ill stimulate 
ace research

Pickup time, nominal voltage 

Drop out time ....................

Insulation resistance at 125 C 

Contact arrangement

Contact rating, 28v d-c or 
115v a .

Coil power, for min. 
operate ................................ ..............

Coil resistance, 26 5 volt
DC winding* ............

Relay weight .....

‘Coils available for other voltages

prov isions 
to notify

4-125 C. Shock, vibration

flW/ SUBMINIATURE RELAY 
SHOWS UNVARYING HIGH PERFORMANCE 

UNDER VIOLENT
ENVIRONMENTAL ASSAULT.

ain title to

tion. whicl 
technology 
made in tl

practice in t 
tract with t 
ciations are I 
tuted for tin

NASA is í

. that the public interest would bt 
ing the contractor keep the patent

find, however 
served by hav 
Furthermore, 
inventions un 
inventor mav

50g per MIL R-5757C

10 55 cps, W excursion
55 2000 cps at 20g

65°C to -f-125eC

1000 volts rms
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advantage ol the latitude given to its Adminis
trator by Congress. NASA is not required to take 
title to patents; it can settle for a license to use 
the patent. In addition, provision is being made 
for special awards to inventors whose patents are

2 amperes resistive

To do so, it will evidently have to take

500 volts rms

100 000 min. (a’ rated load

Palladium to-gold flashed silver 
t ther material available

05 ohms max.

5.0 millisecs max.

5.0 millisecs

100 megohms

DPDT (SPDT on request)

NASA’s reach 
1er subcontracts

sive perpetuzd license to use an invention is all 
that it needs. On the other hand, the Tennessee 
Valley \uthority retains all patents produced by 
government research but grants non-exclusive 
royaltv-free licenses.

Xct, any invention 
ider a NASA con- 
lusive property of

try ing to have tl 
? current Space . 
aware that the 1

Industry by far prefers the Defense Depart
ments patent rules. The Armed Services Procure
ment Regulation demands only that the govern
ment lie given a non-exclusive royalty-free license 
to all patents on inventions made or reduced to

NASA Has Long Reach

In the meantime, business and government are 
trying to unsnarl some of the tangles that result 
from varying official patent policies. The situation 
seems particularly acute under contracts let by 
tlx National Xeronautics and Space Administra-

mumty exceed MIL spec demands.
Now. spatial requirements are eased significantly in 
your guidance electronics package 
telemetering transmitter - radar “black 
box” mobile communications equip ■«» y
ment modulators, amplifiers, power .5 S
supplies. «
Available with standard terminations 
for plug in, solder or printed circuit 
use. Write for descriptive literature. ?
Bulletin 160-1.

>1 performance of a con 
. Several industry asso

anv application received—whether stemming from 
government- or privattdy-financed activity—which 
seems to have “significant utility in the conquest 
of space. NASA then can take title to the patent 
for the government within 90 days, or waive this 
right in the “public interest.

A new federal patent policy seems to be im
plied in this—that the government has pre-emptive 
lights to inventions of importance to the national 
interest regardless of the fact that costs of devel
opment may have been borne by industry. It also 
raises the question of possible retroactive appli
cation of the \ XS \ \dministrator s ability to buy,

flyweight champ 
goes the limit
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THESE WR WAVE GUIDE SEALS PROVIDE POSITIVE
SEALING; PREVENT R/F LEAKAGE, ARCING & BURNING
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These seals not only provide near perfect sealing and 
complete electrical continuity, but offer many economical 
advantages — made by the makers of Parker O-rings, 
Stat-O-Seal *, and Gask-O-Seal *.

Electr-O-Seals * are now available to fit all EIA (RETMA) 
standard WR series wave guide flanges, WR90 thru 
WR2300 as well as specials.

ithout the author s permission. The agency 
• awards to authors (individual or corpo-

compensated by the U. S. Government for his los 
of earnings. The measure states, too. that it is no 
intended to deprive any individual of any’ right 
or benefits conferred by the federal labor laws 
Penalties imposed for violation would be fines < 
up to S10.0OO or imprisonment up to five y ear 
Chances of passage of the proposed law ar 
considered slim.

lead to development contracts, though this is by 
no means certain. In view of the scale of rewards 
for ideas that is probable, the money aspect is far 
more likelv to be of interest to an individual than 
to a corporation. But companies might find value 
in tin* prestige of having had an idea accepted, 
particularly for institutional advertising purposes.

Administration, has been introduced by Senator 
John M. Butler (It, Md.). Purpose of the bill is 
to protect vital defense facilities, including 
plants, against sabotage, espionage and other 
acts of subversion.

The bill provides th.it anv individual who is

bv the Defense Department. (Questionnaires are 
being sent to prime contractors for certain elec
tronic devices because the military want to know 
which (if anv) transistors and related items arc 
likelv to be in short supply. Contractors will be 
asked to state their needs for transistors by cate- 
gorv and number. Besponse to the questionnaire 
will be mandatorv.

n over by the agency. 
ASA has already gottc

■use lacility shall be 
ges against him and



EDITORIAL --------------- AC POWER----------------
HIGH HIGH

Let's Standardize Diodes Now!

You can spend many precious hours seeking the diode you 
need among the 3500 now available. And then, you miss one 
that does a better job, or an equal job at hall the price.

In last years July 23rd issue. Electronic Desk.x urged 
manufacturers to standardize more quickly. Manufacturers have 
been trying, through committees of IRE, Al EE, EI A, and the 
military, but progress has been painfully slow, and the number 
ol available diodes grow s, steadily.

“Why, we asked, “can t manufacturers agree on how to define 
and measure recovery time, peak inverse voltage, reverse leak
age current, and forw ard conduction? And w hy can’t thev got 
together and eliminate duplicate diode ty pes?

The reply , though it sounded like passing the buck, made 
sense: It s up to the users.

Eli ( i homo Desk.x welcomes the challenge to start the ball 
rolling. Our readers are all electronic design engineers and. 
almost to a man, diode users.

Readers, wed like your help. Wed like to know what are 
your favorite diodes for each general application ( mixer, gen
eral purpose, rectifier, computer, photodiode, variable capacitor 
diode, (‘to.). Toll us w ho manufactures your favorite diode tvpes. 
his price for one unit and for 100. Tell us what you like about 
the diodes you prefer and w hat you don’t lik<*. You may like the 
high back resistance and dislike the package or the price, for 
example.

If you feel as strongly about diode standards as we do, if you 
spend too much time searching for the diode you need, if you'd 
like to see a “sensible diode list, send us your own “Preferred 
List right away . We 11 publish the results of this “Diode Popu
larity Poll in Electroxic Design.

If all the letters you send us show a significant trend, our joint 
efforts may well result in the first major step tow ards standardiz
ing diodes.

If y ou prefer to enter your contribution on our prepared form, 
please pick one up at our IRE Booth Xo. 1727, or turn to tin* 
Reader-Service Card and circle 104.

is now available in 
single phase power ratings 
up to 5KVA, in two phase 

ratings up to 10KVA 
and in three phase 

ratings up to 15KVA.

■■■■■■■■ The Behlman

INVERTRON*

Higher Power Ratings Available on Special Order.

The Behlman Invertron is a completely electronic 
A.C. Power Source widely used in research and development, pro
duction testing, test consoles, electronic systems or wherever A.C, 
Power other than that obtainable from the 60 cycle line is required.

INVERTRON
Models are available with single phase, two phase 

or three phase output and with either fixed and variable frequencies.

INVERTRON
A wide range of power ratings are available in 

standard models with other power ratings on special order.

INVERTRON*
The Invertron features extreme frequency accuracy 

and stability, exceptional regulation against both line and load, and 
low harmonic distortion and noise.

INVERTRON*
Specifications for all standard models include 1% 

maximum distortion, 1% regulation no load to full load, extremely 
low output impedance. and essentially zero response time.

For further information 
write or call

Modular construction techniques 
employed to provide low cost 

custom as well as standard units.

BCHLMAN HKffOMCS • MKMAMCS • OMKS
OfilGN !io*MfNr • rtoronrt

ÍN6/NÍÍVINC COMPANr F 2911 WINONA AVfNUf

Representatives in all principal cities and Canada

VISIT OUR BOOTH NO. 3928—IRE SHOW

CIRCLE 17 ŸÈmtE CARD
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L network (which will form the first half of the 
pi network) at 8 me will be:

If this value of Ai is what is required to assure 
a Ç of 7 at 2 me, and the value of input capaci
tance remains constant, the Q at the upper end 
of the frequency range (S me) will be:

E. W. Schwittek
Electronics Engineer 

Stromberg-Carlson, Div. General Dynamics Corp , 
Rochester, N. Y.

lossless capacitors) is related to operating Q and 
coil Q as follows:

I 

an L network

Impedance Matching
Having been intimately involved over the past ten years with the de
sign of communication networks, Elmer W. Schwittek, currently head 
of the Communication Laboratories at Stromberg-Carlson, shows how 
to eliminate drudgery from impedance matching problems.

Fig. 1. Simple L network.

LOAD 
RESISTANCE 
r = I TO 2000 OHMS

Matching an rf power amplifier to a load 
can be considerably simplified with just 

several handy equations and a few’ design in
sights. It is not necessary for the engineer to 
refer to cumbersome reference charts. And. al
though the case of matching an rf power ampli
fier to a load is discussed, the procedure is 
equally* adaptable to other impedance matching 
problems.

Impedance Matching Problem

To illustrate a more simplified approach to 
impedance matching, an output network will be 
designed to match a 4X150 class C rf power 
amplifier to a load vv Inch contains a resistance in 
series with a reactance. The resistance can as
sume anv v alue between 1 and 2000 ohms and the 
reactance can assume any value between -4-/ 
2000 to j 2000 ohms. Frequency range is from 
2 to 8 me.

The value of resistance into which the PA 
(power amplifier) tube delivers maximum power 
within its ratings has to be calculated. This value, 
of course, is the required input impedance of the 
output network. However, this calculation will 
not be discussed, since Eitel-McCullough (Eimac) 
has made this graphical procedure available in 
their tube catalog. The treatment is excellent and 
yields extremely accurate results. For the sake of 
this example assume that the proper load for the

18

Fig. 2. Pi network.

4X150 is 2500 ohms.
The design of this network will be considered 

first on the basis of the load being a pure resist
ance having a value between 1 and 2000 ohms. 
This will avoid some confusion throughout the 
example. After all. the network must at least 
perform this function and in most cases including 
a reactance in the load will only effect compo
nent magnitude, not this configuration.

II in a PA output network design only the load 
resistance needs to be transformed to the desired 
input impedance (2500 ohms', a simple L net
work of the form shown in Fig. I would suffice.

How ever, since the value of r can vary between 
1 and 2000 ohms, let us examine the () of this 
circuit as determined by the following equation:

If various values of i are substituted in Eq (1). 
it will be found that Q < 5 for all values of r 
between 96 and 2000 ohms. With a Q less than 5 
the harmonic attenuation of this circuit would 
be low; so low, in fact, that a sizable portion 
of the tube output would be present in the form 
of harmonic power in the load and poor tube 
efficiency would be apparent as far as the funda
mental frequency is concerned. A Q of 7 should 
be considered to be the lower margin of good 
engineering practice. Higher values of minimum 
Q may be required if specific harmonic at
tenuation specifications exist.

Avoiding Low O Condition

To insure against the above low operating 
condition it is necessary to consider a more com
plicated network—a pi network, for example. A 
convenient means of controlling operating Q is 
to select a fixed value of input capacitance such 
that () will never be lower than 7. See Fig. 2.)

This degree of efficiency is not considered 
particularly high. For this reason a maximum 
O limit of 20 is considered good engineering 
practice.

To eliminate the high Q condition at 8 me 
without, at the same time, reducing the Q below 
7 at 2 me, it is desirable to employ band-switch
ing of the network input capacitor. Two bands 
cov’ering the range 2-4 me and 4-8 me would be

ELECTRONIC DESIGN • March 18, 1959
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— Qff I

(Band4 me

= 71 0

2500

Q = 1

150

R VALUES >
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Ç) condi - 
single I.

a low 
than a

R 
(J

Q coti - Q 
Q coti

to 9, X? 
minimum

Matching Load Resistance >rZ1

fulfill part of the above requirements an- 
L section following the first will success-

Since R = 71.2. A 2

Summarizing:
■ To prevent the possibility ot 
tion a network more complex

= Qi j. =

Assuming

at 2 me.

The maximum required value of X2 will occur 
when the load resistance is equal to r^. At this 
condition X2 x. Since X2 in a practical case 
cannot equal infinity some additional calculation

R
Q =

I 5i I 8
150

.r, = Qrf

v Rrf[

The matching capabilities of a pi-network 
required when R and rrj are at their largest 
values, i.e., 2(XX) ohms and 35.5 ohms, respec-

(R-T/J 2R - R 
(R-Tf^

2500
Q = ~ - = 8.33 at 2 me I band 1 ) and 4 me ( band 2 ) 

300

A2 min. = , 
QQ coil — Q 

Q cod

a reasonable choice. Under these new conditions 
the value of X should be reselected to provide a 
reasonable compromise between harmonic at
tenuation and network efficiency. If A’ were 
reselected to be 3(X) ohms at 2 me (band D and 
4 me (band 2), then:

2500
() = 16.7 at 4 me ' band 1) and S me Hand 2

150

From this point on only the 2-4 band w ill be 
examined since the 4-8 me band calculations 
would be identical.

The following calculations are only pertinent 
to the first half of the* pi-network shown in Fig. 3.

2 me (Band 1)

Fig. 3. A more complicated pi network employing bandswitch
ing of the input capacitor.
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network must be used.
■ The value of X] was selected so that the 
limits of operating Q of the first L section are 
firmly established. Regardless of what network 
follows this L section or regardless of what load 
is present it is certain that an operating Q of less 
than 8.33 is not possible when the* tube has been 
loaded to its proper plate current, i.e.. presented 
with a 2500 ohm resistive load.
■ The problem remaining is to determine what 
must follow7 the first L section in order to trans
form any of the possible load resistances to 
which is 35.5 ohms resistive at 2 me, 9 ohms 
resistive at 4 me. and has resistive values between 
35.5 and 9 ohms at frequencies between 2 and 
4 me.

fully transform all resistive loads greater than rrj 
to the value of r/p (See Fig. 4.)

The matching capabilities of a pi-network 
are definitely limited to those load resistances 
greater than rq. The maximum value of x2 may 
be found as follows:

x2 max. = 267 ohms

Total value of maximum reactance required 
in the pi-network coil would be:

Ji -|- = 26" = 563 ; 44.8 ^h at 2 me.

The value of x2 will approach zero as the load 
resistance approaches r^.

► 2500/1

Fig. 4. The addition of another L section transforms all resistive loads greater 
than r, t to the value of rfi.

Minimum value of X2 will occur when the load 
resistance is equal to twice the minimum value 
of r^. This fact is obtained as follows:

R 
but Q =

R -

Setting this quantity to zero and solving for 
R in terms of rt^:

X2 is minimum when R — 2 r^.

Since minimum rt\ occurs at 4 me and is equal

To determine if this is actually the 
capacity required, the minimum value of X2 at 
2 me is determined.

I 100 mmld



1, where r<i is 9 ohms. The epies- 
to whether we should class th«*

= Q2r (Q > 10)

is required using the maximum value of X2 that 
is possible to determine what the minimum value 
of resistiv e load actually can be. This can become 
important in the 10 to 30 me frequency range. 
However, since this example is concerned with 
frequencies no higher than S me. we will assume 
that X2 can go to infinity.

Assume that we are operating the pi-/, network

Q = 50

50

= 50

Somenents.

section could accomplish theand the x
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reactive loads may require addi
lli some of the matching compo-

If a value for n2 equals 50 ohms is chosen it 
will mean at least a practical value for A2 X,

range ol 
network 

indicatif 
this load

at 4 me, band 
tion arises as

Fig. 5. Matching resistive loads less than 
r/i with one L section.

impedance which is included in the 
those imp<‘dances that this output 
should be capable of matching. Fig. 8 
the series and shunt representation of 
impedance.

From the above example it has been show n 
that the network shown in Fig. 7 would suffice. 
Normally X2 and A"3 will be combined into one 
capacitor and that x3 is zero except when the

tional range 
nents.

Room for Ingenuity

Ueimple'tely elifferent approaches are peissible*

Matching Load Resistances <r

We have succeeded in determining the circuit 
required to match load resistances which have a 
value greater than r^. The problem remaining 
is to transform those load resistances below’ 
to the required value ol 2500 ohms.

The most efficient means of matching to re
sistive loads less than rt} is merely to use one 
L section. (See Fig. 5.)

However, since the value of Xi has lx«en pre
viously selected so that Q can hc controlled when 
matching higher load values we no longer have 
the option ol employing tin* above circuit to per
form this matching function. Since the load re
sistance range is so great, since we have already 

loads greater than and since it is desirable to 
keep the number of tuned and sw itched elements 
to a minimum, it is adv usable to maintain the 
original circuit configuration to as great a degree 
as possible and sacrifice some network efficiency.

An approach that is reasonable is to add an 
additional L section w hich has the function of 
stepping up the low load resistance values to 
values which can be matched by the pi-section. 
That is. the combination of x3 and X3 (the 
additional L section which has the function of 
resistance so that the value of rr2 is equal to or 
greater than ny. (Sei* Fig. 6.)

This immediately means that the demands on 
the x3, A 3 section an* quite flexible. There is a 
considerable choice as to just what value of r<2 
we should demand. Since the pi-section was 
designed to transform any value of load from 
rn to 2(XX) ohms, obviously rl2 could fall any
where between the value of rri and 2(X)0 ohms 

matching function. Though any choice will func
tion properly, one approach is to demand that 
rf2 always equals rzl. This means that ,v2 can be 
zero and that X2 be infinity.

It should be noted, howover, that unless the 
output network tuning pnxedun* is adequately 
outlined, there is a definite possibility that the 
transmitter operator will unknowingly’ choose 

the value* of i
docs. It should be the designer s responsibility 
so to outline' timing prexcxlurc' and so to limit 
the value of x3 and A’3 so that the* value of n2 is 
limited to those' value's w hich w ill y ielel reason
able efficiences.

To illustrate this flexible matching situation, 
assume« a load resistance of 1 ohm, an of 9 
(4 me. band 1) and an rr2 of 9. As previously 
mentiemed if rl2 then x2 0 and X2 x.

This would demand an X : capacitor ol an im-

By similar calculations, if n2 is chosen to be 
2000 ohms, the value of A.: is quite practical, but 
then network efficiency is at its least desirable 
point. A compromise value of is then deter
mined based primarily upon network efficiency 
and the practicality of the value of capacity cor-

2500A

V2 -J-Xj. But this choice opens up new peissibili- 
ties. since« it is now possible' tei match leiael re- 
sistanee's in the' range' freun 1 te> 50 eihms with the- 
pi-L matching circuit. This means that it is no 
longe'r essential that the« eiriginal pi-ne'tweirk be 
re«epiire«el te> match leiael resistance« value's deiw n to 
the value* ol r i. This situation can furthe*r assist 
in making the« value* eif output capacity meire*

It also has been shown that pi-L network will 
transform all resistive loads between 1 and 20(X) 
ohms to the desired input impedance of 2500 
ohms. The pi-L network was chosen since it per
forms this function without change in network 
configuration while at the same timi' preserving 
control of minimum network ^).

Reactive Loads

Up to this point reactive loads have been 
ignored. This has been done primarily to sim
plify this example. Basically the method of ap
proach for reactive loads is merely to separate 
the load into its resistivo and reactive compo
nents, treat the resistive' components as the load 
resistance', and treat the reactive component as a 
portion of the matching network. This sounds 
simple enough on the1 surface, but to illustrate 
the* procedure' let us investigate the following 
example. Assume' the' load to be I -fj 4.9, a load

1 4.9 load impedance as being in that cate
gory of resistive loads below (since in the 
series representation tin* value of resistance is 
1 ohm), or above rq (since in the shunt repre
sentation of the value ol resistance is 25 ohms) 
i.e., whether we can match it with the pi-L net
work only or whether it can be matche*d with 
the pi-network (x3 0). As a matter of fact the
reactive portion of the load allow s this load to be 
matched with either ne*tweirk as shown in Figs. 
9a and 9b. Load matched with pi-L network 
(n2 chosen to be 50 ohm).

It may worn that the required output capacity 
is less w hen using the pi-L network to match this 
load while calculations will show that the effi
ciency is just slightly greater when the pi-net
work is list'd. If r-2 were chosen to be 100 ohms 
rather than 50 the value of required output ea- 
pacih would be further reduced with a slight 
additional loss in effic iency .

The point of the above example is to indicate' 
that reactive loads allow the network designer 
some' additional choice in design. Utilizing the 
load reactance may present an opportunity to 

mains considerable room for ingenuity in provid
ing an output network that is simple and easy 
to tune. Antennas are the usual load for the PA. 
If antenna inqx*dance characteristics are well 
established it is quite possible to utilize tin’s in
formation to simplify’ the network and to further 
restrict component range. ■ ■
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X. + X

Fig. 6. The addition of an L section steps up the low load resistance values to values which 
can be matched by the pi section.

I IMM

LOAD
RESISTANCE

MEW lOFAQ IN for lab, production test,
Ivkfv lULnO llv test maintenance, or as a

ApIfAprn Dû WED component or subsystemAUllAuLU I UWElt in your own products

Fig. 7. A more practical pi-1 matching circuit

LOAD 
RESISTANCE

Fig. 9a and 9b. Reactive portion of the load allows the load to be matched with either 
network, 9a or 9b.

New, fast, a-c regulator cuts 
line & load transients 18 db

Steady-state line and load regulation to ±0.5% Transients 
attenuated at least 8:1 (18 db) Fast response—less than 
1 cycle (0.02 sec) for 63% recovery Less than 0.35% distortion

The new Sorensen Model FRLD750 fast
response, low-distortion a-c regulator is 
ideal for critical applications like null 
testing, meter calibration, and the pow
ering of pulse-type circuits, such as 
those used in computers, where false 
triggering is not permissible.

Since there is no phase shift between 
input and output, the FRLD750 can 
also be used in multiples for the regu
lation of multi-phase power. Line and 
load transients are reduced by at least

8:1. regardless of their magnitude. Both 
cabinet and 19" rack-mounting models 
available. Write for technical data or 
see your Sorensen representative.

And don't forget, Sorensen engineers 
will be glad to discuss your special 
power requirements with you. They can 
help you select the proper a-c or d e 
power supply, regulator, or frequency
changer from the widest transistorized 
line on the market, or assist you in de
signing special power systems. e 39

SORENSEN & COMPANY, INC
Richards Avenue, South Norwalk, Connecticut

EQUIPMENT FOR RESEARCH AND INDUSTRY

IN EUROPE, contact Sorensen Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs. S A Mexico City
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..for Complete Reliability Under 
Severe Environmental Conditions

RH-250

RH-50

RH-10
RH-25

TYPE RH POWER RESISTORS
Wire Wound, Precision, Miniature, Ruggedized

TYPICAL DERATING CURVE

J 100

2
O
3
5

Designed for the spKific application 
of high power requirements, coupled 
with precision tolerance Mounts on 
chassis for maximum heat dissipa 
tion. Operates under severe environ
mental conditions as outlined in 
specifications below.

Rated at 10, 25, 50 and 250 watts.

JUST ASK US
I he DALOHM line un hides precision h

Resistance range from 0 1 ohm to 175K 
ohms, depending on type.

bon•; tnrnnu i potentiometers, resistor 
networks, collet tilting knobs and hvs 
teresis motors designed specifically tor 
advanced electronic cinuiirv
If none of the DALOHM standard Inn 
meets your needs, our engineering depart 
merit is ready to help solve your problem 
in the realm of development, engineering 
design and production
Just outline voui spe< iti< situation.

Tolerance 0.05%, 0.1%, 0.25%, 0.5%

TEMPERATURE COEFFICIENT: W.thin 
’ 0.00002 degree C.

COMPLETE PROTECTION: 100% impervious 
to moliture and »alt spray.

WELDED CONSTRUCTION: Complete
welded construction from terminal to terminal.

DALE 
PRODUCTS 

INC.
1328 28th AVE. 

COLUMBUS, NEBRASKA

RUGGED HOUSING: Sealed in silicone, 
inserted in radiator finned aluminum 
housing.

SMALLEST IN SIZE: 7 IÓ x % to 3 x 4’/2 

inches.

MILITARY SPECIFICATIONS: Surpasses 
applicable paragraphs of MIL-R-18546B.

Visit th* Dalohm Booths 2742-44 
at the I.R.E. Show

READER-SERVICE CARD

Windings, laminations, 
bracket held together by 
epoxy

Rotor includes stacks, and 
blades centrifugally cast

Potting Casting
used to produce Low-Cost

THE MAIN portions of this fan—iron 
laminations, coil windings, bearings, 

lead wires and holding bracket—are one 
integral piece, held rigidly together by an 
encapsulating epoxy resin. Because of this 
cost saving design approach and others 
the electronic engineer can buy 100 CFM 
of cooling air for $6.85°—about one tenth 
the usual price for quality blowers.

The 60 cycle-powered unit can fit al
most anywhere as it is 5 in. sq and 1-1/2 
in. deep. Because of a well-engineered 
propeller design the unit delivers high 
volume at high pressure at low noise (42 
db on the A scale; about 10 db lower 
than average room air conditioners). 
Pressure is sufficient to drive air through 
a dust filter and tightly-packed electronic 
equipment (see graph).

Called the Muffin Fan by its producer, 
Rotron Mfg. Co., Inc., Woodstock, N. Y., 
the motor is the inside-out type with can
tilevered bearings. The air-impeller is 
integral with the rotor. This patented de-

and the Saucer. Elec troxh Design, 
March 5, 1958. p 106), has Ixvn further 
perfected so that it can be made by auto
matic means. As a result there are only 
three pieces in the new fan, the molded 
stator, the centrifugally-cast rotor, and 
the molded phenolic venturi block It 
takes but 15 minutes of labor to inspect

“Quantities of one thousand. Approximately 
20 per cent higher for small orders.

sign, which was used successfully’ to pro
duce miniature military blowers (Aximax,

Three pieces of fan assemble without screws 
or bolts. Bezel with grill clamps onto molded 

venturi block.
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Molded venturi block 
Molded venturi block
leeds no machining

Molding

Cooling Fan

nd assemble the pieces produced by 
iiitomatie processes.

Unusual Product Design Cuts Cost

Molded stator. The entire stator assem
bly comprising motor laminations, stator 
stack, and W'ound stator is com
pletely encapsulated. Development of the 
method to mold this assembly was the 
biggest tooling problem licked by’ the 
manufacturer. The spider arms, or mount
ing bracket, has embedded in it fiber glass 
mds for reinforcement. Molds were de
igned to dispense epoxy on a production 
s, hedule. Conveyors, and convection and

RPM 
3100

ÍWS

led

3000

2900

0 25 50 75 100 CFM

?rformance curves of fan shows high vol- 
3e and relatively high pressure.

infrared ovens are used to process the 
assembly at a fast rate. The epoxy encap- 
sulant is a special mix which maintains 
its dimensional stability and withstands 
severe thermal shock.
Rotoprop assembly. This assembly is 
comprised of rotor laminations, cast pro- 
peller and a hardened-and-ground shaft.

The normal manufacturing method to 
produce this sub-assembly would be to 
stack the rotor laminations and centri
fugally cast the rotor stack and then ma- 
chine the piece for pressing into the pro
pel ler. The propeller would normally be 
purchased as a die casting and machined 
carefully to accept the rotor stack and 
shaft. To save machining cost, the shaft 
was changed to a hardened and ground 
part and a method devised to stack the 
rotor laminations into a mold with the 
hardened shaft in place for casting. The 
rotorprop assembly was then centrifugally 
cast complete in one operation. No addi
tional machining operations were re- 
q uircd.

Extreme accuracy as to concentricity 
between the shaft and the inside diameter 
of the motor can be maintained.
Venturi block. This part was originally 
designed to be an aluminum die casting 
but again to eliminate machining opera
tions the part was changed to a plastic. 
\ dimensionally -stable phenolic that can 
be molded to blueprint tolerances re
quiring no machining or finishing opera
tions was used. The multi-cavity mold 
used to produce the venturi block w as no 
more expensive than the die-casting die 
would have been.

Other Features
The bearings in this fan are unique 

and came about as the result of a care
ful re-evaluation of what the industry has 
been doing in the past ten years. Since 
only minute quantities of lubricant are 
actually needed, provided that the lubri
cant is there when wanted, and that it 
does not chemically’ deteriorate, a design 
using a Teflon seal is used which holds 
a small quantity of oil and seals air out. 
Because the quantity of oil is small com
pared to other motors, the most expen
sive lubricants can be used—the $20 a 
gallon variety for example. This approach 
reverses the trend of other motor design- 
ners to produce oversize oil reservoirs.

For more information on this low noise 
and low cost fan turn to the Reader- 
Service number and circle 101.

New

TRANSISTORIZED DIGITAL 
MAGNETIC TAPE HANDLER 

MODEL 906
* Check these new standards 
of reliability and performance

Potter alio manufacture* a complete line of Perforated Tape Readers, High Speed 
Printer* and Record-Playback Head* 

See us 
Contact your Potter representative or call af the

or write direct for further information mg Show
Booths 1912-14

The mûrit of 
Entiartring Quality

POTTER INSTRUMENT COMPANY, INC 
Sunnyside Boulevard, Plainview, N. Y.

OVerbrook 1-3200

* Completely transistorized for maximum 
reliability

• Trouble free brushless motors
• Over 50,000 passes of tape without 

signal degradation
* Linear servo system
* Life expectancy of pinchroll mechan

ism: over 100,000,000 operations
• Skew ±3 p.sec Yj" tape, center clock 

at 100 i.p.s.
* Vacuum loop buffer
• Continuous flutter free cycling 0 to 

200 cps

* Normal speed up to 100 i.p.s.
* Rewind or search speed constant at 

300 i.p.s.
• Six speed forward or reverse up te 

150 I.p.s.
Better than 3 milliseconds start, 1.5 
millisec stop

* Front panel accessibility
* In lino threading
* End of tape and tape break sensing
* All functions remotely controllable
• Tape widths to 1%"

The 906 is usually supplied with the 
plifier; a unit that features:

Potter 921 transistorized Record-Playback Am-

Manual, relay, or 
electronic function switching

liual read-write operation

Pulse or level outputs

Output gating
1 I.p.s. to 150 i.p.s.

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it

CIRCLE 20 ON READER-SERVICE CARD
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Microwave Test Instruments
Part 7

The microwave engineer should bear in mind 
that a number of manufacturers produce test 
equipment and accessories on a custom basis, 
fulfilling special needs, and that the companies 
in the field are not restricted to those mentioned 
in this series. ■ ■

Miscellaneous
uh •;

n < >;
ten

MICRO WAV E measurements are made with 
a wide array of test equipment. Some are of 

very specialized nature. In this concluding part, 
echo boxes, standard horns along with a number 
of other specialized microwave test instruments 
are covered.

Standard Gain Horns and Echo Boxes

Echo boxes are high-Q resonant cavities which 
give, in a single reading, an indication of the 
overall performance of a radar system. Signal 
generators and power meters are widely used in 
measurements on radar systems where detailed 
knowledge is required, but the echo box is con
venient for a single overall performance measure
ment.

The echo box consists of a high-Q resonant 
cavity which is coupled to the radar by means 
of either a directional coupler or a pickup an
tenna. The cavity stores energy during the trans
mitted pulse, and continues to oscillate after the 
end of the pulse period, with an exponential rate 
of decay. This exponentially decaying signal is 
returned to the radar receiver. It initially satur
ates the receiver, and eventually decays into the 
noise level. The total elapsed time between the 
transmitted pulse and the time the noise level 
is reached is called the “ring time,” and is a 
measure of overall radar performance. Typical 
loaded Q’s of echo boxes are of the order of 
50,000 to 90,000.

Standard horns are used in measurements con
cerned with antenna design and development. 
They may be used as standards for calibrating 
other antennas, as feed horns for reflectors and 
lenses, as pickup horns for sampling power, and 
as receiving and transmitting antennas for point- 
to-point communications. The method by which 
standard-gain horns are used to calibrate other 
antennas is essentially one of substitution. The 

gain standard and the unknown antenna are al
ternately connected to a well-matched receiver 
and the difference in level between them is 
measured—for example, by using a precision 
attenuator. Horns are available in gains of 10 to 
25 db, and the gain at any frequency in a band 
can readily be computed when it is known at a 
given frequency. Standard horns along with echo 
boxes are listed in Table 1 according to manu
facturers.

Receivers and Field Intensity Meters

Receivers have many applications in micro
wave work, including radio noise measurement, 
field intensity measurements, antenna pattern 
measurements, and numerous others. General
purpose laboratory receivers feature wide timing 
range, accurate frequency and signal level cali
bration. Receivers intended for antenna pattern 
measurements are designed for wide frequency 
range, and maximum sensitivity and linearity.

Field intensity meters are receivers designed 
for accurate frequency and power calibration 
and high sensitivity. An internal signal calibrator 
permits accurate voltage and power measure
ments. Calibrated antennas are included so that 
signal level readings can be accurately related to 
field intensity. Receivers and field intensity 
meters are listed in Table 2 according to manu
facturers.

Miscellaneous Instruments

Microwave test bench is an integrated system 
for performing laboratory and production tests. 
It can include such subunits as attenuators, fre
quency meters, detectors, slotted lines, and direc
tional couplers. Such setups can, also be made by 
using standard units and assembling them into a 
complete system by means of mounting stands, 
supports. Microwave test benches along with a 

number of other microwave equipment are listed 
in Table 3.

Traveling-wave tube amplifiers have a number 
of uses in design and testing of microwave sys
tems. They can be used wherever there is a re
quirement for broad-band gain, pre-amplifica- 
tion, high-speed pulse generation, or signal 
amplitude or phase modulation. Microwave am
plifiers making use of traveling-wave tubes pro
vide high gain and moderate power outputs, and 
can modulate the amplitude or shift the phase of 
the input signal. The units are completely self
contained units incorporating all the power sup
plies and controls necessary for their operation.

Radar moving target simulator is another type 
of unit for calibrating radar system performance.
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Table 1. Standard Horns and Echo Boxes

Manufacturar Standard Horns Echo Boi

Airtron, Inc. X, KU, K, V --

Amerac, Inc. — 2.7-2.» KMC

De Mornay-Bonardi S.C, XN, XB.X.KU, K, 
V, Q, », E

--

Diamond Antenna 

& Microwave Corp.
L. S.C, XN. SB, X,KU, 
K,V

—

Douglas Microwave Co. L to Z —

F-R Machine Works, Inc. L,S,C, XN, XB, X, KU, 
K,V, A, M, E

--

Microwuve Associates, 
Inc.

X, KU, K.V, M 34-36 KMC

Nardo Microwave Corp. L, 5, C, XN, XB, X, KU, 
K. V, A,M, E

5.35-5.45 KMC
9.20-9.45 KMC

Polarad Electronics 
Corp.

4.19-7.74 KMC,
7.36-10 0 KMC

—

Polytechnic Research 
and Development 
Co., Inc.

— 15.8-16.2 KMC

Radar Design Corp. S, C, XN, XB, X, KU, K —

Sparry Gyroscope Co. 8.5-9.6 KMC —

Woveline, Inc. S, C, XN, XB,X,KU, 
K, V

use
smi 
me; 
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ir iR
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sed with

conv enient

external synchroscope, and themeans

Table 2. Receivers and Field Intensity Meters

Manufocturar
Approx, $3000AN/APR-4

CIRCLE 480 ON READER-SERVICE CARD

■85 dbm (ot 400 MC) to 
55 dbm (at 467 KMC)

Typ« «4 
Instrument

Polarad 
Electronic * 
Corp.

Engineering 
Associate»

100-46,700 MC 
jsing 8 plug
in tuning units

B isic unit and 
power supply 
$1500 
Tuning units 
$2500-$4410 
each

38-4,000 MC 
in 5 tuning 
units

LECTRONIC DESIGN • March 18, 1959
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tional coupler, or it may 
kup horn antenna.
Xntenna-pattern transmitter

hereas the echo box may be used for checking 
msmitter and receiver performance, the mov- 
4 target simulator tests the radar range track- 
g circuits. It provides a microwave return 
,nal with the same pulse characteristics as the 
usmitted radar signal, which may be adjusted 
that it has a continuously varying range and 
n used to check the radar range tracking cir- 

its. It also provides a series of accurate fixed 
ige echo pulses that may be used to calibrate 
' radar range markers. The simulator may be 
unected to the radar set directly through a di-

\ band source, particularly designed for antenna 
ii asurements. It consists of an antenna assem- 
1 v, a modulator, and a remote control unit. A 
ii »tor-tuned magnetron is mounted on the an
ti nna assembly. The unit has variable antenna 
l> larization through 360 deg, two azimuth posi
tions 10 deg apart for dual-range use, and man- 
iially adjustable elevation.

Peak power test set provides direct reading of 
pi ik power by comparison between the un
known signal and a known reference on a syn
ch roscope. The test set consists of a signal gener
ator and a crystal video receiver, and can also be 
used as either one. In making power measure
ments using this unit, the comparison is made by

power read-out of the reference source is made 
In means of an external wattmeter bridge. The 
signal generator pulses are first matched with 
I he height of the unknown pulse, then the test 
s» t is switched to cw operation and the power 
measured with the power bridge.

Microwave stability tester measures drift and 
Io quency modulation of a microwave signal. It 
uses a digital type of discriminator, so that very 
small frequency variations can be quantized and 
measured as a de voltage. Any frequency change 
c i uses a change in the number of pulses quant- 
i/ed and a change in the voltage level of the 
। tegrator, whose amplified output is calibrated

in cycles per second on a frequency deviation 
meter. The amplified output of the quantizer, 
after filterning and demodulation, also drives a 
drift meter calibrated in kilocycles per minute.

Microwave Q-meter is useful in measuring the 
Q of echo boxes and other forms of cavity re
sonators. Its operation is based on an accurrate 
comparison of the rate of decay of oscillations 
in the cavity under test with a rate of discharge 
of precision capacitors into a highly stable known 
resistor. It therefore does not require highly 
stable oscillators, accurate tuning of the cavity, 
nor precise setting of the ouptput signal to a 
particular level.

In addition to the measurement of Q, this unit 
can also be used for a number of other types 
of measurements, such as measurements of con
ductivity of metals and dielectric losses of mate
rials at high frequencies.

Precision attenuator calibrator may be re
garded as a reference standard for signal levels, 
and is used for the accurate calibration of signal 
generators. Signals through the attenuator under 
test and through a precision reference piston 
attenuator in the instrument are each modulated 
by alternate halves of a square wave generator. 
By adjusting the standard piston, equality of the 
signals is obtained. The difference is displayed 
on a cathode ray tube and also operates a phase 
sensitive rectifier which shows this difference on 
a meter.

Noise figure indicator, when used with an 
auxiliary noise generator, continuously and di
rectly indicates the noise figure of a receiver 
under test. A square wave modulates the noise 
generator, causing it to go on and off alternately 
for equal periods. The bursts of noise from the 
generator are fed into the receiver under test, 
and the i-f output of the receiver is taken to the 
noise figure indicator. The signal is detected, and 
amplified by a video amplifier. From the relative 
signal levels during the on and off periods of the 
square wave, the unit computes the noise level 
of the receiver under test. ■ ■

(Tables continued on following pages.)

Accuracy of frequency calibration 
±1%; l-F bandwidth» 0.6 ond 4.0 MC, 
panoramic, video and audio output», 
automatic motor-operated »ector »weep 
tuning at variable »peed on all tuning 
unit»; originally radar »earch receiver 
being sold for u*e a* general purpose 
laboratory receiver.

Accuracy of frequency calibration 
± 1%; l-F bandwidth 3 MC, video band
width 2 MC; linear dynamic ringe 60 
db with AGC; receive' AM, FM, CW, 
MCW, pulsed signals; 60 db image 
reiect.on 400-11,260 bandpass and 
high-pass filter used in higher- 
frequency tuning units.

CIRCUITRY

boards per

circuit con

METHODE

THODE

31 different 
figurations.

4 Close mechanical toler 
ances.

5 Duo-metal electroplat 
ing, gold and solder.

0 Running changes.

has the same solutions for YOU . . . 
for further information address: 

__  MILITARY CONTRACTS 
COORDINATOR

too many 
means.
39 printed

7447 W. Wilson Av«., Chicago 31,111

Problème:
1 82 Kits of Parts, too few 
' for production tooling,

Solutions:
1 A separate precision cir
' cuit organization.

2 Close customer liaison.

_ Personnel and know-how3 geared to military qual
ity requirements.

«Outstanding plant ond 
equipment.

5 Large tooling and pro
duction resources.

6 High production momen
tum.

Custom Printed

MISSILE

A problem in management organization, 
engineering coordination, and produc 

tion skill................



UNJAMMABLE MAGNETIC HEAD!

Instrument

Field 

intensity 
meters

Table 2. Receivers and Field Intensity Meters (continued)

Monufacturer Model No. 1
Frequency 

Range Sensitivity Price
Accessory
Equipment General Comments

Scientific* 
Atlanta, 
Inc.

402

402A

402B

402C

2-75 KMC

30 MC-75 KMC

■90 dbm (at 30 MC) to 
• 70 dbm (at 65 KMC)

«7500

$8000

$8500

$9000

Designed primarily as wide-range re 
ceiver for antenna pattern measu-e 
meats where maximum sensitivity one 
linearity are required; linear 40 i. 
dynamic range (may be extended 
use of P-F attenuator); models 402* 
and 402C have AGC, others do n • 
crystal video detector output <; 
oscilloscope, bolometer detector 
recorder operation, no direct-readi , 
frequency calibration, tuning chart ' 
approximate settings; no R-F p>e. 
selection or image rejection.

Empire 
Device» 
Products 
Carp.

NF-112 1.0-10.0 KMC 
using 4 plug

in tuning units

— * $14,500 
complete with 
all accessories

Standard 
gain horn 

antennas, 
tripods, etc.

Equipped with impulse noise genero’c 
for calibrating CW and broodban: 
measurements; includes double tu e 
cavities preceding the first mi>*r 
maximum peak amplitude 79 db ab 
I microvolt per MC.

Polarad 
Electronics 
Corp.

FIM 1.0-10.0 KMC 

using 4 tuning 
units

— $20,488.50 
complete with 
cl 1 accessories

Calibrated 

□ntennas, 
antenna

Frequency calibration accuracy t?* 
image rejection 60 db, input R-F volt 
age range 20 microvolts to 3 volts

reflector, 
tripod

60 db R-F attenuot.on, 20 db I F 
attenuation; includes CW calibrate 
signal 0.2 volts to 5 microvolts Rf.

Table 3. Miscellaneous Instruments
Type of 

Instrument

Microwave

Manufacturer Model No,
Frequency 

Range
Special 

Features General Comments

Ferranti
Electric, Inc.

Integrated 

microwave 
test bench

9.0-10.0 KMC Includes:

stran input
2. Wavemeter
3. Attenuator
4. Crystal

power mon Iter
5 Slotted line

Single unit formed from two halve 
of a light alloy block, attenuate 
range 30 db, accuracy "0.1 di 
wavemeter in absorption type ». ■ 
micrometer tuning; slotted line ho 
engraved centimeter scale.

Moví 
hmu

Certain mechanical tolerances on Westrex magnetic 
heads can most precisely be expressed in Angstrom 
units. One such magnetic head, designed and built for 
the Jet Propulsion Laboratory, is part of the guidance 
system for the Sergeant missile. Actually, it is seven 
separate magnetic heads in one package the size of a 
pack of cigarettes. It records, reproduces, or erases three 
channels of information under the severe environmental 
conditions of a missile in flight. Its function in storing 
complicated information on tape, and transmitting the 
information to a self-contained, unjammable guidance 
system, might be applicable to your work. You may be 
particularly interested in its ability to reject prerecorded 
data which has become useless and to make available to 
the system fresh data —without the necessity of disas
sembly of the system. A brochure outlining our capa
bilities with magnetic heads, film pulling mechanisms, 
and synchronous multi-channel recording will be sent 
to you on your request. Westrex Corporation, 6601 
Romaine Street, Los Angeles 38, California.

We str ex Corporation
A DIVISION OF LITTON INDUSTRIES
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Microwave 
Associates, 
Inc.

MA-1019

MA.10)8 
MA-1018

26.5-40 0 
KMC

50 0-75 0 
KMC

Includes*
1. Attenuator
2. Wavemeter
3. Standing 

wave 
detector

4* MA-1019 
has direc
tional CO"*- 
pier

$1390

$1725

Pocked system consisting c 
standard microwave units menu, 
factored by company; complett 
specifications for each of thete 
units are available separately.

I Ante
I Tron

Proi

Traveling-wove
Tube Amplifiers

Alfred 
Electronics

c05, 501
503; 504

1-2 KMC,
2 4 KMC,
4-8 KMC;
8-12 4 KMC

30 db gain, 
10 MW output 
power, 24 dt 
noise figure

-- $1390 to $1550 
each

Consists of general purpose, me 
dium power, high power and Io. 
noise groups as indicated, spurion 
modulation 35 db-40 db below sif 
nal; include provision for module 

tion.

5-6752; 512 
502; 5-6868 
506, 510;
509, 5-6996

; 1-2 KMC to
; 8-12.4 KMC

20 db-30 db 
gain; 100 
MW-10W out 

put power 
25 db-40 db 

noise figure

— $1390 to $3390 
each

Mien
1 Stab ।

5-6826 2-4 KMC 30 db gain, 
1 KW peak 

output power

— $4850

Hewlett-Packart 
Co.

51 1A;515A
523

490B

491A

1 2-4 KMC to 
8-12.4 KMC

2-4 KMC

25 db gam;
1 MW-5MW

Output power, 
11 db-15 db 

noise figure

30 db gam, 
10 MW out
put power

30 db gam, 
1 W output 
power

—

$1990 to $3290 
each

$1100

$1100

Noise figures 25 db to 30 db, mxl- ■ 
ulation provisions on all except 1 

491 A, hum and spurious modu’a- ■ 
tion at least 30 db below sig>ol 1 

level; prices include travel ng- 1 
wave tube. 1

Miert 
Q-Me

492A

494A

4-8 KMC

7-12.4 KMC

30 db gain;
10 MW output 
power

25 db gain;
5 MW output 
power

$1500

$1500

Prec 
Attei 
Celil

Menlo Pork 
Engineering

TA-1 to 
TA-44 (26 
différent 
units)

L,S, C, X, 
KU bands

25 db-30 db 
gain; 1 dbm 
to 30 dbm 

output power, 
10 db-30 db 

noise figure

- — $1450 te $3250 
each

Complete series of units to < *• ■ 
the frequency and power ra> ■ 
listed; provision for modulo) J" ■

Avtoi 
Neisi 
Indic
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Table 3. Miscellaneous Instruments (continued)
Type of t 

| Instrument Manufacturer Model No.
Frequency 

Range
Special 

Features Accuracy Price General Comments

•range if 
measu* 

tivity a ■ 
or 40 It 
ended 
fels 40.i 
s do n. 1 
utput l> 
tector 
:t read
chart l> 

R-F p.r

genera-c- 
wood ben: 
ble tunee 
it miner 
db ob

| Ki crowe ve 
1 Leveler

Alfred 
Electronics

Roget White, 
Inc.

702 tc 708
16 units)

TWA-P1W

TWA-LI*

Twa-LIM

Twa-SIW

1-2 KMC to 
12.4-18KMC

0.8-) .2 KMC

1 0-2 0 KMC

2.0-4 0 KMC

100 MW max 
power (mod 
708 has 1 W 
max), RF con
trol range i2 
to -30 db 
relative to 
mox level

1 MW output 
power

1 W output 
power

1 MW output 
power

I W output 
power

±1 db S 750 to S 950 
each

Maintains constant output from 
microwave signal sources; 0 db 
indication may be set at 1 MW to 
100 MW level; less than 1.5 db 
insertion less; DC to 100 KC fre
quency response; CW or square
wave internal modulation.

Noise figures 25 db for W series 
(1 watt), 20db for M series (1 MW); 
minimum gain 25 db (except TWA- 
SIM has 30 db gain); includes pro
vision for modulating output of the 

traveling-wave tube.

ocy t?» 
R-F volt
3 voi’j 

) db 1 f 
□ 11 bra 11c- 
>lts RmS

TWA-SIM

TWA-C1W

TWA-C1M

4 0 6 0 KMC

1 MW output 
power

0 8 W output 
power

1 MW output 
power

Is

wo hal >ei 
ittenuo'-, 
±0.1 dt 

type wii 
i tine hq 
1«.

Moving Target
Simulator

Aircraft
Armaments, Inc.

668 X or KU 
bands 
interchange

able R-F 
heads!

Power output 
■25 dbm, 
maintained 
constant by 

automatic 
gain control; 
mqnvolly od* 
lustable over 
a 70 db range

Variable delay 
accuracy ±10 
ft, range 
marker accuracy 
±5 yards

Designed to test radar range track
ing circuits and perform other tests 
on X and KU band radars; provide* 
microwave return signal with the 
same characteristics as the trans
mitted signal, provides fixed or 
varying range echo pulses, AFC 
maintains output frequency within 
' 200 KC of input frequency.

»ting c' 
ts monu- 
comple't 
of their 
ately

lose — 
and Ic-

, Spur " 
elow Si; 
r moOji:

I Antenna Pattern 
Transmitter

Peak Power 
Test Set

Californio 
Technical 
Industries

Cubic Corp.

119

100X

8.5-96 Kb'C

As peak 
power meter 
and signal 
generator 
8.5-9 6KMC 

As crystal 
video re-

10MC-12 
KMC

Peak power 
output 20 K A

Peak power 
range 0.01 to
3 MW Power 
output as 
signal gen
erator: 0.01 
to 3 MW 
Sensitivity 
as crystal 
v deo receiver 
1 6 volts per 
MW

As peak power 
meter: : 0.2 db

$7950 (excluding 
antenna), 
Antenna
$4400

$1150

Consists of ontenna assembly, 
modulator, and remote control 
unit; motor-tuned magnetron is lo
cated on the antenna assembly; 
variable antenna polarization; 
pulse width 1 microsecond, pulse 

rate 1000 pps.

Can be used as peak power test 
set, signal generator, or crystal 
videoreceiver; generators CW sig
nals having same peak amplitude 
OS the unknown, and comparison 
is made with an external synchro
scope and wattmeter bridge.

lb. m d- 
exc-p'

modi a- 
i *ia 'a 
tveb j-

Microwave 
Stability Tester

*

Microwave 
Q-Meter

Laboratory For 
Electronics, Inc.

Woyne Kerr 
Loh*.

5004 1120-3000 
MC, 
5200-6100 
MC;
7000-10,000 
MC;
9600-10,500 
MC 
(four R-F 
heads)

S band;
X bond

Minimum 
measurable 
F-M peak de
viation: 2 cps 
for S band to 
10 cps for X 
band 
Max measure- 
able FM de
viation: 1000 
cps (using 
internal 
meter); 5000 
cps (using ex
ternal 
oscilloscope)

Q range. 
10,000-60,000 
for S band; 
30,000-150.000 
for X band

2 cps at S band
10 cps at X band

±1%

Basic unit 
$6500 
R-F hoods 

$3030 to 
$3500 each

Indicators peak F-M deviation on 
one meter, drift on another; also 
measures at 30 MC, and 30-230 
KC; outputs may be viewed on an 
oscilloscope or spectrum analyzer;
K-band head (23.0-25.0 KMC) 
available on special order.

Compares rate of decay of free 1 

oscillations in cavity under test 
with rate ofdischorge of precision 
RC circuit; frequency accuracy 
±0.05^; maximum range of trans
mission Igss of cavities with which 
instrument will operate is 26 db.

1» C ’f I
ro' 1

ula’ x I

Precision 

Attenuator 
Calibrator

Automatic 
Noise-Figure 
Indicator

Wayne Kerr 
Lob*.

Airborne 
Instruments 
Laboratory, Inc.

72

2.7-3.8 KMC Range of 
measurement 
10‘4 to 10’12 

watts

Measurable 
range of 
noise figure 
0 to 20 db

0.015 db to
0.02 db

±0.5 db $1490

Intended as reference standard for 
measurement of levels in the power 
and frequency range indicated; 
may bo used to 10’watts for 
leakage measurements, wavemeter 
accuracy ±0.1®e.

Used with type 70 Noise Generator; 
minimum acceptable noise input 
(source off) 50 microvolts into 50 
ohms; I-F input 30 MC or 60 MC 
(specify which); I-F amplifier 
bondwidth 1.0 MC.

9
mm Hg

PRESENTS 
a Standard Production Unit for Operations 
in ULTRA-HIGH VACUUM

For the first time—a completely 
practical production unit that 
enables the researcher to oper
ate in the ultra-high vacuum

range. Pressures to 1 x 10 9 mm 
Hg attained and maintained 
with thoroughly realistic time 
cycles.

AND - •

ture today.

FLOATING ZONE REFINER 
AND CRYSTAL PULLER

This new, improved equipment makes 
it possible to attain purities in Silicon 
Crystals far higher than the most ex
acting present standards. Now, you 
can eradicate impurities to 1 in 140 
BILLION! Write for descriptive litera-

IH HIGH V A çmoVI
iI —- - -

KINNEY g
THE NEW YORK AIR BRAKE COMPANY
3561 -C WASHINGTON STREET • BOSTON 30 • MASs/xJ/
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YOUR LOGIC CIRCUIT
PROBLEMS WITH
EPSCO’S NEW

ACTUAL SIZE

Solid
State Operates in the Microsecond

Relayvery low cost. Epsco TDC

provide
flexible, compatible operation

if course, tomd contamination

shelf and operatili

on

ici

on

CIRCLE 23 ON READER-SERVICE CARD
ELECTRONIC DESIGN

you engineering time 
space requirements. .

from 10 mils to 10 amp in the spst c 
10 mils to 0.5 amp in the dpst categor

circuit and 
cuits withii 
ing, chatter

plis 
i in 
cun
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rooi 
11 E
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rent 
.tc I

s save
, slash
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Fig. 1. Block diagram of solid state relay. Rectifier and filter changes ac square 
oscillator drive circuit to smooth de for transistor switch operation. Adjustment of 
erence controls pull-in and drop-out voltage.

ch ac or ck 
ategory, and 
y. Operatili, 
at 18 v anil

tion is required; and 
life are at a premium 

Production units ai

waves from the 
zener diode ref-

drops out at 11 v or less, 14 ma and 6 ma, respn 
tivcly. Transfer time is better than 50 psec.

The block diagram of Fig. 1 demonstrates tie 
operation of the new relay. A zener referenc< 
element is used to set the pull-in and drop-oi

WITH no moving parts, this solid state relay 
closes in five usee, drops out in 30. The coil 

circuit is completed isolated from the switching

tally eliminated.
Life expectancy ol the relay , it properly applied 

is hoped by Pendar, Inc., 14744 Arminta St., Van 
Nuys, Calif., to be indefinite—meaning millions of 
cycles and unlimited shelf life. It should find ap
plication in sweep tube switching, gating; who 
ever fast switching and resistance to high vibra

can switch several independent cir 
the same unit. Contact bounce, arc

Available now ... a complete 
line of fully encapsulated high- 
loading TRANSISTOR DIGITAL 
CIRCUITS .. . plug-in components 
to give you true reliability at

COMPONENTS
Typical Epsco TDC system application mb

SPECIFICATIONS
up to 400 KC

Coming complete Ì me. logic circuit family
and were adding others all the time

FILTERZENER REF

EI28 Cummingtoi
Boston 15, Mass.

0.7 psec max 
1.5 psec max

TRANSISTOR OSCILLATOR RECIFITER BRIDGE TRANS SWITCH

Frequency Ranges...,
Switching Times

Diode Logic.............
Transistor Logic....

Signal Voltage Levels

• Save Time and Space
• Cut Costs
• Permanent Encapsulation
• Vibration-Moisture Resistant
• Field Proven Circuits
• Low Power Requirements
• High Loading
• Completely Compatible
• In-Line or Tube Socket 

Mounting
• Easy-Access Test Points

WRITE FOR FREE BROCHURE — a 
complete illustrated color brochure 
plus complete set of engineering 
inquiry data sheets with detailed 
performance characteristics, Epsco, 
Inc., Components Division, Dept.

: t 18 volts, Et 6 volts
Temperature Range

— 55°C to + 75°C

PART Nav€ %
PART no 
SER Au NO

Flip-Flops and Counters
Diode AND Gates
Diode OR Gates
Nor Gates — An Epsco Exclusive
Parallel Gates
Cascade Gates
Inverter Amplifiers
Non-Inverting Amplifiers
Emitter Followers
Power Drivers
Delay Multivibrators
Pulse Shapers
Level Converters
Neon Indicators
Incandescent Indicators
Blocking Oscillators
Level Shapers
6, 12, 18 volt Power Supplies 
Clock Multivibrators (0-200 KC)



Rangend

au

BULOVA

Visit our Booth Nos. 1502 and 1504 I.R.E. Show N.Y.C.

Bulova Crystal Controlled Variable Frequency Oscillators are the 
advance in electronics most engineers have been seeking

Ci

u

The ranges available extend from lOkc to 20mc. Variation at lOkc is 
up to 6cps, at 20mc up to 12kc. Resolution on these shifts is infinite, 
it's dependent on stability and resolution of modulating voltage, 
only. Drift, after stabilization, can be kept to less than 1 pp 10*.

These unique crystal controlled variable frequency oscillators are 
only one of many recent advances made by Bulova Electronics. 
For information on these units, or on how Bulova experience 
in mastering component and system reliability can help your 
program, write Department A-1231, today.

‘ olid state relay has coil circuit isolated from tran
sfer switch, can handle from 10 ma to 10 amperes, 
>st, 10 ma to 0.5 amperes, dpst. Transfer speed is less 

t an 50 psec.

Why?. . . Because Bulova VCF packages combine small size and high 
repeatability with automatic frequency control or with a variation 
of nominal frequency by application of external voltage.

Ia\ 
oil 
ng 
;ir- 
rc-

ip- 
?r-

id 
a g 
i.

Bulova WATCH COMPANY

\<iltagc, w ink1 an inductively coupled multivibrator 
feeds a square wave ac voltage to the isolation 
transformer. This set-up provides a choice of 
pick-up and drop-out voltages not easily accom- 
plished by electromechanical relays—the spread 
tan be extended over 7 v by adjusting the driver 
current to remove the possibility of a transient 
switching the relay.

A rectifier converts the transformed voltage back 
Io de and a filter clement removes ac components; 
smooth de is delivered to the transistor switch. At 
room temperature noise level on the contacts at 
22.5 v, 10 ma, is only 80 mv peak to peak.

The switch consists of one or more transistors 
i diodes with rating and circuit arrangement 

compatible with the desired contact voltage, cur
rent, switching speed and whether it is to be used 
ic or de. Voltage drop at the contacts is 19 mv 

at 22.5 v, 10 ma.
There is some contact leakage when the “con

tacts” are open: with 30 v and 10 mils on the con- 
icts there is 11 pa leakage (25 C). For .30 v de 

\ ith 1 a on the contacts there is 25 ma leakage.
The relay will handle its rated load at 0.5 v 

hove the drop-out voltage and will continue to 
airy this rated load up to 30 v. At the 24 v nor- 
lal level it has an overload factor of four on cur- 
ent and a factor of two on voltage. Entirely 
‘otted, temperature range is from —55 C to 125 C.

Six basic units are available: switching 10-100 
ia spst NO; 10-11 ma dpst NO; 1(X) ma-0.5 amp 
pst NO; 100 ma-0.5 amp dpst NO; 1-5 amp spst 
O; 5-10 amp spst NO.
For further information on this solid state relay, 

urn to the Readers Service Card and circle 102.

CRYSTAL CONTROLLED VARIABLE FREQUENCY OSCILLATORS

ELECTRONICS DIVISION • WOODSIDE 7 7. NEW YORK
CIRCLE 24 ON READER-SERVICE CARD
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New Bendix

BACKWARD- WAVE
OSCILLATOR TUBE

for extremely high frequencies

Werner Luft
Product Analyst Engineer 

International Rectifier Corp. 
El Segundo, Calif.

An exclusive Bendix Red Bank product, the Type 
1 E-67 Backward-Wave Oscillator lube generates 
microwave energy at extremely high frequencies 
never before available.

This new tube provides a wide range of usable 
frequencies for applications in: advanced types oi 
multichannel telephone and television systems, high 
definition short-range radar, highly directive com
munications, microwave spectroscopy and other fields 
where low power, voltage-tuned millimeter wave
length radio frequency energy is required. As the 
backward-wave tube is voltage tuned, frequency is 
automatically changed by varying the voltage input. 
No mechanical tuning adjustment is required.

For more detailed information on the tubes de
scribed here, write to: red bank division, bendix 
AVIATION CORPORATION, EATONTOWN, NEW JERSEY.

ELECTRICAL DATA
Frequency Range
Anode Voltage...............
Power Output ...............
Beam Current 
Magnetic Field
Heater Voltage..............
MECHANICAL DATA

.............49kmc—59kmc
......... 1000-3000 volts
................ 5mw average 
................................. 5ma
1300 gauss (minimum)
.........................6.3±10%

0.625'

Fig. 1. Three-dimensional surface illustrating terr 
perature distribution in square fin of constant thick 
ness, with highest temperature near center. (Equation 
of curve is complex—shape shown is qualitative

Any
5 oz.*

AVIATION CORPORATION

Output Flange Special adapter to RG-98/U
Maximum Diameter 
Length.....................  
Mounting Position 
Weight......................  
’Without magnet (tube only). Magnets are available. 
Additional tubes are under development to extend 
the frequency range to 75 kmc.

West Coast Sales & Service: 117 E. Providencia Ave., 
Burbank, Calif. • Export Sales & Service: Bendix Inter
national Division, 205 E. 42nd St., New York 17, N. Y 
Canadian Distributor: Computing Devices of Canada, 

Ltd., P.O. Box 508, Ottawa 4, Ontario

Division

KEEP JUNCTION TEMPERATURES DOWN-

Mount Diodes on Fins

•nt 
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• th 
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1er
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s h< 
\ iro 
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Diodes can be effectively cooled when mounted 
on fins—if the fins are efficient. Here, Werner Luft 
outlines steps to be taken to achieve good perform
ance, and provides the design engineer with a graph 
to enable him to determine the efficiency of a fin. 
As a result, diode current capacity is increased.

TO KEEP THE junction temperature of a sili
con or germanium diode below its upper 

limit, the diode often is mounted on fins and 
cooled bv free or forced convection of air or

Factors influencing the cooling efficiency of a 
fin are \aried. Fin efficiency is defined as the 
ratio of the heat actually dissipated by a fin to 
that which would be dissipated by an identical 
fin ol infinitely conductive material. In practice, 
it is the ratio of the average fin temperature to 
I lie fin temperature at the hottest point.

As the maximum temperature of a fin is gen- 
erally known, the total heat dissipation from the
fin can be calculated if the fin efficiency is ob-

C 
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Temperature Distribution

Heat dissipated from a fin is approximately 
proportional to the temperature difference be
tween the average fin temperature and the tern 
perature of the environment. Fig. 1 qualitative! 
illustrates the temperature distribution in 
square fin of constant thickness. The temperatui 
is shown along the ordinate and the fin is ex 
tended in a plane perpendicular to the ordinal

In the center of the fin, where the diode i 
placed, there is a temperature rise above the 
environment of Tn degrees. At the edges of th 
fin, the temperature difference above the ambieu 
has dropped to T'L degrees. The average tempera 
ture difference will be somewhere between thes 
two points.

Magnitude of the temperature drop from th

CIRCLE 25 ON READER-SERVICE CARD
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liter or base of the fin to the edges, per unit of 
\at dissipated by the fin, depends on

» the material of the fin, i.e. the thermal conduc- 
vity of the fin material—a material of higher 
lermal conductivity will decrease the tempera- 
irc difference;

• thickness of the fin—a thicker fin will decrease 
ic temperature drop;

• size of the fin—a larger fin will increase the tem- 
erature drop; and

» heat transfer coefficient between the fin and en- 
ironment—better cooling methods will increase 
ie temperature difference.
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Keep Drop Small

Good design requires a fin with high efficiency 
a fin where the temperature drop from center 

Io edge is small. To have the same efficiency as 
small fin, a large fin either must be thicker, 

made of a material with higher thermal conduc
tivity, or both.

Two fins of the same size therefore must be of 
afferent thicknesses to have the same efficiency, 

il one has better cooling—a higher heat transfer 
□efficient—than the other. \ fin cooled by forced 
□nvection of air. for instance, must be thicker 

than a fin of the same size and material cooled by 
tree convection, if the same efficiency is expected.

To avoid confusion, it must be remembered 
that the fin efficiency does not give an actual 
measurement of the dissipated heat for different 
sizes of fin or for different cooling methods. A 
' irger fin will dissipate more heat than a smaller

TESTED AT 125°C 
UNDER FULL LOAD 
FOR 1,000 HOURS— 
LESS THAN 1% CHANGE

New ELECTRA Series 125 Precision Resistor

Here is a brand new carbon film resistor that 
represents a greater-than-ever achievement 
in combining precision, stability and small 
physical size. Here is the kind of superior 
performance that formerly was available only 
in much larger, more costly components. It 

is a resistor that opens up a whole host of 
new possibilities in your design and engi
neering work. Unfortunately, space does not 
permit us to tell the whole story here. But 
your request will bring complete details by 
return mail . . . including prices.

m-

in
80sP 

0s

Fe '/8"TK

I ' 2
DISTANCE FROM FIN CENTER-IN.

Al 1^6" TK

EXCLUSIVE NEW COATING IS THE KEY — Developed only after 
iong study and experimentation, it is Electra’s exclusive new Type 
R-5 coating that is primarily responsible for the superior per
formance of the new Series 125 Resistor. It is a coating that 
offers a new high in protection against heat, moisture, rough 
handling and other enemies of reliability.

CHECK THESE OUTSTANDING TEST RESULTS*
TOTAL IMMERSION IN SOLDER

TEMPERATURE CYCLE MOISTURE LOAD-LIFE 125° C AT 550« F. FOR 5 SECONDS

Initial Final % Change Before After % Change Initial After % Change Initial Final % Change
235.6 235.8 .08 235.5 236.0 .21 233.5 233.9 .27 140.5 140.6 .07
236.6 236.7 .04 237.4 237.5 .04 233.1 233.5 .27 139.5 139.5 0
236.1 236.2 .04 235.3 235 6 .13 233.0 233.4 .27 140.0 140.0 0
235.7 235.8 .04 236.2 236.6 .17 233.7 233.9 .18 139.3 139.4 .07
235.4 235.5 .04 235.9 236.2 .13 234.8 235.1 .23 140.3 140.3 0
235.2 235.4 .08 236.9 237.4 .21 233.5 233.6 .14 139.9 1399 0
237.7 237.8 .04 235.6 236 0 .17 233.9 234.1 .18 139.6 139.6 0
236.3 236.4 .04 235 4 235.6 .08 233.1 233.5 .27 139.4 139.4 0
236.5 236 6 .04 236.5 237.1 .25 232.8 233 0 .18 139.7 139.7 0
237.0 237.2 .08 236 1 236 6 .21 233.8 234 0 .18 139.6 139.6 0

$ Typical Data CFVz When Tested to Mil R10509B

Electra 
Part No.

Mil 
Style Wattage

Mil 
Resistance 

Range

Manufactured 
Resistance 

Range

Maiimum 
Rated 

Voltage

CFl/8 RN606 10 ohms 
1 meg

10 ohms
1 meg

250

CFV« RN65B U 10 ohms
2 meg

10 ohms 
2 meg

300

ervs RN70B 10 ohms
2.5 meg

10 ohms 
5 meg

350

WRITE TODAY FOR COMPLETE LITERATURE

r Fig. 2. Temperature distribution in 5 x 5 in. fins of 
k fferent materials and thicknesses. Heat transfer co-
>» Tidenh 0.016 w per sq. in. per deg C. Quarter-inch
J opper is most efficient fin shown here.

MANUFACTURING COMPANY
4051 Broadway Kansas City, Missouri
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Fig. 5. Cross-section of 
silicon diode mounted 
on fin (symbols as used 
in text).

Table 1 Approximate Thermal Conductivity for 
Some Materials in W/in. °C

This, therefore, is a very efficient fin.
The corresponding temperature drop for the 

1 S in. thick aluminum fin is a less efficient 17 per 
cent; and for the 1/8 in. thick steel fin. an in- 
efficient 42 per cent.
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of the fin—where the heat source is mounted—to

DISTANCE FROM FIN CENTER-INCHES

one of the same thickness and material, with the 
same cooling method. A fin cooled by forced 
convection will dissipate more heat than the same 
fin cooled by free convection.

Fin efficiency gives only the ratio of the heat 
a fin actually dissipates to that which the same 
fin under identical conditions would dissipate if

io

3

\ 5
oc

100

Fig. 4. Efficiency graph for annular 
fins of constant thickness.

2 3 4 5 10 20 30 40 50

rL/ro

Method h

Free convection of air 
with impeded radiation 0.004

Free convection of air 
and radiation 0.008

Forced convection of air 
1000 LFM 0.023

Free convection of 
transformer oil 0.08

Average values of those encountered for rectifier 
cooling. The heat transfer coefficient varies greatly 
with temperature, temperature difference from fin to 
environment, fin size, altitude, etc. The given values 
will therefore only indicate the magnitude of expected 
heat transfer.

Fig. 3. Temperature distribu
tion in 1 /8 in. thick aluminum 
fins of different areas, cooled 
by free convection and radia-

there were no temperature drop from the center

the edges of the fin.

Influence of Material, Dimensions

Influence of fin material and fin thickness on 
the temperature drop within the fin is shown in 
Fig. 2. All curves in the figure refer to fins 5 x 5 
in., cooled by forced air of such velocity' that a 
heat transfer coefficient of 0.016 w per sq in. per 
deg C is obtained. The heat comes from a silicon 
diode International Rectifier type 45L30, mounted 
in the center of these fins.

On the ordinate is plotted the ratio of the tem
perature difference above the ambient at each 
point of the fin to the corresponding temperature 
difference at the center. The abscissa gives the 
distance from fin center.

Temperature distribution within the fin from 
center to edge thus is pictured. The temperature 
drop from center to edge for the L 4 in. thick 
copper fin is only five per cent of the temperature 
difference between fin center and environment.

Material k

Copper 9.6

Aluminum 5.2

Brass (70% Cu, 30% Zn) 2.6

Steel, sheet carbon 1.1

Steel, stainless 0.4

Table 2 Approximate Heat Transfer Coefficient* 
on Vertical Fins for Different Cooling Methods 

in W/sq. in. °C
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Comparing Three Fins

Influence of fin size is illustrated in Fig. 3. The 
curves refer to 1/8 in. thick square aluminum fins 
cooled by free convection of air and radiation, 
giving an approximate heat transfer coefficient of 
0.008 w per sq in. per deg C. Mounted in the 
centers of the fins are the same silicon diodes 
shown in Fig. 2.

Inspecting the temperature distribution for the 
three fin sizes—5 x 5 in., 8x8 in., and 12 x 12 in.— 
we see that the temperature drop from center to 
edge for the 5 x 5 in. fin is 10 per cent of the 
temperature difference between center and en
vironment. For the 8x8 in. fin, the corresponding 
drop is 26 per cent, and for the 12 x 12 in. fin, 
52 per cent. Thus, while the 1/8 in. fin thickness 
gives an efficient 5 x 5 in. fin under the stated 
conditions, this thickness results in a low effi
ciency for a 12 x 12 in. fin.

Efficiency Graph

The graph (Fig. 4) is calculated for circular 
fins of uniform thickness with the heat source— 
the diode—placed at the center of the fin. For 
practical engineering purposes, it can be used 
equally well for square fins. For rectangular fins 
the graph is not especially valid. It will, however, 
give at least an estimate of the relative fin effi
ciency of families of rectangular fins having the 
same dimensional ratio of long side to short side. 
Rectangular fins with the long side not more than 
twice the short side can be treated, for practical
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nirposes, as square fins of equivalent area. But 
ctual efficiency will be somewhat lower than the 
;raph indicates.

In the graph,
Tl designates distance in inches from the center 

o the edge for circular fins, and the shortest dis- 
mce from center to edge for square fins. For 
ectangular fins, rL is equal to half the geometric 
nean of one long and one short side.

r0 designates the distance in inches from the 
eometric center of the heat source to the point 
vhere the heat enters the fin. For diodes with 
ipered threads, r0 is equal to half the pitch di
meter of the thread. For diodes like the one 
hown in Fig. 5, r0 is (ri — r2)/2 (dimensions are 
iesignated in the Figure'.

• R = \ ks/2h,
where k is the thermal conductivity of the mate- 
nal in w per in. per deg C; S' is fin thickness in

UPCC M

Series UPCC FDN
Female chassis connector 
dip solder terminals.

UPCC FDN

inches and h is the heat transfer coefficient 
tween fin and environment in w per sq in.

be-
per

The graph (Fig. 4i is dimensionless. The ab-
scissa of the chart is the ratio rjjro and the ordi
nate is the ratio R r„. The curves represent the 
efficiency, r|.

Example
Assume a 12 x 12 x 1 8 in. aluminum fin, to 

be cooled by free convection and radiation. The 
diode to be cooled by the fin is an International 
Rectifier Corp, silicon diode type 45L30.

■ W hat is the efficiency of the fin?
rr, = 6 in.
ro = (0.55 + 0.25) 2 = 0.4 in.

s = 0.125 in.
h = 0.008 w/sq in. C (cf. Table II)

H = V(518x0.12.5)72 x7)?008 = 6.36 in.
(cf. Tables I and II)

rf/ro — 15, and
R/r0 = 15.9.

1 ntering the graph for these values, we find the 
point of intersection at q = 54 per cent.

■ How many watts can the fin dissipate if the 
• iiode case temperature must not exceed 100 C 

id the fin is placed in an ambient of 40 C? (The 
c ode is soldered to the fin so the case tempera
ture of the diode will be the same as the tem- 
p rature of the fin center.)

Tn, the temperature difference—fin center to 
nbient is 60 deg C and A, the total fin area, is 

- >8 sq in.
Total heat dissipated by the fin is 

Ç = x]TohA = 75 w.

Reference

ernud Impedance of Cooling Fins, E. J. Diebold and 
Luft. AIEE Transactions, Vol. 77, Part 1, November 

1 >8, pp. 739-745.

UPCC M

UPCC F

Series UPCC M & F
NAS standard
Male card connector dip 
solder terminals
Female chassis unit with 
wire-solder terminals

UPCC M2K

Series UPCC SLK*
(Knob Screw-Lock).
Female chassis connector- 
wire solder terminals. Knob 
on male card connector-dip 
solder terminals.

’ UPCC -F2SL

UPCC-M2SL

UPCC F2HSL
Series UPCC SLH*
Male chassis connector-dip 
solder terminals.
Female hooded connector 
wire solder terminals.

and now...

Series UPCC-FDTP '
Female chassis connector 
with dual row linked for use 
with AMP 53 terminals

UPCC M23

UPCC-F23DTP

another“demand member has joined U.S.C
family of Printed Card Connectors . . . the new, dual row taper pin Series UPCC . . . FDTP 

bringing the total of different available types to over 400.

• Conforms to MIL-C-8384 and NAS specs.
• Molding materials—melamine and diallyl phthalates
• Die cast aluminum shells—aluminum hoods
• Ideal for critical environmental conditions
• Silver plated—gold flash contacts
• Screw lock elements—stainless steel—double lead 

for double speed

UPCC-M & F units available with wire solder, turret type, 
solderless AMP 37, or dip solder terminals (1/16 , 1/8", 1/4 
boards).
UPCC FDTP units take AMP 53 taper pins

Max. Wire Size
Voltage Breakdown (Min.) 
Insulation Resistance
No. of contacts ....................
Current Ratings ......

........... Î18 AWG
25OOv, AC. RMS 

over 5000 megohms
7,11,15, 19, 23. 32

........... .. .......... 7.5 amps

Also custom configurations to meet your specific application 
requirements.

•Pat. Pend

U.S.COMPONENTS, INC. associated with U. S. Tool & Mfg. Co., Inc. 
454 East 148th Street • New York 55, N. Y. • CYpress 2-6525
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DESIGN PREVIEW

Automatic
Focusing System

< ou

cos

of 10

SIGNAL SERVO

AMPLIFIER AMPLIFIER

PHOTOCELLLENS

STOP

DISPLAY.

COMPUTER

’tC

ELECTRONIC DESIGN

. SERVO MOTOR 

FOR FOCUSSING

oscillated 
instead ol

V’BRATlNG

APERTURE

INCOMING

LIGHT

OPTICAL 
ASSEMBLY

SENSOR 
DRIVE, 
AND 

SWITCH

the focal surface 
shift indicative of

mu

i an

twice the frequency of vibration; shifting of 
decreases the frequency and shows a phase 
the direction of movement.

Fig. 3. The OAR system, adapted to ranging devices. Lens as
sembly shown is the reflecting type The stop is a static aper
ture, behind which a vibrating photoresponsive element is driven 
along the optical axis. When the midpoint of the sensor s motion 
coincides with the image focal surface, the signal emitted has

March 18, 1959

we find our

continuous automatic control of

is the energy on the surf, 
responsive element, and E,,,,^

This strange looking device is an 
automatic focusing mechanism. In this 
design the lens is moved back and 
forth by a servo-motor. Setup shown 
is capable of two per cent accuracy 
in ranging—7 in. at 60 ft. It focuses 
on any object at which it is aimed.

energy through the lens system.
In the pilot model a photocell i: 

back and forth along the optical axis

DESIGNED direct from the equations, the 
Optical Automatic Ranging system will focus 

a lens on any object it is pointed at, and will tell 
its range with two per cent accuracy.

Prospective applications include automatic 
focusing for TV. motion picture or still cameras, 
microscopes, automatic proximity warning de
vices, precision inspection for mass-produced items 
which need to be held to dimensional tolerances

Design

A special case of the OAR sy stem is show n in

selves in possession of data about products that are still in the laboratory or design stages 
—and which you can’t buy! When this happens we re frankly baffled. What shall we do 
with it? Suppress it? Tell you about it? In this case we resolve our dilemma by giving you 
a Design Preview.

You can’t buy the OAR . . . yet. It will take numerous forms, we are sure—its applica
tions are limited only by the imagination of the user.

trol of temperature, and many others.
Mell Greene, research director for Comapco 

Inc., 17071 Ventura Blvd., Encino, Calif., ex
plains that the laboratory device shown in the 
photo is a “straightforward mechanical formula
tion of the equations.” He derived the mathe
matics and turned them directly into a mechani
cal process without wasting time for frills.

vibrating the aperture. It has the same effect 
and there is less inertia to contend with. When

ace of the photo
is the maximum

Fig. 2. Principle of automatic focusing. In this deriva
tion, aperture is considered to vibrate; in practice the 
photocell is oscillated.

Fig. 2 to demonstrate the principle. Where Ro is 
the radius of the unstopped lens, R the radius of 
the lens stopped by an aperture, r the radius of the 
aperture, f the focal distance, a the offset of the 
focal surface and the centroid of a vibratile 
aperture, x0 the excursion of the vibratile aper
ture along the optical axis and Xosintof is the ex
cursion with respect to time (simple harmonic 
motion), then

Fig. 1. Mell Greene, coinventor of the device, claims 
that the transducer used in the prototype is responsive 
to broad areas of color.



he midpoint of the sensor’s motion coincides 
\ ith the image focal plane, the sensor’s signal 

varies at 120 cps-twice the 60 cps vibration. If 
he focal conditions alter and the plane of image 

locus moves, the signal frequency diminishes 
oward 60 cps. This shift of frequency, which is 
»ut of phase with respect to the displacement of 
he centroid of the sensor element, yields an ideal 
ignal for servo command.

A servo motor focuses the lens. Part of the 
ignal can be used to activate a computer or dis- 
ilay to give range directly. Setup for ranging and 
lirection finding is blocked out in Fig. 3.

Operation
W’e went down to see the OAR system in 

»peration. The prototype shown in the photo is 
>ulky and not very beautiful; it’s not meant to be. 

It was built just to demonstrate the automatic 
iodising principle. Greene says the whole device 
ould be packaged in around 100 cu in.—4 x 5 x 

> in., for example—exclusive of the lens system, 
with a suitable choice of components.

In operation, the device was aimed at some 
i ars in the parking lot. It gave a preliminary 
mutter and sat humming quietly to itself. The 
i.mge indicator showed that it was focused on an 
automobile a hundred feet away.

\ car drove past, the OAR system growled 
and the lens moved to focus on the new object. 
Range: 24 ft. W hen the car had gone by, the 
OAR unit moved back to focus on the original 
car. It did this several times, looking very im
pressive.

The OAR sy stem’s accuracy, claim the inven
tors. is limited only by the focal length and aper
ture of the lens, the wavelength-shortness of the 
i idiation it is required to detect and the optical 
quality of the lens system. At 30 miles it should 
he able to detect and range an object the size ol 
m airliner with two per cent accuracy.

Greene estimates that it should resolve di
mensional differences as small as 40 x 10"*’ cm. 
This means that precision parts could be moni
tored during grinding and controlled with a 
tolerance smaller than anything we know of.

If a PbS detector or other heat-sensitive ele
ment is used instead of a photocell and a quartz 

r sapphire lens instead of glass, the OAR sys- 
' m is suited to detecting, locating and measur
ing heat sources.

Comapco. Inc., is not a manufacturing concern;
is set up to do research. The applications 

»ted above are not at present in process—they 
e so far speculation. Comapco plans to license 

»e manufacture of the OAR system for a variety' 
applications.

For further information on this automatic fo- 
sing system turn to the Readers-Serx ice Card 

•d circle 103.
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OGALLALA, NEBRASKA

New, flat shape invites'erewding
for Terminal Board assembly

MYLAR WRAP CASE------

MYLAR DIELECTRIC

EPOXY END SEAL
f GOOD ALL

RADIAL LEADS

SPECIFICATIONS
TEMPERATURE RANCE—Full rating 

to 85’C; to 125°C with 50% de
rating.

LIFE TEST—250 hours at 85°C and 
125% of rated voltage.

VOLTAGE RANGES—100, 200, 400 
and 600V DC.

CLOSE TOLERANCES — Available in 
tolerances to ±5%.

INSULATION RESISTANCE—See I R 
versus temperature curve below.

DIELECTRIC STRENCTH-Twice rated 
voltage for 1 minute.

663 FR ». for Printed Circuit Boards

These special-purpose versions of popular Good-All Type 
663UW offer great flexibility in fitting capacitance into tight 
spaces. They are conservatively rated and provide the same de
pendability and electrical ruggedness that has made the 663UW 
tubular a “standard of quality” for both military and instrument
grade equipment• ‘DuPont * trademark for polyastar film

Ml 
0047 

01 
022 
047

CAPACITAN« 
IN MFD$

IM VOLTS 200 VOLTS 
T W

1.M0 VOLTS 
T W L

400 VOLTS 
T W

4M VOLTS 
T W

06? x

125 x

203 ■
234 «

281 x

S. 125

156

234
218
343

Write for literature on these 
NEW, "space-saving" types

06? x 

062 x 

062 « 
093 x
<25 x

062 x 

093 x 

140 x 
203 x

218 x

x I 
x l>,

a 2

312 x % x
4 6 R « ’, ■

531 x IS» x 

796 x IS x

359 x 'S, 
500 x I’, 

765 x I % 

in ■ m

X 1' 
x !'

X 2 

x 2‘

062 x 

062 x 

062 x 
.140 x

156 x

S, x 

St »

s.
K.
S.

S,

156 x
187 x

281 x
359 a

234 x 

.250 x 

340 x 

437 x

250 a 
343 x
437 x 

.500 « acltancc
JO

10 000 
sooo
I ooo 400

SEE US AT BOOTH #3716-IRE SHOW

TYPICAL SIZES SHOWING THICKNESS - WIDTH - LENGTH

ÇccdUf 

CAPACITORS
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This article presents the key to tube 
type symbols used by most European tube 
manufacturers. Using these tables, the fila
ment characteristics, structure and other 
pertinent data can be quickly determined.

Interpreting 

European 

Tube Symbols

TABLE 1 Receiving and Amplifier Tube Symbols

First Letter Subsequent Letters Figures
(Filament) (Structure) (Socket)

A — 4v A — rf single diode 30-39—Octal
C — 200 ma B — rf double diode 40-49—Rimlock,

special
European

D — 1.4 v dc C — triode, except
output and gas filled

E —6.3 v D — triode, output 80-89—9 pin min.
G — 5 v E — tetrode, except 90-99—7 pin min.

output
H — 150 ma F—pentode, except All other numbers in-

output dicate special sockets
K - 2 v dc H —• hexode or heptode

M — 2.5 v K — octode or heptode
O — no fil. L—output tetrode

or pentode
P — 300 ma M—-tuning indicator
U —100 ma P — tube with secondary

emission system
Q — enneode
X—full-wave gas-filled

rectifier

Gerardo Gerardi

Boston, Mass.

Y — half-wave vacuum 
rectifier

Z—full-wave vacuum 
rectifier

Receiving and amplifier tubes are keyed as shown in Table 1. Special tubes (ruggedized, 
high reliability, long life) are keyed according to the same table, but the figures are placed be
tween the letters.

For example, an EF 80 is a 6.3 v filament pentode, 9 pin miniature. An E80F would be rug
gedized, long life, or other special version of that type. An ECC-83 is a 6.3 v, dual triode, 9 
pin miniature. Equivalent U.S. tube type for an ECC-83 is a 12AX7.

TABLE 2 Cathode Ray Tube Symbols

First Letter 
(Focusing)

Second Letter 
(Screen)

D — Electrostatic focussing and 
deflection in two direc
tions

M — Electromagnetic focussing 
and deflection

B—Bluish, short persistence, 1% max brightness after 
0.01 sec.

F — Orange, long persistence, 0.1 % max brightness after 
75 sec.

G — Green, medium persistence, 1 % max brightness 
after 0.05 sec.

N — Green, long persistence, 0.1 % max brightness after 
6.4 sec.

P—Double layer screen, short persistence blue followea 
by very long persistence green-yellow, 0.1% ma» 
brightness after 80 sec.

R — Green-yellow long persistence, 0.1 % max brightness 
after 20 sec.

W — White, medium persistence; direct view; 8000 k 
color temp; projection: 5500 k color temp.

First group of figures—screen diameter in cm 
Second group of figures—serial number

Cathode ray tube symbols indicate focussing method, type of screen, screen diameter and 
serial number (Table 2). A type DG13-2 is an electrostatic type, green, medium persistence, with a 
screen diameter of 13 cm.
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Added Letters
(Socket)

Rectifiers

RF Tubes

Modulators

types are designated by two or three letters followed byTransmitting and rectifier tube

for dual tubes. Where no third (01

light of the tube applicationterpreted

TABLE 4 Phototube Symbols

CIRCLE 29 ON READER-SERVICE CARD

Medium 
Edison 
Gohath 
Medium

Jumbo 4 r 
Medium 5 
P base

heated cathode. Maximum anode 
note that these characteristics must

First Group of Figures

letter, a second figure

WORLD’S LARGEST MANUFACTURER 
OF VANEAXIAL TYPE FANS

Over 340 models with 1300 designs give the aircraft designer 
the flexibility of custom fans with the economy of standard 
fans. Horsepowers as low as 1/500th, fan efficiencies as high 
as 86%, and pressures up to 70" WG are available.

Joy Axivane Fans meet most applicable government speci
fications being used by a majority of airframe and missile 
manufacturers, including Boeing, Lockheed, Martin, Douglas 
and North American. Joy Axivane Fans have only three basic 
parts, and motors are flange mounted inside the fans to permit 
mounting in ducts. This simplicity of design makes the fans 
lightweight and compact, yet vibration and shock resistant.

Special designs to meet unusual requirements also can be 
furnished to your s{>ecifications. Whatever your air movement 
problems, Joy can provide the solution. Joy Manufacturing 
Company, Oliver Building, Pittsburgh 22, Pa. In Canada- 
Joy Manufacturing Company (Canada) Limited; Galt, Ontario.

Voltage regulators are coded by a number followed by a capital

Design Flexibility with Economy

Choose from over 340 
Standard Joy Axivane* Fans
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de output power, 
watts or kw, foi tube 
in 3-phase half wave 
circuit
Approx, power output 
watts or kw, in 
Class C telegraphy 
Approx, dissipation, 
watts or kw.

Likewise, the third letter (cooling) becomes the fourth letter 
fourth) letter is given, the tube is radiation cooled.

Transmitting type QQE 04/20 is a dual tetrode, indirectly 
voltage is 4 kv; output power is 20 watts. It is important to

Write 
For Free 
Twelve 
Page 
Catalog 
266-57and often by another letter. Operating voltage is given by the first number. Current range is in

dicated by the first letter. The second figure indicates the serial number, and the last letter, if 
given, is the base type.

For example, according to Table 5, a type 85A2 operates at 85 v and 8 ma max current Type 
150C1K is a 150 v tube, 40 ma max current, with an octal base.

two sets of figures. Tube classification is indicated by the first letter, or first two letters in the case 
of a dual type. In Table 3, the second letter becomes the third letter in a dual tube designation.

TABLE 3 Transmitting and Rectifier Tube Symbols

First Letter 
(Classification)

Second Letter 
(Filament)

Third Letter 
(Cooling)

D — Rectifier (including 
grid-controlled) 

M — Triode, amplifier 
or modulator

P— Pentode
Q — Tetrode
T — Triode, rf, af or 

oscillator

A — direct, tungsten 
B — direct, thoriated 

tungsten
C — direct, oxide 

coated
E—■ heater-cathode

G —■ Mercury filled 
L— Forced air

W—Water cooled 
X—Zenon filled

Phototube type numbers consist of two figures followed by two letters. Tube base is indi
cated by the first figure; second figure is the serial number.

Type of cathode is indicated by the first letter, while the second letter gives the class of tube 
(Table 4). A 90AV is a miniature 7 pin, blue sensitive, high vacuum type

First Figure 
(Base)

First Letter 
(Cathode)

Second Letter 
(Type)

2 — Loctal, 8 pin
3 — Octal, 8 pin
5 — Special
8 — 9 pin miniature
9 — 7 pin miniature

A—Cesium antimony, 
blue sensitive

C—Cesium on oxidized 
silver red sensitive

G — Gas filled 
V — Vacuum

TABLE 5 Voltage Regulator Symbols

Number 
(Voltage)

First Letter 
(Max current)

Figure Second Letter 
(Base)

Average operating 
voltage

A — 8 ma 
8 — 20 ma
C —-40 ma
D —-100 ma
E —• 200 ma

Serial 
number

K — Octal
P — P base



Two-Transistor Binary Counter

operation (Fig
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Fig. 1. Two-transistor flip-flop with set and reset net
works (a) and reconnected (b) for operation as a binary 
counter.

shape and duration of the trigger pulse. Wider 
variations in this pulse may be tolerated, and

This is one of a series of papers presented at the 
Symposium on Microminiaturization of Electronic 
Assemblies sponsored by Diamond Ordnance fuze 
Laboratories late last year. Because symposium at
tendance was limited to government personnel 
only, ELECTRONIC DESIGN is publishing these papers 
as a special service to our readers. In addition, all 
of the symposium papers will be published in 
their entirety in bound form available only from 
ELECTRONIC DESIGN For further information on 
these Proceedings, turn to Reader Service Card and 
circle 100.

Three levels of design are suggested by 
the author. Each level is aimed for circuit 
operation under different conditions and 
the author discusses the various factors 
important to this operation.

DESICA of a binary counter of the Eccles- 
Jordan flip-flop type can be regarded as a 

three stage problem. First is the design of the 
basic circuit for laboratory breadboard operation. 
Second stage involves design of the circuit in 
field equipment where checking and replace
ment are possible. The third level of design is 
that of a circuit to go into a piece of field equip
ment where unit replacement is not possible due 
to inaccessibility’ or microminiaturization.

A typical saturated two-transistor flip-flop 
equipped with set and reset networks is shown 
in Fig. 1 (a).

If the “set” and “reset” inputs of the circuit of 
Fig. 1 (a) are tied together, Fig. 1 (b), the circuit 
will operate as a binary counter. In this case the 
positive input pulse goes to both transistor bases, 
but can only cut “off” the conducting transistor. 
This circuit is sensitive to the relation of the size

P. Emile, Jr.
Diamond Ordnance Fuze Laboratories 

Washington 25, D. C.

cross-coupling capacitors may be omitted, if the 
input pulse is steered to the proper transistor. 
The input circuit may be converted to a steering 
circuit by connecting the diode biasing resistors 
Rki and Rkz to the collectors of Ti and T2 re
spectively. In addition, the resistors may be 
returned to a positive voltage source, V mi, to 
insure cut-off of the transistors.

In many applications the input to the binary 
counter is a square wave from a previous stage as 
shown in Fig. 1 (b). In this case the time con
stants Ri Cs and Rr Cu also play a part in deter-

First Level Design

In the first level of design of a binary counter, 
one needs to consider only:
■ Output signal power required
■ Input signal power available
■ Speed at which the stage must count

The maximum speed at which a binary counter

Ret

Rkt

INPUT

PRE/IOUS 
STAGE



will operate depends on the alpha cutoff fre
quency of the transistors used, in addition to 
other factors to be discussed. In this type of 
circuit, a good “rule of thumb” is that the maxi
mum speed at which a counter will run reliably 
is approximately 1 10 the alpha cutoff frequency 
of the transistor.

To realize this speed, cross-coupling capacitors 
must be used. For instance, in the case of the 
surface barrier transistor, the maximum speed of 
operation is about 300 kc without capacitors and 
about 2 me with cross-coupling capacitors of the 
proper value.

By employing emitter-follower coupling and 
faster gating this factor of 1/10 can be increased 
to about 1 5. If complementary-symmetry cir
cuits and high-speed gates are used, this factor 
can be increased to about 13 or 1/2.5.!»2 If one 
chooses the maximum frequency of operation of 
the binary counter to be 1 10 alpha cutoff, the 
minimum alpha cutoff of the transistor to be used 
is specified. To decide exactly what transistor to 
use one may also wish to consider size, p, and 
material (germanium or silicon).

Another good “rule of thumb” 
the output voltage obtained from 
cuit of this type is from 0.7

is 
a 
to

that 
cir- 
0.8

VCc. where Vcc is the collector supply voltage. 
Therefore when the desired output voltage is 
specified the supply voltage can also be immedi
ately specified.

INPUT

A

COLLECTOR

B

o

DIODE- CAPACITOR 
JUNCTIONS

-vcJ

0

-V,

rE 

BASES

0|

-vcf

0

-Vc

-vc

Fig. 2. Waveforms in the two-transistor binary counter 
shown in Fig. 1(b). Letters refer to points on the circuit 
of Fig. 1(b).

It may be shown that the relationship

RB&- Rc
4

gives a safety factor (S — 4) to allow for decrease 
in p and still insure saturated operation for a 
grounded emitter switch as used in the basic 
flip-flop.3 In the basic flip-flop the size of the 
collector resistor. Rc, is limited by several factors. 
The minimum R( is limited by the maximum 
current rating of the transistor and or the allow
able power dissipation by the flip-flop. The max
imum Rc is limited by the load Re which must 
be driven from the collector.

™ext

Rb + Rext

where Ru is a base biasing resistor and Rext is 
the external load resistance. Assuming that the
maximum 
be:

Rr is desired, one can compute Rc to

R< — R EM

The value of Rc is thus specified in terms of the 
p of the transistor to be used, the safety factor S 
and the external load to be driven. If the load is 
capacitive it is well to specify Rc such that

Rc Cl = —
10/

where CL is the loading capacitance and f is the 
maximum frequency at which the circuit is to 
operate. This will insure reasonably square out
put waveforms.

Results of sample calculations indicate that if 
all other factors are equal, the use of a transistor 
with the higher p will result in a larger Rc (and 
therefore lower power dissipation for the 
counter). An expression for Ra in terms of the 
external load, the p of the transistor and the 
safety factor is:

Rn = Rexi (0 3*8 “ । 1

Resistor Rs is chosen to limit the effect of 
Imo in the “off” transistor. It should be five or 
more times larger than Rn (Rs Rh) to prevent 
loading of the “on” transistor. Often Rs is re
turned to a positive voltage rather than to 
ground.

For shortest recovery time of the binary, Rk 

should be small. However, a lower limit for RK 
of about 5RC (Rk = ^Rc) is necessary to limit 
feed-through and loading. A value often used is 
Rk = 10 Rc.

The cross-coupling capacitors Cc should be 
large enough to transfer enough charge to switch 
the transistor from ' off” to “on. ’ They should not 
be so large as to transfer appreciable charge to 

the collector, of say, T\, when T2 is “on” and the 
reset diode, D2, is pulsed. Theory predicts that 
for the highest speed of operation Vc Cc should 
be greater than the charge stored in the base 
region of the “on” transistor, excluding charge 
due to saturation.

If highest speed of operation is not of impor
tance the cross-coupling capacitors are unneces
sary with the type of steering described in this 
article. In the event that the cross-coupling ca
pacitors are omitted the transition time ol the 
flip-flop is approximately equal to the time for 
the “off” transistor to turn on with current drive 
through Rn only. This switching time may be 
computed from Ebers’ and Moll’s equations.

It is difficult to calculate the transition time if 
the cross-coupling capacitors are included. 
However, experimental results show that the 
transition time for a circuit with cross-coupling 
capacitors can be less than 1/3 the transition 
time for the same circuit without cross coupling 
capacitors.

The input capacitors Cs and CR should be as 
small as possible to allow shortest recovery time 
of the binary counter. However, for good opera
tion of the binary counter described herein, the 
input pulse must completely switch the “on” 
transistor to “off.” This requires that

» f 1 s - » I ’ H = Wt

where \ / is the minimum input voltage to the 
binary counter and Q7 is the charge required to 
turn “off” the “on” transistor. In cases where the 
turn-oil charge and minimum input signal are 
known the values of Cs and CR may be com
puted directly. If QT is not known then

s
Vi

will give usable values of Cs and In circuits 
which use cross-coupling capacitors it is well to 
specify C3 = CR = 3Ct. Much larger values of 
Cs and CR arc sometimes used but one must 
insure that the time constants RK\ Cs and Rk> Ch 

are small compared to the time between input 
pulses.

For room temperature operation and at collec
tor current levels high compared to l( no, e.g. Ic9 
1 ma for 2N77 type transistors, practically any 
diodes will suffice, e.g. 1N99, 1N34, 1N56. For 
operation at high temperature or at collector 
current Ie9 comparable to p leno the back im
pedance1 of the diodes must be high (greater than 
10 megohms). Otherwise voltage leakage to the 
transistor bases from points C and D will offset 
the effect of the positive bias voltage and cause 
the circuit to fail. Silicon diodes have performed 
satisfactorily in some low current circuits.

(continued on following page)
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Fig. 3. Lower limit of input voltage before failure 
versus counting frequency.

Second Level Design

The second level of design is that of a circuit 
to work in a field sy stem, such as a computer in 
which marginal checking and unit replacement 
are allowed. At the second level of design addi
tional factors enter, such as:
■ Total power consumption
■ Circuit tolerances

■ Total number of components
■ Cost per unit

Often in large systems, although impedance 
levels may lx* fixed, the supply voltages and 
current levels may be flexible. In such cases a 
generalized common-emitter NOR circuit may 
be considered. This circuit may then be designed 
for minimum power dissipation.4

Circuit tolerances of a binary counter must 
he known if the circuit is to be used in a large 
system. For example, will the circuit fail to 
operate (1) if the input voltage decreases 20 per 
cent, (2) if the supply« voltage drops 10 per cent. 
(3) if the collector resistors are different by 30 
per cent?

The curves in Fig. 3 show one concept ot mar
gins. The plots an* allowed percentage decreases 
of input voltage before failure occurs vs. count
ing frequency. The* curve labelled “A” is for a 
ty pe of direct-coupled binary counter. The curve 
labelled “B" is for an optimized emitter-follow«er- 
coupled binary counter. Either of the circuits will 
operate if the input voltage is above the lines.

Consider the case of operation at 10 me. This 
is practically« the upper frequency limit of circuit 
A. A 1 per cent decrease* in the input signal from 

the nominal 100 per cent input level would cause 
this circuit to fail. Circuit B. on the other hand, 
will operate if the signal decreases 15 per cent 
from its nominal input value at 10 me. However, 
at 1 me the situation has changed. At this point 
the circuit A will operate if the input voltage is 
decreased 50 per cent from the nominal value 
while circuit B must receive a signal within 30 
per cent of its nominal value to operate properly. 
For 10 me operation it is clear which circuit 
would be used for reliable operation. For 1 me 
operation there is a choice.

In marginal checking, the problem is to find 
a so-called “handle” to vary which will cause 
circuits which are near failure, or “marginal.’ 
to fail. In the case of the binary counter a good 
‘handle’’ in many cases proves to he the positive 
voltage supply, ^-Vru. If a circuit is near failure 
because of high ICro due to temperature or age. 
lowering the positive voltage will cause the cir
cuit to fail. If the circuit is near failure due to a 
decrease in |h increasing the positive voltage 
above the design value will cause the circuit to 
fail. I pper and lower limits before 
hc set in both cases.

’Pile design value ol the positive 
particular, must be determined by the highest
expected temperature of operation and the ex
pected L l{0 at that temperature. How ever, if low 
temperature operation is also anticipated the 
safety’ factor (S) must be chosen high enough 
that the decrease in with lower temperature 
will not cause circuit failure. Silicon transistors 
must almost certainly be used if high tempera 
ture operation is desired, e.g. 150 C.

The number of component parts used in a 
binary counter circuit is a compromise between 
,i conservative design using 8-10 transistors per 
stage with each transistor performing a simple 
separate* function (e.g. logical binary counter and 
•i design using only 2 transistors. Reliability may 
be higher for the more conservative design, but, 
on the other hand, it may not be because long
term reliability varies inversely with the number 
of active components. Lpcal experience has 
shown that the binary counter design (without 
the cross-coupling capacitors) performs very well 
for low frequency operation (less than 10 kc) 
with the 2N207 audio transistor. With cross- 
coupling capacitors and using surface barrier 
transistors the circuit performs with greater than 
10 per cent margins up to 2 me.

If emitter-followers are added and higher 
speed steering gates used, the circuit will oper
ate up to 20 me. This last is a maximum fre
quency and 10 me or 16 me is thought to be a 
more practical limit, i.e., 10 per cent or greater 
margins on input voltage and other design 
values. The binary counter presented here repre
sents a good compromise* among the various 

factors mentioned. There are circuits which 
operate faster and there are circuits which theo
retically would be more reliable for random 
counting in that RC time constants would not be 
used, e.g. the logical binary counter.5-0

The average cost of assembly of several bread
board sy stems at DOFL has been 10 per transis
tor and associated components. Considering the 
cost of the transistors, diodes, resistors, and 
capacitors, the ty pe of binary counter described 
lierein has cost about $30 per stage in a bread
board version. If the cost per transistor remained 
unchanged the logical binary counter would cost 
approximately $100 per stage in a breadboard 
version. Microminiaturized binary counter mod
ules now under investigation may eventually 
cost in the range of $1 to $3.
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Third Level Design

The third level of design is that ol a circuit to 
be used in a system where unit replacement is 
impossible. This situation occurs in micromin 
iaturization.

The design requirements for a circuit to go in 
a sealed system are more rigorous than for a 
circuit which can be replaced if defective. After 
the circuit has been designed and thoroughly 
tested in a breadboard model, it is necessary to 
specify a rigorous acceptance or rejection test 
for the field models. Analy sis of the circuit may 
be so complete that oil-value, weak, or defective 
components can lx* identified merely by observ
ing a single-output waveform. This should be 
possible even if the circuit is not malfunctioning 
at the time of the observation. The circuit may 
then be rejected before potting or final sealing, 
or at least restricted to uses in which its weak
nesses will not endanger future operation of the 
system. For instance, if it were discovered that 
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the I< ho of the transistors was 
design value, the circuit might 
low temperature applications 
characteristics were acceptable.

still lie used in 
if all its other

(f
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If the circuit uses standard size components, 
the waveforms at several points may be moni- 
tored. In the case of this binary counter, the 
waveforms at points C and D, Figs. 1 (b) and 2. 
give much information about the circuit. For in
stance, the decay times of the step waveforms 
indicate the time constants RK Ca and RK Cr. 

These time constants compared to the input fre
quency show how close the circuit is to its maxi
mum frequency of operation. The voltage levels 
at points C and D indicate the collector voltage 
of the off transistor and thereby indicate the 
leno- The height of the positive spike can be 
used as a measure of the charge required to turn 
off the “on” transistor if the input signal and 
diode characteristics are known. This height in
directly measures the alpha cutoff frequency of
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the transistors in the binary counter. The points 
C and D in a binary counter would then be good 
points to monitor for an acceptance test.

In the microminiaturized DOFL-2D binary 
counter wafers now being studied only one out
put terminal is available.7 This point is the output 
of one colk'ctor which would normally drive the 
following stage. The resistors in this wafer are 
carbon deposited strips, the capacitors are silver 
fired areas, the diodes are germanium dots and 
the transistors are bits of germanium mounted in 
holes in the 1/2 inch by 1 2 inch by 1/50 inch 
ceramic plate. Checking the internal connections 
with a probe and an oscilloscope is difficult un
less the probe is very small. If the wafers are 
potted or stacked, this becomes impossible.

Three different approaches have been made to 
check the individual circuits through the use of 
the external connections only.

First, resistance measurements have been made 
between all terminals taken two at a time. This 
nethod can identify some catastrophic failures 
md is good to detect “leakage paths.’’ However, 
the test is a de test and somewhat limited.

Secondly, a series of so-called “standard tests” 
was set up as follows:

I) Output voltage was measured; waveshape 
noted
2) Positive voltage decreased to zero or until 

circuit fails to operate correctly. Output voltage 
at Vim = 0 or plus bias voltage when failure 
occurs was measured.
3) Upper and lower limits on input voltage 

before failure was measured.
I) The collector voltage was lowered until the 

circuit failed. Operation at —3 volts was also 
checked.
5) Maximum resistive load and maximum ca

pacitive load before failure was measured.
^6) Upper frequency limit was determined. 
Also resistor Rr was varied from 100 to 10 K and 
the upper frequency limit was noted at each 
value of RT.
17) Circuits were labelled and any anomalies 
noted.

The expected results of the standard tests can 
he computed from the circuit design. These re
sults are then compared with the results obtained 
from a breadboard model. Any differences are 
orrected by improved theory and redesign. 

Next, the results from the 21) wafers are com
pared with the breadboard circuit results. Any 
differences will be due to off-value, weak or de
fective components. In some cases the values of 
the components in the 2D circuit can be deter
mined and if they are too far off, the information 
can be fed back to the makers of the 2D wafers.

A third method of analysis has also been tried. 
Kesistors^capacitors and diodes irr a. breadboard 
model of the binary counter were systematically
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bridged, shorted or opened. Also, transistors 
with very high and very low ¡3 were substituted 
in the unit. The effect of these mutations was ob
served on the accessible waveforms, in the case 
of the 2D binary counter, the output waveform. 
Knowing these casual relationships a first order 
analysis of the circuit condition can be made by 
carefully* observing pips, slopes and amplitudes 
of the output waveform.

More* detailed information on the processes 
described in this article* will be found in the 
complete paper to be published in our Proceed
ings of the* Symposium on Microminiaturization 
of Electronic Assemblies. For further information 

on the* Proceedings, turn to Reader Service Card 
and circle 100.
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Designing a Transistor 
NOR Circuit for Minimum Power Dissipation

Elbert L. Cox
Diamond Ordnance Fuze Laboratories 

Washington, D. C.

Computers make extensive use of NOR circuits because they perform all of the 
logic functions. In this article, the author describes a method of designing a transis
tor version of a NOR circuit.

A O O A

A O

B O

A O

B O

NOT FUNCTION

’AND" FUNCTION

OR FUNCTION

-O A-B

Fig. 2. (above) Basic transistor NOR Circuit.

Fig. 1. (left) English logic functions performed by 
NOR circuits.

D ECAUSE the transistor NOR circuit is cap- 
able of performing all ol the English logic 

functions AND, OR, ami NOT, it is extremely 
useful in computer systems. The NO!' function 
is performed by a NOR with one input. The AND 
function is performed by three NOR circuits and 
the OR function is performed by two NOR cir
cuits as shown in Fig. 1.

The basic building block, the transistor NOR 
circuit as shown in Fig. 2, employs a junction 
transistor in the common emitter configuration. 
The transistor is used as a two-position switch 
rather than as a linear device.

As shown in Fig. 2, the circuit consists ol M 
input lines with input resistors a base bias 
resistor R,, and a collector resistor Rc- The posi
tive bias Vmt supplied through R, causes the 
transistor to be turned of! if all of the inputs (A, 
B, and C) are near zero voltage. The transistor 
is on if one or more of the inputs (A. B. C) are at 
a negative voltage \,t . V< must be sufficiently 
large such that the current In through R} is equal 
to or greater than lc B, where B is the base to 
collector short circuited current gain, and lc is 
the maximum current in the collector resistor Rc-

When the transistor is cut-off, the output volt
age is approximately the same as the supply 
voltage V(C. When the transistor is in the satur
ated state most of the collector supply voltage 
Vce appears across Rc and the output is near 
ground potential. A voltage signal is present on 
the output if voltage signals are not present on 
any of the inputs. Conversely, a voltage signal 
is not present on the output if voltage signals 
are present on any or all of the inputs.

A basic question encountered in using the NOR 
circuit is “will the circuit operate properly when 
a single collector is required to drive a certain 
desired number of output circuits?” An expres
sion for this number of outputs, N, in terms of
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the circuit components, was derived by W. D. 
Rowe.1

0.25(4/-

Where I< no is the1 maximum expected base to 
collector leakage current with the emitter open 
circuited. 0.25 is the base to emitter voltage for 
germanium transistors, and S’ is the safety factor 
employed to compensate for a decrease in gain 
of the transistor and other circuit parameter tol
erances.

It was assumed that Vue. the base to emitter 
voltage when the transistor is in the “on” state, 
was very much smaller than Vcc, the collector 
'.apply voltage and that the leakage current hno 
was very much smaller than Ir. the maximum 
urrent flowing in the collector resistor. It was 

also assumed that the transistor acts as a perfect 
switch when the transistor is in the saturated 
state. Consequently, under saturated conditions

Voc IcR< All results will be based on these 
assumptions.

Given a certain number of inputs to a NOR 
circuit which is to drive a certain number of 
output circuits, it is desired to minimize the 
power dissipation h-R, in the collector resistor 
Rf, subject to the restriction that eq (1) be satis
fied. The objective* here is to minimize L ~Re with
respect to base resistor. IC- and collector current

Input Current Limiting

From cq 1 the expression

Resistor

for Ri” may be

This expression gives the value of the input-cur
rent limiting resistor for a minimum R( and also 
minimum power dissipation (I<~Rc), if such a 
minimum exists. The expression for power dissi
pation is:
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When (41 is substituted into (2) Hi reduces to

W’hether specifications call for standard types 
of ceramic-metal bushings or specially de
signed assemblies for unusual applications, 
designers and electronics equipment manu
facturers can rely on the uniform high quality 
and dependability of Alite ceramic-to-metal 
seals.

Vacuum-tight seals and bushings made of high 
alumina Alite are ideal for use in electronic 
applications where service conditions are ex
tremely severe or critical. Alite has superior 
mechanical strength and thermal shock re
sistance. It maintains low-loss characteristics 
through a wide range of temperatures and 
frequencies. It resists corrosion, abrasion, and 
nuclear radiation. The extra-smooth, hard, 
high temperature glaze on Alite seals assures 
continuing high surface resistivity and de
pendable operation.

Another important reason for outstanding 
reliability of Alite components is our ability 
to perform and carefully supervise, in our own

ALITE division
Orrville, Ohio 

plant, every manufacturing step. From design 
to finished assembly—including formulating, 
forming, firing and testing—Alite is equipped 
to develop and produce high precision her
metic seals and bushings at one location. This 
permits an exceptionally high level of quality 
control, and results in what we sincerely be
lieve to be the finest ceramic-to-metal seals 
available.

Our ceramics specialists are anxious to assist 
you on problems involving ceramic-to-metal 
seals. Tell us about your specific requirements 
today.

Fig. 3. Effect of B/S on minimum power dissipation

I he expressions (4) and (5) for the collector 
current (lc9) and the input-current limiting re
sistor (Hi*) when substituted in eq (3) (power 
dissipation) give a minimum in power dissipa-

Using the expressions for RE and a pro- 
grani of moderate complexity was devised for an 
IBM 704 Computer to calculate minimum power 
dissipation as a function of leno (base to collec
tor leakage current), B S (base to collector cur
rent gain with safety factor). M (number of input 
circuits), and N (number of output circuits). The 
computed values provided sufficient data for the 
creation of informativi' graphical results.

Referring to Fig. 3, minimum power dissipa
tion decreases with a decrease in the number of 
output circuits. The minimum power dissipation 
decreases with an increase in B S, and as B/S 
becomes infinite, this deerease approaches the 
limit

to 
pi 
»•n 
of 
vv <
I n

su 
tic

4A (31 — 1 dem/

It is also interesting to note that as N decreases 
to 1, B S becomes decreasingly significant in the 
determination of minimum power dissipation.

Referring to Fig. 4, 1< ° also decreases with a 
decrease in the number of output circuits. Zc’ 
decreases with an increase in B S and this de 
crease approaches a limit as B S becomes infinite. 
This limit is 4NIf no. Note that as N decreases t 
1, B/S becomes decreasingly significant in th 
determination of the collector current whic 
gives a minimum in power dissipation. It ca 
also be determined that minimum power dissipi
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Fig. 4. Effect of B/S on collector current
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I he Transistor XOR Circuit, W. D. Rowe, Electronic 
a sign, Feb. 5, ’58, p. 26.

I herefore minimum power dissipation using eq 
3) is 177 pwatts. The collector supply Vee ii 
hen calculated to be 3.75 v. Consequently Rc = 

79 K.

Ii scribed in this article will be found in the 
omplete paper to be published in our Proceed- 
ngs ol the Symposium on Microminiaturization 
•f Electronic Assemblies. For further informa
ion on the Proceedings; turn to Reader Service 
Jard and circle 100.

Yes . . . the trusted, familiar WESTON 301 LINE has 
undergone a big change this year. You’11 find these 3%- 
inch, pace-setting instruments looking different . . . 
doing more for you . . . working better and longer.

The renowned Cormag® mechanism, now standard, 
permits mounting on magnetic or nonmagnetic panels, 
close to other instruments, without special adjustments. 
It makes the “301” immune to the effects of stray mag
netic fields.

The new 301 line is available in D-C, R-F and A-C 
rectifier types, as well as in moving iron A-C types with 
capabilities of obtaining controlled ballistic character
istics — even including critical damping.

A new, modernistically styled, Bakelite case — round 
or rectangular — is standard in this completely new line. 
These cases are interchangeable for A-C and D-C models.

YouTl be interested, too, in the new 2%-inch Weston 
panel instruments — the 201 group. They match in 
appearance the 301 group and incorporate the same new 
features.

For full information, contact your local Weston repre
sentative ... or write to Weston Instruments, Division 
of Daystrom, Inc., Newark 12, N. J. In Canada: Day
strom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: 
Daystrom Int’l., 100 Empire St., Newark 12, N. J.
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the effect of b/s 
ON COLLECTOR CURRENT

Icbo • io"* amperes

Specificali 
lave two in

nay lie capable of driving but. say, eight outputs 
ather than nine. In this case, design for one more 
•utput than actually needed.

N — 9), employ transistors with Betas of 50 
B = 50). and leno's of 10 6 amperes, correct 

values of V< c, Rc, lc and Ri can be ascertained 
to effect minimum power dissipation. For this 
particular design situation a safety factor of 2 is 
employed. The B S factor is therefore 25. Values 
of Icbo, B. and M used in this typical example 
were chosen because of their practicability to 
current design situations.

If the above values for leno. B/S, SI and N arc 
substituted in expressions (4) and (5) the calcula
tions yield



Thomas A. Prugh

Diamond Ordnance Fuze Laboratories
Washington 25, D. C.

Standard
Transistor Switching Circuits

Circuits described in this article were 
designed as compatible building blocks to 
be interconnected to perform complex 
functions. This is a preliminary effort to 
solve the standard-circuit problem for 
circuits to be used at frequencies up to 15 
kc and temperatures below 45 C. Future 
effort will be aimed at adding new and 
more efficient circuits.

STANDARD circuits and modules are being in
creasingly considered by the electronics in

dustry’ because they avoid repetitious design. 
Mso from the standpoint of mass production a 
few widely applicable standard circuits would 
permit low unit cost and high reliability. And as 
the circuits get smaller and are manufactured by 
printing or vacuum-deposition methods, the sys
tem designer will become primarily interested in 
the functioning of logical blocks rather than the 
individual component part values. In order to 
achieve reliable building blocks, the circuit de
sign can and should be considered in detail only 
during the overall design of the particular wafers 
or modules. These modules then are stocked as 
the smallest component to be handled in devel
opment and production activities.

Work at the Diamond Ordnance Fuze Labo
ratories has resulted in circuits useful for rapid 
assembly of working systems. The circuits are 
primarily of the low power level, information 
handling type. Typical applications include digi
tal computing and timing operations. The circuits 

are restricted to those using the transistor as an 
off-on or relay-type device.

Specific Circuits

Standard circuits that have been designed are: 
Inverter
Inverter less load
NOR
Flip-flop
Binary counter
Monostable multivibrator 
Free-running multivibrator 
Lamp control 
Power switch

These particular circuit types were chosen, in 
part, because they have been studied extensively. 
As a result, detailed information is available or 
calculable on the design, performance, and limi
tations of the circuits. Specific component part 
values are shown in the schematics. From the 
standpoint of presently used techniques of mak
ing microminiature assemblies, the resistor ele
ments are the easiest to handle. Accordingly the 
circuits arc designed to use no inductors and as 
few capacitors as possible.
Inverter (IN). The inverter circuit1 shown in 
Fig. 1, as its name implies, inverts the input sig
nal. For 1.5 volts in, the output is 0; for 0 in,

1.5 volts out. One inverter stage can drive 
several other inverter stages or similar type loads. 
Inverter (INLL). A degenerate form of the in
verter is shown in Fig. 2. The load resistor of 1 K 
ohm, normally found in the collector circuit, is 
omitted. This circuit is used to couple a signal to 
a common load resistor fed by several circuits. 
NOR. The NOR circuit2- 3 is similar to the in- 
verter except for the number of inputs. The NOR 

shown in Fig. 3 has two inputs. In principle, any 
number could be used. In practice, the two-input 
version is a compromise between versatility and 
noncriticalness. The two-input version is a com
promise between versatility and noncriticalness. 
The* two-input NOR has many similar logical 
properties to the two-grid pentode gating circuit. 
The logical function performed by the NOR is 
shown beside the schematic of Fig. 3. When 
neither A nor B is present an output exists. The 
NOR is an elemental building block. With one or 
more NOR circuits all the logical functions in
cluding NOT, AND, OR can be performed.
Flip-Flop (FF). A bistable circuit can be formed 
by connecting two inverter circuits together to 
form a toggle or flip-flop.4 The schematic is 
shown in Fig. 4. Information can be coupled into 
the flip-flop by connecting the collector of an 
INLL circuit to one of the collectors of the FF. 
Binary Counters (BC and BCR). The flip-flop 
can be modified by the addition of input pulse 
steering circuits to obtain a binary counter5« b as 
shown in Fig. 5. The added capacitors, diodes 
and resistors provide alternate feeding of the in
put pulses to one transistor, then to the other.

When initial conditions need to be set into the 
binary counter, diodes coupled to the base of 
each transistor can be added as shown in Fig. 6. 
Monostable Multivibrator (MMV). The mono
stable multivibrator7 is used to generate a gate or 
time delay following an initiating trigger pulse. 
The design shown in Fig. 7 has the delay time 
adjusted by choice of the coupling capacitor be
tween the two transistors. The start pulse is 
coupled into the “normally-on” transistor by 
means of a capacitor, resistor, and diode network. 
Free Running Multivibrator (FRMV). The free 
running multivibrator8 of Fig. 8 is a source of two
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Fig. 1. (above) Inverter (IN)

Fig. 2. (right) Inverter less load (INLL)

Fig. 5. (right) Binary coun 
ter (BC)

Fig. 6. Binary counter resettable (BCR)

Fig. 7. (right) Monostable multivibrator IMBAVI
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of Fig. 9 is used

OUTPUT 
A o-

and power supplies would permit the use of npn 
types. The pnp alloy germanium types are the 
most common transistors manufactured and are 
well suited to the circuits I ypical transistors are 
the 2N77, 2N105. and 2N207. The latter transistor 
has been used extensiv ely in making small etched 
board modules. Higher frequency types include 
the 2N139 and those of the series 2N112-2N114.

symmetrical square waves of opposite polarities. 
The frequency is set by the cross-coupling ca
pacitors.
Lamp Control (LC). The lamp control circuit

quired of the binary state of flip-flops or binary 
counters. A two-stage circuit is used because the 
lamps have a drain of about 50 ma. A single 
transistor could not reliably give enough current 
gain. Both this circuit and the following power 
switch circuit are designed to be driven by’ an 
output signal horn one of the previously de
scribed circuits.
Power Switch (PS). The power switch circuit of 
Fig. 10 is similar to the lamp control circuit 
except for the output load. The power switch 
circuit will prov ide a heavy duty positive step in 
voltage at its output. One use of the circuit is to 
set or reset a number of binary counter stages 
simultaneously.

Design and Performance
Choice of Transistor Type. The specific circuits

frequency. For high-temperature operation, a 
silicon alloy type would be necessary.
Transistor Specifications. Two parameters are of 
major importance to the proper operation of the 
circuits: common emitter current gain ((1) and 
collector cut-off current (leno). The drop in / 
with decreasing temperature sets the lower tem
perature limit of circuit operation. The increase in 
leno with increasing temperature sets the upper 
temperature limit for the circuits. Beta values of 
50 or greater are required for all transistors except 
the output transistor in the lamp control circuit. 
This latter transistor was chosen to have a P 
greater than 100.

The p of the 2N207 drops to about 50 per cent

INPUT
OUTPUT

47K > IOK

INPUT 100

IOK

4.7K
47 K

60 CPS
bchTNOR BCR BCR

START Olyuf
IOK MMv'

BCR BCR BCR BCR BCR

Olyuf
IOK

SET TIME 
SWITCH 
(5-10-15)

LAMP
NO 48,49, OR 331

Fig. 8. Free running 
multivibrator (FRMV)

Fig. 9. (right) Lamp control (LC)

Fig. 11. (below) Block dia
gram of electronic timer. Code 
letters refer to the circuits pre
viously described



Tung-Sol moves ahead!

ailablc diodes. Point contact

gives new Tung-Sol

to meet
upper limits
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the schematics hav 
of tens of kilocvck

d by the thermal 
rvation of several

Technological advancements such as this keep 
Tung-Sol ahead of the field. For full data on the

rates w ith higher frequei 
control cire uit is limited

Photomicrograph (45X) shows circled area 
nf cross section if Tung-Sol high-pgwer 
germanium transistor cold-weld seal. Note 
absence of seam, indicating actual integra
tion of copper molecules and a true, her
metic copper-to-copper seal

Vacuum-tight, moisture-proof 
cold-weld seal lasts even through 
“breathing” over long life operation

Elimination of heat-damage, 
heat-caused moisture and “splash 
increase reliability.

High power transistors 
with new cold-weld seal

True hermetic, copper-to- 
copper seal improves transistor 
thermal characteristics.

Once again Tung-Sol shows the way. Now, for the 
first time, Tung-Sol brings designers high-power 
germanium transistors with quality benefits of the 
advanced cold-weld seal.

The new Tung-Sol types feature a stud-mounted 
package and maximum collector current of 13 
amps. Military environmental tests combine with 
the radioactive gas leak detection test to assure 
maximum reliability.

2833, 2835, 2837, 2839AT THE IRE SHOW—BOOTHS
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any need with the latest in transistor design and 
efficiency, contact: Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, New Jersey.

w ere chosen for these transistors and would neei 
to be reduced in value to permit higher countin

natural question is how to improve the 
4 necessary, for a particular application

The upper frequency limit can be r 
two approaches. The first is to keep

switching circuits have a transient response-time 
of about 20 microseconds.
Upper Temperature Limit. II 2N207 transistors 
und IN90 diodes are employed in the circuits 
with other component parts as show n, the upper 
temperature limit is approximately 15 C. It is 
stressed that the particular design-values are not 
< hosen to give high-temperature performance.

germanium diodes of minimum quality have 
been used. The IN90 is typical. It has a minimum 
forward current of 5 ma at 1 v and a maximum 
reverse current of 500 pa at 50 v.

Junction diodes of equivalent de characteristics 
should operate as well as point contact types in 
the low-frequency circuits considered so far. If 
the maximum upper operating temperature is de
sired for the circuits, the diode should be chosen 
for minimum reverse current at the upper tem
perature point.
Choice of Supply Voltages. I he circuits arc de
signed to operate from two single cells, one for 
the negative source and one for the positive 
source. Either 1.3 v mercury cells or 1.5 v dry 
ells ire satisfactory. I wo volt lead-acid cells can 

be used if the lamp control circuit has a 2-volt 
lamp (No. 48 or 49).
Upper Frequency Limit. The circuits have not 
been designed for optimum irequencv response. 
Circuit simplicity and reliable low-frequency 
operation were .stressed in these designs. The 
Binary Counter, using transistors such us the 
2N77 or 2N207, has an upper input counting rate

of its room-temperature value of - 40 C. The 
circuits should perform properly down to this 
temperature although this has not been verified 
experimentally. The circuits are designed to op
erate with transistors having an lCno value up to 
30pa. For the 2N207 type, this value is reached at 
approximately 60 C.
( hoice of Diodes. The diodes used in the binary 
counter are noncritical in terms of the character-
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le at modest

iltage through a six-stage 
through BCR-6) with 
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basic counting register is another set < 
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in a wide range of values, voltage ratings, 
tolerances and physical sizes

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

capacitors6 in the binary counter stages. Most o: 
the circuit speeds are limited by the transistor 
and not by wiring capacitances. The upper speec 
is roughly proportional to the alpha cutoff fre 
quency of the transistors.

The second approach is to use a more comple?

also triggers a monostable multivibrator (MM 
of approximately 1 ms duration. This 1 ms pul e 
is amplified in the power switch (PS) and us 1 
to preset all the BCR stages to their proper p 
sitions. The preset pulse is fed through the “SI 1

pacity (16 counts) to count the maximum tirr 
The four stage counter is preset to the prop

circuits, transistors with lower Imo currents can

eform.
e upper tempera

f Units marked f are '4 actual size

/ A Division of Globe-Union Inc.
I 960C E. KEEFE AVE. • MILWAUKEE 1, WIS

In Canada: 804 Mt. Pleasant Rd., Toronto 12, Ont.

VARIABLE RESISTORS • ELECTRONIC SWITCHES • PACKAGED ELECTRONIC CIRCUITS • CERAMIC CAPACITORS • ENGINEERED CERAMICS
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and Centralab

to construct a mon* invoked system is shown in 
Fig. 11. The system is an electronic timer for gen
erating 5, 10 or 15 second intervals follow ing the 
activation of a push button.

One-second pulses are generated by' dividing
lown the 60 cps line vo 
ainarv divider (BCR-1

•ount to permit reac 
he desired time. Th 
ip the proper path f 
if the time interval.

The time interval 
START” push butte 
is a flip-flop, to a

is initiated by pressing ti c 
in. This flips BCR-12, us* d 
position which causes t <

hing its maximum count I 
ie “SET TIME” switch st 8 
or preset pulses at the st1 t

transistor-type. Speed-up or commutating capaci 
tors can be used to provide better coupling be 
tween stages. The transistor can be operated in . 
non-saturating mode, thus reducing switching 
time appreciably'. Complementary-symmetry op

are provided, i.e., 5, 10 and 
le one-second pulses as an i i- 
arv counter has sufficient < i-

they become more readib, 
prices. The base bias resistors 
jpk voltage can be modified

lor higher temperature operation. Mon* involved 
circuitry can be used to boost the upper tempera
ture limit.

FEED THRU 
CAPACITORS

TEN TYPES 
of Centralab

'patents pending

TYPE
ACTUAL SIZE 

ILLUSTRATION f CAP. RANGE mmf
RATING 

VDCW VDCT APPLICATIONS

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

filtering, bypass, etc. 
5% tolerance 

in lower values1 Bushing type 
DA-720 10-5000 500-1500 1000-3000

I Step type 
DA-728 hi I 10-1500 500 1000 Med. freq, use, 

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

DA-729
ÏF

10-1500 500 1000

Ring type 
DA-740* F' 1

10-1000 500 900-1300 Symmetrical design. 
Inserts from either 
end ... ideal for 
automatic insertion1 Ring type

1 DA-741* 1-- 'j 1 10-1000 500 900-1300

1 Eyelet type 
DA-784 25-1000 500 1O00

For high frequency 1
filtering and 1
bypass, where size 1
is important I

Eyelet type 
DA-785 25-1000 500 1000

Eyelet type 
DA-787 1 25-1000 500 1000

Resistor
Capacitor 
type 732 illI 470 gmv.

.3 to 1.0 meg. only 1000 **

Resistor-Capacitor 1
in parallel. I
** 1500 VAC test when I
immersed in Silicone 1
oil cooled with dry ice. 1
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TIME” switch to the proper terminals of the BCR 
tages in the counting register to give the desired 

■ une interval. For example, to generate a 10-sec- 
>nd interval, BCR-8 and BCR-9 are preset to 
heir non-zero positions. Since BCR-8 has a value 
>f 2 counts, and BCR-9 has a value of 4, a total 
>f 6 counts is subtracted from the total capacity 
>f the 4 stages. Thus, 16 less 6, or 10 one-second 

pulses are required to cycle the counter to a point 
vhere BCR-11 is flipped.

The fifth stage (BCR-11) of the counting regis
ler is used as a temporary memory to show that 
he time interval is over. This stage flips at the 
nd of the time interval and flips back again 16 
econds later. This second change is used to reset
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I In Applicati»

hrough the NOR-1 circuit. This completes the 
ycle ol the timer. Pressing the START button 

initiates a new cycle.
Visual indication of the counter operation is 

provided by the lamp control circuits (LC-1 
i hrough LC-5). One is connected to each of the 
binary counter stages in the counting register



Results of a literature survey indicate that it is possible to eliminate 
large-volume components by employing various circuit techniques. In 
this article, the authors disclose some of these techniques as related to 
amplifiers, simulated reactances, and filters and oscillators.

Circuit Techniques to Eliminate Large Volume
Components—A Literature Survey

P NGINEERS have attempted to eliminate 
" large component parts by employing various 
circuit techniques. While most of these tech
niques were initially developed for use with vac
uum tubes, the extension of these principles to 
transistor circuits is logical. This paper is a result 
of a literature survey conducted to uncover and 
collect in one body some of these techniques; it 
will disclose their basic operating principles and 
how they might be applied in the field of micro
miniaturization. The presentation is given in 
three main groups: amplifiers, simulated reac
tances. and filters and oscillators.

Amplifiers

Positive feedback techniques. In designing am
plifiers for miniature circuits, it is generally desir
able to get maximum amplification per stage, 
using a minimum number of components, and 
yet have the system relatively free from insta
bility or oscillation. A controlled amount of posi
tive feedback incorporated in the amplifier de
sign can achieve these ends in vacuum tube cir
cuits, and to some extent in transistor circuits.

In a typical two-stage resistance capacitance 
coupled amplifier, to establish the proper de op
erating conditions for the tubes, cathode bias is 
generally employed. The cathode by-pass capaci
tors arc the most bulky of the components em
ployed since values of the order of 10 pf and 
larger are required for audio-frequency applica
tions. If these capacitors are omitted, a great re
duction in gain results from negative current 
feedback in the cathode bias resistor. Sulzer1 de-
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Jerome I. Cooperman and Philip J. Franklin 
Diamond Ordnance Fuze Laboratories

Washington 25, D. C.

scribes a method of apply ing controlled positive 
feedback between the stages to offset this reduc
tion in gain, Fig. 1. Positive feedback is applied 
by a resistor If connected between the cathodes. 
A similar method of applying positive feedback 
between the screen grids of two pentode stages 
to eliminate the screen by-pass capacitors is also 
described.

Anspacher- gives an analysis of a two-stage 
pentode amplifier circuit without by-pass capaci
tors, the resulting degeneration being nullified 
by means of positive feedback between tin* two 
screen grids.

Unlike vacuum tubes, transistors require a for
ward bias to establish the proper de operating 
conditions. This may’ be supplied in several dif
ferent ways. In order to stabilize the transistor 
against thermal runaway, de feedback which 
tends to bias the transistor toward cutoff as the 
collector current rises, is commonly used. A re
sistor is connected in the emitter circuit to sta
bilize emitter current. The emitter resistor is gen
erally by-passed to prevent loss in gain due to 
degeneration, as in vacuum tube circuits.

Alexander3 describes a transistor audio ampli
fier, (Fig. 2), similar to the previous vacuum tube 
circuits, where positive feedback between the 
emitters is used to obviate the requirement for 
large by-pass capacitors across the emitter re
sistors.

An additional economy« involves the elimina
tion of the two-resistor forward biasing network 
in each base circuit. This function is accom
plished by the voltage drop that appears across 

the hasr-cuiitter junction as a result of the leak
age current of the transistor. Ibis biasing method 
is not recommended, since it is sensitive not only 
to temperature variations, but also to differences 
between transistors.

Direct-coupled amplifiers. A somewhat different 
technique for eliminating large-volume compo
nents and improving the low-frequency response 
of an amplifier is to employ direct-coupling. 
Much of this information is summarized by 
Landee et al.’

“The use of PNP transistors made by fusion 
techniques and surface-barrier transistors permits 
a direct connection ol the collector of one stage 
to the base of the following stage without the use 
of interstage biasing arrangements. This is pos
sible since the collector resistance is high and the 
current gain is close to its nominal value when 
the collector-to-base voltage is zero or slightly 
positive. At low« level stages, the use of this tech
nique results in very simple circuitry. However, 
the collector-voltage swing of any stage directly 
coupled to the base of a following stage is re
stricted to a very small voltage (0.2 to 0.6 v). 
Since the transistors are operated as current am
plifiers. the small allowable collector-voltage 
swing does not adversely affect the* operation of 
low-level stages. In many practical amplifiers this 
technique may be employed for coupling the first 
two or three stages of a high-gain amplifier ...” 
Hurtig.5 An amplifier circuit of this type is shown 
in Fig. 3. It has a power gain of 70 db and in
corporates de feedback for stabilization.0
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As in the case of the vacuum tube, dc drift 
cannot be ignored. It is unfortunate that the tem
perature sensitivity of transistors increases the 
drift. However, if this circuit is employed as a 
low-level, high gain pre-amplifier, capacitive 
coupling at the output will remove the dc com
ponent without affecting its properties as an ac 
amplifier. The economy of component parts and 
the high gain cannot be overlooked for applica
tion in microminiature subassemblies.

\nother type of direct-coupling scheme used 
with transistors is called complementary sym- 
nietry, and is discussed by Sziklai." This method 
is shown in Fig. 4 and can deliver a voltage gain 
of the order of 25 per stage.

Perhaps the most popular use of the principle 
of complementary symmetry is in Class B power 
amplifier applications. The advantage of Class B 
operation is that the circuit draws negligible cur
rent until signal is applied. In the usual configu
ration. both an input and output transformer are 
required. Sziklai describes a circuit of a Class B 
power amplifier with a direct-coupled compli
mentary-symmetry driver ( Fig. 5). This amplifier 
does not contain anv parts other than the transis
tors themselves and operates from a high imped
ance signal source directly into a 16-ohm loud
speaker voice coil. The low output impedance 
and the stable operation arc made possible by the 
over-all feedback which extends down to dc. In
cidentally, this is a zero-center dc amplifier. Its 
economy of component parts recommends it for 
microminiature power amplifier applications.

Simulated Reactances

With certain circuit configurations, an active 
element such as a vacuum tube or transistor may 
behave as a reactance. Some well known applica
tions of this phenomenon are the reactance mod
ulator used in frequency modulation, and the 
Miller integrator and operational amplifiers used 
in analog computer work. Very often, however, 
the reactance effects are not pure, but also intro
duce resistive effects. For purposes of power 
supply filtering, the resistive effects are not con
sidered to be as important as the1 reactive proper
ties of the device. Linvilb ■’ gives theory on RC 
active filters using transistors.

Inductance. Towner’0 describes a circuit which 
is composed of resistive and capacitive elements, 
and three tubes as amplifiers. The device behaves 
as a true inductance in that it differentiates 
square waves, integrates triangular waves, and 
resonates with capacitance across its terminals. 
Some of the applications described are for a low 
frequency sine wave oscillator and as a filter cir
cuit for tone control purposes in audio amplifiers.

Pomer11 describes a circuit wherein a pen
tode tube may' Im* used in place of a high in-

ELECTRONIC DESIGN • March 18, 1959

Fig. 1 . Two-stage resistance-capacitance coupled 
amplifier with positive feedback.

pig. 3. Direct-coupled transistor amplifier.

Fig. 5. Complementary symmetry Class B power 
amplifier with direct-coupled driver.

-tee

Fig. 2. Two-stage resistance-capacitance coupled 
transistor amplifier with positive feedback.

Fig. 4. Complementary symmetry direct-coupled 
transistor amplifier.

Fig. 6. Transistor-simulated series in
ductance.

53



I 60

Filters and Oscillators

OUT

LOAD

Sufficient em
MOO

200

ten su

OUT

OUT

network

the basecapacitance is mu

frequency 
work.

icre is tnc 
s transmis

the cou
pplies its

or even 
. of the

network.
Resistai icc-capacitanc

peak at this frequency.
If the amplifier gain is m

theory 
loved to

use a similar capacitance multiplier circuit in a 
transistor power supply filter.

ELECTRONIC DESIGN • March 18, 1959

by the transistor gain. As in the simulated induct 
ance case, these circuits are inoperable above tlu 
transistor cut-off frequency. Oakes and Lawson1

single L section, shown along with i 
sion and phase characteristic in Fig. 8

It lias an attenuation asymptotic t

Ladder networks ( cascaded L 
simplest network to be conside

The usual inductance-capacitance filters and 
oscillators assume very large physical propor
tions when designed for low frequency opera
tion. In addition, at sub-audio frequencies, the 
circuit Q of the inductors is so low that induct 
ance-capacitance filters and oscillators are not 
practical. Both these factors have spurred circuit 
designers to develop alternative approaches.

When resistance-capacitance networks are used 
in the feedback loop of an amplifier, it is possible

Capacitance. The Miller integrator is a particular 
kind of operational amplifier. It is basically an 
amplifier stage with a capacitive feedback path 
from plate to grid. The apparent capacitance be-

ductance choke in a power supply filter. While 
not a pure inductance element, the high ac plate 
resistance and low de drop through the tube per
mit the circuit to fulfill the requirements ordi
narily imposed on a filter choke.

Stern12 describes a transistor simulated in
ductance using only capacitance as the reactive 
parameter. A series simulated inductance is 
shown in Fig. 6.

to achieve steeper curves of amplitude 
quency (higher Q) than the passive case, i 
to invert the transmission characteristics

tween grid and cathode terminals is a function of 
the size of the feedback capacitor and the gain 
of the stage. In effect, the plate-to-grid capaci
tance is amplified by the tube. Thus, it is possible 
to use a relatively small capacitance with a high 
gain stage to obtain a large circuit capacitance 
of low’ volume.

Stern12 shows a circuit for a transistor simu
lated shunt capacitance. Fig. 7. The value of the

Fig. 8. Single-section high-pass filter with attenuation 
and phase characteristics (a) and Single-section low- 
pass filter with attenuation and phase characteristics

pling network, and the am 
own input. The frequency

octave beyond the “corner frequency of *o — 
1/RC. and a maximum phase shift of 90 deg. De
pending on the configuration, either low or high 
frequency attenuation may be obtained.

The attenuation rate of these networks may be 
made steeper by cascading tw o or more sections. 
For each section, an additional 6 db per octave 
slope, and 90 deg phase shift are obtained. Thus, 
for example, a three-section ladder has an at
tenuation of 18 db per octave beyond its corner 
frequency, and a maximum shift of 270 deg. One 
such network is shown with its characteristics in 
Fig. 9.

It can be seen that there is a phase shift of 
ISO deg at a frequency f 1/2 RC y6 for this 
high pass filter. Although the three-section ladder 
network has no “resonant frequency, it has been 
used in a tuned amplifier circuit by Hansel,14 and 
is commonly employed in resistance-capacitance 
(phase-shift) oscillators as described by Ginzton 
and Hollingsworth.1’ The network is connected 
in a negative feedback path between the input 
and output of an amplifier stage. At some fre
quency there is an additional 180 phase shift con
tributed by the network. Thus, positive feedback 
is obtained, and the amplifier response will show

Fig. 7. Transistor-simulated shunt capacitance

Fig. 9. Three-section high-pass ladder network with 
attenuation and phase characteristics.

Fig. 10. Hadfields null



to overcome the attenuation in the network, the 
circuit will oscillate. For a network composed of 
equal resistances and equal capacitances, there is 
an attenuation of 29 at a phase shift of 180 deg, 
requiring a loop gain of at least this amount for 
the circuit to oscillate. Sulzer16 suggests a modi
fication of the ladder network by “tapering” the 
sections so that the succeeding sections do not 
load the input sections. The attenuation in this 
network is only about 8 for a phase shift of 180 
deg and so low mu tubes may be used in the 
oscillator.

Hooper and Jackets17 have reported on a tran
sistorized RC phase shift oscillator.

Epstein'8 describes a variation of this ladder 
network which has a gain greater than unity with 
180 deg phase shift. Thus it is possible to con
struct an oscillator with only a cathode follower 
as the active element. Waidelich10 gives a prac
tical design procedure for oscillators of this type.

Smiley-" describes another variation of the 
phase shift oscillator in which the ladder sections 
separated by active vacuum tube stages. Use is 
made of the Miller effect to increase the effective 
value of the capacitances in the network, permit
ting ultra-low-frequency operation with relatively' 
small components. A further advantage of this 
oscillator is that three-phase output is available.

Sturm and Cottrell-1 developed a transistorized 
three-phase, phase shift oscillator in which the 
ladder sections arc separated by active transistor 
stages.

Hadfield-- describes a null network composed 
of two ladder networks connected to a common 
source (Fig. 10). The null frequency is controlled 
by means of a very' high resistance potentiometer 
connected across the output terminals of the indi
vidual networks. One of these networks is a phase 
lead network; the other is a phase lag network. 
Fhe voltages at the respective outputs of these 
networks are opposite in phase at all frequencies 
and a zero output or cancellation can be obtained 
at any frequency by a suitable setting of the po
tentiometer. A more detailed analysis is pre
sented by* Clothier23 and a variation called the 
variable-T is discussed by Reid.24

Zero phase shift network. A simple selective 
network, sometimes referred to as a zero phase 
shift or twin RC network, and discussed in de
tail by Punnett,25 is shown in Fig. 11 along with 

I its phase and transmission characteristics. Super
ficially, it appears to be a W ien bridge, and it has 
been referred to as such many times in the litera- 

Iture. Actually it is not, since the true Wien 
bridge is a four-terminal network having no 
common connection between the input and out
put. The network is a three-terminal network and 
it has a common connection between the input 
and output. It has a peak in transmission and
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MULTIVERTER CONVERTS ‘ BEEP’’ TO NUMERAL 
The MULTIVERTER is the first solid state, 
high-speed digital*=-*analog conversion system accurate 
to .01/. It is also the first converter to solve 
various complicated arithmetic problems, including 
square root, during the process of conversion.
A typical MULTIVERTER application is its use 
in converting analog data received from the orbiting 
“Explorer.” Information telemetered from the 
satellite and recorded on magnetic tape is converted 
to numbers by the MULTI VERTER and fed into 
a digital computer. The result: usable and 
accurate new knowledge of outer space.

Satellite 
"Interpreter”

ENGINEERING BEYOND THE EXPECTED
The need for highly accurate measurement in an accelerating 
technology called for a solid state converter with an 
accuracy of .01/ and a speed of four microseconds 
per bit. The MULTI VERTER and related accessories 
resulted. One immediate application has been the 
interconnection of Packard Bell’s TRICE, the first 
incremental differential analyzer to operate in 
real time, with various analog systems. Other 
applications include Missile Impact Prediction, 
Coordinate Conversion, Orbit Prediction and 
Solid State Automatic Checkout Systems.

Packard Bell Computer Corp.,a subsidiary of

PACKARD BELL ELECTRONICS
12333 W Olympic Blvd . Los Angeles 64, Calif.. HR 2-2171
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PANORAMIC
-r--------- High-Sensitivity Spectrum Analyzer, has a range of
CERTIFIED 10 me to 44,000 me with one tuning head, many unique 

----------------- features and tremendous flexibil-

PANORAMIC’S

The SF-2, Panoramic's Synchronous Frequency 
Analyzer, is all electronic, instantaneously tracks 
speed changes in dynamic balance and resonance 
analyses of rotating and reciprocating devices. A single 
run yields □ complete plot of frequency vs. amplitude. 
Used in conjunction with the LP-la, it has a frequency 
range up to 7500 cps . . . tracks fundamental or 2nd, 
3rd, 4th mnd 5th 
harmonic. Selectiv
ity adjustable from 
10 cps-1 kc. Lin 
and 40 db log cali
brated amplitude.

The G-6, Panoramic's Broad Band Response Indi
cator, extends the range of Panoramic's Curve Tracing 
Systems to 15 me! In combination with the SPA-3, it 
shows response to fundamental frequency only, gives a 
single line presentation, discriminates against noise and
hum and has virtually 
unlimited dynamic range.
0-15 me range in 0-3 
me segments. 1 v. into 
72 ohms output with up 
up to 60 db attenuation.

The LF-2a, Panoramic's

P 
la

trum Analyzer, has a redesigned pen recorder, stabil
ized baseline, a second (externally activated) pen for 
marker injection, an optional internal 3" CRT, a more 
precise center frequency control 
and all the features that made the 
LF-2 ideal for applications where 
exceptionally high resolution is re
quired or where analyses are made 
over extended periods. Frequency 
range 0.5-2250 cps.

Fig. 11. The zero phase shift network with attenuation 
and phase characteristics.
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The New Function Selector Panel for the LP-lo, 
Panoramic's Sonic Spectrum Analyzer, permits criti
cal analyses of random and other complex waveforms. 
To the LP-la's standard features it adds 10-1000 cps 
adjustable IF bandwidth, 1-0.1 cps adjustable video 
(low pass) out
put filter, and 
a voltage cali
bration reset.

Fig. 12. Two variations of the zero phase shift 
network.

n 
it 
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SPECTRUM ANALYZERS
0.5 cps through 44,000 me

SEE how they can 
solve your measurement 
and analysis problems

Panoramic's forward thinking, long and specialized experience in the 
development of spectrum analyzers, brings to you the human engineering 
and stable, direct reading displays that make possible rapid and 
reliable analysis for your measurement problems . . . whether it be subsonic 
or microwave . . . noise, vibration, instabilities of oscillators, detection of 
parasitics, studies of harmonic outputs or your own special problem.

write NOW for technical bulletins, 
new CATALOG DIGEST and ask to 
be put on the regular « 
mailing list for THE 
PANORAMIC ANALYZER ■ 
featuring application data. -

524 South Fulton Ave., Mount Vernon, N.Y.
Phone: OWens 9-4600 Cables: Panoramic, Mount Vernon, N.Y. State

r ■ '
dependable J

The SSB-3, Panoramic's New Rapid Test Instru
ment for SSB Transmissions, combines in one con
venient package a sensitive spectrum analyzer (the SB- 
120 Panalyzor), a stable tuning 
head, a two-tone generator and in
ternal calibrating circuitry, to set 
up, adjust, monitor and trouble
shoot SSB and AM transmissions. 
Simple to operate, compact and ex
ceptionally low-priced.

The SPA-2, Panoramic's New Microwave Spectrum 
Analyzer, was specifically designed for high resolution
analysis of broad pulse spectra. Two 
a frequency range from 50-4000 
me, 200 cps resolution, 1 me 
sweep width continuously re
ducible to 0 with IF bandwidth, 
control, 40 db log, 20 db lin and 
square law amplitude scales, 
calibrated and continuously 
variable differential markers.

ity. Resolution continuously vari
able from 1 kc to 80 kc. 70 me 
wide sweep width continuously ad
justable to 0. Careful shielding to 
avoid interference. Calibrated 
power, voltage and log amplitude 
scales.

zero deg phase shift at its “resonant frequency 
Its attenuation is asy mptotic to 6 db per octave 
each side of this frequency. If the general case 
for this network is considered, it is found that

tuning heads with

at IRE booth 3515-3517

the highest selectivity occurs when 
The resonant frequency obeys
f = 1/2 n RC.

Two other networks composed
basic elements in different configurations, bu1 
having the same transmission characteristics an 
shown in Fig. 12.

Whitmer20 describes a three-stage, broadly 
tuned bandpass amplifier employing two of thes< 
networks for interstage coupling. While not as se 
lective as other circuits, the simplicity of the net 
work and the absence of critical tuning requin 
ments are advantageous.

Beatie and Conn.27 and Punnett25 employ thi 
network as the interstage coupling in a two stag 
amplifier with a positive feedback loop, thereb 
obtaining a tuned amplifier system with Q’s up t 
20. Transistorized versions, while feasible, hav< 
not yet been described in the literature.

If the loop gain of the amplifier system is mack
CIRCLE 38 ON READER-SERVICE CARD
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greater than 3, the circuit will oscillate at a fre- 
juency determined by the network and the am
plifier phase shifts. Such a vacuum tube oscil
lator has been described by Terman.2S Transistor 
oscillators of this type have been described and 
malyzed by Achuthan29 and Hooper and Jack
ets.17

Another variation of this network is also de
scribed by Punnett25 and consists of connecting 
the network to the ouput of a phase splitter. The 
operation approaches that of the Wien bridge by 
being more sharply tuned than the simple selec
tive network and having zero output at its reso
nant frequency.

Wien bridge. A popular tuned RC network, the 
Wien bridge, is shown in Fig. 13 along with its 
transmission characteristics. It is more sharply 
tuned than the previous network, with a theoreti
cal infinite attenuation and a discontinuous phase 
shift at its resonant frequency. It has been em
ployed in tuned amplifiers by Shaw30 and in oscil
lators by Clarke.31 It has a rather serious disad
vantage in that it is a four-terminal network hav
ing no common connection between input and 
output, thus requiring an isolating transformer in 
many oscillator and amplifier circuits. However, 
it is possible to employ this network without a 
transformer. The network may be tuned by vary
ing either the two capacitors or the two resistors 
in the right-hand branches simultaneously. The 
resonant frequency obeys the relation F — 
1/2 tt RC.

Parallel-T network. Probably the most widely 
used RC selective network is the parallel-T or 
twin-T network. It has a higher Q than the pre
viously discussed simple networks, less than the 
Wien bridge, and has a theoretical infinite at
tenuation and a discontinuous phase shift at its 
resonant frequency. A carefully constructed unit 
can have an attenuation of 120 db at this fre
quency. This network, invented by Augustadt,32

A “MIRROR IMAGE” OF

NOW, FROM FAIRCHILD PNP 
SILICON 
MESA 
TRANSISTORS

NPN CHARACTERISTICS

Fig. 13. The Wien bridge network with attenuation 
and phase characteristics.
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Same high-speed switching capabilities with which Fair
child startled the industry are now available in PNP— 80 
milli-micro-second rise time, 2 watts dissipation, 300° C. 
survival. Fairchild Silicon Transistors are multiple solid- 
state diffused. Their mesa construction affords excellent 
heat dissipation and extraordinary ruggedness.
Complementary symmetry within computer circuit designs 
now affords another technique for reducing number of 
components and increasing reliability. The advantages of 
complementary symmetry have been well known, but the 
high performance silicon transistors that could take ad
vantage of the technique have not been available.

PNP - 2N1131, 2N1132

Direct replacement of germanium by silicon is feasible 
now that high performance silicon PNP mesa transistors 
are readily available. In silicon transistor circuits, you 
need no longer hesitate to make use of the particular ad
vantages of PNP polarity. Availability is firmly assured.
COMPETITIVE ADVANTAGES FOR YOUR DESIGNS either 
in terms of price or functional efficiency are a likelihood 
that you should investigate. PNP silicon transistors with 
these speed-power characteristics have not been generally 
available, hence until now it has not been possible to de
sign circuits using the complementary symmetry concept 
Special attention will be given to inquiries received on company letterhead.

Symbol Specification Rating Characteristics Test Conditions

Collector to Emitter 
voltage (25 C.i

Total dissipation at 
25 C Case temp

C C current gam

Collector saturation 
resistance

Small signal current 
gam at f 20Mc

JOv

2 watts

2N1131 —15 to 45
2N1132 30 to 90
6 a typical 
lOn max
2.5 typical

150ma 
lOv
150ma
15ma
50ma 
lOv

NPN - 2N696, 2N697
Symbol Specification Rating Characteristics Test Conditions

VCE 

pC 

hFE

RCS

hfe

Collector to Emitter 
voltage (25 C

Total dissipation at 
25 C. Case temp

D C current gam

Collector saturation 
resistance

Small signal current 
gam at f— 20Mc

40v

2 watts

2N696 20 to 60 
2N697 40 to 120 
3 5n typical 
10a max.
5 typical

lc =150ma 
vc 10v 
lç 150ma 
lg 15ma
1 £ 50ma 
Vc 10V

844 CHARLESTON RD. • PALO ALTO, CALIF. • DA 6-6695
SEMICONDUCTOR CORPORATION
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The case of the missing mesa
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Fig. 16. A simple tuned amplifier employing a parallel- 
T network in the negative feedback loop.

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

In Canada: P. O. Box 1190, Station “O
Montreal 9

Fig. 14. The parallel-T 
phase characteristics.

Mesa, mesa, who’s got the mesa transistor? 
Recent announcements have created indus
try-wide excitement and confusion—and the 
inevitable disappointment of delayed deliv
ery. What is the true status of mesa? Does it

belong to any one or two companies and why is it so 
hard to get? The circuit designer has good cause to 
ask these questions, and we’d like to make our con
tribution to industry enlightenment.

Mesa is such a major development, it can only 
belong to the industry at large. Some experts feel 
that mesa will soon supplant most other transistor 
types in most applications. Certainly its potential is 
broad, and the barriers it unlocks are many.

At Sylvania, we share this enthusiasm. The mesa 
transistor is one of our top priority programs—as it 

LIGHTING • TELEVISION • RADIO • ELECTRONICS • PHOTOGRAPHY • CHEMISTRY-METALLURGY 
CIRCLE 40 ON READER-SERVICE CARD

is with most manufacturers of major industry stature.
Our pilot runs on amplifier, mixer, oscillator, and 

switching types have been most gratifying. And 
we’re proud that we are developing new manufac
turing techniques which will make the mesa commer
cially practical.

While none of our pilot runs have yet been sampled 
to our customers, at this point we are satisfied that 
we’ve avoided the disappointments of broken prom
ises. We are not in any race to be first with false 
starts—rather our objective is to get mesa off to 
the right start.

We will be announcing availability of commer
cially practical mesas later this year. If you would 
like to be one of the first to hear, drop us a note or 
call one of our sales offices.

with attenuation andnetwork

Fig. 15. The dual-input parallel-T network.

is shown in Fig. 14 along with its transmission 
characteristics. The resonant frequency is given 
by f = 1/2 jt RC yJ2n where, for the highest Q, 
n = 1/2.

The parallel-T is a three-terminal network; 
there is a common connection between input and 
output. This feature makes the applications 
rather striaghtforward since no isolation trans
former or special circuitry is required. Analysis 
of the parallel-T network and suggested applica
tions have been made by Hastings35 and Stan
ton.34

One of the sharpest criticisms directed toward 
the parallel-T network is the fact that in order to 
vary the tuning frequency, three circuit parame-

58 ELECTRONIC DESIGN • March 18, 1959



0

0

0

d

Fig. 17. Attenuation and phase characteristics of a 
parallel-T network with various values of n.

Sample prints, processing 
data sheet available
If you want to know more about color 
overlays or if they have been a problem 
in the past, we will be glad to send you 
Post Vapo Chromtex sample prints 
and processing data sheet. Write to 
Frederick Post Company, S662 N. Avon
dale Avenue, Chicago 18, Illinois.

ters must be adjusted simultaneously and with 
perfect tracking to maintain the sharpness of re
jection. White and Morgan35 have made an in
genious modification that permits adjustment of 
the null frequency over a two-decade range 
without changing any of the circuit parameters. 
They split the input to the parallel-T, and in the 
case illustrated in Fig. 15, each T is fed from one 
section of a dual potentiometer. The null fre
quency is then only a function of the ratio of the 
voltages applied to the two T’s and the null fre
quency of the basic network.

The use of the parallel-T network in vacuum 
tube tuned amplifiers was first described by 
Scott,30 but subsequent articles by Fleisher,37 
Punnett,23 Stanton,3* and Hyde,3S are more de
tailed. The tuned amplifier consists basically of 
a stage of gain with the parallel-T network in 
the negative feedback loop and is shown in Fig. 
16. There is degeneration at all frequencies ex
cept at the resonant frequency of the network 
which is a transmission null. At this frequency, 
the amplifier gain is a maximum, resulting in a 
peak in the amplifier response. Among the articles 
showing practical circuits of tuned amplifiers em
ploying this network are those by Dixon and 
Phillips,39 Gitzendanner,*” Raymer,41 and Roualt.42

Bowers4 calls attention to an interesting varia
tion of tlx; parallel-T network. If the multiplying 
factor, n, of the shunt arms of the network is less 
than 0.5, there is only a partial null and the net
work phase shift attains a value of 180 deg at the 
resonant frequency. The phase vs. frequency 
characteristic is degraded from the discontinuous 
function of the infinite attenuation network to a 
less rapid change, the slope becoming smaller as 
n is decreased. Attenuation and phase shift for 
various values of n are shown in Fig. 17. In the 
previously described amplifier, this phenomenon 
results in positive feedback or regeneration at 
the resonant frequency of the filter, thus increas
ing the amplifier gain at that frequency. 
Bowers,43 McGaughan,44 and Smith45 have shown 
practical tuned amplifiers based on these prin
ciples. A similar circuit, but using transistors, is 
described by Sohrabj.40

If the loop gain of the amplifier is made large 
enough to overcome the transmission losses of 
the network, the system will oscillate at a fre
quency determined by the network and the phase

Color overlays using POST's new Vapo Chromtex color foils give this intricate 
drawing maximum readability with consistent color fidelity.

Color overlays tell 
faster visual story
Broader use of color overlays is more 
and more in evidence every day. Many 
engineers and designers have discovered 
that color provides a faster visual com
munication of highly complex subjects 
in technical manuals, intricate draw
ings, flip charts, ’'exploded” views and 
schematics.

Of course, color overlays are not new. 
But, until recently multiple sets had 
not reached their maximum perform
ance potential. The Post laboratory 
has devoted more than two years in 
perfecting a series of ten color foils that 
meet the most rigid standards. Multi
color sets of films are now produced 
easily and quickly on any standard 
white print machine (dry diazo proc
ess). These new Post products are 
called Vapo Chromtex.

Post’s technicians successfully elim
inated difficulties previously encoun
tered in some of the diazo films on the 
market, developing consistent color 
fidelity and the proper brilliance for 
most effective readability. Post’s Vapo 
Chromtex films come in ten vivid colors: 
black, red, green, blue, orange, brown, 
magenta, cyan, yellow, and violet. 
These clean, bright colors offer a range 
that is broad enough to cover even the 
requirements of the most intricate 

Unusually sharp image detail
Post Vapo Chromtex has n special ace
tate base which gives the necessary 
strength to resist buckling, and has 
desirable extra stability to insure ac
curate registration. Use of this base 
also provides a flat, uncurled print. 
Equally important, Post’s Controlled 
Coating formulations assure unusually 
sharp image detail with clear, un
clouded backgrounds.

Chromtex also offers good resistance 
to normal light, hence less image fade. 
This color foil series falls naturally into 
your normal reproduction routine. Each 
of the ten colors fully develop in one 
pass, and can be conveniently handled 
by any operator of ammonia process 
reproduction equipment.

graphic communication.
SENSITIZED PAPERS & CLOTHS • TRACING & DRAWING MEDIUMS • DRAWING INSTRUMENTS & SLIDE RULES 

ENGINEERING EQUIPMENT & DRAFTING SUPPLIES • FIELD EQUIPMENT i DRAFTING FURNITURE
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network with attenuation and

100 to 200 mcs 200 to 400 mcs
Tapered Phase-Shift Oscillator

Hooper and Asistors

TYPICAL PERFORMANCE CHARACTERISTICS Model HFW-303 References

98-99 (August 1949),Electronic

Oscillators

Hadfiek3-69 to 3-86, McGraw

editor, 1st ed

Conservatively speaking, these equipments offer a 
practical and realistic answer to nearly all broadband 
amplification requirements.

Circuit Techniques for Miniaturization, P. G. Sulzer.Input frequency:
Input output impedance: 
Input, output V S.W.R 
None figure (average).
Gain
Primary power requirement*
Size (LW.H.):
Mounting dimensions:

13-12, McGraw-Hill Book Company,

Two additional units cover the 100-400 mcs region 
as follows:

See us at Booth M2S at IRE Show
CIRCLE 42 ON READER-SERVICE CARD

Lsing Junction Tran 
Jackets, Elettroni

; paper were 
with one ex-

I, D. L 
222-22Waidelich, Proc. Nat. Electronics Conf 

(1955).
20. Ultra-Low-Frequency Three-Phase < 
Smiley, Proc. IRE, 42, 677-680 (1954).

Proc. IRE, 37, 1302-1305 (1948).
17. Current Derived R-C Oscillators U

19. Design of Optimum Phase Shift Oscillator
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Davi*, and A. P. Albrecht
Hill Book Company, Inc., New York 1957.
5. Handbook of Semiconductor Electronics, L. P. Hunter.

22. Selective Amplifier or Oscillator, B
U.S. Patent 2,386,892 (October 16, 1945).
23. RC Filter Networks with Single-Component Fn 
quency Control, W. K. Clothier, Trans. IRE, CT-2, 97-10 
(1955).
24. New Null Transmission Networks, E. M. Reid, Elec 
ironic Engng., 26, 444-446 (1954).

21. Transistors and RC Networks Produce Thrce-Phas 
A-C, R. E. Sturm and D. E. Cottrell, Electrical Desig 
News, 3, 16 (July 1958).

ception appear on identical scales. The authors wish to 
thank Louis Nardizzi for his untiring efforts in computing 
data for the preparation of these cun es.

300-600 mcs 
50 ohms
Less than 1.5 in bandpass region 
7 db 
30 db 
115 VAC, 60 cps 
19" x 12h" x 7" 
Standard 19" relay rack

Inc., New York, 1956.
6. Philco Semiconductor Data Sheet, type 2N 207 Ger
manium PNP Transistors (September 1957).

Engng., 28, 333-337 (19-56).
18. Synthesis of Passive RC Networks with Gains Greate 
than Unity, H. Epstein, Proc. IRE, 39, 833-835 (1951)

Fig. 18. The bridged T 
phase characteristics.

2. Miniaturizing Pentode Amplifiers by Positive Feed 
back, W. B. Anspacher, Proc. Nat. Electronics Conf., 6 
103-111 (1950).
3. Transistors Use Emitter-Coupled Feedback, F. C 
Alexander, Jr.. Electronics, 27, 188 (December 1954).
4. Electronic Designers’ Handbook, R. W. Landre, D. C

7. Symmetrical Properties of Transistors and Their Appli 
cations, G. C. Sziklai, Proc. IRE, 41, 717-724 (1953).
8. Transistor Negative-Impedance Converters, J. G. Lin 
vilk Proc. IRE, 41, 725-729 (1953).
9. RC Active Filters, J. G. Linvill, Proc. IRE, 42, 555 
564 (1954).
10. Artificial Inductor, G. H. Towner, U.S. Patent 2,800, 
568 (July 23, 1957).
11. Electronic Filter Choke, R. B. Tomer, Radio-Elec
tronic Engineering edition of Radio News, 19, 11 (Decem 
ber 1952).
12. Transistor-Simulated Reactances, R. II. Stern, Elec- 
thonic Design, 6, 24-27 (March 5, 1958).
13. Transistor Ripple, F. Oakes and E. W. Lawson, Elec
tronics, 31, 95 (April 11, 1958),
14. Dippier-Effect Omnirange, P. G. Hanse l, Proc. IRE.
41, 1750-1756 (1953).
15. Phase Shift Oscillators, E. L. Ginzton and L, M. Ho] 
lingsworth, Proc. IRE, 29, 43-49 (1941).

shift in the amplifier. The choice of n of the net
work is dictated by the open loop gain of the 
oscillator and the frequency stability that is de
sired. Vacuum tube oscillators of this type have 
been described by Smith45 and Tucker.47 A com
plete design procedure for parallel-T oscillators 
is given by Lynch and Robertson.48 A transistor 
version is shown by Sohrabji.46

Frequency discriminators utilizing parallel-T 
RC networks are advantageous for low fre
quency applications. There are two basic 
methods: two networks may be used directly, or 
in the inverse loops of feedback amplifiers. Till
man49 and Stine50 describe practical circuits and 
design techniques for these discriminators.
Bridged-T network. Still another frequency se
lective RC network is the bridged-T, described 
by Sulzer51 and others. The network and its 
transmission and phase characteristics are shown 
in Fig. 18. It has a minimum of transmission and 
zero deg phase shift at its resonant frequency, 
f — 1/2 RC. The unsymmetrical networks are 
characterized by a higher Q than is available 
from other networks containing only four com
ponents. Its relative simplicity and ease of fre 
quency adjustment also make this network at
tractive for use in a tuned amplifier or oscillator.

Tisdale52 used the bridged-T network in con
junction with RC ladder sections to obtain a con
tinuously adjustable low-pass filter. Sulzer has 
used this network in a vacuum tube53 and a tran
sistor54 audio oscillator which feature low har
monic distortion.

More detailed information on the processes de
scribed in this article will be found in the com
plete paper to be published in our Proceedings 
of the Symposium on Microminiaturization of 
Electronic Assemblies. For further information on 
the Proceedings, turn to Reader Service Card and 
circle 100.

Model HFW Octave RF Amplifiers feature low noise, 
high gain, low power drain plus dependability and 
easy maintenance. Four basic amplifiers are available, 
with the following frequency responses:
40 to 80 mcs • 80 to 160 mcs
160 to 320 mcs • 300 to 600 mcs

Acknowledgement

Net work response curves show’n
■omputed from the network formula

OCTAVE RF 
AMPLIFIERS 
40 to 600 mcs

low noise figure • low power draii 
high gain • broadband operation 
fìat gain characteristic

Applied Research ine.
76 South Bayles Avenue, Port Washington, N Y
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HEAT RESISTANT
Teflon insulated wire and 
cable isn't bothered at all 
by heat aging at tempera
tures up to 260 C. The 
superb "tailoring" of 
Continental insulated wire 
and cable is assured by 
skill, experience and 
modern facilities. Example. 
Continental Wire can com
bine Teflon and Asbestos 
to achieve even higher 
operating temperatures.

WON'T SHRINK
BACK

The Teflon insulation holds 
no fear of soldering iron 
heat. Won’t shrink back 

when soldering a connec
tion. Less soldering time . . . 

lowered inspection costs 
. . . and increased reliability 

are a few of the advant
ages of Continental Teflon 
insulated wire and cable.

WILT NOT
The waxy surface of the 

Continental Teflon protection 
is water repellent. ( Less 

than 0.01% water absorp
tion by ASTM test). And 

of course, relatively imper
meable to nearly all chemi

cals and corrosive atmos
pheres. Applications by the 
score demand this important 
characteristic found, again, 

in Teflon insulated wires 
and cables by 

Continental Wire.

SMUGLY 
IMPERMEABLE
A lubricant shower disturbs 
not the efficiency of a 
Teflon insulated wire or 
cable. These Continental 
wire and cables withstand 
such penetrating fluids as 
hot transformer oils. 
Weather is no worry either 
. . . nor ultraviolet rays 
. . . nor salt spray. Think 
ol how important this is in 
certain spots.

COLD DEFIANT
Continental's Teflon 
"cover-alls” laugh at ex
tremely low temperatures. 
Even in bitter cold, a 
Teflon insulated wire flexes 
and bends without crack
ing. Proven insulating 
techniques make a big 
difference. Continental 
engineers know and 
appreciate Teflon—and how 
to use it best.

ELUDES ABRASION
No small measure of 

superiority is the superior 
abrasion resistance of the 
Continental Teflon "cover

alls". Chafing and cracking 
are reduced . . . and 

service life is lengthened. 
An ideal characteristic in 

tight bends, Teflon insu
lated wire's low surface 

friction prevents chafing of 
harnessed wires and 

twisted pairs.

NEED
ELBOW ROOM?
Where space saving is the 
problem, consider this: 
Teflon insulation permits 
space savings of 4 to 1 
over standard insulations. 
Smaller Continental con
ductors transmit equivalent 
power with less insulation. 
Continental Teflon insu 
lated wires register weight 
savings ol 2 to 1 over many 
standard insulations, too.

There's a complete selection of Continental insulated wires 
and cables. Many stock types and sizes. And, of course, 
engineered to specific requirements Furnish details 
on amperage, voltage, diameter limitations and 
operating temperatures for prompt answers.
Direct all inquiries to Continental Wire, Wallingford.

Teflon” is Du Pont's registered trademark for its fluorocarbon 
resins, including TFE (tetrafluoroethylene) resins

cojtz exi ^crZ
corporation

WALLINGFORD, CONN.
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NEW PRODUCTS Covering all new products that might gener
ally be specified by an electronics engineer 
engaged in the design of original equipment.

SUBMINIATURE TERMINAL BLOCKS

SILICON RECTIFIER

An operating life of 10,000 hr is expected tor this silicon rectifier. For 
general purpose use in power supplies, magnetic amplifiers and vari
able speed motor controls, the unit’s all welded hermetic package can 
function in temperatures that range from — 55 to +150 C. Labeled the 
S-16, the rectifier provides an output of 500 pamp. In the back direction 
it can stand 400 v and a maximum reverse current of 100 pamp.

Semicon, Inc., Dept. ED, 258 East St., Lexington 73, Mass.
CIRCLE 44 ON READER-SERVICE CARD
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FLAT COAX COUPLER

Limiting frequency response variation to only 0.2 db over a full octave, this 
series of flat coaxial couplers also present a deviation of mean value from 
nominal of only ±0.3 db. Six models, designated 3040 through 3045, cover 
frequency bands from 240 to 11,000 me with a nominal coupling value of 20 
db. Four models are available with 10 db values,’covering 500 to 8000 me. 
Primary vswr is 1.1 to 1.25, and secondary vswr is 1.2 to 1.3, depending on 
model.

Narda Microwave Corp., Dept. ED, 118-160 Herricks Road. Mineola. N.Y.
CIRCLE 45 ON READER-SERVICE CARD

Made with 1 to 21 terminals, these sub
miniature terminal blocks are only 5/16 in. 
wide. Called the Series 409, they are 
molded of high tensile strength bakelite for 
commercial use. To meet Mil-M-14 they 
are made from other materials which in
cludes CFG, MFE, MME, MDG and MAI- 
60, a special reinforced Alkyd for great 
tensile and impact strength.

Kulka Electric Corp., Dept. ED, 633- 
643 S. Fulton Ave., Mt. Vernon, N. Y.
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RELIABILITY 
IN THE PALM 

OF YOUR HAND...

MICROMINIATURE LAMP

This microminiature incandescent indicator lamp 
operates directly from the output of a transistor. 
Developed by the Diamond Ordinance Fuze 
Laboratories (see ED, Mar 4 p 78), the lamp 
operates on less than 1.5 \ and has a steady-state 
current drain ol about 30 ma. It measures 0.035 
in. in diameter and is 0.1 in. long.

Minitron Components Corp., Dept. ED, 187 
Washington Place, Passaic, N. |.
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tor extremely reliable pulse-counting and frequency-division applications 
in the frequency range of 0 to 250,000 pulses per second.

FEATURES
The new EECO N-Series miniaturized and transistorized plug-in decimal 

counters feature simple power-supply requirements, low power consumption, 
small size, and extreme reliability. Saturation techniques, along with consistent 
derating of component tolerances result in a group of Transistorized Decades 
that will work dependably from 0 -250 kcs even under adverse conditions of 
environment and power supply variations. All units are completely compatible 
with EECO T-Series Germanium plug-in circuits. In addition, an auxiliary 
9-step staircase output is available. Most units are designed to plug into a special 
13-pin miniature tube socket; other units plug into a standard 29-pin socket 
(Continental No. MM-29-22S). Mating socket is furnished with each decade.

ONE-HALF

ACTUAL SIZE

TYPICAL SPECIFICATIONS
The N-102 Transistorized Decade (with in

ternal incandescent readout) employs four binary 
stages operating in a 1-2-4-2 code. Visual readout 
consists of the numerals 0 through 9 displayed 
vertically and illuminated by incandescent lamps. 
Total power consumption is approximately one 
watt. Outputs include (N/10), (N/10)', and a 
9-step staircase, which may be adapted for a 
visual display by means of an emitter follower 
and DC voltmeter.

ELECTRICAL SPECIFICATIONS 
INPUT

Minimum Trigger Input: (0-100 kcs): 7 volts 
positive pulse or step at 0.5 Msec. rise time; 
(100 kcs to 250 kcs): 7 volts positive pulse 
or step at 0.2 psec. rise time.

Maximum Operating Frequency: 250 kcs.
Input Impedance 470 MMfd. capacitance, max.
DC Reset Input is provided (normally supplied 

by T129 DC Reset Generator).

OUTPUT (No Load)
Amplitude; 8 volts, peak to peak.
Output Levels: (N/10) and (N/10)'; -11 volts

DC and —3 volts DC, nom. Staircase: —11 
volts DC to -3 volts DC in 9 steps.

Rise Time: (N/10): 0.5 Msec.; (N/10)'; 0.5 Msec. 
Type: (N/10), (N/10)', and 9-step staircase.
Load Typical, two N-Series decades or two 

T-Series flip-flops. (Load information avail
able on request.}

WIDE SELECTION
EECO N-Series plug-in Transistorized Decades are available in a wide 

range of models. The counting circuitry is standardized for the various models. 
Provisions for visual readout and/or preset controls are as follows:

HIGH TEMPERATURE ACCELEROMETERS

Without cooling or correction, this line of cry stal 
iccelerometers operate in an ambient tempera- 
ure range of 65 to 4 540 F. Using a new piezo- 
lectric crystal in a true compression type seismic 

system, they have an accuracy’ of ±5% over broad 
icceleration and frequency range. The line con- 
ists of 16 units with sensitivities ranging from 

30 mv/g to 1 mv/g.
Columbia Research Laboratories, Dt'pt. ED, 

McDade Blvd, and Bullens Lane, Woodlyn, Pa.
CIRCLE 48 ON READER-SERVICE CARD
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MODEL
N-101
N-102
N-104
N-105
N-106
N-107
N-108
N-ll 1

DESCRIPTION
No readout.
Incandescent readout.
Incandescent readout (remote). Typically a projection readout module.
Nixie readout. (Can be cabled to remote Nixie.)
Nixie readout with preset control switch. (Can be cabled to remote Nixie.) 
Incandescent readout with inputs for external preset control 
Incandescent readout (remote) with inputs for external preset control.

No readout, but with 1-2-4-2 code.

PHYSICAL SPECIFICATIONS
Dimensions: 1-5/16" wide x 3" deep x 3-7/8" 

seated height (including handle). Dimensions 
are exclusive of external addenda found in 
external preset and Nixie models.

Mounting: Plugs into standard 9-pin miniature 
socket. (Some other models require a special 
13-pin miniature socket, which is furnished 
with each such unit.)

Pin Connections: Arranged for in-line wiring of 
power and grounds.

Operating Temperature Range: —54*C to 
4- 71°C.

NOTE: 0 to 5 megacycle models available soon.

Additional information on N-Series Transistorized 
Decades and other EECO products available on request.

ENGINEERED
ELECTMNKS

Company

ENGINEERED ELECTRONICS COMPANY
(a tubsidiary of Electronic Engineering Company of California )

506 East First Street • Santa Ana, California

P.S.— See all of our new products, in
cluding Relay Drivers, Minisig Indicators, 
and Transistorized Decades, at the 
IRE Show, New York City. March 23-26, 
Booth 3838.
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NEW PRODUCTS

VTVM

Has 6 in. meter

ith 2%movement is 400

» Outstanding Performance at 150° C

High Resistance to Burn-Out

• Absolute Hermetic Seal

Connectors
1N263 MS-E type

Write Special Components Dept., ED 359 Lansdale Tube Company Division, Philco Corporation, Lansdale, Pa.

1MM 
1N23A 
1N23B

PHILCO sets the pace with 
outstanding crystal performance

Arkay, Inc., Dept. ED, 88-06 Van 
Wyck Expressway, Richmond Hill 
18, N.Y.
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1N7S 
1N7BA 
1N78B 
1N78C

The first and only Germanium Mixer Diode 
specifically designed for ultra-low noise perform
ance in Doppler receivers A noise temperature 
ratio specification of 24db max at 20kc guarantees 
this performance Through Philcos exclusive 
anchor whisker construction the practical elimi
nation of microphonics is assured. The 1N1838 
is hermetically sealed and has been uniquely 
engineered for Doppler equipments operating at 
8,800 and 13,5OOmc.

The VT-10 VTVM has an edge
lighted 6-in. meter for accurate 
reading. Sensitivity of the unit’s

Here's a Hermetically Sealed Germanium Crystal 
Diode designed for exceptionally low noise 
mixer performance at X-band. It has been engi
neered to such a degree that its tightly controlled 
characteristics assure that any two lN263’s will be 
a matched pair; its symmetrical construction 
allows easy polarity reversal in balanced mixers. 
The crystal may be used fixed-tuned over the 
range 8600 to 9600mc. IF impedance (Zif) . . . 140 
to 210 ohms, RF impedance (VSWR)... 1.3 max; 
Overall noise figure (NFrec) . . . 7.5db max.

These Silicon Mixer Diodes offer new and un
surpassed performance characteristics to this estab
lished family designed for maximum sensitivity 
operation in the 16,000mc region The new 
member of this family is unilaterally interchange
able with existing types while incorporating 
strikingly superior features: conversion loss (Lc) 
reduced to 6.0db max; IF impedance (Zif) range 
tightened (400 to 550 ohms); RF impedance 
(VSWR) reduced to 1.5; temperature range ex
tended (150° C.). Engineered to meet the most 
demanding military applications, all the members 
of this series are packaged in a hermetically 
sealed case.

These Silicon Mixer Diodes bring tremendously 
improved performance to this family designed for 
high reliability operation in the 24,000mc region 
As a result of Philco s unparalleled engineering 
activity in this area, existing performance limits 
in the 1N26 series have been greatly extended 
by addition of the 1N26B . . maximum operating 
temperature more than doubled (to 150° C.); 
VSWR reduced to 1.5; IF impedance range nar
rowed (400 to 600 ohms). All members of this 
family have a metal-to-ceramic hermetic seal guar
anteeing reliable performance under extreme 
environmental conditions

MS-E pin or socket types, Seal-I 
electrical connectors are suppliei 
in sizes through O. Constructs 
with partitive hermetic glass seals 
they also have interfacial seals fo 
internal moisture-proofing.

Connector Seals Corp., Dept 
ED, Rosemead, Calif.
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curacy. Foi measurement stability 
1% precision resistors are through
out the range sw itch. The unit has 
7 ac (rms) and dc ranges, 0 to 1500 
v. Also 7 ac peak-to-peak ranges, 
0 to 2000 v. Other ranges include 
resistance, 0 to 1000 megohms, and

Announcing a new family of low-noise microwave diodes. Here is 
a major step forward in the development and control of germanium 
and silicon crystal diode performance. Philco microwave diodes 
are designed to meet the most stringent military environmental 
and electrical requirements for shock, vibration, torque and 
strain. Each of these new diodes is unsurpassed for performance. 
When only the best will do . . . the experts choose Philco.

Introducing a NEW FAMILY OF

MICROWAVE

PHILCO
LANSDALE TUBE COMPANY DIVISION 

LANSDALE, PENNA.
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means

ceramic

COORS PORCELAIN COMPANY

free 
gyro.

components, does the metalizing and 
makes the final assembly of the

d set screws 
of connec

te metal assemblies.

Name.......................

Company ................

Address ...................

Flexible design of the series 1080 
ros allows the1 unit to be made

Coors manufactures

Standard 
1 phase,

The finest in manufacturing fa
cilities and technical know-how are 
available to you at Coors—whether 
your requirement calls for a simple 
terminal bushing or a complex as
sembly of ceramic and metal parts. 
Coors high strength ceramic parts, 
metalized using high temperature 
techniques, are brazed to metal parts 
to provide the combination of physi
cal, electrical and heat resisting char
acteristics needed for so many appli-

ceramic and metal parts. Also, this 
places responsibility in one place.

However, for those who do their 
own assembly work, Coors will sup
ply the ceramic parts only—either 
plain or metalized.

Coors engineers will help you 
work out the mechanical design de
tails of your metalized ceramic parts 
or ceramic-to-metal assemblies. Con
tact us at the earliest possible stage 
of design in order to save time.

Gyros

For various uses

Weighing a maximum of 4.75 lb, 
rhe unit’s maximum dimensions are

Double Plug Accessories

For multiple stacking 
These three molded 3 4 in. dm

i itation of the gyro motor is 115 v 
100 cps, 3 phase. Optional excita-

cations today.
Ceramic-to-metal bond strengths 

range normally from 9,000 to 12,000 
p.s.i—or higher depending on de
sign. Brazes can be made at tem
peratures as high as 1083 C (1981 F.) 
using copper.

Extremely close dimensional tol
erances can be maintained where

COORS CAN FURNISH COMPLETE CERAMIC-TO-METAL 
ASSEMBLIES TO YOUR SPECIFICATIONS

nnltiple stacking. Model MDP is 
lesigned for cable attachment and 
features a built-in cable guide to act

v, 400 cps, 3 phase; 115 v 
400 cps, 3 phase, 4 wire, 
pickoff is 115 v, 400 cps, 
with optional rated at 26

400 cps, 1 phase.
Lear, Inc., Dept. ED, 110 Ionia 
e., N. W., Grand Rapids 2, Mich.
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ion. The plug is rated at 15 amp 
ontinuous duty and 5 kv working 
oltage. Capacity is 0.8 uuf. Model 

MDPS has an internal shorting bar, 
nd model MDPR has precision 17 
esistors molded in. In all models 
he molded plug body is unbreak- 
<ble plastic and the banana plug 
prings are one piece nickel plated 

Beryllium copper.
Pomona Electronics Co.. Inc^ 

Dept. ED, 1126 W. Fifth Ave., Po- 
nona, Calif.
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COORS PORCELAIN CO., 600 9th St., Golden, Colo.
Pleas« haye your sales engineer see me to discuss ceramic-

high strength 
ceramic-to-metal assemblies



NEW PRODUCTS

De to 10 kmc

at temperatures

20479

maximum
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Infrared Detecto

Sensitive to six microns

MINIATURE

1700-10

1962116928
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CANNON 
.ELECTRIC

or fc- 
BN(

20760

conventional d.c. ■olenoida 
in many design« give you 

poaitive action and 
absolute reliability

ti center 
ithin a 
nominal 

i can be

Toronto, London. Melbourne. Manufacturing

high-temperature solenoids

These modem new solenoids give you a reasonable life expectancy

Factories in Los Angeli s. Sai 
licensees in Paris and Tokyo.

CANNON ELECTRIC. CO.. 3208 Humboldt St.. Los Angeles 31. Calif.
Please refer to Dept. 438
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Class H insulation combined with inert gas filling add those necessary 
extra few degrees needed in your temperature limits... make 
these solenoids exceptional high-quality, high-temperature units.

power rating is 
increased by pr 
beat sink or I 
Known as the 
provided with

... and those unusual specialties you look for!

Having trouble finding solenoid specialties? Here at Cannon, we’d 
like to help you. Standard production now includes multiple-stnp 
solenoids for keyboard operation, locking types requiring no 
holding current, and miniatures and sub-miniatures

diameter. In addition, our expanded solenoid engineering 
department is ready to serve you at any time.

See your Telephone Yellow Pook.
Please ask for latest SR-S releases and/or Solenoid Bulletin.
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true hermetically sealed solenoids

Just like a sealed vacuum tube! True hermetic sealing around a 
solenoid.. .glass seal terminals, lugs, and connectors. All welded and 
brazed construction. Completely plated after assembly. Exceed most 
requirements of military specification MIES-4040 (USAF). Priced 
at approximately the same level as conventional types.

dium antimonide. Operating at d 
ice temperature, it is sensitive to 
microns and has a time constant i 
less than one usee. Used with t1

These terminations are miniatur
ized low power loads designed to 
operate from de to 10 kmc. They 
are for use with airborne and other 
applications requiring compact, 
lightweight components. The units
consist of a resistive Fil 
conductor terminated ' 
matched housing. Their

measurement units.
Radiation Electronics Corp., Dt j 

ED. 8241 N. Kimball Ave., Skok

company s auxiliary low noise trai 
formers and preamplifiers, the noi 
equivalent power of the detector 
5 x IO1' w. Low microphonic no 
and circuit simplicity make the m 
suitable for high speed scannii 
systems as well as infrared detect!

remote temperati

roviding an external 
forced air cooling.

I A series, thev an

The InSb infrared detector 
e photoconductive effect oi



LCR Comparison Bridge

Direct reading

Inside ESC: Number Three
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Parameter deviations of 1 part in 10,000 may 
be detected between electronic components with 
the modi'! 544 LCR comparison bridge. The unit 
compares and measures resistances, capacitances, 
and inductances at a frequency of 60 cps. Per
centage dev iation is read directly. Resistance 
measurment limits are 3 ohms to 5 meg; capaci
tance, 500 uuf to KMX) pf; and inductance, 3 mh 
to 10,000 h. The instrument has five meter ranges, 
indicating full scale differences of 1, 2.5, 5, 10, 
and 257. Accuracy on range 1 is ±0.17. This in
strument can serve as an electronic go no-go 
gage; determine absolute electrical parameter 
values when used with a decade standard; and 
indicate or adjust the tracking characteristics of 
two or more variable resistors or capacitors me- 
chanicallv coupled by a common shaft. It can also 
match components that must be duplicated. 
Either a level or foot operated switch protects 
the meter circuit from overload while compo
nents arc being inserted or removed.

Metronix, Inc., Dept. ED, Chesterland, Ohio.
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ENGINEER EPS
know their business... and yours
The men who represent ESC in the field are all top-flight tech
nical people in their own right. Each is thoroughly conversant 
with the very latest developments in the fast-moving delay line 
field and each stands ready to apply the combined knowledge 
of the entire ESC organization to your particular problems.
Whether you want advice on a standard delay line application,

or something special from ESC’s modern research laboratory 
you can be sure of receiving top engineering talent, prompt 
delivery, and expert, local service. There’s an ESC engineer-rep 
very close to you, wherever you are. Why not discuss your cur
rent delay line problem with him now.
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Counting Modules

Plug-in

This decimal counting unit has a single-digit 
display 1-1/4 in. high that is packaged as an 
integral part of a plug-in counting moduh\ The 
modules are used in a series of electronic coun
ters. timers, and frequency meters. Digits arc 
formed bv illuminating from 5 to 11 character 
segments, and maximum counting rates of 1(H) 
kc and 1 me are available.

Beckman Instruments, Inc.. Berkeley Div., 
Dept. ED. 22(H) W right Ave., Richmond 3, Calif.
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COMPONENTS SALES CORPORATION 
218 East Hartsdale Avenue 

Hartsdale. New York 
SCarsdale 5-1050 

New York State. New Jersey except 
Camden and Moorestown, Westchester 

County
44 Brattle Street 

Cambridge 38. Massachusetts 
UNiversity 4-1727 

New England

KAY SALES COMPANY 
2600 Grand Avenue 

Kansas City 8. Missouri 
BAItimore 1-3800

7603 Forsyth, Suite 206 
Clayton 5. Missouri 

PArkview 7-3414
Kansas. Nebraska. Missouri, Oklahoma, 
Arkansas, Albuquerque, N. M and the 
following counties in Illinois: Monroe, 

Calhoun, Jersey, Madison and St. Clair

MAGNUSON ASSOCIATES 
3347 West Irving Park Road 

Chicago 18. Illinois 
KEystone 9-7555 Teletype CG 913 

Illinois (except Monroe, Calhoun, Jersey, 
Madison and St. Clair counties), Indiana, 

Iowa and S. Wisconsin
1359 West Maynard Drive 

St. Paul 16. Minnesota 
Minnesota and N. Wisconsin

HARRY J. WHITE COMPANY 
121 Covered Bridge Road 
Haddonfield. New Jersey

HAzel 8-2304
Camden and Moorestown. New Jersey; 

Eastern Pennsylvania and Delaware
Mr. Richard Trainor 
115 Greenbrier Road 
Towson 4, Maryland 

VAIley 3-6184 
Maryland. Virginia as far south as 

Alexandria, and Washington, D.C.

ELECTRODESIGN 
736 Notre Dame Street West 

Montreal, Canada 
UNiversity 6-7367 

Canada

A L. LIVERA AND ASSOC . INC. 
144-15 Hillside Avenue 
Jamaica 35. New York 

OLympia 8-1828
New York City, Long Island

WEIGHTMAN AND ASSOCIATES 
4029 Burbank Boulevard 

Burbank, California 
Victoria 9-2435

1436 El Camino Real, Suite »5 
Menlo Park. California 

DAvenport 6-3797
Arizona. California, Nevada and 
New Mexico except Albuquerque

TEX-O-KOMA SALES COMPANY 
235 S E 14th Street 
Grand Prairie, Texas

Dallas: ANdrew 2-0866
Ft Worth: CRestview 4-4530

Texas

WRITE TODAY FOR COMPLETE TECHNICAL DATA.
exceptional employment opportunities for engineers experienced 
in computer components.. .excellent profit-sharing plan.

i_7C_J(_ CORPORATION 534 Bergen Boulevard, Palisades Park, New Jersey 
Distributed constant delay lines • Lumped-constant delay lines • Variable delay networks • Continuously variable delay lines • Pushbutton decade delay lines • Shift 
registers • Pulse transformers • Medium and low-power transformers • Filters of all types • Pulse forming networks • Miniature plug-in encapsulated circuit assemblies 

See you at the I.R.E. Show, Booth #2409
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NEW PRODUCTS

Accurate to 0.05

semiconductor

turn rebalance slide

CIRCLE 62 ON READER-SERVICE CARD

Now commercially available in the new 110° designs are the RCA-17DKP4 and

Electron Tube Division Harrison, N. J.

sistor, mounted on the 
mits the use of a 110 ’

Here’s a compact honey! The new RCA 
inches shorter than their prototypes!

performa 
ties of u

Houston
ED, 1717

\ s tem
; or any 
cs. It is 
standard 
The unit 
self-bal-

RCA-21EQP4, all-new premium types. They utilize conventional 110° components and 
circuitry. And, with only slight changes in focusing-voltage control, they are unilaterally 
interchangeable with previous 110° types. RCA “VC” 110° types employ the same heater 
cathode assembly that has been used and proven for reliability over the past decade in 
RCA Picture tubes.

tcrial, tube, 
characteristic

ancing potentiometer servos to as
sure 0.057 accuracy and drift-free

Instrument (orp., Dept
Clav Ave.. Houston 3

RCA FIELD OFFICES
EAST: 744 Broad Street 

Newark 2, N. J. 
KUmboldt 5-3900

MIDWEST: Suite 1154 
Merchandise Mart Plaza 
Chicago 54. III.
WHitehall 4-2900

WEST: 6355 i Wathingfon Blvd 
Loi Angeles 22. Calif. 
RAymond 3-8361

So, when the need arises for a slim, very compact TV-set design, contact your RCA Field 
Representative. Your pass words are RCA “VC” 110° Picture Tubes. For technical data, 
write RCA Commercial Engineering, Sec. C-18-DE-2, Harrison, N. J.

perature; speed vs torque 
other two related variabl 
designed for use with 
8-1/2 x 11 in. graph paper, 
is ruggedly built and uses

(Very Compact) Picture Tubes—now

The HR-92 X-Y recorder is usee 
for computer readout and for plot 
ting stress vs strain; magnetic ma

ply. At low voltage, maximum lamp 
life is 2 y ears to indefinite.

Power Dispatchers Equipment 
Co., Dept. ED, P. O. Bov 1947, Mil
waukee 1, Wis.
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tion. The pen speed i 
scale w ithout overshoot

tern, or 3 16 in. on ; 
tern. It operates on v, and a re 

socket, per 
power sup

Miniature Signal Lamp

For production control boards
The Perlite miniature signal lamp 

is designed for use in production 
control or power dispatcher boards. 
It is particularly adapted for metal 
boards w here perforations are made 
on 1 4 in. centers on a square pat-

0 PICTUK
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New Lectrofilm* Capacitors fort.

of Reliable Life44,000 Hours

e

iReg trade mark of DuPont Co.★Trade mark of General Electric Co.

J

Progress k Our Most Important Product
Industriest

ELECTRICGENERAL( rp.. Dept. ED, 111 Gazza Blvd.,

CIRCLE 66 ON READER-SERVICE CARD
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P 
n

New G-E Lectrolilm-B capacitors 
reliability at lowest possible cost 
3,000,(KM) unit-hours of life test

in. wide, 
11-5 8 in.

oiler you maximum 
. . . results of over 
data (per G-E Spec.

s ument, it is 7-3 8 
1 3 16 in. high, and 
d ep.

Bepublic Electronic

Power Supply

30 kv output

id 
it- 
a- 
□r 
n-
«y 
is
•d 
it

Designated Model PS-30T, this 
)• । kv, full-wave voltage-doubler 

। >wer supply operates on 117 v, 60
400 cps. The unit delivers 1 ma 

c ntinuous and 1.75 ma peak cur
rent. Bipple is 1.5% at 1 ma and 
r< gulation is approximately 1% from 

load to full load. It has replace
able 1B3 rectifier tubes and plastic 
dielectric capacitors. Dimensions of 
the case are 5-1 1 x 11-3 z8 x 9-1/2 
ii and the unit has oil-tight solder- 
m d terminals.

Film Capacitors, Inc., Dept. ED, 
7100 Bark Ave., New York 56, N. Y.
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General Electric Announces for Missile Use . .

AC VTVM

Covers 0.001 to 300 v in 12 ranges
Model \ A-104 ac vacuum tube 

v । »Itmeter has a 10 cps to 4 me fre- 
picncy range and 12 voltage ranges 

h an 0.001 to 300 v. Calibrated to 
r< id the rms value of a sine wave, 
it has an overall accuracy of ±2%. 
Il consumes«70 w and can be used 

lines of 115 or 230 v, ±10%, at 
+ or 1000 cps. The unit incorpo- 
r :<*s long life electrolytic capae- 
il is and output jacks which per
il t its use as a high gain, 4 me 

leband amplifier with a maxi
nn gain of .50 db. A portable in-

MTC-3) indicate a probability of survival in excess of 
0.99 lor 44.000 hour life under rated voltage al 85(7 
Ender rated voltage at 125C, the indicated probability of 
survival is in excess of 0.98 for 44,000 hour life.

LOW FAILURE RATE AND LONG LIFE of these in 
expensive G-E capacitors result from using only the 
highest quality materials and the closest of process 
controls . . . units are tightly wound with high-purity 
aluminum foil and capacitor-grade Mylart film dielectric. 
No solder is used, and introduction of contaminants 
through impregnation is eliminated.

SMALL, LIGHTWEIGHT ENCLOSURE consists of tape 
wrapped around the compact roll and sealed with epoxy 
resin, forming a rugged case which resists humidity, 
vibration and shock.

TO MEET YOUR APPLICATION REQUIREMENTS, 1 1 
case sizes are available in five ratings—100-, 200-, 3(X)-. 
MX)-, and 6(X)-volts. Capacitance range within each rating 
is: 0.015 to 0.68 uf in 100 volts; 0.010 to 0.17 uf in 200 
volts; 0.0047 to 0.22 uf in 300 volts; 0.0033 to 0.15 uf in 
MX) volts: and 0.0010 to 0.10 uf in 600 volts.

GET A QUOTATION TODAY ON NEW LECTROFILM-B 
CAPACITORS by contacting your General Electric rep
resentative. Ask for your copy of life-test data and G-E 
Specification M H73. Or. write to Section 117 I, General 
Electric Co., Schenectady, N. Y.



NEW PRODUCTS

Miniature Crystal Diodes

All glass
These all-glass miniature crystal diodes arc de

signed for radio, television, data processing, and 
other military and commercial electronic applica
tions. They have a maximum body length of 0.265 
in. and a maximum diam of 0.105 in. The line in
cludes: computer types 1X191. IN 192, and IN 198 
which offer rapid recovery, good stability, and 
high conductance; gold bonded types 1N270, 
1N276, 1N279, 1N281, and 1N283 which combine 
high temperature capabilities with high forward 
conduction; point-contact types 1N126A, IN 127A, 
and 1N128 which have a wide reverse resistance 
and voltage range; and silicon junction types 
1N251, 1N252, 1N456, 1N464, 1N625, and 1N629 
which operate with rapid recovery and high re
verse resistance at temperatures up to 150 C.

Sylvania Electric Products Inc., Semiconductor 
Div., Dept. ED, Woburn, Mass.
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Portable Calibration Unit

Accurate to 0.01%

A portable, all semiconductor calibrator, model 
TC-10 is designed for precision alignment and 
calibration of electronic equipment such as fm 
record-reproduce systems. W ith a voltage stand
ard accurate to 0.012, it provides working cali
bration voltages in nine steps, each adjustable 
over a range of 107. Nine precision oscillators 
and seven binary dividers provide 63 accurate 
calibration frequencies ranging from 1012 cps to 
151.2 kc. These can be introduced into a system 
for discriminator alignment or for comparison 
with the output of a voltage-controlled oscillator. 
Supplied in a figerglass case, the unit weighs 25 
lbs.

Ampex Corp., Instrument Div., Dept. ED, 934 
Charter St., Redwood City, Calif.
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Design better products with

SBASTE RTv
SILICONE RUBBER

seals and cushions delicate circuits

High impedance circuits in Northrop's Snark 
missile are coated with Silastic RTV for pro
tection against moisture and vibration at 
temperature extremes. Silastic RTV is easy to 
apply . . . vulcanizes at room temperature.

TYPICAL PROPERTIES OF SILASTIC RTV

Temperature range, 'C . . —70 to 260C

Dielectric strength, volts/mil , . 300 to 500

Surface resistivity at 50%
Relative humidity, ohms . . 2.8 xlO13

Dielectric constant, 
105 cycles per second.......................2.5

Dissipation factor,
10s cycles per second .... 0.003

Sensitive electronic components are sealed against moisture 
and cushioned against vibration with a coating of Silastic* 
RTV, the Dow Corning silicone rubber. Silastic RTV forms 
a rubbery silicone solid in 24 hours at room temperature. 
Stays resilient from —70 to 260 C. This “do-it-yourself” 
material is used for a wide range of encapsulating, potting 
and caulking applications. Write for free sample and com
plete information.
// you consider ALL the properties of a silicone rubber, 

you'll specify SILASTIC.
*T.M REG U.S PAT. OFF
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Visit Booths 4308-4310 at IRE Show

Dow Corning corporatic mi*
MIDLAND, MICHIG Ng

ELECTRONIC DESIGN • March 18, 19L I E.l



til

Stromberg-Carlson telephone switch insulator

I

F >r further information on these products write

9‘

Ml 
N i
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Dow Corning Silicone Dielectrics

Olicone-glass laminates 
INCREASE LIFE AND DEPENDABILITY

Laminates made by bonding glass cloth with 
Dow Corning silicone resins have high arc 
resistance, low loss factor, low moisture 
absorption, excellent retention of dielectric 
properties at high temperatures. Strong, 
lightweight—produced by leading laminators.
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FLUIDS 
PROTECT 

ASSEMBLIES 
FROM 

MOISTURE

Southwestern Industrial Electronics seismographs

A protective film of Dow Corn
ing 200 Fluid spray coated 
on electronic assemblies pro
tects terminals, clips, switches 
and other exposed connections 
from the harmful effects of 
condensation. Glass and cer
amic insulators coated with 
silicone fluid have low current 
leakage and a high degree of 
surface resistivity, even under 
very humid conditions.
CIRCLE 502 ON READER-SERVICE CARD

SILICONE COMPOUND PREVENTS 
ARCS, GROUNDS, SHORTS

Nonmelting, nongumming Dow Corning 3 
Compound stays in place . . . provides an 
effective, moisture-proof dielectric seal for 
all types of electronic equipment. As a pot
ting or filling material for electronic com
ponents and assemblies, silicone compounds 
flow into place with gentle pressure . . . have 
a serviceable temperature range of —40 to 
205 C. Free sample available.

CIRCLE 503 ON READER-SERVICE CARD
AN Connector Terminals. Navy Helicopter

Dept. 1615

E ECTRONIC DESIGN • March 18, 1959

Resolver Function Error Bridge
0.01% full scale sensitivity

Resolver function bridge model RF-1 tests 
computing resolvers for deviation from an ideal 
sine or cosine function. The result, expressed 
directly in percentage error, is shown on a 4-1/2 
in. zero-center meter. The output voltage from 
each resolver winding is measured by comparison 
to a standard voltage. Taps from the standard 
voltage circuit represent the cosine function at 
5 deg intervals. High balance sensitivity is 
achieved since the carrier phase of the standard is 
precisely matched to that of the resolver output. 
The detector blocks all harmonic and quadrature 
voltages. In a cabinet 19 x 7 x 8 in., the unit 
accommodates any range of resolver inputs and 
outputs. Accurate to 0.002%. it has a full scale 
sensitivity of 0.01%.

Theta Instrument Corp., Dept. ED, 48 Pine 
St., East Paterson, N.J.
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Shift Register Package
1-1/4 x 11 x 1-1/8 in.

Model TRA-25-10 register assembly consists of 
ten core-transistor shift register elements driven 
by one core-transistor shaper-driver element. Test 
points are provided for observation of all per
tinent waveforms. The unit measures 1-1/4 x 
11 x 1-1/8 in. and requires pulse signals from 0 
to 25 kc and a 12 v power supply. Custom regis
ters of any size or configuration are also avail
able These are designed around the TRA-25-10 
with packaging densities up to 2000 hits per cu 
ft at 55 C.

DI-AN Controls, Inc., Dept. ED, 40 Leon St., 
Boston, Mass.

CIRCLE 70 ON READER-SERVICE CARD



CIRCLE 71 ON READER-SERVICE CARD

SEMICONDUCTOR PROGRESS
THROUGH RESEARCH

NEW PRODUCTS

/ 7?^

",

Model 4300 amplifier provides a 
voltage gain of 1/4 million, a noise 
level of less than 0.025 piv, and an 
8-hr drift of less than 0.1 uv rms 
referred to input with a 5 cps gal
vanometer installed. It employs an 
optical beam-splitter, twin mutual
load photocells, a cathode-follower 
output and a gab anometer. Gal
vanometers are available in natural 
frequency ranges from 2 to 50 cps. 
Maximum output voltage is 30 v, 
peak to peak into an open circuit 
and 16 v peak to peak into 10 K. 
Dynamic range is 70 db, noise level 
to clipping level, and linearity is 
±2%, noise level to 50% clipping 
level, based on best straight line.

The Geotechnical Corp., Dept. 
ED, P. O. Box 28277, Dallas 28, 
Tex.

An artist's conception entitled "Semiconductor Progress . . . 
through Research” depicts the flow of solid state devices from the 

1 raw state to products,to applications of the future. A reproduction of 
this painting, suitable for framing, is available on request.

Literature describing the progress of General Transistor’s 
products, also developed through research, is available, in the form 

of technical engineering bulletins, on request.
us at IRE Booth #2205 & 2207

Amplifier 

1/4 million voltage gain

Feed-Through Connector

One-piece

The type 3006 ConheX connector 
is a grounded-shield, feed-through, 
one-piece unit which serves as a 
cable lock. It holds coaxial cable 
while grounding the braided con
ductor to the chassis and passing the 
insulated center conductor through 
to the other side. This miniature 
connector is available in 50, 75, and 
95 ohm sizes.

Sealectro Corp., Dept. El), 610 
Fayette Ave., Mamaroneck, N.Y.
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GERMANIUM
HIGH SPEED 

COMPUTER SWITCHING 
TRANSISTORS

GERMANIUM
HIGH FREQUENCY 

TRANSISTORS

GERMANIUM
GENERAL PURPOSE 

TRANSISTORS

BULLETIN 
G 140A

BULLETIN 
G-150A

BULLETIN 
G 160

BULLETI 
6*170



Readout-Recorder

Ave.
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GERMANIUM 
BILATERAL 

TRANSISTORS

BULLETIN 
G 180

BULLETIN 
2N469

BULLETIN 
2N529

BULLETIN 
GT-1200

GERMANIUM 
HIGH VOLTAGE 
TRANSISTORS

BULLETIN 
S 100

SILICON 
PNP ALLOY
JUNCTION 

TRANSISTORS

BULLETIN 
G-170

BULLETIN 
GD-10

GERMANIUM 
COMPLEMENTARY 

SYMMETRY 
TRANSISTORS

Dept. ED, 37th and 
;., Cleveland 14, Ohio.

GERMANIUM
PHOTOTRANSISTORS

GERMANIUM 
DRIFT TRANSISTORS

Perkins
CIRCLE

SUBMINIATURE 
GERMANIUM 

GOLD BONDED DIODES

Shock Tester

For electronic components

Built to JAN-S-44 and MIL-STD- 
2O2A specifications, this tester re
produces the moderate shock that 
electronic components and instru
ments receive in mobile and field 
equipment. The unit has a 0 to 4 
lb capacity and handles instruments 
with diameters to 3.5 in.

Gayncs Engineering Co., Dept. 
ED, 1642-52 W. Fulton St., Chi
cago 12, Ill.
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Monitors servo systems

For monitoring any servo system, 
this two channel readout-recorder 
provides permanent chart records 
of servo transmitter angular or dis
placement data. It can be used for 
de to 2 cps recording, servo record
ing, production testing, inspection, 
or as a readout for analog comput
ers. Fully automatic, it features 
zero time flyback. Chart speeds 
are 5, 10, 20, 40, and 80 in. per hr. 
Offering infinite scale expansion, 
the unit has rotating styluses cou
pled with a four-digit counter 
which adds and subtracts. It is 
ruggedly built and meets MIL-E- 
16400 specifications. Fully tran
sistorized, it weighs 76.5 lb and 
measures 21.5 x 15.5 x 12.25 in. in
cluding shock mounted base.

Brush Instruments, Div. of Clev-

Shaft Position Encoder

Operates from —65 to -f-162 F

Shaft position encoder model 
| C-701 provides up to 1024 positions 

per shaft turn. A sealed unit, it 
operates at ±8 g to 1000 cps and 
under a steady 100 g in the longi
tudinal axis. It may be used from 
-65 to 4-162 F.

Datex Corp., Dept. ED, 1307 S. 
Myrtle Ave., Monrovia, Calif.
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NEW PRODUCTS
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phthalate insulated terminals w th 
tapped inserts and metal flanges 
This type is designed for spot weld
ing or soldering onto a metal sb’ll 
The third is a series of printed cir
cuit board receptacles designed or 
plug-in mounting of transformers 
relays, switches, and other asstni 
blies. These units are made of b ill 
hard brass and accommodate sta id- 
ard pin sizes up to 0.125 in.

Lerco Electronics, Inc., Dept. 10 
501 Varney St., Burbank, Calif.
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coup! 
is 40 : 
with
error 
coupl< 
20x2

Arc
Grove

CIRC

CIRCI

CIR

Multiplexer

For 7 analog data channels

Model 3515 standard multiplexe r 
will transmit 7 analog data chan
nels, 1 reference frequency channel, 
and a full-duplex communications 
channel. Additional channels are 
possible. System accuracy is ±1?. 
Output impedance is nominally 600 
ohms, and output level is adjust
able from 0 to 5 v, peak to peak. 
From 1 to 8 adjustable and service 
able voltage-controlled fm sub
carrier oscillators may be plugged: 
into the unit. Dimensions of the 
unit are 8-3/4 x 19 x 15 in., it 
weighs 30 lb.

The Geotechnical Corp., Dept, 
ED, P. O. Box 28277, Dallas, Tex
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Insulated Terminals

For diversified uses

These molded insulated electronic 
terminals are available in three 
•types. The first is a scries of mela
mine-insulated feed-through tenni 
nals with molded outer threadings 
which mount directly in a tapped 
hole without additional hardware

Write or phoneNational Co. is a community of minds and talents that 
enjoys the challenge and the prestige of success in such 
advanced fields as multipath transmission, noise re
duction, correlation techniques for signal processing, 
Tropospheric scatter systems. Ionospheric scatter sys
tems. molecular beam techniques, long range micro-

Creative Imagination enabled Benjamin Franklin to 
orient all the observed electrical phenomena to his own 
“one fluid” theory—the basis of all our comprehension 
of electricity today.
At National Co. creative imagination is continuing to 
broaden our comprehension of the physical universe 
and apply it to the realization of such new means of 
communication as Ionospheric scatter systems.
Ihe implications and applications of such new means 
of communication are vast.

National Company, Inc., Malden. Mass

wave transmission, and missile check-out equipment 
using microwave and digital techniques.
At National Co. there is balance—an outstanding line 
of commercial receivers and components keeps 
National Co.'s business steady.
National Co. has grown with the Tradition of New 
England electronics. Your needs and problems receive 
exceptional attention at National Co. because, here, 
creativity is required, recognized and rewarded.

FRANKLIN 
“ONE FLUID’ 

and the
IONOSPHERE



Soldering Iron

Pencil size

This low wattage, miniature pen
cil soldering iron operates from 
110 to 120 v without a transformer 
and has tips which slide on over the 
heating element so that all the 
power converted to heat is radiated 
through the tip rather than wasted 
in space. The heating element main
tains a constant temperature at 
around 626 F. With 50 meg of insu- 
ation between element and tip and 
the element grounded through a 
third terminal, this device is espe
cially suited for use around semi- 
. onductors. The whole tool weighs 
less than 1 oz.

M. M. Newman Corp., Dept. ED, 
79 Clifton Ave., Marblehead, Mass.
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Precision Calibrator

For thermocouples

Precision model TC-2 thermo
couple calibrator incorporates a 
platinum and platinum-rhodium 
thermocouple calibrated by the 
Bureau of Standards on 12 points 
for temperatures to 2200 F. For 
< old junction compensation it uses 
a constant-temperature thcrmo- 
ouple reference junction. The unit 

is 40 x 30 x 70 in., and is equipped 
with a 24 point rotary switch for 
' rror free switching from couple to 
couple. It also has an F-4 furnace 
20 x 20 x 36 in.

Arcweld Mfg. Co., Dept. ED, 
Grove City, Pa.
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105 db gain in 60 me l-F strip

F

I LXAS INSTHUMEN1S ,

Six-stage, 90 db gain, silicon i-f amplifier designed 
and built by TI s Apparatus division.

3N35

X

820puf 0 2 pf

16 K

20V
One stage of 105 db gain, eight stage, 60-mc i-f strip.

20V Write on your company letterhead for 105 db gain, 
eight stage, 60-mc i-f amplifier applications brochure.

Actual Size 105 db l-F STRIP 
CHARACTERISTICS

Bandwidth: 20 me at 3-db down

Center Frequency: 60 me

No neutralization required

Nylon Bobbin

Has insulated lead slot
A slot for insulating starting leads 
an integral part of this nylon 

obbin. This slot eliminates the need 
>r washers or lead taping and 
akes the bobbin particularly suit- 
ble for automatic coil winding.
American Molded Products Co., 

*ept. ED, 2727 W. Chicago Ave., 
hicago 22, Ill.
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The high gain of TI 3N35 transistors at high 
frequencies permits mismatch in the interstage 
coupling networks to eliminate complicated neu
tralizing circuitry. You save extra component 
costs, design with ease and gain added reliability 
... because the mismatch in this application sacri
fices only 2.55 db gain per stage!

Designed for your high frequency oscillators, i-f, 
r-f, and video amplifier circuits, the TI 3N35 
features ... 20-db power gain at 70 me ... typical 
150-mc alpha cutoff... operation to 150 C. These 
characteristics make transistorization feasible for 
radar, communications, missile, and other high 
reliability military applications.
In commercial production at Tl for two years, the 
3N35 has a product-proved record of high per
formance and high reliability. These units are in 

stock now! For immediate delivery, contact your 
nearby TI distributor for 1-249 quantities at fac
tory prices... or call on your nearest TI sales 
office for production quantities.

from THE WORLD S LARGEST SEMICONDUCTOR PLANT

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

DALLAS. TEXAS

Texas Instruments



LAMBDA’S ALL-TRANSISTOR LINE NEW PRODUCTS

28 V DC Motor

For aircraft and missile useFOUR NEW POWER SUPPLIES

1-AMP and 2-AMP - CONVECTIUN COOLED
oper

$285Model LT 1095

Model LT 1095M (metered) $315
$365Model LT 20950-1 AMP 0-2 AMP $395Model LT 2095M (metered)

OR

cornu

nonni

Load Regulation

Send for your copy.

Voltage Bands 
Line Regulation

Thermal Over
load Protection

volta 
have 
from

HgtOI
CIRC

cnvir
MIL-

• Compact. Only 3 ¥2" panel height.
• Short-circuit proof.
• Protected by magnetic circuit breakers
• Hermetically-sealed transformer. De

signed to MIL-T27A.

range 
mum 
With

• Ambient 50° C at full rating.
• High efficiency radiator heat sinks
• Silicon rectifier.
• 50-400 cycles input.
• Special, high-purity foil, long life 

electrolytics.

to 15 
size 
two

Polarized Relays

No contact bounce

Thermostat, manual reset, rear of chassis 
Thermal overload indicator light, front panel.
31/2" H x 19" W x 14% " D.

UlnllJ' 1959 CATALOG 
¡V^’ NOW AVAILABLE

New 36-page edition contains information and 
specifications on Lambda’s full line of transis
tor-regulated and tube-regulated power supplies.

Delivered now • Guaranteed for five years

No internal blowers • No moving parts
0-32 VDC

• All transistor. No tubes.
• Fast transient response.
• Excess ambient thermal protection.
• Excellent regulation. Low output impedance. 

Low ripple.
• Remote sensing and DC vernier.

Operating at 28 v de and 69 amp 
model D-1000 motor delivers 1.6 
hp at 2000 rpm. Output speeds to 
25,000 rpm are available in units 
without a reduction gear box. Of 
explosion proof construction, the 
unit incorporates flame quench 
rings per MIL-E-5272 and a radio 
noise suppression filter per M1L-E- 
6181. AND-20000 mounting flanges 
are standard, but others are avail
able. The motor has a life of over 
1500 hr and withstands continuous 
starting at rated load at 2 sec inter
vals under severe inrush conditions, 
Actuator operation is at 260 F am
bient at 60,000 ft altitude. Motors 
for ambient temperatures to 500 F 
and altitudes of over 200,000 ft are 
available for missile applications.

Hoover Electric Co., Dept. ED, 
2100 S. Stoner Ave., Los Angeles 
25. Calif.

CIRCLE 85 ON READER-SERVICE CARD

0-8, 8-16, 16-24, 24-32 VDC
Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For input variations 
from 105-125 VAC.
Better than 0.15 per cent or 20 millivolts 
(whichever is greater). For load variations 
from 0 to full load.
105-125 VAC, 50-400 CPS

MBDA ELECTRONICS CORR
11-11 131 Street, College Point 56, N.Y.

Electrical Over
load Protection . . .Magnetic circuit breaker, front panel 

mounted. Unit cannot be injured by short cir
cuit or overload.

Bistable type 51A and center 
stable type 51M polarized relavs 
have 0.7 msec response and no con
tact bounce. They withstand 40 >0 
shocks at 40 g, and operate frem 
—40 to -|-70 C. Sensitivity is 1 tc 3 
amp-turns for the 51M; 2 to 5 an )- 
turns for the 51A. The units are £.4 
x 1.5 x 0.8 in. and come with ’2- 
pin plug or solder lug bases.

C. P. Clare & Co., Dept. ED, 3111 
Pratt Blvd., Chicago 45, Ill.

CIRCLE 86 ON READER-SERVICE CARD 
< CIRCLE 84 ON READER-SERVICE CARD
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Step-Servo Motors

Size 8

...yet how 
sweet 

the sound!
Available with impedances of 50 

to 150 ohms, these 3/4 in. diameter 
size 8 step-servo motors contain 
two center-tapped stator windings 
and a permanent magnet rotor. 
They may be operated through 
voltage ranges of 20 to 40 v de and 
have a holding torque range of 
from 0.5 to 1 oz-in. Stepping rates 
of up to 120 pulses per sec are 
achieved through shaft increments 
of 45 deg. No mechanical detents 
are used, assuring a long life lim
ited only by the bearings. The units 
operate over a temperature range 
of —55 to -|-125 C and meet the 
environmental requirements of 
MIL-E-5272B and MIL-E-5400.

Induction Motors of California, 
Dept. ED, 6058 Walker Ave., May
wood, Calif.

CIRCLE 87 ON READER-SERVICE CARD

Coaxial Attenuators

For use with Type N connectors
For applications using Type N 

c onnectors, type HFA/N-50 fixed 
pad coaxial attenuators have a 
nominal impedance of 52.5 ohms 
md arc usable in a frequency 
range from de to 2500 me. Maxi
mum vswr through this range is 1.2. 
With an average power rating of 
I 2 w. the units are available in 
standard models for • attenuation 
values of 1, 2, 3, 4, 6, 10, 12, 15, and 
20 db.

Applied Research Inc., Dept. 
ED, 76 S. Bayles Ave., Port Wash- 
ngton, N.Y.

CIRCLE 88 ON READER-SERVICE CARD

Generate the full excitement of High-Fidelity!

Specify the new RCA-7027 for your amplifier designs
Stronger and stronger grow the chords, the fervent expression of the artist—yet the 
sound is sweet, most pleasing to the listener’s ear. The Concert Grand makes stringent 
demands upon high-fidelity amplifiers for high power and low distortion. Can your 
designs meet these demands? They can if you “design around” the RCA-7027!

RCA-7027 is a glass-octal type beam power tube. Two 7027’s in Class AB1? push-pull 
service with 450 volts on the plate can handle up to 50 watts of audio power with 
only 1.5 percent distortion. Structural features contributing to the exceptionally high 
plate dissipation (25 watts) of this compact tube are: button-stem construction, 
heavy stem leads having high heat conductivity, heavy plate material, radiating fins 
on control grid, and double base-pin connections for both control grid and screen grid.

Achieve for your hi-fi designs the advantages of high dissipation, exceptionally 
low distortion, and high power amplification offered by the new RCA-7027. Ask your 
RCA Field Representative for further details. For technical data, write RCA 
Commercial Engineering, Section C-1S-DE-3. Summerville, N.J.

RCA Field Offices

MIDWEST:

WEST

744 Broad Street 
Newark 2, N. J. 
HUmboldt 5-3900

Suite 1154, 
Merchandise Mart Plazo 
Chicago 54, Illinois 
WHitehall 4-2900

6355 E. Washington Blvd. 
Los Angeles 22, Calif. 
RAymond 3-8361

RADIO CORPORATION OF AMERICA
Electron Tube Division Harrison, N. J.

Visit the RCA exhibition at the I.R.E. Show, Booths 1602-4-6, 1701-3-5-7.



NEW PRODUCTS

Silicon Rectifier Test Set

For 1 to 500 amp units

Model 128A silicon rectifier test set is a labora
tory and production unit designed specifically to 
evaluate the dynamic characteristics of silicon 
rectifiers in accordance with ASESA recommen
dations. It employ s a simulator circuit which per
mits selection of any forward current or reverse 
voltage within its range. The set tests rectifiers 
with forward current ratings between 1 and 500 
amp half-wave, and reverse voltage ratings to 
2 kv peak. It is equipped with multi-scale instru
ments to measure all rectifier parameters and in
cludes plug-in provisions for oscilloscope obser
vation of wave shapes.

Wallson Associates, Inc., Dept. ED, 35 E. Run
yon St., Newark 8, N.J.

CIRCLE 89 ON READER-SERVICE CARD

Counter Scanner

Transfers multiple data 
to one recorder

Operating from staircase voltages produced by 
up to six counters, the DY-2513 counter scanner 
automatically transfers the information dis
played on each counter to one Hewlett-Packard 
model 560A digital recorder. It also automatically 
records preset decimal information manually 
selected by’ six decimal dials on the front panel. 
Readings from the scanned counters are recorded 
sequentially on adding machine tape with an 
identifying digit for each source. The unit 
be used with the company’s counters or 
Hewlett-Packard models.

Dymec, Inc., Dept. ED, 395 Page Mill 
Palo Alto, Calif.

CIRCLE 90 ON READER-SERVICE CARD

The HOTTEST thing in COOLING... |

MUFFIN FAN

No lv you can coo! economically — less
Unlike conventional or phonograph-motor-assemblies, the 
MUFFIN® FAN boasts a high air performance of 100 CFM 
free delivery from a basic package only 4-11/16" square and 
only 1-1/2" deep while the weight is but 1-1/2 pounds. The 
completely original aerodynamic design permits operation 
through a dust filter and tightly packed electronic equipment.

Unbelievably thin . . . entire fan assembly is only 1-1/2" 
thick! Protrusion into cabinet is 1-1/2" MINUS the panel 
thickness. The MUFFIN® FAN will mount into wall of 
cabinet imposing practically no space requirement inside the 
enclosure.

The MUFFIN® FAN is a completely integrated cooling 
unit. The propel lor and stator assemblies, venturi block, grille 

may 
with

Rd.,
JUST A FEW OF THE MANY APPLICATIONS FOR

assembly and ingenious all-purpose mounting clips combine 
to form a complete package. The MUFFIN® FAN can be 
installed in a rectangular cutout in a panel in just seconds. 
When installed it represents the ultimate in cooling efficiency 
and a distinct asset to equipment appearance.

In addition, the MUFFIN® FAN provides the following 
distinct features . . . extremely quiet operation . . . will fit any 
panel thickness from 1/32" up . .. no capacitor, commutator or 
slip-ring . . . exclusive no-maintenance motor . .. flow direction 
quickly and easily changed by turning fan end-for-end ... all 
electrical parts including terminal lugs are molded into water
tight shell.

The high performance level of the MUFFIN® FAN together

ELECTRONIC DESIGN • March 18, 1959 FC



double section

Phase Generator

Covers 5 cps to 200 kc
than $8 in Quantity!

3000

2900

WITH SCREEN

CEM

WRITE TODAY FOR COMPLETE TECHNICAL DETAILS TO

STATIC 

PRESSURE

INCHES 

Of WATER

RPM
3100

Rotary Switch

Has spring locked into switch

A steel alloy spring is built into the index 
mechanism of the PA-070 switch and it controls 
the spring return action. Switches with this fea-

units, or as single section units with line switch. 
Up to six positions per section, including the 
spring return position are available. Spring re
turn can be placed in either the first or last posi
tion, and sections are laminated phenolic type 
PBE per Mil-P-3115, voltage breakdown 1000 v 

rms.
Centralab, Div. of Globe-Union Inc., Dept. 

ED, 900 E. Keefe Ave., Milwaukee 1, Wis.
CIRCLE 92 ON READER-SERVICE CARD

Phase generator model 410 is a combination 
phase shifter and phase difference generator that 
covers 5 cps to 200 kc. The addition of an ex
ternal capacitor extends this range down to 0.1 
cps. Accuracy is 0.1 deg over the audio frequency 
spectrum, decreasing above and below. The unit 
can be used for the calibration of phase measur
ing devices, or, with an external phase detector, 
as a precision phase measuring device.

Dytronics Co.. Dept. ED, 78 Sunnyside Lane, 
Columbus 14, Ohio.

CIRCLE 93 ON READER-SERVICE CARD

with its extremely compact size and economical cost provide« 
for the first time efficient forced-air cooling in equipments 
where space or cost limitations previously made cooling pro 
hibitive.

ROTRON ROTRON mfg. co., inc. woodstocK, NEW YORK
CIRCLE 91 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 18, 1959

■a*«*«
IBI
IBB. HR*
BOB •II»
IBBBB.

■ BBBBBBBS»^ -mBBB»** "'«•B*.
■■aiai>> -ii- 
■ •■■Bl ¿Mía»

INC.WOODSTOCK

TO CLEAN • PRY OFF GRILLE • SNAP BAC



NEW PRODUCTS

Proved

Performance

Cross Country

Microwave
PARABOLIC 
ANTENNAS

This busy metropolitan area is the 
termination of over 1000 miles of 
microwave systems, providing relia
ble communications across town and 
country for the Western Union Tele
graph Company. Andrew’s experience 
in research, development and manu
facturing is the reason why the de
pendable performance of an Andrew 
PS8-37, eight-foot Parabolic antenna 
was selected for this installation.

Visit ANDREW 
booth 1409-1411 

at I.R.E. Show

ANTENNAS • ANTENNA SYSTEMS 
TRANSMISSION LINES

CORPORATION 363 EAST 75TH STREET • CHICAGO 19

OFFICES. NEW YORK • BOSTON . LOS ANGELES . TORONTO

All ANDREW parabolic antennas 
conform to the newly proposed 
RETMA-FCC standards governing 
radiation patterns and side lobes, and 
they are guaranteed to give specified 
pattern and VSWR in your micro
wave system.

From a selection of over thirty 
stocked parabolic antennas, you can 
choose the type and size that will give 
optimum system performance with 

absolute mechanical and electrical 
reliability.
Microwave engineers have found 
Andrew a valuable partner in plan
ning their communication systems. A 
parabolic antenna computer for 
calculating system performance is 
available to you upon request. Write 
today for information and expert ad
vice relative to your microwave an
tenna system requirements.

Miniature Bellows Motor

Works around curves

H
This miniature, squib-actuated 

bellows motor is designed for mis
siles, weapons, and weapons sys
tems. Actuated by as little as 100 
ergs at 1.5 v, or 0.3 amp, the motor 
is capable of providing 10 lb of 
thrust oxer a 1 in. minimum stroke 
within an elapsed time of 1 msec. 
In addition, the bellows can be 
guided around a 90 deg curve. The 
0.32 in. diameter motor is 1 in. long, 
functions properly from —65 to 
4-165 F, and withstands 20,000 g 
shock and acceleration. Shelf life 
is measurable in years.

Atlas Powder Co., Ordnance Ma
teriel Dept., Dept. ED, Wilming
ton 99, Del.

CIRCLE 95 ON READER-SERVICE CARD

Transformer

Shell type
The shell type Donut transform r 

is used for isolating high voltages n 
filaments and cascaded high volt. < 
power units. The cost of the uni* is 
reduced by the elimination of < - 
ramie bushings, oil. and tank, n 
comparison with conventional il 
tank units, its size and weight •’ 
reduced about 40 per cent.

Nothelfer Winding Labs, hi . 
Dept. ED, P.O. Box 455 Trentc , 
N.J.

CIRCLE 96 ON READER-SERVICE CARD
CIRCLE 495 ON READER-SERVICE CARD 

« CIRCLE 94 ON READER-SERVICE CARO
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SEMICONDUCTORS 
Transistors • Rectifiers • Germanium
• Silicon • Selenium • Copper Oxide
• Unijunctions • Controlled Rectifiers
• Fixed-bed Mounting • USAF • JAN
• U S N • Low Frequency Audio 
and Switching • High Frequency 
Switching • Low-Medium-High
Current • High and Low Temperature
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NEW TECHNOLOGY
As a result of recent technology advancements in 
such areas as product engineering, manufactur
ing-line processing, and quality-control system- 
ing, General Electric Company again offers you 
the avant garde in present-day transistor quality.

EXAMPLES
PNP low-frequency survival records have been 
shattered by the accomplishment of one-million 
unit-hours of life survival with the G-E 2N43A 
transistor.
Higher gain and improved saturation charac
teristics have been created for high-frequency 
switching. This was brought about by G.E. 
through recent improvements in d-c beta at higher 
collector currents, made with Types 2N123 and 
2N450 transistors.
With a collector current of m3 max. at 15 
volts, G.E.’s germanium NPN high-frequency 
2N167 gives an ultimate in I< <>. It also has a low 
collector capacitance of 3 mmL

The mechanically rugged golf-club/shotgun- 
tested ceramic fixed-bed transistor mounting has 
been expanded, product-wise, beyond the Series 
2N489-494 unijunction line, and is now also 
offered in the NPN high-frequency transistor 
series (2N332-338).
MILITARY TYPES
G-E quality advances are also exhibited by Gen
eral Electric’s over-all success in supplying to 
an increasing number of military specifications 
covering semiconductor products. G-E MIL tran
sistors include the USAF-types 2N43A, 2N44A, 
and 2N167. The G-E Types 2N123A and 2N396A 
are certified to meet military specs. (See adja
cent rating chart. ) For G-E military rectifiers, 
see next two fold-out pages.

ADDITIONAL INFORMATION
For more-detailed information, please contact 
your nearest G-E Semiconductor Products Dis
trict Representative. (See back page.)
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OUTLINE 
DWG. 
NO.

TYPE 
NO.USE

1 2N332
I AMPLIFIER 1 2N333
I AND
I COMPUTER
I NPN1 (Ceramic Fixed-bed

1 2N334
1 2N335
1 2N336

| Construction) 1 2N337 -
1 2N338

2 2N489*
I UNIJUNCTION 2 2N490*
| NPN 2 2N491*I (Ceramic Fixed-bod1 Construction)

2 2N492*
2 2N493*
2 2N494*

♦A PN Device
3 2N43
3 (USAD2N43A Per MIL-T-19500/18
3 2N44

1 AUDIO

PNP

3 (USAD2N44A Per MIL-T-19500/6
4 ?N524
4 2N525
4 2N526*
4 2N527

•Alio supplied as cert 1 fled to meet MIL-T-19500/60
5 2N123
5 2N123A Certified In meet MIL-T-19500/30
4 2N395
4 2N396

I COMPUTER 
PNP

4 2N396A Certifled to meet MIL-T-19500/64
4 2N397
4 2N404
5 2N450
5 2N518
3 2N1056
3 2N1057

HIGH FREQ. 6 2N78
AMLIFIER NPN 6 2N169A

6 2N167
6 (USAF)2N167 Per MIL-T-19500/11

CuMPUTtR 
NPN 4 2N634

4 2N635
4 2N636

TETRODE 7 3N36
NPN 7 3N37

RECTIFIERS! Fold out next page



Low Medium High Current* JAN*USN*US

RECTIFIER CELLS

Choose the performance range required for your particular needs from one of the most eompn* 
hensive line of rectifiers in the industry. Complete sfteeifications are available through your dis 
t ributor or G-E Semiconductor Pro« I nets District Sales ()flice. (trder by .1 EDEC or G-E Ty pe No

JEDEC 
or G-E 
Type 
No. PIV

Max.
Inc at T*C

Max.
1 Cycle 

(60 cps) 
Surge

Max. 
Oper. 
Temp 

°C

Max. 
Storage 
Temp. 

°C

1N9) 100 1 50ma at 55° amb 25 A 95° 85°
1N92 200 1 OOma at 55° amb 25 A 95° 85°
IN 93 300 75ma at 55° amb 25A 95° 85°
1 SMN93 300 75ma at 55° amb. 25A S5° 85°

1N151 100 SOOma at 55° amb 25 A 95° 85’
1 N152 200 300ma at 55’ amb 25 A 95° 85°
IM 53 300 SOOma al 55° amb. 25 A 95° 8S°
IN 158 380 SOOma at 55° amb 25 A 95’ 85°

IN 253 95 1000m a at 135° stud ia 150° 150°
IN 254 190 lOOma at 135° stud 1 .5 A 1 5u 150°
IN 255 380 lOOma at 1 35° stud 1.5A 150° 150°
1N256 570 2 OOma at 135° stud ISA 150° 150°

1 N315 100 1 OOrna at 85° amb 5 \ 85° 95e
I SVI N3I5 loo lOOma at 85° amb 5 A . 83 100°
IN 332 IM lOOma at 1 50° stud ISA 170° 170°
IN 333 400 200ma at 150° stud I0A 170° 170°
1 N33 I 300 lOOma at 1.50° stud ISA 170° 170°
IN 335 300 200m a at 150° stud 1 o A 170° 170°
1 N 336 200 lOOma at 150° stud 15 A 1 7o 170°
IN 337 200 200ma at 150° stud 10A 1 70’ 170e
IN 339 100 lOOma at 1 5(1° stud 15A 170° 170°
IN 340 100 200ma at 1 »0° stud lo A 1 70 170°
1N341 400 400ma at 150° stud 15 A 170° 170°
1N342 400 200ma at 150° stud 10 A 170° 170°
IN343 300 lOOma at 150’ stud 15 A 170° 1 70°
1N.344 300 200m h at 150° stud IOA 170° 170°
IN 345 200 lOOma at 150° stud 15A 170° I 70’
1N316 200 200ma at 150° stud lo A 170° 170°
1N348 100 lOOma at 150° stud ISA 1 70' 170°
1N3 19 100 200ma at 150° stud IOA 170’ 1 70°

1N368 200 lOOma at 85° amb. IOA 65’ 8S°

IN 440 100 300ma at 100° amb 15A 150° 175’
1N44OB 100 500ma at 100° amb 15A 165° 175°
1N14I 200 300ma at 100° amb ISA 150° 175°
IN441B 200 ■SOOma at 100° amb. I5A 165° 175°
IN442 300 300ma at 100° amb ISA 1 50° 175°
1N442B 300 500ma at 100° amb. ISA 165° 175°
1N443 too 300ma at 100° amb ISA 150° 175°
1N443B 400 SOOma at 100° amb 15A 165° 175’
IN 444 500 300ma at. 100° amb. ISA 1 50° 175°
1N 444B 500 l2Sma at 100° amb ISA 150° 175°
IN 445 600 300ma at 100° amb. 15A 150° 175°
1N445B 600 350ma at 100° amb. 'SA 150° 175°

IN 536 50 500ma at 100° amb. ISA 165° 175°
1N537 100 SOOma at 100° amb. 15A 165° 175’
1N538 200 SOOma at 100° amb. 15A 165° 175’
USAF1N538 200 500ma at 100° amb 15 A 150° 175’
1N539 300 SOOma at ¡00° amb. 15A 165° 175’
1N540 400 500ma at 100° amb. 15A 165’ 175’
USA FIN 510 400 500ma at 100° amb. 15A 150° 175°

1N547 600 500ma at 100° amb. 15A 165’ 175°

IN550 100 800ma at 135° stud 15A 150° 175*
1N551 200 800ma at 135° stud 15A 150° 175°
IN 552 300 800ma at 135° stud 15A 150° 175’
IN 553 400 800ma at 135° stud 15A 150° 175°
IN 554 500 600ma at 135° stud 15A 150° 175°
1N555 600 600ma at 135° stud 15A 150° 175’
IN 560 800 2S0ma at 100° amb. 15A 150° 175°
1N561 1000 250ma at 100° amb. 15A 150° 175°
IN 562 800 400ma at 100° stud ISA 150° 175°
IN 563 ID00 lOOma at 100° stud 15A 150° 175°

1N599 50 400ma at 100° amb. IOA 150° 175’
IN 599A 50 400ma at 100° amb. IOA 150° 175°
1N6O0 100 400ma at 100° amb. IOA 150° 175’
1N600A 100 400ma at 100° amb. IOA 1 50° 175°
1N601 150 lOOma at 100° amb. IOA 150° 175°
1N601A 150 400ma at 100° amb. IOA 150° 175°
1N602 200 400ma at 100° amb. IOA 150° 175’
1N602A 200 400ma at 100° amb. IOA 150° 175°
1N603 300 ■lOOma at 100° amb IOA 1 50° 175’
1N603A 300 400ma at 100° amb IOA 150° 175’
1N604 too 400ma at 100° amb IOA 150° 175°
1N604A too 400ma at 100° amb IOA 150° 175°
1N605 500 400ma at 100° amb IOA 1 50° 175°
1N605A 500 400ma at 100° amb IOA 150° 175°
1N606 600 400ma at 100° amb IOA 150’ 175’

JEDEC 
or G-E 
Type 
No. PIV

Max.
Inc at T°C

Max.
1 Cycle 
(60 cps) 
Surge

Max. 
Oper. 
Temp, 

•c

Max. 
Storage 
Temp, 

•c

IN 606 A 600 lOOma at 100° amb IOA 150° 175°
! N 607 SO 800ma at 135° stud 15A 150° 170°
IN607 A SO 800ma at l r, .tud 15A 150° 170°
1 N608 100 800ma rì t 135° stud I5A 1 50° 170°
1 N608A 100 800ma at 1 35° stud 15 A 150° 170°
1 N609 150 800ma at 1 >S nd 1.3 A 1 50° 170°
1 N609A 1 50 8 OOma at I iS° st nd 1 I A 1 50° 170°
IN6I0 200 800ma at 1 35° stud 15 A 150° 170°
I N6I0A 200 800ma at 1 15° stud 15A 150° 170°
1 N 6 1 ] 300 800ma at 135° stud ISA 1 50° 170°
1 N611 A 300 800ma at 135° stud 15 A 1 50° 170°
1 N612 100 SOOma at 135°stud ISA 150° 170°
1N6I2A too 800ma at 135°stud 13 A 150° 170°
I N61 t 500 600ma at 135 stud ISA 150° 170°
1 N613A 500 600ma at 1 ¡3° stud 15A 150° I?0°
1 N6I I 600 600ma at 135° stud ISA 150° 170°
1 N61IA 600 600m a at 1 35°stud 15A 150° 170°

IN 1095 500 L25mn at 100° ¡»mb ISA 150° 175°
1 X 1096 600 3 5 Orna at 100° amb 15 A 150° 175°

1 X 1 100 100 SOOma at 100° amb ISA 165° 175°
INI 101 200 SOOma at 1 00° amb ISA 165’ 175°
INI 102 300 500mu nt 100° nmb ISA 165° 175°
1N 1103 100 SOOma at 100° amb I5A 165° 175°
1N1115 100 1 5 A at 8.3° stud 15 A 170° 175°
INI 1 16 200 1 SA at 85° stud ISA 170° 175°
IN 1117 300 ISA at 85° stud ISA 170° 175°
1N1118 too 1 SA Ht 85° st ud ISA 170° 175°
I NI 1 19 500 1 5A at 85° stud 15 A 170° 175’
1 N1120 600 1.5A at 85° stud ISA 1 70 ’ 175’

1 N1187 100 250ma at 125° amb ISA 1 10° 175°
1 N1188 200 250ma at 1 25° amb 15 A 1 10° I7S’
IN] 189 300 250mn at 1 25° amb ISA 1 10° 175°
INI 190 too 250ma at 125° amb 15A 1 10° 175°
1 Nl 19) 500 250ma at 110° amb 15A 125° 175°
1N1 192 600 250ma al 95° amb. 15A 120° 17 3°

1 N1692 100 600m a at 100" amb 20 A 115’ 125°
1 N 1693 200 600mn at 100’ amb 20A 115° 125’
1 M694 300 600ma nt 100° nmb 20A 115° 125°
IN 1695 400 600ma at 100° amb 20 A 1 15° 125°

1N2154 SO 25A at 1 15° stud 300A 200° 200°
1N2155 100 25 A at 1 15° stud 300 A 200° 200°
1N2156 200 25 A at 1 15° stud 300 A 2'81° 200°
1N2I57 300 25 A at 1 13° stud 300A 200° 200°
1N215« 400 25 A at 1 15° stud 300A 200° 200°
IN 2159 500 25 A at 1 15° stud 300A 200° 200°
1N2I6O 600 2SA at I 15° stud 300A 200° 200°

4IA60A* 100 70A at 120° stud 900A 200° 200°
UA60B* 200 70A at 120° stud 900A 200° 200°
4JA60C* 300 70A at 120° stud 900A 200° 200°
4JA60D* 400 70A at 120° stud 900A 200° 200°
♦JA60F* 50 70A at 120° stud 900A 200° 200°
UA60G* 150 70A at 120° stud 900 A 200° 200°
4JA6OH* 250 70A at 120° stud 900 A 200° 200°
1JA60J* 350 70A at 120° stud 900 A 200° 200°

4JA62.A* 100 IOA at 120° stud 900 A 150’ 200°
4JA62B* 200 IOA at 120° stud 900 A 150° 200°
4JA62C* 300 IOA at 120° stud 900 A 150° 200°
4JA62D* too IOA at 120° stud 900A 150° 200°
4JA62F* 50 IOA at 120° stud 900 A 150° 200°
4JA62G* 150 IOA at 120° stud 900 A 150° 200°
IJA62H* 250 IOA at 120° stud 900 A 150° 200°
4JA62J* 350 40A at 120° stud 900A 150° 200°

RECTIFIER STACKS

G-E Type PIV (up to) Max. Its- at T°C (up to)

UA211 
IJA4H 
4JA3011 
4JA3611 
UA60II 
4JA6211

630 V 
3360 V
630 >

1800 V 
8 tO V
849 V

6 amps at 55° amb.
18 ampn at 25° amb
18 amps, at 55° amb
65 amps, at 55° amb

573 amps. at 35° nmb
430 amps, at 35° amb.



May be mounted or electrically in-

1N599-6nt 606A -Similar to IN536-5-40

very
economical.

JA3611

'555—Similar to 1N440B series, except ED RECTIFIER

CONTROLLED RECTIFIER RATING CHARTIN607-614

POTTED RECTIFIER

verse current.

4JA211 Series

4JA3611 Stacks: Provide a wide-range of power 
applications with d-c outputs up to 65 amps.

Series 1N91-93. USNIN93—Alloyed-junction 
type« combining very low forward resistance with 
high back resistance to give almost 100% effi
ciency. 1N93 ie commercial version of U.S. Navy 
MIL-spec, rectifùr -th< G-E USN1N93. IN181- 
153, 1N158—Single-and two-fin versions of 1N91- 
9.3 series cells. 1N315, USAF1N315—Designed 
for high operating temp, (tu 85° C.) and low re-

currents operating up tu 170°

and 1N440B-445B serie-. respectively, except for 
somewhat lower forward-current ratings. 1N1692- 
1695-—Provides lower current and temperature op
eration (115° C.) than any of above ’

IN607A-614A—Another widely-used industrial line. 
Ideal for applications requiring high currents at up 
to 150° C.

1N2154-2160 Series: First senes of silicon me 
dium current rectifier« to be made free from 
thermal fatigue Designed for individual cell 
applications in the 2 to-25 amp range High 
junction temperattire ratings, Extremely low 
forward voltage drop and thermal impedance.

MILE-l/1088 1N368—Features ■ very low re
verse current at a high d-c reverse voltage For 
magnetic-amplifier applications

<ulated from heat sink with mica-washer mount
ing kit provided with each unit.

Series: 1N1115-1120- Available for stud mounting 
direct to chassis, or finned. Similar in character
istics, to 1N536-540 lead-mounted series. Provide 
maximum forward conductance at high operating 
temperatures. 1N253-256—High power handling 
ability Primarily for power supply and magnetic- 
amplifier applications. Type IN 256 meets JAN

for stud mounting Extremely low reverse current, 
particularly suited for magnetic-amplifier applica
tions <N332 349—Industry-popular series. For ap
plications requiring high reliability at moderate

Series: C35 
ZJ39L

4JA411 Stacks: Combine high temperature opera
tion (up to 150° C.) with increased ratings (up to 
18 amps d-c). Hundreds of «tack combinations to 
meet a variety of circuit conditions. High efficient y 
plus excellent regulation

4JA211 Stacks: The industry's most widely-used 
semiconductor rectifier series. Hundreds of thou 
sands in use. May be arranged in stacks up to 12 
fins to produce more than 160 various circuit 
configurations. Small, lightweight, excellent reg
ulation.

JA6011
JA6211

4JA220 221, 4JA420-421 Series: Mounted in stand
ard eight-pin tube tai.se (4J A220-420 Series) or in 
rectangular design with solder lug connections 
(WX221-421 Series). Available in a large number 
of circuit configurations One to 20 cells may be 
potted in ■ single circuit. Individual cell specifica
tions determine ratings. 4JA220-221 Series utilize 
germanium 1N91-9.3 cells. 4JA420-421 Series uti
lize silicon 1N5.36-540. IN 1095-1090 and 1N1487- 
1492 < ells. (See BASIC RECTIFIER-CELL LIST
ING at left.)

Series: 4JA60 4JA61. 
4JA62, 4JA63

Serios- 1N536-540. INM7. 1N560-56I 
1N1095-1096, 1N440 8 445 B 
IN1100-1103. 1N1487-1492, 
1N599 A -606 Ai, 1N1692-I69E

Series: IN536-540, IN547, 1N1095-88— Provide 
maximum fore ard conductance at high operating 
temperature« (165° C.). 1N440-445, 1N440B-4458 
—Similar to 1N536-51O series, but with extremely 
low reverse current. Ideal for magnetic-amplifier 
applications. • N1100-1103—Similar to 1N440B- 
445B series. INI 487-1412—Essentially the same as 
IN536-540 series, except provides lower-cost units 
for lower temperature requirements (140° C.).

C35 Series: Revolutionary silicon control device introduced by General Electric. Can do jobs of thyratrons, 
ignitrons, magneth amplifiers, power transistors, relays, switches. contactors, circuit breakers, in many 
power-control and power switching applications. Medium-current C35 series provides blocking voltages 
to 400V and load currents to 16 amperes. L ।w-temperature, lower cost ZJ39L series also available. Pro
vides blocking voltages to 100V and load currents to 10 amperes. High-current, developmental-type ZJ59 
series is now available on a prototype sample basis.

IN 1115-1120. 
1N253-256.
IN 550-555.
IN 332-349. 
1N607 A -614 A
IN 562-563

4JAI a, 4JA61, 4JA62, 4JA63 Seria*: Large-area 
junction stud-mounted rectifiers Operating tempera
ture?« to 200° C. D-c outputs as high is 85 amps per 
rectifying element. Lower-cost 4JA62, 4JA63 unita 
lire for application- which do not require the fuil- 
curn at ratings of 4JA60 line Reverse polarities pro
vided in 4JA61 and 1JA63 units. 4JA6011, 4JA8211 
Stack*: Hundreds of combin «tion-« available in va
rious circuit «ontiguiations D-c outputs up to 573 
amps Th»« 4JA6211 series for lower-current, lower- 
cost operation.

1N91-93 USN , 1N151 
1N315 USAF . 1N368

4JA30I1 Sari**: For gen
eral-purpose power sup
plies. control device*, 
blocking circuits, and 
many other applications 
Extremely low power dis
sipation and forward volt 
age drop provide exfol
ient regulation and effi
ciency. Available in 
stacks up tu 12 fins, pro
viding ratings in thou
sands of watts, depending 
upon the circuit design, 
with operation Io 85° C. 
Also, available in single
fin mounting Transient 
PI V’s up fo 600 volt* per

MMWM

i ■ G-E 

TnT
PIV< 
anil 
Vno Max. at Temp. °C.

Max.
Temp. °C.

Max. Reg’d 
Gate SignalOper. Stor 

age
C3SU 25 Up to 16A 87° C. stud 125 150 3V, 40ma @ 25” C
C35F 50 Up to 16A 87° C. stud 125 150 3V, 40ma @ 25° C
C35A 100 Up to 16A @ 87° C. stud 125 150 3V, 40ma @ 25° C.
C35G 150 Up to 16A @ 87° C. stud 125 150 3V. 40ma @ 25° C.
C35B 200 Up to 16A @ 87° C. stud 125 150 3V, 40ma @ 25'“ C.
C35H 250 Up to 16A @ 87° C stud 125 150 3V, 40ma • 25° C.
C35C 300 Up to 16A @ 87° C stud 125 150 3V, 40ma @ 25’ C.
C.35D 400 Up to 16A B 87° C. stud 125 150 3V. 40ma @ 25’ C.



OtMewSIOIM -

2MMAX.

— SS5MAX-

S2SMIN

.2*0 MAX I SO MIN 

.250 MIN

DIMENSIONS WITHIN 
JEDEC OUTLINE 

TO-12 
JEDEC BASE 

E4-M

4 LEADS

RATINGS TYPICAL VALUES
MAXIMUM 
COLLECTOR 

DISSIPATION 
(3) 25° C 
(mw) P<-

MINIMUM 
BREAKDOWN 

VOLTAGE 
(volts) 
BV( bo

MAXIMUM 
COLLECTOR 

CURRENT 
(ma)

Ii

MAXIMUM 
STORAGE 

TEMP.
(°C) 
Tstg

D-C 
CURRENT 

GAIN 
hit 

(A-C hr J*

ALPHA 
CUTOFF 

FREQ.
(mt) fai.

POWER 
GAIN 
(db) 
G.

(lOOOCyc.)

SATURATION 
VOLTAGE 

(volts) 
V< i (SAT) 

R>< (ohms)*

i
COLLECTOR 
CAPACITY 

(MAW
C..b

COLLECTOR TO 
BASE CURRENT 

(mo) 

MAX 1.@ V. b

150 45 25 200 12* 10 35 90* 7 2 30
150 45 25 200 18* 12 39 80* 7 2 30
150 45 25 200 39* 13 40 75* 7 2 30
150 45 25 200 20* 14 42 70* 7 2 30
150 45 25 200 120* 15 43 70* 7 2 30
125 45 20 200 35 30 75* 1.2 1 20
125 45 20 200 75 45 75* 1.2 1 20
Pn Vbb(MAX) Ie V f MAX Rbho Ve(SAT) LJMOD) I BO (® V kb

450 65 70 175 .56 0.9 5.6 3.1 12 12 60
450 75 70 175 .56 0.7 7.5 3.3 12 12 60
450 65 70 175 .62 0.8 5.6 3.4 12 12 60
450 75 70 175 .62 0.7 7.5 3.6 12 12 60
450 65 70 175 .68 0.7 5.6 3.8 12 12 60
450 75 70 175 .68 0.65 7.5 3.9 12 12 60
P< BV<e I. hi-E fai. G. V.e(SAT) C..h Lo (il \ ( R

240 -30 -300 100 53 1.3 0.09 40 -16 -45

240 -30 -300 100 31 1.0 0.09 40 -16 —45

225 -30 -500 100 35 2.0 0.07 25 -10 -30
225 -30 -500 100 52 2.5 0.075 25 -10 -30
225 -30 -500 100 73 3.0 0.08 25 -10 -30
225 -30 -500 100 91 3.3 0.09 25 -10 -30

150 -15 -125 85 65 8.0 0.15 15 - 6 -20

150 -15 -200 100 20 min 4.5 0.1 12 - 6 -15
150 -20 -200 100 30 min 8.0 0.08 12 - 6 -20

150 -15 -200 100 40 min 12.0 0.07 12 - 6 —15
120 -24 -100 85 8.0 0.1 12 - 5 -12
150 -12 -125 85 30 min 5 min 0.2 max 12 - 6 -12
150 -12 -125 85 60 min 10 min 0.15 max 12 - 6 -12
240 -50 -100 100 32 1.0 0.09 40 -18 -75
240 -30 -300 100 58 1.3 0.08 -16 -45

65 15 20 85 70 9.0 3 3 15
65 25 20 85 72 9.0 26 2.4 5 15
75 30 75 85 30 9.0 2.5 1.5 15

150 20 300 85 15 min 8.0 5 5
150 20 300 85 25 min 12.0 5 5
150 15 300 85 35 min 17.0 5 5

30 6 20 85 2.2Z — 81° 50 min 11.5 2 10 7
30 6 20 85 1.1Z-1000 90 min 9 1.5 10 7

J (

E. W





AND SPACE DIVISION

Transistorizing missile flight control systems by 
Lockheed scientists has meant significant 

reductions in weight and space requirements.

LECTRONIC DESIGN • March 18, 1959

One of Lockheed's test stands 
with dynamic thrust mount to 
simulate flight environment.

Pre-flight check-out on final 
assembly on X-7 missile. The 
X-7 holds free-world’s speed 
and altitude records for air 
breathing missiles.

Lockheed MISSILES

Flight Controls offers one of the most 
challenging areas of work at Lockheed's 
Missiles and Space Division.

From concept to operation, the Division 
is capable of performing each step in 
research, development, engineering and 
manufacture of complex systems. Rapid 
progress is being made in this field to 
advance the state of the art in important 
missile and spacecraft projects under 
development at Lockheed.

Flight controls programs include: analysis 
of flight data and sub-systems 
performance, design and packaging of 
flight control components, development 
of transistorized circuits, operation of 
specialized flight control test equipment, 
and fabrication of flight control 
prototypes. Other work deals with the 
design, development and testing of rate 
and free gyros; accelerometers; 
programmers; computer assemblies; 
guidance control systems; circuitry; and 
hydraulic systems and components.

In the flight controls simulation 
laboratory, mathematical representations 
of elements in a control system are 
replaced one by one with actual hardware 
to determine acceptability of specific 
designs. From these studies, Lockheed 
obtains information which is used in 
further refinement and improvement of 
final control systems designs.

Lockheed Missiles and Space Division is 
weapons systems manager for such major, 
long-term projects as the Navy Polaris 
FBM; Discoverer Satellite; Army 
Kingfisher; Air Force Q-5 and X-7; and 
other important research and development 
programs.

Scientists and engineers desiring 
rewarding work with a company whose 
programs reach far into the future are 
invited to write: Research and 
Development Staff, Dept. C2-21,962 W. 
El Camino Real, Sunnyvale, California, or 
7701 Woodley Avenue, Van Nuys, 
California. For the convenience of those 
living in East or Midwest, offices are 
maintained at Suite 745, 405 Lexington 
Avenue, New York 17, N. Y. and at 
Suite 300, 840 N. Michigan Avenue, 
Chicago 11, Ill.

"The organization that contributed most 
in the past year to the advancement of 
the art of missiles and astronautics.”

NATIONAL MISSILE INDUSTRY
CONFERENCE AWARD



NEW PRODUCTS
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Strain Gage Plotters

High speed

cs

High speed strain gage plotters 220 and 221, 
designed for plotting structural, engine load, and 
other tests, can scan and record up to 20 channels 
per sec and plot up to 96 channels. They auto
matically plot individual graphs for each channel 
while a test is in progress. There are three zero 
positions per channel, separate range selectors, 
and separate gage factor selectors. Switching is 
accomplished by heavy duty, large contact, low 
noise, rotary type multideck switches. Positive 
gearing to the chart drive insures synchroniza
tion between the chart graphs and their particu
lar input channels. The units can be modified for 
millivolt inputs, such as thermocouples, for use 
on temperature period tests.

Gilmore Industries, Inc., Dept. ED. 13015 
Woodland Av e., Cleveland 20, Ohio.

CIRCLE 97 ON READER-SERVICE CARD

—

—

v-J » 
V
* »E

— -

—- —

——

_
-

-

-

This is a record off leadership

Reversible Motors 

1/125 hp

Series M-105 reversible motors are rated at 
1/75 hp for intermittent duty or 1/125 hp for 
continuous duty. The various models have ac 
or 6 to 48 v de inputs. They are 1-3/4 in. in 
diameter and 3 in. long.

Carter Motor Co., Dept. ED, 2764A W. George 
St., Chicago 18, III.
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Don't- forget to mail your renewal form 
o continue receiving ELECTRONIC 
ESIGN.



cams
centerless ground,

Honeywell

delta-wing body, mounted

of 100 million 
, and rollers arecounts. The bearings, gears 

nylon, and the main shaft

Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeyu ell Regulator Co., 
Industrial Products Group. Heiland Division 
5200 E. Evans Ave., Denver 22, Colo.

namic damping coefficients on

Magnetic Core Tester
Handles switching time to 35 msec

Using a planetary gear drive to rotate the nu
merals, the PlanetGear mechanical counter can 
make1 10,000 counts per min. The quick transfer 
of numbers is accomplished by means o£ a nylon 
cam and a roller compensating device, which 
moves the planetary gear. There is no possibility 
of skips or misses since the gears are always in 
mesh. The torque* required to turn the drums is 
uniformly low, and any device capable of turning 
the first numeral drum is capable of driving the 
entire counter reliably, as there are no peak load 
points in the counter operation. The planetary 
gears make it possible to drive the counting 
wheels at continuous speeds of 1000 rpm, and life

an airframe were made by engineers at ARO. Inc. 1 hey 
were conducted in the Gas Dynamics Facility at the 
U.S.A.F.’s Arnold Engineering Development ( enter, 
Tullahoma, Tennessee, wind tunnel center of the Air 
Research and Development Command.! he studies were 
directly recorded on a Honeywell 906-A Visicorder.

on its cross-flexure pivot support, was forced to oscil
late through a linkage by an electro-magnetic shaker. 
Resistance strain gauges were bonded to the input 
torque member and to one of the pivot supports. These 
gauges supplied torque and displacement signals 
through a carrier amplifier to two galvanometers in the 
Visicorder. An oscillator, driving a third galvano
meter, established a time base for the oscillogram.

The values discovered through this forced-oscillation 
balance system experiment showed some discrepan
cies from values predicted by theory, because the theory 
pertained to simpler bodies than that used in the tests. 

1 he experiments provided a new set of data which will 
result in more accurate predictions for future design.

polished stainless steel. The 5/16 in. numbers 
conform to military specification MIL-S-33558.

Haydon Instrument Co., Dept. ED, 165 W.
Liberty St., Waterbury 20, Conn.
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The problem: To measure damping-in-pitch derivatives 
for a clipped-delta-wing-body configuration over a 
Mach number range of 2.0 to 5.0 so that these measure
ments could be compared with the Mach number 
trend predicted by theory.

With model RK-100, an instrument for testing 
tape wound cores, ferrite cores, and relays, two 
units may be operated synchronously for core 
plane and coincident current testing. The unit 
monitors tolerances on core parameters and de
termines drive requirements, switching times, 
and voltage and disturbance output. It provides I 
0.1 ma to 1 amp current pulses with 0.1 usee to 
1 msec rise time and handles switching times to 
35 msec.

Arkay Engineering, Inc., Dept. ED, 225 Santa 
Monica Blvd., Santa Monica, Calif.
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The Honeywell Visicorder is the pioneer and unques
tioned leader in the field of high-frequency, high-sensi
tivity direct recording oscillography. In research, de
velopment and product testing everywhere, instantly- 
readable Visicorder records are pointing the way to 
new advances in product design, rocketry, computing, 
control, nucleonics ... in any field where high speed 
xariables are under study.
The new Model 906A Visicorder, now available in 8- 
and 14-channel models, produces longitudinal grid 
lines simultaneously with the dynamic traces, time 
lines, and trace identification by means of new acces
sory units.
To record high frequency variables—and monitor them 
as they are recorded—use the Visicorder Oscillograph. 
Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration.
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Mechanical Counter
Uses planetary gear

HONEYWHl



NEW PRODUCTS

panel mountin

thread

Servo Motors

Size 10 and 11

For complete data write for Bulletin 3IC-CV-235

CONSTANT VOLTASI TRANSFORMERS REGULATED DC POWER SUPPLIES MERCURY LAMP TRANSFORMERS FLUORESCENT LAMP BALLASTS

CIRCLE 109 ON READER-SERVICE CARD

nounting 
1-3 S in.

snap action or push-on push-off s 
contacts rated at 28 v de, 5 amp

Sola Electra Co., 4633 W. 16th St., Chicago 50, III., Bishop 2-1414 • Offices in principal cities • In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont

in momentary 
ap action with 
inductive. Op-

Electrical characteristics of the special (’V trans
former maximize most of the advantages of the semi
conductor rectifier and the capacitive filter, while vir
tually eliminating their disadvantages. This particularly 
happy combination of components gives output in the 
ampere range, regulation within ±1% even under ±10% 
line voltage variation, and ripple less than 1% rms. It 
handles variable, pulse, or high-amperage loads without 
a second thought... it even puts up with dead shorts.

Sola Electric Co. (an outfit where complexity-for-its- 
own sake wins no promotions) has combined three 
simple, reliable components — a special type of Sola 
Constant Voltage Transformer, a semiconductor recti
fier, and a high-capacitance filter — to make a regulated 
de power supply that is rugged and dependable.

ELECTRONIC DESIGN • March 18, 195c

This dpdt double break switch-light combina 
tion has an independent 28 v lamp circuit for

Size? Maintenance? Cost? Sola’s simplicity drive 
permits the units to occupy minimum space, to do with
out movable or expendable parts, and to sell at a 
reasonable price.

Simple construction, reliability and compactness are 
benefits common to the entire line of regulated de power 
supplies. Sola designs and produces hundreds of ratings 
to meet widely varying electrical and mechanical re
quirements of equipment manufacturers; and also pro
duces complete power supply systems to specification 
It is set up to handle specific needs in production quan
tities. Your nearby sales engineer can supply all the facts.

In addition to custom service, Sola currently stocks 
six fixed-output models ranging from 24 volts at six amps 
to 250 volts at one amp. Six adjustable models are 
stocked, too.

Inherently simple design of the Sola Constant Voltage DC Power Supply is shown by this 
general schematic diagram Its basic simplicity of design and its reliable components make 
this regulated power supply rugged and dependable, both electrically and mechanically.

Just three reliable components 
make Sola’s regulated de power supply 

simple and rugged

Panel Switch Light

1-3/8 in. long

These size 10 and 11 servo motors are avail 
able for 26, 55, or 115 v ac, 400 cps operation 
They are 6 pole units with a stall torque of 0 ( 
oz-in. minimum and a no load speed of 6500 rpm 
Rotor inertia is 1 g cm2, and acceleration at stal 
is 42,000 radians per sec2. The units are 1-11/3: 
in. long and designed to operate in ambient tem 
peratures from —65 to -f-125 C. Special voltag 
requirements are available on order.

Western Gear Corp., Electro Products Div 
Dept. ED. 132 W. Colorado St., Pasadena, Cali
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length from mounting surface to and including 
terminals.

Pendar, Inc., Switch Div., Dept. ED, P.O. Box 
3355, Van Nuys, Calif.
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Regulated 
DC Output

Unregulated 
AC Input

High 
Capacitance 
Filter

Semiconductor 
Rectifier
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TO PILOT

AILERON

SPOILER

ates on the inboard

SPOILER TRANSDUCER

POSITIONER 
CONTROL

9851 S. Sepulveda Blvd. 
Los Angeles 45, Calif.

ROTARY 
ACTUATOR

AILERON 
TRANSDUCER

Forward resume to: 
Mr. G. D. Bradley

FLIGHT DATA and 
CONTROL 

engineers

creative R & I) engineers having 
specialized experience with control 

devices such as: transducers, flight data
sensors, servo-mech- 
d analog computer

This new Spoiler Control System 
is but one of the many types of elec
tro-mechanical systems developed 
and manufactured by AiResearch. 
Other recent examples include ra
dar antenna positioning equipment, 
magnetron and Klystron tuning de
vices. and safe-arm mechanisms for 
missile igniting.

The company's more than 20 years 
of experience in the development 
and manufacture of electro-mechan
ical equipment extends into aircraft, 
ground handling, ordnance and mis
sile systems of all types. AiResearch 
capability and system responsibility 
can meet your specific electro
mechanical requirements. Your in
quiries are invited.

3. FLIGHT INSTRUMENTS AND TRANS

DUCERS
1) DESIGN ANALYSIS Requires engineers 
capable of performance analysis 
throughout preliminary design with 
ability to prepare and coordinate re
lated proposals.
2) DEVELOPMENT Requires engineers 
skilled with the analysis and synthesis 

I of dynamic systems including design 
I of miniature mechanisms in which low 
1 friction freedom from vibration 
I effects and compensation of thermo 
1 expansion are important.
1 4.PROPOSAL AND QUALTEST

1 ENGINEER For specification 
1 review, proposal and qualtest 
*1 analysis and report writing assign-

1 ments. Three years electronic, 
1 electrical or mechanical experi-
1 ence required.
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S\ DIVISIONS:

AiResearch Industria
Air Cruisers • Airsupp Y

Aero Engineering
AiResearch Aviation Service_____

A substantial increase in aileron 
effectiveness is achieved by the 
AiResearch Spoiler Servo Control 
System which augments the function 
of the aileron by increasing the rate 
of roll of the aircraft. Full spoiler 
surface travel is achieved in 0.5 sec
onds by electromagnetic clutching 
of the 4 H. P. power servo.

The added control surface of the 
Spoiler Control Servo System oper-

Hk ('ross neu frontiers in system 
' / electronics at The Garrett Corpo- 
/ ration.
/ High-level assignments in the de- 
/ sign and development oj system elee

Ironies are available for engineers in 
the jollon ing specialties:

1. ELECTRONIC AND FLIGHT DATA 

SYSTEMS AND CONTROLS A wide

AiResearch Manufacturing Divisions
Los Angeles 45, California • Phoenix, Arizona

2. SERVO-MECHANISMS AND 

ELECTRO-MAGNETICS Requires engi
neers with experience or academic train
ing in the advancer! design, development 
and application of magamp inductorsand 
transformers.

aileron. This AiResearch electro
mechanical system automatically 
synchronizes the spoiler control sur
face to move simultaneously with the 
aileron by utilizing a magnetic am
plifier and position transducers in 
the closed loop servo system.

Systems. Packages and Components for: aircraft, missile, ELECTRONIC, nuclear and industrial applications 
CIRCLE 268 ON READER-SERVICE CARD

systems

I AiResearch Spoiler 

Servo Control System 

for Canadair’s



NEW PRODUCTSAre you a victim Of SPECIPHOBIA?
AZ *Z. u

me

completelyinstrumentation

loaded mu

him to get out of orbit and specify tube matter of fact, General Electric 5-Star

•or
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rj «» Come on over to Booth 2908 at the IRE Show, and we’ll show you tubes 
x. O. doing things that make other devices blush. Look for the 7-foot tube!

This self-contained altitude test 
chamber has a low loading level to 
simplify the testing of heavy units 
or components. The bottom of the 
64 cu ft test space is less than desk 
height, or 29 in. from the floor. The 
low test area also enables the op
erator to reach the back of the test 
space more readily. The chamber 
provides temperatures from —100 
to -|-300 F, simulated altitudes to 
150,000 ft, and relative humidity 
from 20 to 95*7. It has all necessary

automatic operation and recording 
The American Research Corp.

Dept. ED, Farmington, Conn.
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line 
anc 
frai

uni
me

Did your contract specify that you use unproved devices instead of tubes? For a reason? 
Or just because something “new” was available? (Which meant derating your whole1 
circuit just to get the performance1 you know tubes will give!) Well, mister designer, you 
are1 a victim of speciphobia!

Don’t feel bad. Lots of circuit designers are1 in the same quandary. But why not do 
something about it? Summon your manly courage, and go ask this specifier whether 
he1 wants novelty (at an awful price), or:
... known performance, known reliability, safe design, good logistics, systems flexibility, 

and economy (all of which you can prove). In short...a design that doesn't apologize!
Then, when he innocently asks “. . . Why of course. How can you get this?”, just tell

Receiving Tubes. And tell him that you’ll applj7 them with all your up-to-date know how 
on how to care for an electronic circuit.

If he’s still skeptical, just ask him to come see us. We’ve got some data we’d bi1 
glad to show, and match with anything he’s got. And while we’re at it, don’t forget to 
have us show him the tubes we’re working on for the circuits you’ll be designing next. 
Want small size? Well,you ain’t seen nothin’ yet! Receiving Tubt1 Dept.,Owensboro, Ky.

Miniature Lowpass Filters

Have 50 db attenuation

These small filters have 50 db 
minimum attenuation at the critical 
frequency. Attenuation of 25 db oi 
more is maintained up to ten times 
this specified frequency. The pass 
band insertion loss falls to 3 db at 
0.01 times the maximum attenua 
tion frequency. Encapsulated in 
epoxy resin for stability in environ 
mental extremes, the units an 
13/16 in. in diameter and 1-1/2 in 
high. Mounting is accomplishec 
with three no. 18 solid coppei 
tinned leads. Rejection frequencie 
down to 20 cps may be specified.

T T Electronics, Inc., Dept. ED 
P.O. Box 180, Culver City, Calif.
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Altitude Test Chamber

Has low loading level
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self-contained

jer

ie> camera

ire

CIRCLE 117 ON READER-SERVICE CARD >

Underwater TV Camera 
Cable

Advanced cabling techniques developed 
by Robertshaw provide the reliability 
demanded by today’s complex missile 
site requirements. Whether your needs 
involve short lengths of custom multi
conductor cable or elaborate electronic 
cable assemblies, Robertshaw’s progres
sive approach to cable design and fab
rication mean faster delivery and less 
cost. Success of these concepts is being 
evidenced daily on the launching pads 
at Canaveral and Vandenberg. They 
can be adapted to help solve your cable 
assignment. Write for Cable Facility 
Brochure . . . Aeronautical & Instru
ment Division. Robertshaw-Fulton 
Controls Company, Santa Ana Free
way at Euclid Ave., Anaheim, Calif.

Has 0.99 in. diameter 
underwater TV <

able is composed of two RG-59/U 
oaxial cables, two insulated and 
icketed 7-wire control cable 
roups, and two 4-wire shielded 
•ntrol cables. \ polyvinylchloride 

>clt over the assembly is extruded 
> fill all voids, and the whole is 
rapped in cadmium bronze shield- 
ig braid which is in turn covered 
v a lead cured neoprene sheath, 
he cable diameter is 0.99 in.
Rome Cable Corp., Dept. ED, 

iome, N.Y.
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power supply and provides a 
method for adjusting the position 
of the feed point along the cathode 
line to insure proper drive imped- 
mce and low vswr. Operating as a 
translator amplifier, the RA-7 makes 
television services possible for com
munities shielded from originating 
FV stations and beyond the range 
of 10 w translators.

Adler Electronics, Inc., Dept. 
ED, 1 LeFevre Lane, New Ro
chelle, N.Y.
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When driven by a suitable signal, 
type RA-7 broadband amplifier is 
capable? of providing an output 
power of 100 w or more in the 470 
to 890 me frequency range. The 
unit has a variable bandwidth, full

UHF Broadband Amplifier

Provides 100 w output
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BULLETIN
NOMENCLATURE DESIGNATIONS AND LISTING

CONTACT YOUR NEAREST EFCON DISTRIBUTOR

»1C OvHWI

C

CIRi

Write us today of your 
tapadfor deugn problem

SHOWING STOCK CASE STYLES. DIMENSIONS 
THE ELECTRICAL CHARACTER 1STICS OF EFCON

Inc
Sta

Sets forth the basic principles 

and techniques of technical 

writing for handy reference or 

serious study

De
Ph

FOR IMMEDIATE DELIVERY ON STOCK ITEMS.

FOR SPECIFICATION

would precise capacitance values at vital circuit points provide you with savings in
Design Time • Trimmer Costs • Assembly Costs • Space Consumption

Would 1% or closer tolerances at the same points 
heighten circuit reliability? Assure optimum slope of 
response curve? Eliminate trimmers?
Would an unusual case size or case configuration 
ease your "black box” packaging? Would it 
minimize components?
EFCON's prime stock-in-trade lies in providing precise 
capacitance values for precise circuit applications . . . 
offering the closest tolerances in the industry ... the 
highest reliability.
Now you no longer need compromise circuit design be 
cause of unusual requirements in capacitance value, 
tolerance, case size or configuration. EFCON specializes 
in filling your '‘oddball” design needs in single units or 
by the thousand . . . nonstandard units costing no more 
than standard units ... all with the extreme environ
mental capabilities of polystyrene or mylar.*

OR EFCON DISTRIBUTOR SALES, 87-11 I3OTH STREET. RICHMOND HILL 18 NEW YORK

682 BROADWAY
'NQuVR» « PRIME SOURCE OF CLOSE TOuKRANCE ANL/CR NONSTANDARD VALUE CAPACITORS

NEW PRODUCTS
Thermostats

For limit protection

HOW TO 
WRITE 
TECHNICAL 
LITERATURE
Instructions
Explanations

For operating temperatures up to 350 E. series 
11-T thermostats have a high electrical rating and 
occupy a minimum of space. Eor limit protec
tion, temperature control, or Ian control. they can 
lx* used in central heating furnaces, air condi 
tinning and ventilating equipment, aircraft 
equipment, and miscellaneous devices. Ihe snap 
action units are designed for both spst and spdt 
operation and are available with normally open 
or normally closed contacts. They have surface 
or watertight mountings and enclosed or exposed 
bimetal discs and come in a choice of terminals 
that include inclined blades, vertical blades, or 
screw types. Temperature calibration is factory 
preset and nonadjustable.

Therm-O-Disc, Inc., Dipt. ED, Mansfield, 
Ohio.
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A book every 
technical man

Flat Cable

THE PHILCO TECHNOLOGICAL CENTER

D-l

NAME.

ADDRESS.

CITY.

state.

22nd and Lehigh Avenue 
Philadelphia 32, Pa.

Please send ihe TECHNICAL WRITING GUIDE 
postage prepaid. I enclose $3.75. (Please 
make check or money order payable to 
Philco Technological Center, Sorry, 
No C.O.D.'s.)

de 
rm 
be 
sii 
th 
ba 
ba
m< 
55 
in]

foi 
pr< 
is

Voltage ratings from 300 to 
3000 v rms

Drawing upon many years ol ex
perience, the editors of Philco s 
Technical Publications Dept, pro
vide this practical guide to techni 
cal writing A useful book for the 
man who occasionally writes tech
nical explanations ami procedures, 
or the career technical writer 
(overs the subject from basic 
fundamentals, writing circuit ex
planations and procedural instruc- 

jions, to preparing a manuscript 
for printing . . . witli special em
phasis on equipment manuals. 
Over 200 pages, spiral bound, 
work-copy form.

Price $3^5 Postage Prepaid.

MAIL COUPON TODAY 
FOR PROMPT DELIVERY

Ribbon Cable may be assembkxl from sin 
conductors, twisted and jacketed pairs, trip] 
coaxial cables, shielded and jacketed wires, or 
any combination of these. Conductor sizes an* 
28 to 8 AWG, stranded or solid, and voltage rat
ings are 300 to 3(XX) v, rms. Widths up to 2 in. 
are available.

The William Brand & Co., Inc., Dept. ED. 
Willimantic, Conn.
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Have you sent us your subscription 
renewal form?
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Ultrasonic Delay Line

Has 10 me bandwidth

This ultrasonic delay line has: a 
delay of 900 psec; an average maxi
mum secondary level of oxer 70 db 
below the main delay; triple travel 
signals of 60 db; and direct feed 
through over 80 db. It has a 10 me 
bandwidth centered at 40 me. Th«' 
bandwidth to the 3 db points is 22 
me. Insertion loss into 50 ohms is 
55 db with a capacity of 60 ppf at 
input and output. The unit is de
signed with a mid-transducer tap 
lor optimizing matching network 
problems. It weighs under 7 11> and 
is supplied in a 14-1 2 in. diameter 
evacuated aluminum case 1 in. 
deep.

Aren berg Ultrasonic Lab. Inc., 
Dept. ED. 94 Green St., Jamaica 
Plain 30. Mass.
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Phenolic Laminate

Shock-resistant

A glass-reinforced XXXP lami
nate, NELCO 230-H equals or ex
ceeds the requirements of MIL 
P-3115-B/Type PBE-P grade. Ca
pable of being cold-punched in 
thicknesses to 3 32 in., it has low 
moisture absorption, good electrical 
characteristics, and an impact 
strength eight times the standard 
NEMA requirement. It is furnished 
plain or copper-clad in thicknesses 
trom 0.032 to 1 in. Standard sheet 
sizes are from 36 \ 12 in. to 36 x 
72 in.

New England Laminates Co., 
Inc., Dept. ED, 481 ('anal St., 
Stamford, Conn.
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THE ONLY 
ULTRASONIC CLEANERS 

WITH A CHOICE OF 
TRANSDUCER POWERS!

ACOUSTICA ULTRASONIC GENERAL PURPOSE CLEANERS

DR 125AH2 GAL. M?5WH5GM
DR 50AH 11/4 GAL _ ~ ~

$350 $595 $745

DR2500AH75 GAL.

ax

$1395

.

$4995$2850

ACOUSTICA ULTRASONIC HEAVY DUTY CLEANERS
GU 150 3 GAL. GU 420 5

GU 720 8 GAL.

$795 $1590 $2290

AH prices include tank and matching generator

The transducer 
is the heart of the 
ultrasonic cleaner!
An ultrasonic cleaner is no better than its trans
ducer. Acoustica transducers have proved their 
superiority. The new low-frequency Multipower 
transducer used in the Acoustica heavy duty indus
trial line produces the most effective cleaning field 
known today. It represents a major break-through 
in ultrasonic technology.

Choose the correct cleaner for your purposel
In determining which ultrasonic cleaning unit to buy, remember that all ultrasonic cleaning systems are not 
alike. The principle is the same, but the results are not. The power and frequency of the transducer are the key 
factors in determining the success or failure of applying ultrasonic energy for solving industry’s cleaning 
problems. Acoustica research has developed two types of transducers for its ultrasonic cleaning units— 
the General Purpose 40kc barium titanate transducer and the Multipower heavy duty 20kc transducer. 
Expert Acoustica engineers are ready to advise you which type will better suit your needs. Mail the coupon 
below for information—there is no obligation.

Immediate Delivery From Stock

acoustica
LEADER IN RESEARCH AND DEVELOPMENT OF ULTRASONIC SYSTEMS

Acoustica Associates, Inc., 26 Windsor Ave., Mineola, N. Y., Pioneer 7-7900
10400 Aviation Blvd., Los Angeles, Calif., ORchard 0-3393, Spring 6-0511

©1959 By Acoustic« Associates, Inc.

Acoustica Associates, Inc.
26 Windsor Ave., Mineola, N. Y., Dept. ED

Send information to help us determine the correct 
ultrasonic cleaner for our purpose.

NAME

TITLE & COMPANY

ADDRESS

CITY. ZONE STATE
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The New Frontiers
are in science, design, production
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0.15

Berl

Triplett Electrical 
Instrument Company 
Bluffton, Ohio

Precision Dial Comparator

Direct reading in 0.00005 in.
This precision dial comparator is 

direct reading in 0.00005 in. and 
has a range of 0.004 in. Fully jew 
eled and shock resistant, it provides 
dual gaging contact pressure and 
fine adjustment on both stand and 
gage.

Hamilton Watch Company. In 
dustrial Div.. Dept. ED. Lancaster

RF Coaxial Lobing Switch

Has 1.2 to 1 vswr

Type SP2T is a 0.7 lb rf coaxial 
lobing switch with a range of 100 
to 10,000 me, a maximum vswr of 
1.2 to 1, and an isolation rating of 
50 db down. Make before break oi 
break before make switching is 
available. The unit is hermetically 
sealed, glass to metal, and has a 
minimum life of 1000 hr. Several 
models are available with a choice 
of type N, UN, or SC rf connectors.

Don-Lan Electronics Co., Dept. 
ED, 1101 Olympic Blvd., Santa 
Monica, Calif.
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Catadioptric Light Screen

Sensitive to hypervelocity projectile
Using the catadioptric tech 

nique of reflection and refraction 
this light screen is sensitive t< 
hypervelocity projectiles as smal
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It C 
Ferri 
epo?

merits and test equipment at

loll

Model 630-PL V-O-M with such ad
vanced features as an unbreakable 
clear plastic front for wide range, 
shadowless, instant vision, polarity 
reversing switch, single king size 
knob tor selecting both range and 
circuit, continuous resistance read
ings from 0.1 ohm to 100 megohms

New Unimeters—a great step 
forward in ncreasing meter in
ventory flexibility while cutting 
inventory cost. These Select- 
Your-Range unimeters consist of 
only two basic meter movements, 
which can be combined with any 
one of a number of separate dial- 
component units for a wide variety 
of meter ranges Movements 
quickly and simply slide onto dial
components and lock together- 
no soldering, no wiring. Exclusive 
Triplett Bar-Ring construction for 
self-shielding, greater accuracy 
and sensitivity.

Model 310 a complete miniature 
V-O-M with single switch selection 
and the ranges and accura< y of units 
several times its size. Used with 
Model 10 clamp-on ammeter plugged 
in it becomes one of the world's most 
versatile pieces of test equipment- 
even measuring current flow without 
stripping wires

Model 690-A, a new Transistor Tester 
with more Triplett "plus” in accuracy 
and simplicity, for testing leakage and 
gain of all tow and medium power PNP 
and NPN transistors. Small, rugged, 
battery-operated, it measures DC Beta 
from 5 to infinity Affords exact tests for 
shorts, checks forward 4 reverse leakage 
of diodes. Features single switch selec
tion of transistor types, positive "off” to 
prevent accidental battery drain, separate 
"calibrate” and "gain" buttons eliminate 
errors, transistor socket and external 
leads for any basing arrangement

Triplett is still working on the frontier of electronics 
with such innovations as these:

4'he new frontiers are being exploited by companies 
which like Triplett have worked the frontier of elec
tronics for over 55 years.

Working the frontier means being on the spot 
with the equipment to develop and maintain this 
new made world. Triplett has a history of over 50 
years of being first with the best in panel instru-



RF Choke Coilnta
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Essex Electronics, 
Berkeley Heights, N.J

Read about this unit and many other missile and 
airborne types in the new Daven Catalog of 
Transistorized Power Supplies'

Reliability* Better than .95 for a period ot 365 days, at 8 hours a day with 
life expectancy of 10 years.
Output Impedance: Less than 20 micro-ohms at DC.
This unit can be supplied as a DC to DC Power Supply,

Applications
• Voltage reference in computers and complex networks.
• Laboratory voltage standard.
• Cascaded to provide higher voltages without degradation of performs!

oi b 28.0 volts DC to 50.0 V DC at 0.5 ampere
Output is floating and can be used either as a positive or negative supply. 
Load Regulation: Output voltage is regulated within ±0.1% from 0 5 to 
1.0 ampere.
Line Regulation: Output voltage is regulated within ±0.1% for line varia
tions of ± 10% in voltage and frequency.
Temperature: Output voltage is regulated within ±01%. under full or 
minimum load, over the temperature range of —55°C to + 85* C.
Ripple: Less than I milh-volt RMS or 3 milli-volts peak to peak.
Stability: 0.1% for a period of 6 months under a fixed load and line.

collimated light 
reflected many

the©^ WEN co

.15 V AC 60 cps or 400 cps w
111 '208 V AC 3 phase 60 cps or 400 cps

as 0.22 caliber. Designed for 
ballistic range instrumentation, 
the device sets up a screen of light

Occupying a volume of less than 
0.0066 cu in., the Wee-Ductor rf 
choke coil covers a full range of in
ductances from O.J to 1000 ph and 
has a high current rating at 125 C. 
It consists of a high permeability 
ferrite sleeve and core sealed in 
epoxv resin for moisture, resistance 
per MIL-C-15305A. The unit is 
0.15 in. in diameter and 0.375 in.

times between parallel mirrors be
fore passing into a photoelectric 
detector. The effective width of 
the beam interrupted by a pro
jectile is 3/4 in. in any part of a 
6x6 in. field. This gives a maxi
mum phototube output signal over 
a wide range of projectile sizes. A 
current change is caused in the 
detector when a hypervelocity 
projectile breaks the light screen 
at any point. The current change 
is amplified and is used to trigger 
a shadowgraph system. These 
systems can produce photographic 
records of missile models in flight.

Avco Mfg. Corp., Research and 
Advanced Development Div., 
Dept. ED, 201 Lowell St., Wil
mington, Mass.
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NEW PRODUCTS

Slip Ring and Brush Assembly

Has 2 mv noise level

Why it pays you to specify
Bendix QWL Electrical Connectors for use with Multi-conductor Cable
For use with multi-conductor cable on missile launching, 
Sound radar, and other equipment, the Bendix* QWL

ectrical Connector meets the highest standards of design 
and performance.

A heavy-duty waterproof power and control connector, the 
QWL Series provides outstanding features: • The strength 
of machined bar stock aluminum with shock resistance and 
pressurization of resilient inserts. • The fast mating and 
disconnecting of a modified double stub thread. • The 
resistance to loosening under vibration provided by special 
tapered cross-section thread design. (Easily hand cleaned 
when contaminated with mud or sand.) • The outstanding 
resistance to corrosion and abrasion of an aluminum surface 
with the case hardening effect of Alumilite 225 anodic 
finish. • The firm anchoring of cable and effective water
proofing provided by the cable-compressing gland used 
within the cable accessory. • The watertight connector 
assembly assured by neoprene sealing gaskets. • The addi-

tional cable locking produced by a cable accessory designed 
to accommodate a Kellems stainless steel wire strain relief 
grip. • Prevention of inadvertent loosening insured by a 
left-hand accessory thread. • The high current capacity 
and low voltage drop of high-grade copper alloy contacts. 
Contact sizes 16 and 12 are closed entry design.

These are a few of the reasons it will pay you to specify the 
Bendix QWL electrical connector for the job that requires 
exceptional performance over long periods of time, »trademark

Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. 
Factory Branch Offices: Burbank, Calif.; Orlando, Florida, Chicago, III.; Teaneck, 
New Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C.

Scintilla Division
Sidney, New York
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AVIATION CORPORATION

A PHASE 
SENSITIVE 
NULL METER 
WHEREIN NOISE 
AND HARMONIC 
VOLTAGES ARE 
EFFECTIVELY 
ELIMINATED

Allows separate

NULL 
METER

MODEL 100A
balance of in-

phase or quadrature in null cir
cuits.
Eliminates the necessity for fil
ters.

• High sensitivity.
Direction of null clearly shown on 
meter.
Synchro zeroing without recourse 
fine switching.

For further information contact your

r PRICE

$25900
NEW YORK

zero centered

to coarse and

nearest
representative or write for brochure

INDUSTRIAL TEST EQUIPMENT CO.
55 E. 11th ST. • NEW YORK 3 • GR. 3-4684

Visit Booth 3206 IRE Show—New Yoric Coliseum 
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NEW
VARIGRIP
ESNA quick-i

FASTENER
Consider these unique advantages:

With all 40 circuits tied in series and with 50 
ma of current flowing through this slip ring and 
brush assembly, the total combined noise level of 
the 40 slip rings and 80 brushes is under 2 mv. 
This noise level can be maintained through 1000 
hr of operation at 5(M) rpm with 10 cps vibration 
and temperature extremes of —65 to ¿-300 F. 
The breakaway friction level of the 40 circuit as
sembly, including ball bearings, is under 75 g cm. 
Capacitance is less than 20 puf and insulation 
resistance is greater than 5(MX) meg circuit to cir
cuit and circuit to ground. The assembly meets 
all M1L-5400A requirements.

Slip Ring Company of America, Dept. ED, 5456 
W. Washington Blvd., Los Angeles 16, Calif.
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Solid State Relays

Withstand heavy surges

1. Two-piece unit 
consisting of a 
self-locking Elastic 
Stop nut as the 
latch-lock and a 
retainer basket.

2. Stop nut fits any 
standard ¥4"-20 
bolt. User supplies 
bolt in head style to suit job needs.

3. When bolt is installed, the nut is held in basket and tightened to 
the exact setting required by structure thickness. Infinite 
adjustment possible for full threaded length of the bolt.

4. Eliminates inventory of multiple length studs.
5. Bolt-nut latch-lock can be tightened or reset at any time.
6. One quarter-turn lock and unlock action; high re-usability.

Available in W-IO she only. For comolete 
design information write to Dept S33-357

ELASTIC STOP NUT CORPORATION 
OF AMERICA

2330 Vauxhall Road, Union, New Jersey 
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Inckided in this line of solid state relays an 
current, voltage, temperature, time delay, and 
many other types for both automatic and remote 
control and for ac and de operation. These unit; 
have no moving parts or magnetic circuits, am 
do not depreciate with time. Unlike transistors 
they are uninjured by heavy peaks and surges.

Clark Electronic Labs, Dept. ED, Box 165 
Palm Springs, Calif.
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IN GENERAL ELECTRIC’S SMALL PANEL INSTRUMENTS

grace

framed

MECHANISMS ARE SELF-SHIELDED

FIELD COIL

color blending and less reflectance. The 
color area of the window helps to chan
nel the eye for quick reading. This dis-

MOVING 
MAGNET

TOP 
SHIELD

TOP 
JEWEL

BOTTOM 
JEWEL 
ASSEMBLY

stand
choice

aluminum for better

„SHIELD
CONTROL 
MAGNET

D-C VOLTS 
etMiRAi<i ^lucmic

Cor»-magnet, used in d-c miliiameters below 5 
MA and all microammeters, has conventional 
control springs and requires a zero-set.

tinctive color area is available in 
ard colors or the color of your 
in quantity orders.

Exclusive moving-magnet mechanism, used in all d-c ratings except ammeters below 5 MA, elimi
nates need for zero-set because conventional control springs are replaced by a control magnet. 
When de-energized, moving magnet aligns with control magnet, bringing pointer to zero.

ful, clean-line design results from a 
modern blend of round and square ele
ments. Although this attractive design 
makes the new instruments look much 
bigger, they will actually fit into the 
same usable panel space as ordinary 
instruments. Big border-to-border scale

D-C > 
MICROAMPERES 20 
^^SENEIAL ELECTRIC

EXCELLENT READABILITY
New' design makes possible up to 

28% increase in scale length over types 
replaced. Shadows are eliminated by 
cover design which admits natural light 
from all sides. Big, clear, upper-case 
numerals are positioned above the scale 
graduations (except three-digit end 
points) and cannot be obscured by the 
tapered pointer. The absence of arc- 
lines contributes to the pleasing ap
pearance and facilitates quick, accurate 
readings.

RELIABLE OPERATION
Built-in General Electric quality as

sures extra long, trouble-free life with 
these outstanding features:
Shielded Mechanisms—Self-shielding of

all d-c movements allows mounting on 
magnetic or non-magnetic panels with
out special calibration—cluster mount
ing bezel-to-bezel without interaction— 
and the effects of stray magnetic fields 
are minimized.
Completely Sealed—Internal parts and 
movements are protected from dirt, 
dust and water. Cases are sealed with 
neoprene gaskets in air-conditioned as
sembly areas.
Pivots and Jewels—Moving parts are 
supported on rugged steel pivots which 
rotate in low-friction, highly-polished 
glass jewels.

DISTINCTIVE APPEARANCE
Functional new beauty in

NEW LOW PRICE
Improved manufacturing techniques 

and facilities enable General Electric 
to offer you these new instruments at 
a new low price. See pages 3 and 4 
for list prices.

Now, you can improve the appear
ance of your finest switchboards and 
panels with General Electric’s dramatic 
BIG LOOK in small panel instruments. 
Backed by more than twenty-seven 
years of leadership and experience in 
creative panel instrument design, they 
give you these outstanding advantages:



Direct-current TypesPRICING INFORMATION

Rating Scale
Approx __
Terminal 

Resistance

DW-91, 271 -inch DO-91, 371 -inch
Rating

Cat. No. List Price, 
GO-87A Cat. No. List Price, 

GO-87A

D-C VOLTMETERS

Volta Volta Volta

1.5 0-1.5 810X84 $17 640X84 $18 1.5
3 0-3 810X86 17 640X86 18 3
5 0-5 810X87 17 640X87 18 5

10 0-10 810X89 17 640X89 18 10

15 0-15 810X90 17 640X90 18 15
30 0-30 1000 ohms 810X93 17 640X93 18 30
50 0-50 per volt 810X94 17 640X94 18 50
80 0-80 810X95 17 640X95 18 80

100 0-100 810X96 18 640X96 19 100
150 0-150 810X97 18 640X97 19 150
300 0-300 811X1 19 643X1 20 300
500* 0-500 643X2 21 500*

_D-C AMMETERS (Self-contained)

Amperes Amperes Amperes

1 0-1 0.0500 810X29 $is 640X70 $16 1
2 0-2 0.0250 810X31 IS 640X72 16 2
5 0-5 0.0100 810X33 IS 640X74 16 5

10 0-10 0.0050 810X35 IS 640X76 16 10

15 0-15 0.0033 810X36 IS 640X77 16 15
20 0-20 0.0025 810X37 IS 640X78 16 20
30 0-30 0.00167 810X38 IS 640X79 16 30
50 0-50 0.00100 IS 640X80 16 50

D-C AMMETERS (For use with external shunts—prices do not include shunt or shunt leads.)

Millivolts Amperes Millivolts

50 0-50 2.5 818X34 $15 $16 SO
50 0-75 2.5 818X39 15 813X52 16 SO
50 0-100 2.5 818X44 IS 813X58 16 SO
50 0-150 2.5 818X45 IS 813X58 16 SO

50 0-200 2.5 818X46 15 813X59 16 SO
50 0-250 2.5 818X47 15 813X60 16 50
so 0-300 2.5 818X48 15 813X61 16 50
50 0-400 2.5 818X50 15 813X63 16 50

50 0-500 2.5 818X52 15 813X65 16 50
50 0-600 2.5 818X54 15 813X67 16 50
50 0-800 2.5 818X58 15 813X71 16 50
50 0-1 KA 2.5 818X62 15 813X75 16 50

50 0-1.2 KA 2.5 818X96 15 813X77 16 50
50 0-15 KA 2.5 818X99 15 814X13 16 50
50 0-2 KA 2.5 819X5 15 814X14 16 50

0100 5.0 0 15 <t> 16 0100

D-C MICROAMMETERS
Microamperes Microamperes

t20 0-20 3400 810X1 $35 698X1 $36 t20
t50 0-50 1600 810X3 27 698X3 28 tso

tioo 0-100 1525 810X5 23 698X5 24 tioo
t200 0-200 225 810X7 20 698X7 21 t200
t500 0-500 30 810X9 18 698X9 19 t500

D-C MILLIAMMETERS
Milliamperes Milliamperes

tl 0-1 7.8 810X11 $17 698X11 $18 tl• tl.5 0-1.5 7.6 810X12 17 698X12 18 tl.5
t3 0-3 2.6 810X14 17 698X14 18 t3

5 0-5 13.6 810X15 15 640X56 16 5
10 0-10 3.0 810X16 15 640X57 16 10
20 0-20 .52 810X17 15 640X58 16 20

30 0-30 1.7 810X19 15 640X60 16 30
SO 0-50 1.0 810X20 15 640X61 16 50
•0 0-80 .9 810X21 15 64X062 16 80

100 0-100 .5 810X22 15 640X63 16 100
150 0-150 .4 810X23 IS 640X64 16 150
200 0-200 .3 810X24 15 640X65 16 200

250 0-250 .25 810X25 15 640X66 16 250
300 0-300 .2 810X26 15 640X67 16 300
500 0-500 .1 810X27 15 640X68 16 500

* External resistors are used on DW-91 above 300 volts and DO-91 above 600 volts. t These ratings have core-magnet movements (see Mechanisms).
0 When instruments ere required for 100 MV external shunt, order 100 MV rating and give scale NOTE: To establish your quantity discount, contact your neatest G-E Apparatus Sales Office 

range desired. er Distributor.

at Booth 2928, I.R.E. Show, New York Coliseum, March 23—26



PRICING INFORMATION Alternating-current Types

Approx 
Terminal 

Resistance 
Ohms

AW-91, 2'/j -inch AO-91, 3 Vi -inch
Rating Scale

Cat. No. List Price, 
GO-87A

Cot No ““ R°“n9
Cot No- GO-87 A

A-C VOLTMETERS Self-contained

Volts Volts Volts

1.5 0-1.5 3.0 823X54 $17 824X54 $18 1.5
3 0-3 11.1 823X57 17 824X57 18 3
5 0-5 29 823X58 17 824X58 18 5

10 0-10 110 823X61 17 824X61 18 10
15 0-15 251 823X62 17 824X62 18 15

30 0-30 779 823X65 17 824X65 18 30
50 0-50 2500 823X66 18 824X66 19 50

150 0-150 15000 823X70 19 824X70 20 150
300 0-300 54000 823X74 21 824X74 22 300
500 0-500 118000 824X76 29 500

A-C VOLTMETERS Transformer-rated (Scale marked in terms of transformer ratio)*

Volts Volts Volfs

150 0-300 15000 823X81 $19 824X81 $20 150
150 0-600 15000 823X82 19 824X82 20 150
150 0-750 15000 823X83 19 824X83 20 150

A-C AMMETERS Self-contained

Amperes Amperes Amperes

1 0-1 0.16 823X20 $17 824X20 $18 1
3 0-3 0.015 823X24 17 824X24 18 3
5 0-Î 0.007 823X25 17 824X25 18 5
8 0-1 0.003 823X28 17 824X28 18 8

10 0-10 0.0024 823X29 17 824X29 18 10

15 0-15 0.0016 823X31 17 824X31 18 15
20 0-20 0.001 823X32 17 824X32 18 20
30 0-30 0.0006 823X34 17 824X34 18 30
50 0-50 0.0004 824X35 20 50

A-C AMMETERS Transformer-rated (Scale marked in terms of transformer ratio) *

Amperes Amperes Amperes

5 0-50 0.007 823X39 $17 824X39 $18 5
5 0-75 0.007 823X40 17 824X40 18 5
5 0-100 0.007 823X41 17 824X41 18 5
5 0-150 0.007 823X42 17 824X42 18 5

5 0-200 0.007 823X43 17 824X43 18 5
5 0-300 0.007 823X44 17 824X44 18 5
5 0-400 0.007 823X45 17 824X45 18 5
5 0-500 0.007 823X46 17 824X46 18 5
5 0-600 0.007 823X47 17 824X47 18 5

5 0-800 0.007 823X48 17 824X48 18 5
5 0-1 KA 0.007 823X49 17 824X49 18 5
5 0-1.5 KA 0.007 823X50 17 824X50 18 5
5 0-2 KA 0.007 823X51 17 824X51 18 5
5 0-3 KA 0.007 823X52 17 824X52 18 5

A-C MILLIAMMETERS
Milliamperes

Milliamperes

824X4 $18 1010 0-10 2158 823X4 $17
25 0-25 341 823X7 17 824X7 18 25
50 0-50 84 823X9 17 824X9 18 50

100 0-100 21 823X12 17 824X12 18 100
200 0-200 4.1 823X14 17 824X14 18 200
500 0-500 0.70 823X17 17 824X17 18 500

I * Cat. No. and prices are only for instruments and do not include external accessories such at po For AW-91 above 300 volts and AO-91 above 500 volts order 150 volt transformer rated 9HBH
1 tential and current transformen. instrument for use »nth external potential transformer BEKHSS

For AW-91 above 30 amperes and AO-91 above 50 amperes order 5 amp transformer rated NOTE: To establish your quantity discount, contact your nearest G-E Apparatus Sales Office or
instrument for use with external current transformer. Distributor,

GENERAL SPECIFICATIONS FOR PANEL INSTRUMENTS H

Dimensions (in Inches) DO-91 DW-91 AO-91 AW-91
Flange dimensions 3.5 X 3.5 2.69 X 2.69 3.5 X 3.5 2.69 X 2.69 Accuracy: All instruments are accurate to within ’ 2%

of full-scale value. (Moving-magnet-types
Barrel diameter 2.80 2.21 2.80 2.21 are calibrated for mounting within 45 

of vertical and can be calibrated for other
Barrel depth
Scale lengths

1.31 1.30 1.31 1.30 positions on request.)

Moving magnet 3.0 2.25 Mounting: Interchangeable with JAN, MIL, and ASA
Core magnet 
Iron vane

2.9 2.1
2.9 2.0

2'/z- and 3’/z-inch round sizes.

Burden: AO-91 and AW-91 5 amp, 60 cycle:
0.5 VA at 0.5 p.f. lag.
AO 91 and AW-91 voltmeters have approxi-

W eight Net Shipping
All types (maximum) 8 oz 12 oz.

mately unity power factor at 60 cycles
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100

INCLUDING BOTH A-C AND D-C TYPES
An iron-vane repulsion-type mecha

nism is used for all a-c ratings. Two 
vanes are employed: one is attached 
to the moving shaft and the other is 
fixed to the field-coil frame. As current 
flows through the coil, both vanes are 
magnetized in the same polarity and 
the repelling force causes the moving 
vane to rotate. The pointer attached to 
the movable vane indicates deflection 
on the scale.

A substantially uniform scale distri
bution is obtained because the repel
ling force varies both as a square of

Order General Electric small panel instruments by catalog 
number from your nearest G-E Apparatus Sales Office or 
Distributor. For catalog numbers, ratings, and pricing in
formation, see inside fold.

Moving-iron mechanism, used in all a-c ratings, 
consists of field coil, fixed and movable vanes, 
and control spring.

at Booth 2928, LR.E. Show March 23-26

1.5 2.0 _
VI/, 2.5

A-C AMPERES
«ESIMI ÎUCTIIC

the current and inversely as the square 
of the distance between vanes.

MAGNETIC DAMPING
All a-c movements utilize magnetic 

damping to bring the moving mecha
nism quickly to rest. Alternating-cur
rent instruments are accurate to with
in 2% of full-scale value.

As with any iron-vane instrument, 
optimum accuracy is obtained when 
leads are brought down vertically to 
terminals.

Completely sealed cases protect internal parts of instrument from dirt, 
dust and water. Even zero-set is sealed with a neoprene O-ring.

Old round design with 3’z-inch diameter has 
relatively small scale and numbers.

D-C 
MILLIAMPERES 

tENERAl®ELECTRIC

New BIG LOOK design fits into same usable 
panel space as older stylo instruments.
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Schenectady, New York

Jon

4

SHADED AREA MASK

I II¡il I

w
Type DO-91, Moving-magnet

MkMEl

iths

Co

Typo DW-91, Moving-magno*

’on595-302

2794 MAX. DIA

WRITE NOW FOR A QUOTATION
Your nearest G-E Apparatus Sales Office or Distributor can 
give you all the facts on BIG LOOK small panel instruments 
including those with custom-marked scales. Most ratings 
are available for immediate delivery. Or, write direct to
General Electric Co., Section 593-302

Use these dimensions and panel
drilling specifications to plan 
your panel instrument needs

too»
2.820 DtAr-t

DRILL S HOLES 
ISO-.007 DIA.

PANEL DRILLING

SHADED AREA MASK
-32
MAX.

SHADED

.400

2.692 MAX.

AREA MASK

|-28 NF-2A THO.

2.692 
MAX.

DRX.L 3 HOLES 
.IM *.007 OIA.

PANEL DRILLING

10-32 NF- 2A THO.

GEN

□RILL 3 HOLES 
■ ISO *-007 OM.

PANEL DRILLING

° 5KT 2

4'28 NF-2A THD.

Type DO-91, Core-magnet 
Typo AO-91, Iron-vane

--------2.692 MAX."

2.692 
MAX.

SHADED AREA MASK

DRILL 3 HOLES 
•II» ÎJD07 DM.

F*N£L DRILLING,

STUDS ”4-4Q 
NC-2A THO.

10-32 NF-2A THD.

Typo DW-91, Cor*-mognot 
Typo AW-91, Iron-vane

ERAL

peí 
iers

to meet all your measurement needs—

General Electric offers 
this complete line 
of precision instruments
ELECTRIC-QUANTITY I NSTR UM E NTS-voltage, current 
watts, vars, frequency and power factor. 
Indicators

Switchboard and panel-mounted
Portables
Hook-ons

Switchboard Indicators can be furnished with con
tacts or "control initiation to operate alarms or 
control circuits

Recorders
Switchboard and panel-mounted
Portables
Hook-ons

Current transformers 
Potential transformers 
Shunts
D-c "current transformer

LABORATORY INSTRUMENTS
High-sensitivity recorders 
Gauss meters 
Resistance bridges
Spectrophotometer and tristimulus integrator 
Instrument standardization console 
Photo cells 
Vacuum gages

PROCESS INSTRUMENTS
Indicators

Precision, potentiometric type
Precision, A-c bridge type 
Pyrometer
Resistance thermometer

Recorders (potentiometer and A-c bridge types 
Strip-chart
Recorder—Controllers

Strip-chart-recorder, electric control 
Pyrometer, seven control forms 
Resistance-thermometer, seven control forms

Speed measuring systems

DYNAMIC MEASURING EQUIPMENT
Automatic oscillograph 
Strain gage amplifies, carrier types

TELEMETERING EQUIPMENT, torque-balance 
and frequency types

TESTING EQUIPMENT
Thickness gages 
Viscosimeters 
Paper tensiometer 
Vibration testers 
Surface roughness scales

SUPERVISORY INSTRUMENTS FOR ROTATING 
MACHINERY
Vibration detectors and recorders 
Eccentricity recorders 
Speed and camshaft-position recorders 
Shell and differential expansion recorders

REACTOR INSTRUMENTATION
LEAK DETECTORS
Halogen-types
Mass-Spectrometer type

TIMING DEVICES
Time Switches

General-purpose types 
Process types 

Time Meters

ELECTRIC

pru 
adii
UKX
121
D

trnsi 
tensi 
i luce
time
2870

Ty
Ipdt

0 c
ES
CIRI

LEC



Servo Motor Generator

Size 10
specialists in 
fasteners for industry

This 2.75 oz motor generator is designed for 
peration directly from transistor servo ampli- 
n rs and will develop a stall torque of 0.3 oz-in. 
• he size 10,4(X) cps unit has a free speed of 6500 
pm and viscous damping of 31.1 dyne-cm per 
adian per sec. Generator output is 0.16 v per 
000 rpm at 10 v input, and 0.41 v per 1000 rpm 

•t 26 input.
Daystrom Transicoil, Dept. ED, Worcester. 

Montgomery Co., Pa.
CIRCLE 137 ON READER-SERVICE CARD

Light Image Intensifier Tube

Brightens 10~7 ft-c 1000 times
Light images at levels of 10"’ ft-c can be 

tensified over 1(XX) times with the WL-7257 
tensifier tube. The unit produces an image of

in
in
re-

i Ii iced size having a brightness increase of 1000 
times minimum for input color temperature of 
2870 k. and 25(X) times minimum for actinic blue 
input. The light quantum gain is approximately 
50 lor input color temperature of 2870 K tungsten 
.uid 1(X) for actinic blue input.

Wi’stinghouse Electric Corp., Electronic Tube 
Div. Dept. ED, P.O. Box 284, Elmira, N.Y.

CIRCLE 138 ON READER-SERVICE CARD

Rotary Relay

Rated at 5 amp, 30 v de

JUST OFF THE PRESS... 
The new Condensed 
Catalog No. 59. 
Write for your 
free copy now.

type 4C rotary relay is a hermetically sealed 
Ipdt de unit with a contact rating of 5 amp, 
>0 v de. It weighs 3.2 oz, operates at 125 C, and 
ithstands 20(X) cps vibration at 20 g accelera

tion.
Couch Ordnance, Inc., Dept. ED, 3 Arlington 
. North Quincy, Mass.

CIRCLE 139 ON READER-SERVICE CARD

on't forget to mail your renewal form 
3 continue receiving ELECTRONIC 
'ESIGN.

CIRCLE 136 ON READER-SERVICE CARD

LECTRONIC DESIGN • March 18, 1959

speed • versatility • positive performance

Outstanding creative engineering at Camloc has 
produced a variety of fastening devices. For ac
cess panels, doors, other closures, for simplified 
replacement of components and sub-assemblies. 
There are other fastening devices, designed for 
a variety of specialized applications, all of them 
retaining the three important features that 
characterize all Camloc products . . . speed, 
versatility and positive performance

93

CAMLOC FASTENER CORPORATION • 61 SPRING VALLEY RD., PARAMUS, N. J. • LOS ANGELES, CALIF. * FT. WORTH, TEXAS

CIRCLE 140 ON READER-SERVICE CARD



NEW PRODUCTS

Pressure to Voltage System
MINIMIZES OPERATOR ERROR and FATIGUE

¡nc.

to other de

CIRCLE 141 ON READER-SERVICE CARD

Rotary Switch

Has 1 in. diameter

indicator

ont

amp
or 3 amp 28

and with continuous rotation to 10 poi

CIRCLE 145 ON READER-SERVICE CARD

continuously 
? de intermit

FREE ENGINEERING BULLETIN ...
Stock models, specifications and ratings are 
included in 12-page engineering bulletin.
Distributors in major industrial centers
Bodine jIso offers 3500 standard built-to-order motors

Bodine Electric Co., 2506 W. irc.dley PI., Chicago 18

Design Engineers...
295 standard types of Bodine reducer and 
non-reducer motors are available at once 
... from stock. Reducer torque ratings up 
to 219 in. lbs.

Series 1900 
enclosed and 
quirements. It 
and 5 amp, IL
tently. Dielectric strength is 1800 v. The unit i 
available with a single wafer or up to 16 wafer

Provides signal output of 0 to 5 or 2.5 v de

ELECTRONIC DESIGN • March 18, 1959

tions with stops.
Janco Corp., Dept. ED, 3111 Winona Avc 

Burbank, Calif.
CIRCLE 147 ON READER-SERVICE CARD

Rotary selector switch is totally 
built to exceed MIL-S-6807A rc

Systron manufactures In-Line Counter* for laboratory, 
military and industrial applications, as well as complete 
Data Processing and Control Systems tailored to meet 
individual specifications.

Write today for complete specifications 
if Model 1031 and your free copy ot . 
lur new Short Form Catalog. /

input systems.
Ultradyne, Inc., Dept. ED, P.O. Box 3308, Al 

buquerque, N. Mex.
CIRCLE 146 ON READER-SERVICE CARD

The unregulated model DCS-2 pressure to volt
age system is a single package that operates from 
standard unregulated 28 v de aircraft and missile 
power supplies. It combines the company’s model 
S-30 variable-reluctance transducer with stable 
transistorized electronic circuitry and has a signal 
output of 0 to 5 or ±2.5 v de over the rated 
pressure range. Because the stiff metal diaphragm 
is the only moving part, the instrument is resistant 
to shock and vibration. With no de or ac ampli
fiers in the circuitry, drift problems are eliminated. 
In operation, a transistorized multivibrator works 
into a completely passive circuit which includes a 
temperature-stable, phase-sensitive demodulator 
with matched silicon diodes. This circuitry con
fines the necessary ac to within the shielded pack 
age, making it unnecessary to run ac lines else
where in the system. The resultant de signal may 
be used as the input to voltage-controlled oscil-

MEDALIST* HdLat.rs
READABLE . . WIDE RANGE SENSITIVITY

Modern MEDALIST design provides for 
greater readability and modern styling in 
minimum space. Unique core ond magnet 
structure provides V? ua/mm sensitivity at 
null point with sharp square law attenuation 
to 1 00 ua at end of scale in Type A Internal 
resistance is 2000 ohms Other sensitivities 
available ASA MIL 2 'mounting Standard 
ond special colors. Bulletin on request. 
Marion Intfrumenf Divition, Minneapolis
Honeywell Regulator Company, Manchester, 
N. H., U. S. A.

*T M Keg U S Pat Of! V S 4 Foreign Patents 

Copyright it, iMfc Marlon

lators and de computers as we

MEGACYCLE• MICROSECOND - COUNTER - TIMER 
MODEL 1031

Industrial Reliability — Laboratory Versatility — get 
them both in Systron’s Model 1031 Counter-Timer. 
In just one glance you have the answer — and you get 
ihe answer in just one unit. 50,000 hour rated life 
Beam Switching Decades aid reduction of tube com
plement by 50% — increase reliability, decrease failure 
rate. This is just half of the story — 7 digit readout — 
3 DC amplifiers — and increased crystal oscillator sta 
bility assures true versatility. Counting decades can 
drive 2 sets of NIXIE indicators and the Model 1401 
Digital records without buffer tubes, relays or diodes 
— thus simplifying components for use in complete 
measuring and recording systems. j

QOOOOOQ

manon
emit tucreonics muts mi in- It 
meters I

CIRCLE 144 ON READER-SERVICE CARD

stock motors!

loriepowe.

the power behind the leading product

1Y5TRDN
CORPORA TION

Input Impedance 
10 Megohms, Direct or 
AC coupled. Step 
Attenuators with ± 
Trigger Level Adjustment

Outputs:
Oscilloscope Trigger 
Level Marker Signals 
Secondary Frequency 
Standard
Digital Recorder socket
Display Time O 1 to 15 
secs and Manual
Power-117 volts, ±10%, 
60 cps
Price: $1375.00 
FOB. Concord. California

Range:
Frequency 0 cps to 1 MC 
Time Interval—1 microsec 
to 10’ secs.
Period-0 cps to 1 MC 
Accuracy-±1 count, ±3 
parts m 10' per week 
Readout-NIXIE IN-LINE, 
0 to 10’

Time Base:
Frequency -1 microsec. to 
10 sec decade steps 
Time Interval-1 cps to 
1 MC. decade steps 
Sensitivity- 0 1 V rms.
3 DC Amplifiers
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CIRCLE 150 ON READER-SERVICE CARD
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DC Governor Motor

Holds uniform speed within 1%

Vernier Variable Resistor

Has 13.5 to 1 reduction

WIRE:

Belden
WIREMAKER FOR. INDUSTRY 

SINCE 1902 
CHICAGO

Mt- 
□m 
sil* 
del 
ble 
nal 
ted

ant 
di
ed, 
rks
s a 
tor
?n- 
ck-
se-
lav 
3Í1- 
dc

Rated at 1 100 hp at 4500 to 9000 rpm, this 
Ic motor is equipped with a governor that con

trols shaft speed variation within 1%. Rotor torque 
is rated at 3.5 oz in. for intermittent duty. Over- 
ill dimensions are approximately 1-1/2 x 3 in., 
including the shaft which protrudes about 1/2 in. 
beyond the frame. Weight of the unit is about 
7 oz. Body of the M-120 unit is solid aluminum 
with anodized finishes available in 6 colors.

Carter Motor Co., Dept. ED, 2761 A W. 
George St., Chicago 18, III.

CIRCLE 148 ON READER-SERVICE CARD

Designed for fine tuning applications, this 
rnicr \ariable resistor’s contact arm rotates 1 

leg lor each 13.5 deg of shaft rotation. Total 
ontact arm rotation is 300 ±5 deg, and total 
haft rotation is approximately 4000 deg. Desig- 
•ated VA-45. it has a 0.25 to 0.5 w dissipation. 
Resistance range is 250 ohms through 10 meg- 
hms, linear taper, with standard tolerance 

3(b for 250 ohms through 5 megohms, and 
Kb for 5 to 10 megohms. Voltage rating across 

nd terminals is 500 v de. Available in many 
pers and shaft specifications.
Chicago Telephone Supply Corp., Dept. ED, 
Ikhart, Ind.

CIRCLE 149 ON READER-SERVICE CARD

Behleh
WIRES • CA ES CORDS

SEE US AT THE IRE SHOW-

BOOTHS 4527-4529

Electronic Wire 
for Every Application

Service Rated—Quality Controlled 
Every Electronic Wire you need 
in easy-to-use packages.

Aircraft and Auto Radio Wire 
Antenna Rotor Cables 
Broadcast Audio Cables 
Bus Bar Wire 
Community TV Cables 
Cords
Hi-Fi and Phono Cables
Hook-Up Wires
Intercom Cables

Magnet Wire 
Microphone Cables 
Mil-Spec Hook-Up Wires 
RG/U Cables
Shielded Power Cables 
Shielding
Sound and PA Cables 
Strain Gauge Cables 
Transmission Line Cables

Heiden
WIRES■CA ES CORDS

WIRE

TV Camera Cables

Ask Your Belden Jobber

One Wire Source for Everything 
Electrical and Electronic

Mognot Wire • leod Wire • Power Supply Cords, 
Cord Sots ond Portable Cord • Aircraft Wires 

Electrical Household Cords • Electronic Wires 

Welding Coble • Automotive Wire and Cobl*



NEW PRODUCTS

AMPEX

CIRCLE 164 ON READER-SERVICE CARD

prin

CIRCLE 163 ON READER-SERVICE CARD

18OC

360J
7200

1250
2500
5000

mate 
Mort 
mate

is thermally 
peratures up 
teristics of a 
and that of

Pegboard Kit

For circuit development

For complete specifications or 
additional tape literature, write

AMPEX 
MAGNETIC TAPE 
934 CHARTER STREET, REDWOOD CITY, CALIF

out of circuitry ideas without soldering or wire 
preparation. The sets can be used to build tran-

The ARA-46P silicon composite pnp transistor

CIRCLE 166 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 18, 1959

compensated to operate at tem- 
to 200 C. It has the general charac- 
small signal transistor at the input 
a power transistor at the output.

tions up to 20 me.
Science-Electronics, Inc., Dept. ED. 195 Mass 

chusetts Ave., Cambridge 39, Mass.
CIRCLE 165 ON READER-SERVICE CARD

Magnetic recording has reached 
the point where a better tape, by 
itself, can significantly improve 
the performance of your equip
ment. Anticipating this, Ampex 
has developed its Instrumenta
tion Tape to assure the highest 
capability that the state of the 
art requires.
Precision tape reliability comes 
principally from the properties 
of its coating. And Ampex com
bines oxide preparation and care
ful coating techniques with the 
exclusive Ferro-Sheen process to 
produce the smoothest, most co
hesive, most uniform of precision 
tapes. The result is measurably 
higher signal-to-noise ratios, and 
much less tape wear.
This, with its squared-up hyster
esis curve, makes Ampex Instru
mentation Tape ideal for all re
cording systems: direct, FM-car- 
rier, PDM, and NRZ-digital.
Ampex Instrumentation Tape is 
available on hubs, NAB-type or 
die-cast magnesium - alloy Preci
sion Reels. Widths of %", %'' 
and 1" are standard on either 
Mylar* or acetate base, in the fol
lowing lengths, reel diameters, 
and base thicknesses:

Helipot Division of 
Beckman Instruments, Inc.

Fullerton. California 
Engineering representatives 

in 29 cities

potentiometers 
dials delay lines 

expanded scale meters 
. rotating components 

‘ breadboard parts

Or if it? Mordtoring mag-amp regulated 
ground power-supplies with a conventional 
voltmeter is like trying to measure micro
inches with a yardstick.
Take this preflight checkout system for 
example: 115-volt, 400-cycle power is regulated 
to ±1%, equal to ± 115 volts But ordinary 2% 
meter error is ± 3 volts,.. less than half 
the accuracy you need
Now, wire a standard 110-120 volt Beckman 
expanded scale voltmeter into the circuit. 
Result: 2:0.3% accuracy equal to ±0.345 
volt... better than twice the precision of 
regulated voltage. And one-tenth volt 
resolution makes reading easy...lets you 
take full advantage of the meter’s 
drift-free accuracy.
What’s more, there’s no average-leading 
“fudge-factor” to contend with. Feed a 
Beckman AC meter anything from pure sine 
to square waves... it alway* reads true rms.
Helipot builds self-contained, panel-mounting 
Beckman expanded scale meters...AC or 
DC... in hundreds of models... commercial or 
ruggedized... in a wide variety of shapes, 
sizes ano ranges. Color coding, special ranges 
and assemblies are yours for the asking.
Trade in your yardstick. Send for Data FileC34

Operating specifications are: collector voltage, 
40 v; collector current, 3 amp; power dissipation 
at 25 C, 35 to .50 w; power dissipation at 150 C. 
2 to 5 w; current gain, 10,000; input impedance. 
2000 ohms; output impedance, 5(40 ohms.

Advanced Research Associate s, Inc., Dept. ED, 
Semiconductor Div., P. O. Box 68. Kensington.

Beckman
Helipot

Xvailable on an individual parts basis or in de
velopment sets with over 850 components, Erec- 
Tronic systems consist of precision drilled Duron 
pegboards, electrical and electronic components

AMPEX STANDARD TAPE LENGTHS (feet)
REEL BASE THICKNESS (mils)

DIAMETER 1.0 1.5

KENSlMGTOH. MP

' SILICON
ARA-46. PNP
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SPECIFICATIONS
Power Rating: 3 watts @ 40° C.
.25 watt @ 230° C. (high-temperature type)

Typical weight: 0.196 lb.
Insulation Breakdown Tests:
Between terminals and ground for 1 minute,
1000 v.a.c @ 3.4 Hg.

Resistance Range: Linear, 1 to 100,000
ohms Tapered, 350 ohms per degree of rotation

Resistance Tolerance: ±5%.
Taps: To requirements.

Rotation: Mechanical and electrical,
291°. ±3%. Effective, 280° to ±3%.

Torque: 1 to6 oz./in.

or continuous rotation models are available.

oooo
- 0005

2490 DIA

Series 42

STANDARD
BUSHING MOUNTING

Voltage Controlled Oscillator

For airborne use

Xirborne voltage controlled oscillator model 
\OV-4S is a rugged, transistorized unit com- 
atiblc with many existing airborne packages. It 
।»corporates silicon junction diode networks and 
11 icon transistors which permit operation in am- 
licnts to 125 C. The unit has ■ 0.57 linearity, low 

power drain, and high stability in cases of supply 
oltagc variations. Dimensions are 3 x 1.62 x 1.87

I)ata-(Control Systems Inc.. Dept. El). 39 Rose 
>t.. I hmbury, Conn.
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Thermistors

Demonstrated Precision 
and Reliability
“Workhorse” of the world’s airlines, the famed Douglas DC-7 
employs Clarostat Series 42 Precision Potentiometers for flap
position indication. This is one more example of Clarostat 
precision, proved under day-in day-out working conditions.

Interchangeable and matched CLAROSTAT PRECISION POTENTIOMETERS

Series 42 potentiometers are wire-wound and offer resistance
tolerance of ±5%, linear or tapered. Closer tolerances on special
request. They are available in a wide variety of electrical and
mechanical characteristics to meet application and environmental
conditions. Standard units are rated at 3 watts @ 40 C., while
special high-temperature units are available for operation up to
230 C., with a rating of 0.25 watt. Units may be ganged by means

This line of interchangeable and close tolerance 
matched thermistors come in five major groups. 
More than 30 units are available. Resistance 
matched units are available such that at 25 C 

H units are within of the Ro of the highest 
sistance' unit. Voltage matched units are such 

’bat the Ro of the lower resistance unit is within 
specified percentage of the higher unit. Other 
pes of matched units include: series-parallel 
latched; resistance temperature matched: resist- 
nce ratio-temperature matched.
Victory Engineering Corp., Dept. ED. 519 

pringfield Road, Union, N. J.
CIRCLE 155 ON READER-SERVICE CARD

of threaded rods and end plates. Switches for limited

■ MOUNTING SURFACE

WRITE FOR COMPLETE DETAILS...
CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE.

his is the time of our annual sub
ription renewal. Clarostat Means Precision You Can Count On

CIRCLE 156 ON READER-SERVICE CARD
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MINIATURE AND
SUB-MINIATURE
PULSE TRANSFORMERS

NEW PRODUCTS

Vibrating Reed Electrometer

Measures 10 17 amp

These transformers are designed to become 
an inherent part of the circuitry in which 
they are used. Designs developed feature 
good, low-frequency response with mini
mum droop of the output pulse amplitude 
during pulse period as well as having good 
high-frequency response to minimize rise 
and decay times. Write for Bulletin PT 315 
outlining mounting types, general speci
fications and outstanding features. Our 
facilities assure exceptional deliveries.

ACME ELECTRIC CORPORATION
903 WATER STREET • CUBA, NEW YORK

West Coast Plant: 12822 YUKON AVE., HAWTHORNE, CALIF.
PO 3254

Servo Amplifier

Weighs 10 oz

Current as low as 10 17 amp, and voltages as 
low as 0.02 mv can be measured with the Cary 
Model 32 electrometer. It also measures C14 
activity to 5 x 10 15 curies per mg BaCOs, and 
H3 activity as low as 10 10 curies per mg H3. 
The unit accommodates ionization chambers 
from 50 to 1.500 ml, as well as solid and liquid 
sample accessories. Ranges: 10, 100. 1000 mv, 
10 v. Accuracv of the unit is 10.25V. It consumes 
.50 w at 115 v. 60 cps.

Applied Physics Corp., Dept. ED, 2724 South 
Peck Road. Monrovia, Calif.
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TRANSFORMERS
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98

most 
complete
• Design Forum
• Product Features
• Ideas for Design
• Engineering Review
• Standards and Specs 
• Russian Translations 
• Sackground for

Design

This magnetic amplifier, 4.5 in. long and 
weighing 10 oz, is a wide band pass servo unit 
designed to drive standard servo valves. It has a 
low emissivity finish for operation at high radiant 
energy levels and meets Mil-E-5272A. Input 
range for the two control inputs (one may be 
feedback), is 1 to +1 v. Maximum output is 
+15 ma and +15 v. Gain may be adjusted ex
ternally; supply of 115 v, 2400 cps.

Vickers Inc., Electric Products Div., Dept., 
Dept. ED, 1815 Locust St., St. Louis 3, Mo.

CIRCLE 159 ON READER-SERVICE CARD

More and more electronic engineers 
report: “Z read Electronic Design 
first. It’s complete, timely, easier 
to read, and I can depend upon 
getting all the new product in
formation.”
Electronic Design's 8 full time edi
tors, plus staff of assistants, con
tributors, and correspondents scan 
the electronic horizons to bring you 
the complete design picture.
With reading time at a premium, 
ED’s every-other-week frequency 
assures the prompt delivery of 
topical material; keeps up with this 
rapidly moving industry.

ELECTRONIC DESIGN

a HAYDEN publication
830 Third Ave., New York 22, N. Y.

PLaza 1-5530
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MICROWAVE FERRITE
APPLICATION CHART

CIRCLE 160 ON READER-SERVICE CARD

Volt-Ammeter

Measures 0.03 u

ferrite materials RI, R4tion vs. temperature curves on

The World’s Largest Producer ot Microwave ferrites

CIRCLE 161 ON READER-SERVICE CARD

today; please address 
Corporation, Keasbey,

Microwave 
Ferrites

it’s included in the new General Ceramics 
Data Bulletin on Microwave Ferrites

and newly-developed R5 and R6. Application data, mag
netic properties tables, and drawings and dimensions of 
available stock parts are also contained in new Bulletin 
259. Request your copy of this informative literature.

inquiries to General Ceramics 
New Jersey—Dept. E.

TV and Radio 
Cores

See us at the RADIO 
ENGINEERING SHOW 
BOOTHS 2221-2223 

New York Coliseum 
March 23rd to 26th

NEW OPPORTUNITIES 
FOR ENGINEERS

Positions are now open at all 
levels at General Ceramics
call or write for interview.

REMARKS:
(1) R4 saturates more rapidly than R I resulting in faster reduction at low field losses. See 

hysteresis loop data
(2) Operating power levels reported by customers. It has also been reported that R-5 and R-6 

can be used as low as 500 Mc/s in certain phase shifter applications
R 1 and R-4 are Mg-Mn ferrites. R 5 and R-6 are MgMn-AI ferrites.

**Lowest Recommended Frequency-can be used at frequencies above published value.

This new comprehensive bulletin contains technical data 
on the most complete cross-section of materials in the 
industry, including two grades introduced for the first 
time. Included are hysteresis loops, magnetic and di
electric properties vs. frequency, and magnetic induc-

Recording Head 
Cores

ECTRONIC DESIGN . March 18, 1959

Magnetic 
Memory Cores

CIRCLE

Tape Wound Cores
Epoxy encapsulated

Packaged, ready-to-wind, and 
poxy encapsulated, these aluminum 
ised tape wound toroidal cores are 
ir use in magnetic amplifiers, satu- 
tble reactors, and special trans
irmers. No taping or supplemen- 
iry insulation of the core case is 
.ecessary, and breakdown rating 
etween the winding and the case 

s above 1500 v, 60 cps, rms,
G-L Electronics, Inc., Dept. ED. 

921 Admiral Wilson Blvd., Cam
leu 5, N.J.

Model 150 micro volt-ammeter 
measures down to 0.03 pv and 2 
x 10 12 amp, de. It may be used 
is an amplifier, micro-microam
meter, and with an external voltage 
supply as a meg-megohmmeter. As 

। de voltmeter it measures from 1 
v to 1 v full scale. As an ammeter 

if measures from 10 3 to 10 
mp full scale. Gains of 10 to 10’ 
re possible when used as an am- 
lifier. The unit has zero stability 

• is a voltmeter within 0.1 uv per 
lay, within 2 x 10-11 amp as an 
mmeter. The zero center scale in- 
icates polarity and amplitude as 
ell as null point, with 0.5 to 2 
*c period. •
Keithley Instruments, Inc., Dept. 
D, 12415 Euclid Ave., Cleveland
Ohio.

>oth 3414
General Purpose 

Cores
162 ON READER-SERVICE CARD

GENERAL CERAMICS

MICROWAVE 
FERRITES

NEW PRODUCT

MATERIAL BAND
LOWEST OPERATING 

FREQUENCY**

TYPICAL 

APPLICATION
TYPICAL POWER LEVEL

R-l X 8.500 megacycles Phase Shifter Low Power

R-4 X 7,000 megacycles Phase Shifter Can be used above resonance 
at peak power > 1 Megawatt (2)

R-4 s 2,500 megacycles Resonance
Isolator (1)

Low Power

R-5* c 5,000 megacycles Phase Shifter Can be used above or below 
resonance at peak power > 
1 Megawatt (2)

R-5* s 2,500 megacycles Phase Shifter Can be used above resonance 
at peak power > 1 Megawatt (2)

R-5* L 1,000 megacycles Resonance Isolator Low Power

R-6* S 2,500 megacycles Phase Shifter Similar to R-5

R-6* L 1,000 megacycles Resonance Isolator Low Power



Be Sure to Get Your Copy NEW PRODUCTS

Commutator-Gating Units

In standard IRIG sampling rates

Trimmer Potentiometer

For high temperature use
Miniature model W-10 trimmer potentiometei 

has a variable micrometer adjustment which gives 
a precise selection of resistance from 10 ohms to 
150 K. Eor high temperature use, the unit has an 
epoxy encapsulated winding and an epoxy sealed 
case that withstands 500 F.

Atohm Electronics, Dept. ED, 7648 San Fei 
nado Rd.. Sun Valley, Calif.
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all the news at the show

Available in all standard HUG sampling rates 
and channel configurations, series CAG coinmu 
tator gating units accommodate high level inputs 
ranging from 0 to -4-5 v hill scale. Typical signal 
sources which may be used with the unit arc 
potentiometers, cathode followers, and voltag« 
references. The output may be fed directly to a 
standard subcarrier oscillator or to an rf trans 
mitter.

General Devices, Inc., Dept. ED, P.O. Box 25T 
Princeton, N.J.
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...and at no charge. You’ll find your copy of Electronic Daily either 
direct in major hotels, or at Hayden's booth #1727 at the Coliseum. 
1 se the Daily to select the booths and products you want to be sure 
to see . . . plan your time to best advantage. The Daily is printed 
overnight for distribution early each morning during the conven
tion. It's written by engineers for engineers; contains all the new 
products to be exhibited, lists booths by products, meetings, events, 
papers by subject, plus the significance of all the latest news, 
announcements, and hehind-the-scene trends at the show. There’s 
a special section on job opportunities and interviews. This year, 
don’t miss Electronic Daily, it’s free to all registered exhibitors and 
attendees.
'Booth 1727 :
<»Oth Street Side, 1st Floor rear of Coliseum under mezzanine.

100

Aluminum Clad Copper Wire

For high temperature use
Composed of an aluminum alloy cladding ov 

a high conductivity copper core, this wire has a] 
plications both as magnet wire and as high ten 
perature lead-in wire. Suited for use in aircrai 
missiles, and high speed industrial equipment, 
has about 70 per cent the conductivity of copp 
at room temperature.

Sylvania Electric Products Inc., Dept. ED, W; 
ren, Pa.

CIRCLE 153 ON READER-SERVICE CARD
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BRAND TEAMS WITH
MARTIN TO MEET TOUGH
CABLE SPECS FOR
TITAN TEST FIRING

Differential Transformers

Linear stroke

attainable. The units are mag-

CIRCLE 168 ON READER-SERVICE CARD

mail
Visit us at Booth M-19 at th* IRE Show

CIRCLE 169 ON READER-SERVICE CARD

•ewal form to continue 
LECTRONIC DESIGN.

mil voltage is 1000:1. 
temperature range ofi inearity 'of d 

60 to 250 F

unphtuch 
tangular

Absolute reliability! A must fur the control and telemetering 
cables used for transmitting high fidelity signals during mis
sile development static test firings. The data collected must 
be absolutely accurate if it is to establish the validity of 
the missile design or become the basis for necessary 
changes. The Martin Company found the solution to these 
tough signal transmission problems with three special multi
conductor cables produced by Brand. Here’s how Brand 
teamed with Martin to meet these new and difficult cable 
specifications.-

your re
receiving

Whether in missiles, aircraft, business machines or elec
tronics — Turbo cables are custom engineered for specific 
operating conditions; manufactured by quality-conscious tech
nicians; tested foot by foot for specification compliance. 
We invite you to call on our extensive engineering experience 
to solve your cable problems. No obligation,of course. Send 
your specifications or requirements.

Series 1 Cables Series 2 Cables Series 3 Cables

LECTRONIC DESIGN • March 18, 1959

etically shielded, potted and furnished with 
I efl on insulated leads.

Automatic Timing \ Controls, Inc., Dept. ED, 
f)ept. 213. King of Prussia, Pa.

idth, a 70 v 
s emitted. It

These differential transformers have a linear 
stroke of 70% of coil length, and high output and 
ow impedance secondary windings. Linear dis
placement is from 0.5 to ±8 in. Ratio of output ®Vinyl jacket (^Tinned copper shield ©Mylar 

tape wrap © 12 color coded groups. Each group: 2. 
3, or 4 color coded conductors, shielded, jacketed 
©color coded groups. Each group: 2, 3, or 4 color 
coded conductors, shielded, jacketed ©6 color 
coded pairs cabled around vinyl filler. Each pair coded 
thermocouple wire, shielded, jacketed.

etc. 
ivo 
s to

Designed primarily for telemetering instru
mentation, this instrument measures: the drop- 
mt characteristics in a magnetic tape recording 

»ver a range of operating frequencies from 7.5 
o 80 kc; a dropout amplitude range from 15 to 

>57; and a dropout width range from 38 to 360 
isec. For each dropout detected with respect to Series 1 Instrumentation Cables: — Problem: Cables to have 

approximately the same uniform diameter with varying num
bers of conductors, to fit into standard connectors. To meet 
critical electrical requirements, especially low loss charac
teristics. Solution: Use color coded Turbolene (polyethylene 
type) insulation to meet electrical and physical requirements. 
Give twisted pairs a uniform circular cross section by using 
specially developed extruded Turbolene fillers.
Series 2 Instrumentation Cables: — Problem: Cables to oper
ate up to 100 C and to have approximately the same finished 
diameter with varying numbers of conductors. Solution: Use 
insulated wires meeting MIL-W-16878, manufactured with 
Turbo 540 vinyl compound and nylon jacketed Carefully con
trol lay lengths during cablings, and outer jacket wall thick
nesses.
Series 3 Thermocouple Cables: — Problem: Non hygroscopic, 
fungmert cables, each six thermocouple pairs. Solution: 
Develop extrusion and cabling techniques to economically 
process hard and springy chromel, alumel, iron, constantan 
and copper conductors. Use Turbo 540 vinyl compound as 
primary insulation and as filler.
There were additional problems common to all series. (1) A 
vinyl jacketing material for the shielded groups to operate 
at both high and low temperatures, and to have an IR value 
comparable to those found in vinyl primary insulation. Turbo 
570, a new custom formulation, was developed to meet these 
requirements. (2) All groups of conductors laid in a predeter
mined pattern to facilitate termination. The cables were 
manufactured on large two-bay planetary cablers to control 
positioning. (3) Long, unbroken, uniform lengths — all control 
and instrumentation circuitry is carried in steel reinforced 
concrete tunnels between test stands and blockhouse as 
shown in the above drawing.

21029 (Ships).
Acoustronics, Inc.. Dept. ED, 156 Ol 

Huntington Station, N. Y.
CIRCLE 167 ON READER-SERVICE CARD

predetermined ; 
»ositive going, rei 
measures dropout

Telemetry Wave Dropout Analyzer

For magnetic tape



TIMENEW PRODUCTS
MONEYScintillation Counter

ITT Get Expert

on

Wirewound Resistors

Highly stable

DELAY LINES

Lumped

Dual Recorder

1 fide

c

\
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SEE US AT BOOTH 2510-2520 2615-2625 
IRE SHOW

Backed bï W ’Sä«’''“'

For X-ray diffraction studies
Model 10-7 is a low noise, high speed counter 

for X-ray diffration studies. Mounting flanges are 
available to match the counter to standard com
mercial X-ray diffraction systems. The unit in
cludes a gain of 10 preamplifier, a selected photo
multiplier tube, and a thin NaI(Tl) crystal. It 
measures 1-5/16 x 6 x 4-1/2 in. and weighs 4 lb.

Radiation Instrument Development Lab., Inc., 
Dept. ED, 5737 S. Halsted St., Chicago 21, Ill.

CIRCLE 171 ON READER-SERVICE CARD

I ITT A

ITT SELENIUM 
CONTACT PROTECTORS

To extend the life of contacts in inductive 
circuits; To reduce radio interference re
sulting when opening inductive circuits.

Applicable to AC or DC circuits . . Neglig
ible effect on speed of relay operation . . .

. . Performance surpassing RC networks 
Available in hermetically sealed cases . . . 
Rugged construction . . . Simple installation.

ITT TUBULAR
SELENIUM RECTIFIERS

Current ratings from 5 to 40 milliamperes 
and output voltages to 5000 volts de . . . 
Adaptable to voltage multiplying circuits 

. . Voltage immediately available (no 
warm up time) . . . Low shunt capacity . . . 
Glass and metal hermetically sealed en
closures . . . Phenolic and paper enclosures 
. . . Polarized fuse-clip mounting or pigtail 
leads . . . Rugged construction.

SAVE

Electronic Design, 
Development and 

Production
We design and produce both simple and 
complex components and assemblies. 
Electronic. Electro-Mechanical and 
Mechanical for commercial and mili
tary applications in Radio. Television. 
Telecommunications. Computers, 
Radar. Guided Missiles and allied fields; 
also. Pulse Amplifiers. Triggered Cir
cuits, Wide Band Circuits. Toroidal 
Windings and Transformers. Write for 
brochure giving complete information

These are Typical of the 

Products we Manufacture

Ai 
Puik

SELENIUM RECTIFIERS FOR 
HOME ENTERTAINMENT EQUIPMENT 
Long life . . Full range of current ratings 

. . Smaller size . . . High output voltage 
. . Low temperature rise . . . Proved 

mechanical construction ... Available with 
mountings and terminals to meet all re 
quirements . 85 C UL acceptance.

ITT INDUSTRIAL
SELENIUM RECTIFIERS

Custom designed for the application . . 
Many cell sizes and voltages make possible 
a wide line of rectifiers supplying milli
watts to kilowatts of power . . . Stable 
operation over wide temperature range , . . 
Available for high temperature operation to 
125°C . . . Long life . . . Good voltage reg
ulation . . . Withstand temporary overloads.

Components Division
p O. BOX 412. CLIFTON. NEW JERSEY

Hermetically sealed type RSH-2B precision 
wirewound resistors have resistances from 1 to 
4200 ohms and stability levels of 1, 0.5, 0.25, and 
0.1%. Depending on the stability level, power 
ratings are 0.75 to 1.5 w at 25 C, derating to 0 
between 1(X) and 130 C. Temperature coefficient 
is 0.00002 per deg C, and tolerances are between 
± 0.05 and ±3%.

Dale Products, Inc., Dept. ED, Columbus, 
Nebr.

CIRCLE 172 ON READER-SERVICE CARD

Plots two quantities on one chart
The CH-37 Duplex Recorder plots two related 

electrical quantities side by side on one chart. Its 
two separate recording mechanisms are housed in 
a 15 x 16 in. case designed for semiflush panel 
mounting. The unit is provided with either a single 
speed synchronous motor giving 11 chart speeds 
from 1/4 to 30 in. per hr or a double speed motor 
offering 28 speeds from 1 4 in. per hr to 120 in. 
per min.

General Electric Co.. Dept. ED. Schenectady 5,

FILTERS
Audio 
Kunri1- ll!,l!i;itl

Kmnd Pus* 
Hiirh Phk* 
l>»w Pa

R. F

pune 
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nati»COILS

Inductor 
MEignet 
Relay 
r. r

Solenoid 
Toroidal 

! \ . ,i r v pv
Vai table 

Miheeltaneou
YOKES

• WANSFORMFP« ASSEMBLIES

TOROIDS 
Wide variedj 
Toroidal win 
in»». Suturab •

Growth Opportunity for 
ELECTRICAL ENGINEERS

To meet the growing demand for our serv
ices, we offer Electrical Engineers steady 
employment, high base salary plus profit 
sharing, paid vacation, group life and hos
pitalization insurance, sick leave policy, 
retirement program, etc. Located on shore 
of Lake Erie. Fishing, boating, swimming 
at your doorstep. Ideal community life. 
Thirty minutes from Buffalo via thruway. 
Replies held in strict confidence.

CIRCLE 174 ON READER-SERVICE CARD
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ITI GOLD CROWN
S O NU

POWER RECTIFIERS ZENER REGULATORS
d

commercial and

n

3 8" 24 stud;
1-1 16" hex
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complete technical Information.
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worthy in the most demanding 
military applications.

IDS 
iet> 
(rind 
arai.

S E D

SERIES F
Up to 70amperes 
at 150” C case 
temperature
Peak inverse volt
ages to 600 volts

N D
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INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
BOX

2510-2520 2615-2625 
SHOW

Skived Teflon Tapes

For high temperature insulation
Made by skiving Teflon billets, these unsup

ported fused tapes have good electrical proper
lies, resistance to all common chemicals, a low co- 
(fficient of friction, and a surface to which nothing 
v ill stick. Mainly for high temperature and high 
frequency wire and cable insulation, they also 
serve as stock for gaskets, seals, and other small 
parts. They are available in four grades desig- 
ated ST-X, ST-C, ST-1, and ST-2; in widths from 

1 4 to 12 in.; and in thicknesses from 0.002 to 
(l.l in.

Continental-Diamond Fibre Corp., Dept. ED, 
Newark, Del.
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Data Processing Equipment

Punched tape
An integrated processing device, the Data 

11inch consists of a 20 digit per sec tape punch 
iiid a full-keyboard adding machine which acti
vates the punch. It produces two records simul- 
aneously: a detailed strip for immediate» account
ing data; and a punched tape which can be 
lirected to digital computers and processors. Infor
mation on the punched tape can be converted to 
punched cards or magnetic tape for further proc
essing.

Victor Adding Machine Co., Dept. ED, 3900 
\. Rockwell St., Chicago 18, Ill.
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Antenna Pattern Analyzer

Uses rf crystals
Using rf-crystals in a video detector system, the 

I V-7 antenna pattern analyzer requires a maxi
mum of 1 pw rf power to achieve a maximum 
measurement range of 45 db in one step. A dc bias
ing circuit is included to permit the use of con- 
\ ntional barretters, requiring a dc bias between 
0 and 10 ma. The unit can be used to measure 
! gh power ratios; to determine the rejection co- 
< ficients of rf filters; and to calibrate attenuators. 
I has a wide dynamic linear range, a low noise 
! /el, and a wide rf frequency range where video 
c \ stal mounts are available.

Weinschel Engineering, Dept. ED, 10503 
tropolitan Ave., Kensington, Md.
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ITT Gold Crown Diffused Junction Silicon Power 
Rectifiers utilize new concepts in diffused junction 
semiconductor device fabrication to achieve high
est efficiency and maximum reliability. Gold plated 
for maximum thermal transfer . . . Dual positive 
hermetic seals . . . Conservatively rated . . . Trust-

ITT Gold Crown silicon zener regulators are de
signed for maximum stability of characteristics 
over the entire operating range of —65° C to 
4-165’ C. Hermetic sealing insures complete en
vironmental protection and utmost reliability.
Gold Crown zener regulators feature:
• Four power ratings
• Eleven voltage ratings (3.9 — 27 volts)
• ±10% and ±5% tolerances
• Axial lead and stud mounting

IFr/Vr

SERIES D
Up to 30amperes 
at 150° C case 
temperature
Peak inverse volt
ages to 800 volts 

1/4" — 28 stud; 
11/16" hex

SERIES C
Rated to 1.5 am
peres with axial 
or printed circuit 
parallel leads; 
10-32 stud mount 
available for high- 
er output cur
rents.
Peak inverse volt
ages to 600 volts

SERIES B
750 milliwatts

SERIES T
1 watt

SERIES G
3.5 watts

SERIES K
10 watts

SEE US AT BOOTH 
IRE

Components Division
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NEW PRODUCTS
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CORF

Your NO Source of Supply and Authority on Precious Metal Alloys
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Bulletin A-l
Bulletin A-2
Bulletin A-3

VISIT OUR BOOK 
DEPARTMENT

We have five Technical Bulletins giv
ing engineering data on the properties 
and forms of Handy & Harman Silver 
Alloys. We would like you to have 
any or all of those that particularly 
interest you. Your request, by num
ber, will receive prompt attention.

Whatever you need in silver you can find at the
HANDY & HARMAN SILVER SUPERMARKET

Fine Silver . . • . . 
Silver-Copper Alloys . . 
Silver-Magnesium-Nickel

CARD * 

195?

Fine Silver (wire, strip and foil) 
Silver Anodes and Grain for plating 
Silver Contact Alloys 
Silver Powders
Silver Flake and Paint
Silver Brazing Alloys
Silver Electronic Solders 
Silver Sintered Metals 
Solder-Flushed Silver Alloys 
Silver Chloride and Oxide 
Coin Silver (wire and strip) 
Silver Bi-Metals
Gold, Platinum and other precious 
metals also axailable in every form 
you need

a neutral PH factor 
Henry B. Katz In<

879 Summer Ave.,

Special today—and every day— 
silver in every form and grade 
you can name. By the ounce, inch, 
foot, and every other measure 
known to man.

All are of the consistent quality 
that has made and kept Handy 
& Harman first in the manufac
ture and development of silver 
and silver alloys for industry.
At the right are some of the 
general forms of silver made by 
Handy & Harman (what you don’t 
see, ask for) :

Miniature Shift Register

One core per bit

Packaging Material

Low density

Silver Conductive Coatings Bulletin A-4
Silver Powder and Flake . Bulletin A-5

ESC Corp., Dept. ED, 534 Bergen 
Palisades, N.J.
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Model SB-104 is a one-core-per-binary-bit uni 
with a 5 kc information rate and a 10 to 1 signa 
to noise ratio. Its operating temperature range 
is —55 to p 125 C. A 14 psec, 22 v output puls 
is obtained by applying a 10 psec, 7 ma input 
pulse and subsequently an 8 psec, 300 ma shift 
pulse. Encapsulated in an epoxy compound, th 
unit occupies a total volume of 0.2 cu in.

A low density, moldable packaging materi.ii 
made from polyurethane. K-Foam is a light 
weight material which protects all types of light 
weight aircraft instruments, missile parts, elec 
tronic parts, and tubes. At the same time, it 
reduces tare and cubage. It can be molded ii 
any density and meets MIL-P-6064 \ and MIL 
('-7769 packaging specifications. Nonabrasivi 
nonhygroscopic, nontoxic, and Hame proof, it has

HANDY & HARMAN
■ Gonorai OH ¡tot: 82 Fulton St., New York 38, N. Y.
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A new way...
new cost-cutting measuring techniques 
made possible by new-concept 
hp instruments

IRE SHOW
2nd floor-head of

I THE



scalators

New clock and divider circuit for control of extremely accu
rate frequency standards and comparison with station 
WWV within 10 microseconds accuracy (1/IO’°accuracy).

New, moderately-priced digital voltmeter 
providing true ’*touch-and-read” conveni
ence, automatic range and polarity selec
tion; permits readings to be recorded 
automatically. Also: new, portable tran
sistorized ac voltmeter.

All-new, transistorized wave analyzer—20 cps to 50 KC. com
pact, versatile, featuring new control simplicity, new tuning 
ease, automatic features never before in any wave analyzer. 
Operating at -hp- display with new low cost, dual trace oscillo
scope.

New electronic sweep oscillators (left). 5 units cover 2 to 18 KMC. 
Quick, accurate, convenient response measurements of all types of 
circuits such as masers, parametric amplifiers, TWT’s, couplers, atten
uators. Also new microwave wavemeters (right), including K and R bands, 
provide complete coverage 8.2 to 40.0 KMC.

Direct, instant, in-line readings; bright, steady numerals on new 
counters. New reading ease, wide range, improved sensitivity and 
accuracy.

Revolutionary design approach provides 
new “clip-and-read” de current meas
urement ease—no soldering, no circuit 
loading, no direct connection. Also new 
plug-in for-hp- 150A series oscilloscopes 
permits viewing ac current and voltage 
simultaneously — ideal combination for 
transistor circuit testing.
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other NEW WAY instruments you can 
see and operate at the (hp) I.R.E. exhibit

l °

NEW IN-LINE 220 MC COUNTER
New model 524C with plug-ins measures frequency 
to 220 MC, time interval 1 ^sec to 100 days, period 
dc to 10 KC. New in-line readout, brightly visible 
under any lighting conditions. Resolution 0.1 Msec, 
stability 3/10* short term, no calculation or complex 
setup, highest quality; regarded by many as pre
mium commercial counter offered $2,300.00.

e

• ••
c ¿ J* c

NEW TRANSFER OSCILLATOR 
FOR tp COUNTERS
Together with hp 524 series counter, 
measures frequency to 12 KMC quickly, 
easily, with counter accuracy. Guess
work, trial and error experimentation, 
expensive setups are eliminated. Meas
ure on pulsed, AM, FM, CW or noisy cir
cuits. Overall accuracy better than 10 
times that of best microwave waveme
ters; accuracy on clean CW signals is 
about 1/1,000,000. Stability better than 
0.002%/minute. $750.00

NEW IN LINE
1.2 MC COUNTER
Model 523C Electronic Counter provides 
all-purpose versatility plus the time-sav
ing convenience of bright, steady in-line 
readout. Measures frequency 10 cps 
to 1.2 MC, time interval 1 Msec to 27.8 
hours, period 0.00001 cps to 10 KC 
Stability 2/1,000,000 per week. Results 
displayed in sec, msec, ^sec or KC, 
automatic decimal. Display time vari
able, accuracy * 1 count * stability 
Price on request

NEW PRECISION VTVM 
Model 412A is a precision vac
uum tube voltmeter providing 
measurements from 1 mv to 
1,000 v full scale, with accuracy 
of 1%. This remarkable new 
high-accuracy instrument also 
measures currents from 1 mi
croampere to 1 ampere full 
scale with 2% accuracy, and 
measures resistances 0.2 ohms 
to more than 5,000 megohms. 
$350.00.

PRECISION FIXED ATTENUATOR
-hp- 372A series provide fixed standards of attenuation 
for waveguide measurements for all bands and wave 
guide sizes from 2 to 40 KMC. Their precise accuracy 
is not affected by temperature, humidity or other ex
ternal factors. $100.00 to $375.00.

at IRE • head of escalators • 2nd floor
If you aren’t attending this year, please call your -hp- represen
tative or write direct for information on any new -hp- equipment.

HEWLETT-PACKARD COMPAN
5029K Page Mill Road • Palo Alto, California, U.S.A.

Cable “HEWPACK” . DAvenport 5-4451 
Field engineers in all principal areas
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NEW PRODUCTS THE RAW MATERIALS OF PROGRESSCHEMICALS
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FLUOROCHEMICALS, STABLE BELOWO
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Polar cold! ‘‘Hot Spot” heat! To meet environmental and 
operational extremes like these, the RCA high-output 
transmitting tube shown above, needed a coolant superior 
to water. That coolant is FC 75, an inert fluid, one of the 
3M Fluorochemicals. RCA found that FC 75 safely cooled 
tubes with plate dissipations in the order of 1,000 watts 
pier sq. cm., and permitted essentially the same power 
output to be obtained at temperatures below 32° F. as that 
obtained with water cooling at temperatures above 32° F. 
The most stable fluid ever offered to electronics, FC 75 
properties make it excel as a coolant and insulating fluid.

Absolute voltages accurate to 0.1% may be ob
tained by setting the digital controls of this pre
cision ac voltage source. This accuracy is main
tained at all frequencies from 35 cps to 10 kc. 
The unit will provide up to 30 w of power. Out
put wave form is sinusoidal with less than 0.15*5 
distortion.

Holt Instrument Labs., Dept. ED, Oconto, 
Wis.

It has high dielectric strength, high heat transfer capability, 
is self-healing. It has wide liquid range with a pour point 
of -148°F. and low viscosity. It is thermally stable in 
excess of 800°F. As an evaporative coolant it is all these: 
nonexplosive, nonflammable, nontoxic, odorless, non
corrosive. Check the other properties at the right—then 
investigate FC 75, as well as other 3M Chemicals for the 
electronics industry: KEL-Fk Molding Powders, KEL-Fk 
Dispersions, KEL-Fk Elastomers, Cardohte" NC 513, 
KEL-F,( Oils, Waxes and Greases, Acids and Alkanes.

CIRCLE 184 ON READER-SERVICE CARD
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Available in size 20 and 27, these pancake syn
chros and resolvers feature accuracies down to 5 
min and are made for instruments such as in
ertial guidance systems. Their electrical proper
ties are designed to meet specific applications or 
to match standard components for accuracy, 
voltage gradient, and impedances. They may be 
obtained with integral flanges and hubs.

AC Voltage Calibrator

Has 0.1% accuracy

Pancake Synchros and Resolvers

Accuracies to 5 mm

3M
COM PANY



... consider
ARNOUX ’s new

or at 800° F

Range and Balance Instrument
For bridge arm resistances

JM FLUOROCHEMICAL FC 75pours at - 148°F. 
Il has a wide liquid range of -148°F. 
to 212°F. at atmospheric pressure, 
with low’ viscosity. In addition, it 
offers these useful properties: high 
dielectric strength of 37KV; self- 
healing, maintaining dielectric strength 
after repeated high voltage arcing. 
Compatible with most materials used 
in high temperature equipment. Ther
mally stable in excess of 800°F., it pre
vents development of hot spots in 
equipment. Prevents sludge formation 
due to hydrolysis or oxidation.

The BR 111 range and balance unit is a full 
scale, adjustable instrument that balances out 
small inequalities in bridge arm resistances. It is 
equipped with gold contact relays that minimize 
dry circuit problems; a front panel switch for 
changing to auxiliary power supplies; pushbut
tons for controlling both range and balance; and 
a remote switch for setting all channels into two 
standardization modes. Built to withstand ad
verse environments, it contains six independently 
adjustable, identical channels, constructed on a 
single chassis for mounting in standard 19 in. 
racks. It is engineered to permit adjusting bridge 
current to the proper value by precision calibrat
ing resistors. The unit is designed as a control 
center for use in coupling strain gages or resistive- 
bridge-type pickups to direct writing oscillo
graphs, standard meters, chart recorders, and 
analog-to-digital converters. W hen coupled with 
high sensitivity galvanometers in a multichannel 
photographic recording oscillograph, it permits 
direct recording without amplifiers.

Computer Engineering Associates, Inc., Dept. 
ED, 350 N. Halstead, Pasadena, Calif.
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E free literature, write on your com- 
p;i y letterhead, specifying product 
ii erest to 3M 
f emical Divi- 
' n, Dept.WD-39, 
•8 Paul 6, Minn.

Alarm System
For industrial processes

Designed with no moving parts, the Fault- 
Finder alarm system monitors electric sub-sta
tions, industrial plant operations, and unat
tended microwave repeater stations. The basic 
system contains a transistorized ring counter 
scanner that monitors up to 20 separate items at 
a scanning rate of 10 points per second. Each 
monitored item is represented by a switch which 
sounds an alarm for abnormal conditions at the 
receiving-annunciator unit. The system requires 
only one communications channel, ranging from 
a pair of wires to a subcarrier radio or microwave 
channel. It has plug-in circuit boards and oper
ates from 115 v, 60 cps current or a 125 or 48 v 
de source.

Applied Science Corporation of Princeton, 
Dept. ED, P.O. Box 44, Princeton, N.J.
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designers and manufacturers of precision instrumentation
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ARNOUX CORPORATION
11924 WEST WASHINGTON BLVD, IOS ANGELES 6ò, CAllF.

CHEMICAL DIVISION, MANUFACTURERS OF: 
kids • Resins • Elastomers • Plastics • 

ils, Waxes and Greases • Dispersion 

oatings • Functional Fluorochem- 

als • Inert Liquidsand Surfactants
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When 
WEIGHT 
and SIZE 
are Critical

transistorized, high- 
sensitivity, miniature
temperature-measure

ment subsytems for 
missile and aircraft

For further 
information 
write for 
Bulletin 503

This newest series —TME-1SD and TME-2SD — 

are for use with fast-response, 100-ohm resistance 

temperature transducers to produce a full 5-volt 

output for a span of only 75 F. TME-1SD is a 

single-channel model; TME-2SD, a dual-channel 

model.

The unit contains a regulated power supply, 

transistor amplifier, and gain and zero controls. 

No additional power source or controls are needed.

Nominal, overall accuracy is ±2.5 percent 

throughout MIL-E-52 72A environmental condi

tions. Power consumption is 26 watts (TME-1SD) 

or 27 watts (TME-2SD). at 28 vdc. Output imped

ance is approximately 10.000 ohms. The bridge 

can be balanced for zero output setting at any tem

perature from 320 F to ±250 F. Gain adjust

ment allows full-scale span to be varied. Maximum 

drift over the environmental temperature range is 

±2 percent of full scale.

CIRCLE 188 ON READER-SERVICE CARD
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Differential Transformer Indicator ...vv
Has 1% accuracy I nu<

I I tun

“1PB6OO” Series pushbutton switch, 
one of many in the “One-Shot” line.
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New “One-Shot” switches produce 

one square wave pulse per operation

SUPPLY-60 VDC
470 OHM LOAD

20

I.O IS 20 2.5 30
TIME (MICROSECONDS)

These are typical output curves 

for the “1PB6OO” Series “One-Shot” 

switch, illustrated above.

This new series of snap-action switches incorporates a 
special circuit which produces a single square wave pulse 
regardless of the speed of switch operation. Variations 
can be furnished with pulse widths from 0.1 to 10.0 micro
seconds. The basic “One-Shot” circuit can be provided 
with a variety of switch types. No standby power is 
required. The circuit is potted for physical and environ
mental protection.

These “One-Shot” assemblies provide a pre-engineered, 
compact package to accomplish a shaped wave output, 
thus eliminating costly, time-consuming custom develop
ment of circuits.

“One-Shot” switches are available for operation in tem
peratures from —65° to +185° F.

Applications include computer and radar consoles, key
boards, electronic test equipment, fusing, arming and 
firing circuits, checking ring counters, setting and re
setting flip-flops, and reflected pulse systems. Ask for data 
sheet 150.

Engineering assistance on switch application is available 
from the micro switch branch office near you. Consult 
the Yellow Pages.

MICRO SWITCH . . . FREEPORT, ILL.
A division of Honeywell

In Canada: Honeywell Controls Limited, Toronto 17, Ontario

I sepa
Accurate, large scale indication and recording I unite 

of linear motion, size, weight, force, pressure, I Ls 
and other quantities measurable by differential I lege 
transformer transducers is achieved with the I 
model 300A differential transformer indicator. I 
Completely self-contained, the instrument has a I 
10 in. Weston panel meter, a constant current I 
excitation supply, self-checking features to elimi- I 
nate drift errors, and five calibrated sensitivity' I 
ranges which cover all usual scientific and indus- I 
trial requirements. Accuracy is 1% with maximum I 
resolution of 0.000005 in. of core displacement. I 
Special dial marking are available as required, I 
and a suitable electrical output is provided foi I 
direct operation of standard potentiometer re- I 
corders. I

Daytronic Corp., Dept. ED, 216 S. Main St., | 

Dayton 2, Ohio.
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Cable Cutter
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See working models of the ’’One-Shot” switch in Booth No. 2202 at the IRE Show

U Honeywell
Z""™ MICRO SWITCH PRECISION SWITCHES
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Nonshorting

Individual conductors in the cable bundle are 
not short-circuited when the cutting action of 
this propellant-actuated guillotine takes place. 
The unit uses a ceramic cutter blade that is 
driven through the cable bundle onto a ceramic 
anvil. Driving power comes from a standard 
screw-in explosive cell. Designed to eliminate 
all switches, plugs, relays, contactors, or recep
tacles, this cutter permits the solidly permane it 
wiring of all circuit elements to an unactivat< d 
battery. Activating the battery energizes t ie 
circuit and firing the cutter de-energizes it. I > 
tential applications exist where electrical circu ts 
should be severed with no electrical contact be
tween separate circuits.

Beckman & Whitley, Inc., Dept. ED, 985 E. 
San Carlos Ave., San Carlos, Calif.
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RAMO - WOOLDRIDGE
P 0. BOX 90534 AIRPORT STATION • LOS ANGELES 45, CALIFORNIA 

a division of Thompson Ramo Wooldridge Inc.
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Permanent Magnets

Have continuously variable field strengths
With the Variflux magnet, field strengths con-
luously variable over a 20 to 1 ratio of maxi

mum to minimum are obtained at any chosen
ip by means of adjustable magnetic shunt
ngs. Variability of the gap is 0 to 4-1/2 in. Stock
de faces, readily interchanged, are: 10 cm di-
neter flat field shimmed pole faces suitable for 

ding 
jure, 
atial 
the 

itor. 
as a 
rent 
imi- 
ivity 
dus- 
mm 
tent, 
red, 

for 
re-

i ¡clear magnetic resonance and beta spectrom- 
( ers; 5 cm diameter high intensity field poles; 

id 10 cm radius 60 deg sector poles suitable for 
i «ass spectrometers. Typical unshunted fields 

re 3000 gauss at 1 cm separation of the 5 cm 
diameter pole faces; and 1200 gauss at 2 cm 

paration of the 10 cm diameter pole faces. The 
i.nits have negligible hysteresis.

Laboratory for Science, Dept. ED, 5431 Col
lege Ave., P. O. Box 2925, Oakland 18, Calif.
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Precision Multiplier-Divider

Analog computing component
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Model K5-M multiplier-divider is a precision 
nalog computing component with long term 

stability’. Based on an all-electronic semiconduc
tor network, it accepts three variable inputs, 
ci, e2, £3, and provides as output Ci ^2/^3. Its ac
curacy as a multiplier, including drift, is better 
than 0.1 v in all four quadrants. A three-digit 
decade provides an adjustable voltage which may 
he added to numerator, denominator, or output 
This voltage also serves as an adjustable scale fac
tor for operations involving only two variables. 
1 dynamic response is determined by an adjustable 
switch setting. The unit is mounted on a stand- 
a d 7 in. rack panel. In addition to filament 
1 >wer at 115 v ac, it requires 100 ma at plus and 
minus 300 v de. The standard range of inputs 

id outputs is plus and minus 50 v. Typical ap- 
] ¡cations include analog computation, correla-

>n, precision modulation, and control. No ex- 
rnal equipment is necessary to obtain products, 
tios, squares, square roots, or absolute values. 
George A. Philbrick Researches, Inc., Dept. 
D, 285 Columbus Ave., Boston 16, Mass.
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Phosphor bronze reticle (actual size) and space

IN INFRARED DETECTION SYSTEMS

The pioneering field of infrared detection offers 
many challenging opportunities to scientists and 
engineers at Kamo-Wooldridge for advanced 
studies in the solution of target discrimination 
problems. Research is continually under way at 
Ramo-Wooldridge in the integrating of infrared 
detection dev ices with the latest electronic s\ s- 
tems techniques for enhanced target detection 
on the ground and in the air.

The phosphor bronze reticle, or image chop- 
per, illustrated above was developed by Ramo- 
Wooldridge. It indicates a marked stride in space 
filtering discrimination concepts, and is used for 
target signal enhancement in guided missiles, 
anti-aircraft fire control and air collision warn
ing applications.

The reticle is used in the focal plane of an 
infrared optical system and is rotated to chop 
the target image for the desired space filtering. 
It is also employed in time filtering, such as pulse 
length discrimination, or pulse handwidth fil
tering.

Space filtering is critical to infrared systems, 
because of its ability to improve the detection of 

objects located in the midst of background inter
ference. In a manner similar to that used in the 
modification of electronic waveforms by elec
trical filtering, space filtering enhances the two- 
dimensional space characteristics of a target. The 
size and features of the target are highlighted 
and the undesired background eliminated.

Scientists and engineers with backgrounds in 
infrared systems—or any of the other important 
areas of research and development listed below 
—are invited to inquire about current opportuni
ties at Ramo-Wooldridge.

Electronic reconnaissance and 
countermeasures systems 
Analog and digital computers 
Air navigation and traffic control 
Antisubmarine warfare 
Basic research
Electronic language translation 
Information processing systems 
Advanced radio and wireline 
communications
Missile electronics systems



New High-Performance Electrolytics 
for Printed Circuits 
and Miniaturized Equipment

A new line of Mallory electrolytic capacitors . . . 
latest refinement of the industry—standard FP, 
WP, and TC models . . . now brings extra perfor
mance and compactness to designers of printed 
circuits and miniaturized products. High tem- 
jierature shelf life, operating life, and capacitance 
stability have been substantially increased, by the 
use of new Mallory low-impedance electrolyte.

Typical temperature characteristics of Type PET and 
PET-A capacitors.

The new design gives more capacity per unit 
size than previously possible with comparable 
aluminum electrolytics. Leakage current, power 
factor and imj>edance are exceptionally low. 
Models are rated for temperatures from —30 
to +85°C.

Two designs are available. The PET series, 
specifically for printed circuits, has all leads 
coming from one end of the case, and is available 
in single, dual and triple ratings. The PET-A 
series has axial leads suitable for printed circuit 
or conventional wiring . . . comes in single and 
dual ratings.

Excellent performance and protection against 
humidity are obtained by a plastic case with 
epoxy end seal.

Case sizes range from 1 a" to X 17X
Maximum capacity is 23 mfd/3 VDC to 3 mfd/50 
VDC for the smallest size; 1500 mfd/3 VDC to 
238 mfd/50 VDC for the largest size. A complete 
range of ratings is available. Get full details and 
a consultation on your circuit applications, by 
writing to Mallory today.

NEW PRODUCTS
Coaxial Terminations

50 to 300 w ratings
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These high power coaxial terminations cover 
the de to 10 kmc range with a maximum vswr 
of 1.2. Models RDL-30N and RDL-31N have a 
de to 4 kmc range and are rated at 200 and 50 w, 
respectively, without forced cooling. Model 
RDL-6N(H) covers 2 to 10 kmc and has a 300 w 
rating. All units are designed for use with type N 
connectors.

Radar Design Corp., Dept. ED, P.O. Box 38, 
Pickard Dr., Syracuse, N.Y.
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Miniature Indicator
For edge-lighted panels

For all edge-lighting applications, type 
855S-E Color-Lite has a 1/2 in. opaque cap, de
signed for flush mounting, which prevents any 
light from showing in front of the panel. It uses 
a standard GE 327 or 328 incandescent bulb, and 
is available with or without a red filter. The front 
is removable for easy replacement of bulbs. In 
both screw body and flange types, the units are 
3/8 in. in diameter and have nylon coding collars 
in standard RETMA colors to simplify wiring be 
hind the panel.

The Sloan Co., Dept. ED, 4029 Burbank Blvd. 
Burbank, Calif.

CIRCLE 197 ON READER-SERVICE CARD

a re 
and 
Out 
cm/ 
ing 
and 
hav 
and 
7/11

S

IAutomatic Circuit Evaluator
Self-programming

The SPACE Mark la. self-programming auto 
matic circuit evaluator is designed for rapic 
checking of production line electrical equipment 
No patchboard arrangement or tape punchin 
is required to place the system in operation

I MallorY
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ATLANTA, GEORGIA - CEdar 7 9247
BOSTON. MASS. - HAncock 6-9135
CHICAGO, ILL. - Michigan 2-6010
DALLAS, TEXAS - Riverside 1 -3392
DAYTON, OHIO RAIdwin 4-0351
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DETROIT. MICH. - Diamond 1-4340
KANSAS CITY. MO. • WEstport 1-0138
LOS ANGELES. CAL. • Hollywood 4 7593

Circle 7 33, hNEW YORK N Y
PHILADELPHIA, PA. • PEnnypacker 5 ■ 3559

OFFICESENGINEERING

Rated at 5 w
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SAN FRANCISCO, CAL. • EXbrook 7-6280
"In Canada — Railway & Power Engineering Corporation Limited

ERIE, PALORD MANUFACTURING COMPANY
READER-SERVICE CARD

^ebr.
CIRCLE 200 ON READER-SERVICE CARD

Vhen a verified wiring harness is connected to 
he instrument, a punched tape program is gen
rated in the analysis mode of operation. This 
ape is then used to verify harnesses of similar 
ircuit configuration in the verification mode.

Errors are printed out as leakage, resistance, 
ipen, or short, together with the appropriate 
oordinates. The primary function of the instru- 
nent is testing for leakage and continuity be- 
ween two test points which are automatically 
elected from all combinations of 420 inputs by 
i scanning unit. The system operates at seven 
ests per sec and is housed in a cabinet 52 x 44 x

Brooks Research, Inc., Dept. ED, P.O. Box 6<?
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Stereophonic Cartridges

Have dual tips

Type 8T ceramic stereophonic cartridges have 
a response that is smooth from 20 to 20,000 cps 
and flat to 12,000 cps with gradual rolloff beyond.
Output voltage is 0.3 v; compliance, 2 x 10 *' 
cm/dyne; recommended load, 1 to 5 meg. Track - 
ing pressure is 5 to 7 g; cartridge weight is 7.5 g;
and channel isolation is 20 db. The cartridges 
have two jewel tips, a 0.7 mil for microgroovi* 
and a 3 mil for 78 rpm. They mount on standard 
7/16 and 1/2 in. centers.

Sonotone Corp., Dept. ED, Elmsford, N.Y.
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Deposited Carbon Resistors

In values from 100 ohms to 150 meg, DCH-5 
eposited carbon resistors are rated at 5 w to 
0 C, and derate to 0 at 160 C. Hermetically 
aled, the units have a standard tolerance of

t1% and measure 4-1 4 x 9/16 in.
Dale Products, Inc., Dept. ED, Columbus,

March 18, 1959

custom-designed
Lord mounting systems for

inertial guidance systems
analog and digital computers
primary navigational systems
integrated electronic systems

radio receivers, transmitters, transponders
magnetrons

pressure transducers
borne controls and instrumentât^

positive protection for sensitive equipment

The mounting system shown here was designed, 

developed and produced by Lord tor the inertial 
guidance platform of an ICBM. It clearly demonstrates

Lord’s capability to meet the most sophisticated 
requirements for shock and vibration protection.

You can assure optimum reliability for your 

missile or advanced jet project by utilizing Lord

High-performance
mounting system pro-
tects 180-lb. guid-
ance platform against
ICBM environment.
Highly original design
weighs only 18 lbs.,
uses Lord BTR elas-

skills and experience. Integration of Lord abilities 
with those of your staff will result in an economical 

perature operation.

system design providing maximum protection for
given weight and size.

Complete research, engineering, test and production 
facilities—staffed with personnel of outstanding 
capabilities—can provide vital assistance for your 
program. Full information is available from your 
nearest Lord Field Engineer or the Home Office,
Erie, Pennsylvania.
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:02oSlide Rule
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Dummy Load Device
For off-air transmitter tests

six a 
trica! 
f utpc

cabinet 6 x 8 x 8 in.
Barker & W illiamson

and many other
applications. All components arc contained

meter and a standing 
useful for measuring

output before going on

Conforming to and exceeding the test require
ments of MIL-R5757C. the performance and relia
bility of this relay is further enhanced by separately 
sealing the coils within the outer shell.

Complete performance data available on request. 
Write to the address below.

The Matchmaster is an instrument which tests 
transmitters without signals on the air. It consists 
of a dummy load with a direct reading rf watt-

For frequency response calculations
Model 1490 control engineering slide rule gives 

magnitude ratio and phase response angle in one 
setting. It has scales for direct conversion from 
decibels to actual magnitude, and from angular 
frequency to frequency (cps) or period time (time 
per cycle). Given the various constants, the rule 
produces the magnitude ratio in db and phase 
angles in deg for any angular frequency between 
0.001 and 1000 radians per unit time.

Frederick Post Co., Dept. ED, 3650 Avondale, 
Chicago 18, Ill.
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and a torque output of 5 to 10 oz-ir 
on the ratio setting. It is encased

I he sensitivity ratings, vibration and shock immu
nities shown above arc achieved for the first time in 
a micro-miniature package.

Where only limited power is available, the Iron 
I ireman RX00 otters sensitivities .is low as 25 MW 
of unpolari/ed exciting power and a high degree of

Miniature Speed Changer
Adjustable over 25 to 1 range

The miniature series 2 speed changer provide 
ratios continuously variable from 1 to 5 up t 
5 to 1 down. It has a maximum horsepower ou' 
put ol 0.025; a maximum speed of 10,000 rpn

anodized aluminum housing with a lonj 
to-read scale and is supplied with eithei

MICRO-MINIATURE
SENSITIVE RELAYS

by Iron Fireman

CIRCLE 202 ON READER-SERVICE CARD
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t r foot mounts. The foot mounts may be rotated 
l0 deg in either direction. The stainless steel 

•put and output shafts are 3/16 in. in diameter 
nd the housing is 2-5/8 in. long.
Metron Instrument Co., Dept. ED, 432 Lincoln 

11., Denver 3, Colo.
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Thyratron Tube
Has 6.4 amp anode current rating

Type VTP 7386 thyratron has a peak anode 
< urrent rating of 100 amp and is adaptable to any 
ircuit employing a C6J, C6JA, 5685, or 5C21 

tube. It can control current pulses to the welding 
transformer in spot and seam welding machines, 
nd convert ac current to dc for running variable 
peed motors. It can also serve in adjustable dc 

power supplies and replace lower-rated types in 
rid controlled rectifier service. The unit triggers 

when the potential on the control grid falls be
tween —3 and —7.5 v dc, assuming a maximum 
forward voltage on the plate of 1000 v. It will 
also pass current with less than +75 v on the 
plate if the grid carries a positive voltage of at 
least 3 v. Continuous anode current rating is 6.4 
amp. The tube operates over a broad range with 

maximum recommended frequency of 440 cps 
nd withstands ambient temperatures from —55 

to 4-75 deg C.
Vacuum Tube Products Co., Inc., Dept. ED. 

2020 Short St., Oceanside, Calif.
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Computer Power Supply
Has multiple outputs

This computer power supply system provides 
six different dc output voltages that are elec
trically isolated from one another and two ac 
outputs, one regulated and one unregulated. It 
i free from transients and provides a total of 

75 kw dc from six individual rectifier supplies. 
Bogue Electric Mfg. Co., Dept. ED, 52 Iowa 

ve., Paterson 3, N.J.
CIRCLE 207 ON READER-SERVICE CARD

Don't forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.
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RF INTERFERENCE SUPPRESSION

Filtron’s prime objective has always 
been the suppression of radio frequency 
interference. This objective has been ful
filled thousands of times in making cus
tomer’s equipment conform to specified 
performance levels, whether Military, 
F.C.C. or Industrial.

Filtron first determines what form and 
magnitude of suppression is necessary to 
meet specifications. This is accomplished 
in our modem fully-equipped screen 
rooms and engineering laboratories, situ-

Send for your copy of

ated in Flushing, N. Y., and Culver Qty, 
Calif. Next, each phase of design and 
production is company controlled, as our 
capacitor manufacturing division, coil 
winding division, metal fabrication shop 
and metal stamping departments are ex
clusively producing the highest quality 
components for Filtron’s RF Interfer
ence Filters.

If you have a RF Interference Filter 
problem, consult Filtron—the most reli
able name in RF Interference Filters.

r NEW CATALOG.

CO., me. FLUSHING, NEW YORK • CULVER CITY, CALIFORNIA
Visit our Booths 2841-43 at the IRE Show

CIRCLE 208 ON READER-SERVICE CARD 113
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NEW FUSION-SEALED glass capacitors
defy environmental stresses

i ons

0.05% and a powei

Dept. ED, 6
Electronic Components Department
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has a long term stability of ±1 
factor of under 0.1% at 25 C.

Diamond Electronic Corp
White St., New York 3, N.Y.
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max: 
hanc

Corning's new CYF-10 capacitors are 
guaranteed to be four times better 
than MIL specs require on moisture 
resistance.

AU the data we’ve gathered to date 
indicates that with the new ( YF-10 you 
have a capacitor that is practically in
destructible under sev ere env iionmental 
stresses.

For example, these CYF-lO’s will 
withstand MIL-STD 2O2A moisture 
conditions tor over 1000 hours w ith no 
signs of deterioration.

it fi 
ead; 
wifeA DIELECTRIC AND CASE Fused Structure 

of Same Glass Composition.

B FOIL PLATES Completely embedded in Glass.

C CONNECTION Welded for Reliability.

D TERMINAL SEAL True Glass-to-Metal Seal.

E WASHER Added Terrnmal Strength.

F TERMINALS Copper-clad nickel-iron, hot 
tinned.

G ROUNDED AII Edges, for Maximum Strength.

io make the CYF-10 impervious to 
environmental stresses we’ve complete
ly encapsulated the glass dielectric ca
pacitor element in a glass casing. This 
encapsulation is completely fusion- 
sealed against moisture, salt, corrosion 
and weathering.

If you need both high reliability and 
miniaturization, the new CYF-lO’s—the 
only Fusion-Seal ed capacitors avail
able—are worthy of your investigation. 
For complete details, write to Corning 
Glass Works. Bradford. Pennsylvania.
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Heat Exchanger
Dissipates up to 7000 w

Model CR-2, CR-5, and CR-7 heat exchangers 
dissipate 2000, 5000, and 7000 w, respectively, 
but they can be adapted to any intermediate rat
ing. Designed for airborne, shipboard, and 
ground support electronic equipment, the largest 
exchanger measures 10-11/16 x 19-9/16 x 15-1/2

Preamplifiers
Low noise

The Hallicraiters Co., Dept. ED, 4401 W. Fifth 
Ave., Chicago 24, Ill.
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Of weatherproof construction, these low noise 
preamplifiers measure 3-5/8 x 12 x 5 in. Model 
PRU-L is available for any frequency from 400 
to 1000 me and has a 3 db bandwidth of 10 me. 
Noise figure is 6 db ±1 from 400 to 600 me, 7 
db ±1 from 700 to 1000 me. It provides 10 db 
gain and has a self-contained power supply rated 
at 117 v, 50 to 60 cps, 10 w. Model PR is avail
able for use from 50 to 250 me in 6 me band
widths. It has a noise figure of 3 db from 50 to 
150 me and 4 db from 150 to 250 me.

Community Engineering Corp., Dept. ED, Box 
824, State College, Pa.

CIRCLE 210 ON READER-SERVICE CARD

Plastic Capacitor
Has 0 temperature coefficient from —55 to 4-55C

Type KYA plastic film dielectric capacitor is i 
rugged hermetic bathtub enclosure with a tern 
perature coefficient of 0 ±10 ppm per deg C 
uniform from —55 to ¿-85 C. Capacitance range 
is 0.01 to 1 pf; voltage, to 1000 wvde. The unit
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Portable Communication Test Set
For audio and carrier frequencies

Model JK audio and carrier frequency test set 
consists of a transistor oscillator and a meter. 
Flic oscillator supplies a stable 1000 cps constant 
oltage and provides outputs of 0, —13, and —16 

db into a 600 ohm line. Output impedance is 
600 ohms. The db meter is designed for testing 
it frequencies from 60 cps to 600 kc and is 
readable from —20 to -f-43 dbm. It has a rotary 
• witch for range changing and voltage ranges of 

, 5, 25, and 125. Self -contained loads of 150 
nd 600 ohms can be selected by switch. Both 
nits fit into one leather case with space for 

leads.
Stewart Bros., Div. of Instrument Labs, Dept. 

ED, 315 W. Walton Place, Chicago 10, Ill.
CIRCLE 215 ON READER-SERVICE CARD

It is qualified according to MIL-E-5272, fits LT 
male and female connectors, measures 3-3/4 x 3 
in.; weighs 7 oz.

Tamar Electronics, Inc., Dept. ED, 2339 Cot
ner Ave., Los Angeles 64, Calif.
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Movie Cameras
Incorporate digital recording devices

These cameras incorporate a Magnavox digital 
(•cording device which provides a 96-bit matrix 
mage on each frame of film and correlates coded 
lata with pictorial records in real time. The cam- 
ras can be operated at any rate up to 80 frames 
¡er sec and are useful m engineering tests, missile 
racking, reconnaissance, flight tests, and microfilm 
locument recording. They can record time, tem- 
¡erature, pressure, vibration, stress, deflection, 
haft position, elevation, azimuth, altitude, range, 
md similar coded digital data. The Magnavox re
orders are offered with the 35mm 75 Fototracker 
md the Bell & Howell model 71 Eyemo cameras. 
Cameras of this type now in use can also be pro- 
ided with the recorders.
Traid Corp., Dept. ED, 17136 Ventura Blvd., 

Encino, Calif.
CIRCLE 213 ON READER-SERVICE CARD

your copy
"MAGNETIC MATERIALS

This 32-page book contains valu
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus
trated in full color, includes essen
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request.

ADDRESS DEPT. ED-15

When the conditions of service 
make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you can push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration.

Along w ith its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this

STEELMAKERS to the Electrical Industry

Allegheny Ludlum
CIRCLE 216 ON READER-SERVICE CARD

Right Angle Adapter
Has maximum insertion loss of 0.1 db

Built to USAF specifications, this right angle 
adapter has a maximum vswr of 1.15 to 1, a 
maximum insertion loss of 0.1 db, and a power 
handling capacity of 500 w. Its frequency range 
is 350 to 5000 me. The 2000-UG-1264/U adapter 
features a captivated continuous center conduc-

alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities.

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment.

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
0lit er Building, Pittsburgh 22, Pa.

PERMENDUR



I . S. Army Signal
I laboratory 
designs computer
Io measure wind effects

Near-surface winds at a launching can easily force a missile off 
course, with the result that the missile lands outside the target 
area. To counter the effect of such surface winds, the missile 
launcher is tilted to a corrective angle. Calculating the wind effect 
and the proper angle of tilt of the launcher, however, can be 
mathematically quite complex and a time-consuming operation. 
The United States Army Signal Research and Development Labo
ratory at Ft. Monmouth, New Jersey has developed a compact 
computer for this job. Quickly and accurately, from pilot balloorf 
data, the computer calculates both wind displacement on the 
missile and the pi.per tilt of the launching stand.

... and Vernistat* is there!

on missile launchings...

Since different types of pilot balloons have different rates of rise, and 
wind effects vary with each type of missile, signal inputs to the computer 
must be easily and quickly adjusted. That's one reason why USASRDL 
engineer^ chose two Vernistat Adjustable Function Generators Only sec
ond are required to change from one function to another.

Doesn’t Vernistat thinking belong in your system design too?

Nonlinear servo system and computer 
inputs are easily adjusted with the 
Vernistat Adjustable Function Genera
tor. In addition, the Function Gen
erator enables nonlinear system 
characteristics to be corrected with a 
minimum of time and effort. The 
Function Generator, a variation of the 
unique \ ernistat a. c. potentiometer, 
can generate mathematical or empiri
cal functions, even those with multiple 
slope reversals. The function is dis
played graphically on a 6 x 8 inch

panel which allows for instant visuali
zation and adjustment.

Connected to a 34-pole printed cir
cuit switch are 101 voltage levels. Anv 
of the 34 poles can be connected to 
any desired voltage level to within 
0.5%. The Generator's X-axis repre
sents shaft position of an interpolat
ing Vernistat potentiometer, and the 
Y-axis represents percentage of input 
voltage.

Linear interpolation between each 
adjacent pair of the 34 selected volt-

age levels is provided by a \ ernistat 
interpolating potentiometer. Mini
mum slope of voltage output curve is 
zero, with a 20-volt maximum 
between adjacent poles. Maximum 
output impedance is 130 or 470 ohms. 
Units are designed for operation over 
a wide range of frequencies.

Write now for full details on 
Vernistat Adjustable Function Gener
ators, a. c. potentiometers, and vari
able ratio transformers.

* vernistat-a new design concept that unites in one compact device the best features of

both the precision autotransformer and the multiturn potentiometer.

Perkin-Elmer
765 Main Avenue, Norwalk, Conn.

NEW PRODUCTS
HIGH TEMPERATURE SURFACE COATING.— 
Clear epoxide Eccocoat C 26 can be used continu
ously at 500 F and for short periods up to 600 F. 
Surface resistivity is above 1015 ohms at room tem
perature and about 1014 ohms at 500 F. Moisture 
and chemical resistant, the material is used for coat
ing printed circuit boards, electronic circuits and 
components, metals, and ceramics. It can also be 
used in place of varnish for dipping or impregnation 
of coils or motor windings. It is applied by dip, 
brush, or spray and adheres to a wide variety of 
materials.

Emerson & Cuming, Inc., Dept. ED, 869 Wash
ington St., Canton, Mass.
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OSCILLOSCOPE TUBE.—For visual or photo
graphic observation, crt type 5WP11 has magnetic 
deflection and electrostatic focus.

Sylvania Electric Products Inc., Sylvania Elec
tronic Tubes, Dept. ED, Seneca Falls, N.Y.
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GALVANIZED STEEL TOWER.-For two-way, 
broadcast, and microwave use, model 1810 has a 
triangular cross-section with an 18 in. face. It is 
produced in standard 10-ft sections for heights up 
to 290 ft and meets RETMA specifications for a 
100 mph wind load.

All Products Co., Dept. ED, Mineral Wells, Tex. 
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MOLDED NYLON HEX NUTS.-In ten sizes from 
no. 2 through 5/16 in., these nuts have washer faces 
and are double countersunk. They are made with a 
single chamfer and, except for the 5/16 in. sizes 
which are jam nuts, are standard thickness with 
unified series Class 2B threads.

Gries Reproducer Corp., Dept. ED, 168 Beech
wood Ave.. New Rochelle, N.Y.
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COMPONENT HOLDER.—This spring loaded de
vice is used to hold the leads of resistors, condens
ers, and dials for test purposes. It is gold plated for 
low’ contact resistance and maximum corrosion re
sistance and will handle wires from 0.005 to 0.09 
in. in diameter.

General Components Inc., Dept. ED, 225 East 
144th St., New York 51, N.Y.
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FLYING SPOT SCANNER.-Flat face type 5ZP15 
has high resolution, electrostatic focus, and magnetk 
deflection. It uses a Pl5 phosphor with blue-green 
fluorescence and short persistence.

Sylvania Electric Products Inc,, Sylvania Elec 
tronic Tubes, Dept. ED, Seneca Falls, N.Y.
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Have you sent us your subscriptioi 
renewal form?
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Levinthal Electronic Products Dept. ED
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w itch 
and All the necessary precision components 

fora closed-loop control system arrived

i a
ses

EMPLATES.
Ironic drawing

MECHATROL DIVISION
1200 Prospect Avenue. Westbury, L. I., New York

WESTERN OFFICE
1000 West El Segundo Blvd., Hawthorne, Cal

Contacts are 
sistive. Leng 
M/2 oz.

Potter &

over a 
extends

the same

pv peak and 60 cps rejection is 1 million to 1
able. Noise level

"Visit u< at the 
IRE Show 

Booth No 3413"

Leroy 
apital 
type 
and 

•dardmbers sloped for isometric draw 
•ttering Template forms 0.05 in

Precision 
Breadboard Parts

THERMAL TIME DELAY.-Scries TH fixed time

MEDICAL PREAMPLIFIER.-This EEG

Stanford Industrial Park, Palo Alto, Calif.
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in one shipment, just 3

tO.5% of reading and good repeatability 
0 to 1 linear range. Temperature range 
□ —425 F.

Pottemieter Co., Dept. ED, Union, N.J.
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Keuffel & Esser Co., Dept. ED 
s., Hoboken, NJ.

>lifier makes it possible to display electroencephalo
graph signals on standard medical cardioscopes and 
lectrocardiographs by increasing their sensitivity by 

i factor of 30. It is designed so that the EEG and 
<CG signals may be delivered simultaneously to an

shelf delivery is assured. Most of these 
components were developed for SMI’s 
own subsystems and have been proven 
by years of serv ice in the field. To sup
plement the SMI line, the quality prod
ucts of other leading manufacturers 
have been selected.

automatic ambient 
ilable either bennet

tl or slanting style; and the Electronic Tube Symbol 
•rms practically all the symbols used for various 
pes of electronic tubes and semiconductor devices.

Our new MDA* program—the result 
of eleven years of design and produc
tion experience —enables engineers to 
order, from a single catalog, the preci
sion mechanical and electronic compo
nents they need for the development of 
control systems. Immediate, off-the-

ULTERNATE PULSE RELAY-Designed for easy 
nstallation on long production runs, the PA relay 
mounts w ith a single bolt in a tapped 8-32 core. It 
transfers contacts when pulsed for about 30 msec.

'.AS FLOWMETER.-Accommodating flow rates up 
o Mach 8, this unit can measure contaminated gases 
vith a low pressure drop. It has an accuracy of

It will pay you to take advantage of 
this new, exclusive service. A single 
source means only one purchase order, 
one invoice —and, no waiting. Get 
started by writing for your copy of the 
New Mechatronic Development Appa
ratus Catalog, MDA 59, today.
•Mechatronic Development Apparatu,

ated at 7.5 amp, 115 v, 60 
is 2 in.; height, 1-3 4 in.;

ne: Spartan Medium forms solid or outline Ci 
tiers and numbers; Shadow forms shadow 
ipitals and numerals; isometric forms caps

days after being ordered from Servo 
mechanisms Mechatrol Division.Then 
was no waiting on the part of the engi
neer—he started his breadboarding 
within a few days after ordering.

Amplifiers • Modulators 
Power Supplies

xally sealed or in explosion proof housings, they 
re suited for air conditioning, refrigeration heater

controls, computers, and recycling applications.
Industrial rimer Corp., Dept. ED, 1407 McCarter

Highway. Newark 4, N.J.
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Matched or Compression Seals?

KOVAR

COMPRESSION

BOL
seal which the identical thermal CIRCLE 232 ON READER-SERVICE CARD

KOVAR
Alloy and borosilicate hard glasse5 minut result

4- 4000 V OC
OUT

PRI SEC

SECPRI

SEC

FUSES

POP]
208 V 3* 600J

4000 VOLT SUPPLY FOR AN/FRW-2 SHOWING STEP-START CIRCUITRY

Hg absolut

4223 Mont

ronic
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MINIATURE 
combination

Two types are available. The first 
type is represented by kovar® matched

BEU 
if (

CGS 
Conn.

RECTIFIERS 
AND 

L-C FILTER

COL( 
has a 
screer 
enee

CERAMIC IGNITER for oil and gas burners 
A development of high temperature resistors

BO> 
free 
Bonr 
neta 
resisi 
duct 
ont;

PREí 
high 
turbo 
flush 
secón

ppm at 30 psi absolute outlet v\ ith 7 ii 
inlet pressure.

Great Lakes Mfg. Corp., Dept. ED 
cello Blvd., Cleveland 21, Ohio.

quires no lubrication. Operating temperature rang 
is —65 to -j-200 F; and compressor capacity is 0.02

rp-cutofl 
450 ma 
unit ha<

Labs., Dept. ED, Route 7 at 35, Ridgefield

INSULATION REPAIR KIT.-Contain

fused hermetic bond

The versatility of silicon carbide 
for high temperature resistors is fur
ther demonstrated by its application 
as a ceramic igniter for fuel oil and 
gas furnaces.

Conventional igniters utilize either 
a hot wire, which has a relatively 
short life, or a spark discharge sys
tem, necessitating a high potential 
transformer.

Requirements for the ceramic ig
niter were that it should operate 
directly from 12, 24 and 115 volt

COMPRESSOR AND 
pact, two-stage, motor 
radar systems, ground 
equipment. Operation

TRIODE-PENTODE. Model 6EA8

tinuously under 35 watts loading for 
1,000 hours in a room temperature am
bient, the resistance change being not 
more than 10%.

A globar 1 ype SP resistor, 3 Va " long, 
%" O.D. and %" I.D. is used. This 
resistor will operate continuously in 
ambients up to 1,000° F. It is supplied 
with metalized ferrule type ends for 
fuse clip mounting. For information 
on globar resistors for similar high 
temperature, high energy applica
tions, write to Globar Plant, Refrac
tories Division, Dept. EDR 39, The 
Carborundum Company, Niagara 
Falls, N. Y.

NEW BULLETIN DESCRIBES FIXED 
NON-INDUCTIVE CERAMIC RESISTORS

■TI5OLO3 Gives data on 
JHB iies A B, and CX resistors 
^5*0 recommended 

z A for general” -^yyy " purpose appli
cations in elec- 
ironic and elec- 
trie power cir

cuits. A wide range of sizes, shapes 
and compositions provide desired 
resistivities and watt ratings. For 
a copy, write: Globar Plant, Re
fractories Division, Dept. ED 39, 
The Carborundum Company, Nia
gara Falls, N. Y.

sources, have high stability, be inex
pensive and effective for up to 25,000 
cycles of operation. A composition 
similar to that of the globar Type SP 
resistor proved to be the answer. By 
varying resistivity, operation is pos
sible on any of the desired voltages.

To alert electronics engineers, the 
success of this application may sug
gest the many possibilities of utilizing 
similar resistors in high temperature 
circuits with ambients up to 1,000° F. 
Terminals which can be spot-welded 
or brazed into circuits have been de
veloped. Prototypes of such resistors 
are now actually being evaluated by 
several customers as potential com
ponents for missiles and other critical 
applications.

Technical assistance and informa
tion can be secured by writing to 
Globar Plant, Refractories Division. 
Dept. EDIR 39, The Carborundum 
Company, Niagara Falls, N. Y.

expansion characteristics

Which metal-to-glass combination 
should you choose for packaging 
rectifiers and other housings?

A unique application of a globar 
high energy resistor is made in a 
radio power supply unit manufac
tured by Collins Radio, Cedar Rapids, 
Iowa. The resistor is used for delay
ing the opening of a fuse under a 
short-time overload current cor d ition.

Requirements are rigo.ous. The re
sistor has to be capable of handling 21 
amps for 3 seconds (140 times rated 
load) and 10 amps for 5 seconds and 
must not arc. burn, char or change in 
resistance by more than ±5 when 
subjected to 5 seconds of the specified 
overload currents for 5 cycles on with
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pentode is a 9-pin miniature type utilizing a 
heater with controlled warm-up time. Each

High Energy Resistor Delays Fuse Opening 
Collins Radio uses GLOBAR resistor to handle 

short-time overload

CERAMIC PARTS ANO METALLIZED ASSEMBLIES GLASSTO-METAL SEALS KOVAR ALLOY CERAMIC RESISTORS VARISTORS THERMISTORS

ELECTRONIC TEST SET.—The Checkmate auto
matically tests electronic systems for overall perform
ance. Each test set is designed for a specific system 
and automatically tests it when the press-to-test 
button is pushed.

Since Kovar has about the same ex
pansivity as silicon and germanium, 
stability in operation is assured. The 
second type is represented by the 
compression seal which relies on dif
ferences in contraction between glass 
and metals, like mild steel, to provide 
a tight joint.

Both types give excellent service 
depending upon the design and appli
cation of the unit. Compression seal 
applications are often those where 
the use of heavier metal parts is 
advantageous.

Among other advantages, kovar 
“top hats” have special value as high 
voltage seals. The insulating glass 
does not need to be contained within a 
compression band and thus can be 
extended for higher flash-over volt
age ratings.

For help in your choice of seals, 
write Latrobe Plant, Refractories 
Division, Dept. EDK 39, The Carbo
rundum Company, Latrobe, Pa.

Vyna-Kote, a liquid vinyl that repairs all kinds of 
damage to vinyl insulated wires. Consists of twelve 
2 oz bottles, one each of ten colors, one clear, and 
one thinner.

Spectra-Strip Wire & Cable Corp., Dept. ED. 
P.O. Box 415, Garden Grove, Calif.
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VACUUM PUMP. A com 
driven air pump for airborn ■ 
support, and electronic tes 
is entirely oil-free, and n

CARBORUNDUM
Reeistered Trad» Mark

LIQUID LEVEL GAGE.-Model 0358-1 makes con
tinuous level measurements of a wide range of elec
trically conductive liquids and granular solids with 
accuracies of up to 1/10 in. over a 10 ft. range. All 
electronic, it uses a capacitance circuit which re
quires no moving mechanism in the material being 
measured. Readout may be in dial or counter form, 
or it may be built into a standard 11 in. strip chart 
recorder.

Magnetic Instruments Co., Inc., Dept. ED, 546 
Commerce St., Thornwood, N.Y.
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GLOBAR

4GLOBAR

GLOBAR

its own separate cathode with individual base-pin 
terminal. The tube is intended lor use as a com 
bined oscillator and mixer tube in TV receivers 
with 40 me i-f circuits.

Radio Corporation of America, Electron Tube 
Div., Dept. ED, Harrison, NJ.
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Maintained
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BASE 2
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BASE I

Honeywell
CIRCLE 242 ON READER-SERVICE CARD

pressine, 
measuring 
i. diameter

H2OOE
POWER TETRODE

24-32V 
D.C.

ROLLING RULER.—Pocket drafting
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teser Engineering, Dept. ED., 5642 Bankfield 
Culver City. Calif.
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tool for sm 
the rule in

COLOR FLYING SPOT SCANNER.—Type 5ZP24 
has a clear, nonbrowning faceplate, an aluminized 
screen, and a P24 phosphor of blue-green fluores- 
ence and short persistence.

Sylvania Electric Products Inc., Sylvania Elec- 
ronic Tubes, Dept. ED, Seneca Falls, N.Y.
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Shown above is a voltage regulator circuit using 
Honeywell’s H200E Power Tetrode. This circuit is 
designed to supply 22 volts output with 1".. regula
tion, with inputs of 24 to 32 volts and load currents 
of zero to 3 amperes. The system has short circuit 
protection.

keeping the edge parallel. Incorporates 
a template for small circles, and inch

BONDED CON FACTS.—Dense, nonporous, stress
free contacts permanently bonded to rivet or backing. 
Bonding holds up to the melting temperature of the 
metal, provides maximum strength and corrosion 
esistance, and improves electrical and thermal con

ductivity Contacts are more economical than brazed 
ontacts of medium to large size silver or silver alloy.

Contacts, Inc.. Dept. ED, 1500 Silas Deane High
way. W ethersfield, Conn.
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Circuit values can easily be adjusted to maintain 
regulation at other voltages and through other current 
ranges. The base 2 circuitry can be modified to give 
varying degrees of leakage current stability.

The Tetrode makes possible an improved series

voltage regulator for systems where current require
ments are apt to vary widely. It offers overload pro
tection, improved high temperature operation, and 
controlled regulation characteristics. Its second base 
connection provides control of the total system leakage.

For complete voltage regulator circuit description 
along with component values, write Honeywell, Dept.

ED-3-58, Minneapolis 8, Minnesota. Regional rep
resentatives may be reached in Union, New Jersey, 
(MUrdock 8-9000), Boston (ALgonquin 4-8730). Chi
cago (IRving 8-9266), and Los Angeles (RAymond 
3-6611 or PArkview 8-7311).

REUSABLE SHIPPING CONTAINERS.-Interiors 
>f CDF instrument cases are padded with poly- 
irethane foam 1-1 2 to 2 in. thick. Inside dimensions 
uc 7-3 4 x 2-3 8 x 14-1 8 in.; 7-3,4 x 3-3/8 x 
14-] z8 in.; and 7-3 4 x 5 x 24-1/2 in.

Continental-Diamond Fibre Corp., Dept. ED., 
Newark, Del.

■d into tenths and sixteenths: draws 
perpendicular lines, angles, and circles 
in i adii. Overall size is 6 x 2 x 1 2 in. 

llerton Engineering Sales Co., Dept. ED., 4623 
k Blvd., Los Angeles 41, Calif.

containers from ambient pressure variations due to 
iltitude and temperature changes. It weighs 7.4 g and 

is pre-set to customer requirements lietween 1 and

Hush diaphragm transducer scan 48 pressures in one 
second, Various motor speeds are available. Diameter 
is 2 in.; length, 6.5 in.

General Design. Dept. ED., 631 30th St., San 
Diego 2, Calif.
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PACE 
wwsouctfs 
Wmr /

PACE Model Pl transducers were used by 
a missile component manufacturer to measure 
pressure during a centrifuge test. The trans
ducer shown above broke loose, and was 
repeatedly battered against a concrete wall 
until the centrifuge stopped.

Upon being returned to the factory, the 
transducer was tested and found to be still 
holding its original calibration. With a new 
cover and electrical connector, it was as good 

as new.

PACE builds a complete line of rugged, 
reliable magnetic reluctance transducers, 
designed to withstand extreme pressure 
overloads and the abuse encountered in 
normal and abnormal applications.

For detailed information on these trans
ducers and related equipment, phone or 
write to the factory or contact your local 
PACE Engineering Company representative.

PACE engineering company 
13035 Soticoy Street — North Hollywood, California 

STanley 7-7139
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NEW PRODUCTS

SSB RADIO TELEPHONE RECEIVER. High fre- 
quency type 52 is compatible with existing trans
oceanic ssb systems and has two independent side
bands that deliver up to four simultaneous 3 kc 
telephone and teletype channels. Up to ten crystal- 
controlled frequencies may be pretuned in the 3.7 
to 30 me range. These can be manually or remotely 
controlled.

Westrex Corp., Dept. ED, 11 1 Eighth Ave., New 
York 11, N.Y.
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Lt BRICANT. Supplied in a spray can, Paralese 
mold release and lubricant eliminates sticky and 
marked molds. Applications result in no build-up.

Foundry Rubber Inc., Para Products Div., Dept. 
EI)., 5200 River Rd., Washington 16, D.C.
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NUT DRIVERS.—Line of nut drivers with hex 
shaped heads and color coded handles. Designed to 
get into tight places inaccessible to standard nut 
drivers. Available individually or in kits in 3 16 
through 1 2 in. sizes.

Hunter Tools, Dept. El)., P. O. Box 564, Whittier, 
Calif.
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COAXIAL TERMINATION. For Type N connector 
application, type HFT N-50 has an impedence of 
52.5 ohms and a maximum vswr of 1.2 from de to 
2500 me.

Applied Research Inc., Dept. El), 76 S. Bayles 
Ave., Port Washington, N.Y.
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SYNCIIRONOl S WELD-TIMER. - Transistorized 
model T3, called the Tweezer-Weld Trans-Sync 
l imer, has a 1 kva capacity and is especially suited 
lor precision welding where contact resistance varies 
widely. A rotary switch adjusts the welding time 
from 0.5 cps to 10 cps of line frequency. Models T-6 
and T-25 are larger versions.

Federal Tool Engineering Co., Dept. ED, Cedar 
Grove, N.J.
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MR-TO-L1QUID HEAT EXCHANGER.—Designed 
to provide cooling for Klystron anodes, model LC-5 
dissipates 2000 vv of heat from Monsanto type OS-45 
oil at a circulation rate of 3 gal per min. Normally 
mounted within an electronic rack, it uses room air 
of up to 125 F at altitudes of up to 10,000 ft as the 
cooling medium. It is built to MIL-E-4158, MIL
T-4807, and MIL-STD-170 specifications.

Ellis & Watts Products, Inc., Dept. ED, Cincin
nati 36, Ohio.
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Three miniature stationary field clutches function as automatic 
power links between the timing cams and drive shafts in this com
pact, wing-mounted firing sequencer for all-weather fighters. Less 
than 1* in dia., clutches operate at temperatures from —67° to 4-275 
F. Withstand repeated shocks during landings. Stationary field 
design, low current actuation facilitate remote control. Self-adjust
ing, they put all wear on low-cost, replaceable elements—simplify 
maintenance. Write for Catalog No. 6292.

Warner Electric Brake A Clutch Co.
Beloit, Wisconsin
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TRANS-ELEC

MINI-LITE
New Miniature transistorized control panel 

light that mounts in just 30 seconds!
Simply insert this indicator light in a %* panel-hole, tighten 
the collar nut and plug in the taper pins. It’s completely mounted 
and hooked up in 30 seconds ... no soldering needed! Enclosed 
transistor and 3 resistors can control the NE-2E neon lamp with 
a 3.0 volt signal. This brand new self-contained display light 
unit is available in a variety of circuits for computers, data pro 
cessors, signal systems and transistorized automatic contro 
devices. .Body only y," in diameter and IK* long. For completo 
data on the Mini-Lite and other control panel components, write u 
or phone WEst 9-6754.
çW TRANSISTOR ELECTRONICS 
'VP CORPORATIO N

3359 Republic Av*. • Minneapolis 26, Minn
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Nylon molded-type CUT COSTS OF TEST EQUIPMENT BY 20%YLON CABLE CLIPS

WITH Technical Information Service

same

POWER SILICON RECTIFIERS unit fea

NAME TITLE

DEPARTMENT COMPANY

ADDRESS
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I cannot stop at your booth at the IRE Show, but I am interested in Techni 
cal Information Service. Please send me complete information about it

Lights are automatically 
darkness value of each

Suppliers are queried on incomplete or dubious information, if 
necessary, before their products are included in any tis release.

Since all products are described without charge and without 
advertising claims, small and large manufacturers are on equal 
footing. Their instruments speak for themselves with bald facts, 
free of slanted claims or persuasive case histories. Clients make 
their own evaluations from complete, factual information.

Technical Information Corporation
41 Union Square, New York 3, New York, WAtkins 4-2111

COMPLETE, ACCURATE INFORMATION
Clients receive detailed data on more than 4,500 separate instru
ments manufactured by some 400 different companies. Constant 
review of the entire instrument field by graduate engineers keeps 
data on specification-, prices, and models up to date at all tunes.

SINGLE SOURCE OF SUPPLY INFORMATION
Clients have the only central source of supply information 
designed specifically for their electronic test equipment require 
ments. Completely categorized, up-to-the-minute information 
makes the user a technical expert capable of quickly evaluating 
complete spec-by-spec comparisons of competitive equipment. 
Since Tis maintains accurate files by constant check of all sources 
for additions and changes in specifications and prices, clients may 
make inquiry by phone or letter on any test instrument problem 
at any time.

With such information at their fingertips, clients can make 
their purchases with total awareness of what the market has to 
offer. Procurement is made with minimal demands on key per
sonnel and their time. Many clients find that this accelerated 
purchasing procedure has earned an extra bonus in expediting 
tight-schedule projects for which the test equipment is needed.

hen daylight returns. Model

LASS PROBE THERMISTOR KIT.-Designed for 
cuit planning, the KP50 kit contains thermistors 
decade steps from 100 ohms to 10 meg. Complete 
hnical characteristics and resistance vs tempera- 
e curves are furnished for all six units.
Victory Engineering Corp., Dept. ED, 519 Spring- 
Id Rd., Union, N.J.
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switched on at the 
night and off again

FOUR-VOLUME DIRECTORY
Clients of the tax-deductible Technical Information .Service 
receive a free, four-volume, handsomely bound encyclopedia of 
standard equipment and sources published twice a year and sup
plemented constantly. Three volumes are devoted to descriptions 
of equipment. The fourth volume is an extensive cross-index of 
manufacturers and their representatives. Completely free of 
advertising, the directories give clients a complete, factual pic
ture of all standard electronic test instruments. Clients of Techni
cal Information Service receive both the Directories and Supplier 
Research Service.

SUPPLIER RESEARCH SERVICE LOCATES 
“CUSTOM” INSTRUMENTS
Often, seemingly built-to-order requirements can be satisfied by 
minor modification to standard instruments. The complete listing 
of all large and small manufacturers of stock items provides a 
ready reference for such inquiry, either directly by the client or 
through the efforts of tis.

In those cases where unique equipment is a necessity, tis 
Supplier Research surveys the market for the client, collecting 
all the pertinent information he requires to initiate serious 
negotiations with suppliers.

\200 turns on at 35 ft-c, off at 55 ft-c; model B200 
turns on at 0.5 ft-c, off at 1 ft-c.

White Engineering Co., Dept. ED, 238 Grand 
\ve., Rutherford, NJ.
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COMPLETE PRIVACY
Whether tis is locating sources for unique requirements or pro
viding information on standard equipment, clients maintain a 
cloaked identity during all stages of inquiry. The Client conducts 
negotiations with the suppliers in whom he is interested.
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PROVEN IN USE
For the past two years tis has served such clients as General 
Electric, M.I.T., Lincoln Labs., General Motors, NASA, Litton 
Industries, Naval Ordnance Lab., Hewlett-Packard, Lockheed 
Aircraft, Western Electric, RCA, Marconi Instruments, Eglin 
AFB, American Bosch Arma, and hundreds of others. The merit 
of tis is proven by the fact that many clients have contracted 
additional service for other departments and projects.

PHOTOELECTRIC CONTROLS—These units pro 
ide automatic control of lights regardless of time

VOL I —Source* • VOL II —Modifiers • VOL III —Scalers 
VOL. IV —Index of Manufacturers ond Reoresentatlves

PEG BOARDS.—These two additions to the SeeZak 
electronic component line measure 4x7 and 4 x 12 
in. They are designed for electronic systems plan
ning and development.

U. M. & F. Mfg. Co., Dept. ED, 10929 Vanowen 
St., North Hollywood, Calif.
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! ires diffused silicon junction, a solid copper base, 
hot tin dipped terminal, a hermetic seal for the 

s-1 icon chamber, and tough epoxy protective coating.
Vickers Inc., Electric Products Div., Dept. ED, 

515 Locust St., St. Louis 3, Mo.
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Case histories have shown that companies waste up to 20% of 
their annual expenditures for test equipment.

A prime cause is the failure to make the best buy obtainable 
because each company did not know the full range of available 
equipment Collecting and maintaining complete, timely, and 
accurate product information is difficult—could cost as much 
as $25,000 a year to service — and yet could be incomplete and 
inaccurate.

A prodigious number of crucial engineering and purchasing 
man-hours are squandered in test equipment procurement. Track
ing down sources of supply takes days and, often, weeks. Key 
personnel are trapped by protracted correspondence and sales 
interviews while obtaining full specifications and prices When 
modifications are involved, workloads increase geometrically. 
This costly routine must be repeated every time new purchases 
are made.

Now, for the first time, you can plug these hidden profit leaks 
through the use of a completely new concept in instrument 
evaluation for procurement.

Technical Information Service (tis) provides you with com
plete, timely product information about all available electronic 
test equipment. In a matter of minutes you can possess detailed 
descriptions of equipment produced by every manufacturer in 
the business, from the largest to the smallest, without bias in 
favor of either. What’s more, the description^ include the full 
specifications, price, and the names and addresses of local sales 
representatives — all you need to initiate procurement.

Consider the benefits enjoyed by clients of Technical 
Information Service.

lips have a ribbed reinforcing edge that holds in- 
lefinitely against the strains of vibration, weather, 
loisture, and chemical corrosion. They are electri- 
ally nonconductive and have no sharp edges to 
amage insulation or tubing.
Commercial Plastics Co., Dept. ED, 945 George 

t, Chicago 14, III.
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)UAL HEAT SOLDERING GUN.-Model 8200K 
as a Triggermatic control which provides 90 and 
25 w. A prefocused spotlight illuminates the work 
chile the gun is in use.

Weller Electric Corp., Dept. ED, 601 Stone’s 
Tossing Rd., Easton, Pa.
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SAMPLE TIS AT THE IRE SHOW—FREE!
Judge the value of tis by personal experience. See ns in opera
tion at the IRE Show. Stop at Booth 4431 to check a product 
requirement. See how ns can save as much as 20% of your 
annual expenditure on test equipment. See how ns can reduce 
the hidden costs of instrument procurement If you are unable to 
attend the IRE Show, fill in the coupon below.



NOW... VTVM's for all applications NEW PRODUCTS
. . . panel- 
mounted . . . 
small-size
ELECTRONIC 
VOLTMETERS

Acid 
Briqht

SEND FOR CATALOG 10A 
which gives complete specifi
cations and prices on panel
mounting, relay-rack and 
plug-in models.

SURFACE TEMPERATURE PROBE.-Model 116D 
measures skin and gas temperatures and is useful 
for flight testing manned aircraft, rockets, and mis
siles. The sensor is platinum wire and has 500 ohms 
resistance at 0 C. The unit’s upper limit is 760 C.

Rosemount Engineering Co., Dept. ED, 4900 W. 
78th St., Minneapolis 24, Minn.
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Build accuracy into all your 
equipment, test and production 
alike, with Metronix DC and AC 
E’ectronic Voltmeters.

These Metronix instruments are 
no larger than conventional volt
meters, cost little more. They offer 
higher accuracy because they don’t 
load the circuit. In AC applica-

tions, they respond accurately over 
a frequency range of 20 CPS to 
100 KC.

Selective, step-ranges run from 
0-I0MV, to 0-300V AC, and 0-1 
to 0-1000V DC. Metronix Elec
tronic Voltmeters can be furnished 
in MIL-spec, rack-mounting and 
plug-in models.

A SUBSIDIARY OF 

ASSEMBLY PRODUCTS, INC 
Chesterland 17, Ohio

WIRE TIES.—Rubber “Mouse Tails’ are available 
in two forms. One type, in 1 to 4 in. lengths, is 
tapered at both ends. It is installed by passing one 
end through a hole in the chassis, looping the shank 
over the wire bundle, and inserting the other tapered 
end through an adjacent hole. When clinched up 
tight, expansion of the rubber holds the “tail firmly 
in place. The other type are for intermediate bundle 
ties between tie down points and are designed to 
eliminate wax string ties.

Rubber Teck, Inc., Dept. ED, 19115 S. Hamil
ton Ave., Gardena, Calif.
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LIRE IDE

SUN

OROSE NE
24K ACID BRIGHT GOLD

OROSENE 
999 is tn entirely new gold complex. It produces 

mirror bright, hard electroplates in either rack or barrel 
plating.

S.A. 1075
OROSENE 
999
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MINIATURE A.ND SUB-MINIATURE

relays

CATHODE RAY TUBES.-Types 5AHP14, 5AHP 
14A, 5AHP19, and 5AHP19A are round glass, high 
resolution tubes w ith electrostatic focusing and mag
netic deflection. They use various screen phosphors.

Sylvania Electric Products Inc., Sylvania Elec
tronic Tubes, Dept. ED, Seneca Falls, N.Y.
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produces a bright, hard 24 Karat (998%) gold 
plate. It is the ONLY 24 Karat bright gold.

OROSENE 
999J 24 Karat Gold electroplates are twice as hard 

as ordinary 24 Karat gold plates—this is produced by a 
preferred orientation of the gold micro crystals. It is 
as hard as ordinary bright alloy golds (125 Knoop).

OROSENE 
999

HG-2SM

Rugged and reliable relays are manufactured 
at Hi-G in a wide range of standard units... 
and to customer order with special designs 
to meet your particular requirements.

New, complete illustrated specification sheet 
available. Write for your free copy today.

And for information on special relay units, 
send your specifications to Hi-G for 
study and recommendations at no obligation.

Complete experimental and prototype 
facilities permit Hi-G engineering personnel 
to study and evaluate your relay needs.

_____J 24 Karat plates are ductile; as ductile as ordi 
nary 24 Karat plates. This is achieved by the preferred 
orientation of crystal lattice.

rugged / reliable / shock and vibration resistant
A FEW OF THE WIDE RANGE OF HI-G STANDARD RELAYS

HG-2SMF

LIGHTWEIGHT NUT.-In J 1 through 1 2 in. 
sizes, type FN-22 has 220,000 psi tensile strength, 
good fatigue characteristics, and high reusability. 
It is cadmium plated either with or without moly b
denum disulfide coating.

Standard Pressed Steel Co., Dept. ED, Jenkin
town, Pa.
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FLAT FACE OSCILLOSCOPE TUBE. - Type 
3RP1A cathode ray tube has electrostatic focus and 
deflection, uses a Pl phosphor with green fluores
cence and medium persistence.

Sylvania Electric Products Inc., Sylvania Elec
tronic Tubes, Dept. ED, Seneca Falls, N.Y.
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OROSENE 
999J contains NO silver, NO sulfur compounds 

and NO antimony. It has exceptional tarnish and 
sulfide resistance

OROSENE 
999 barrel solutions have the best throwing power 

and leveling of ANY bright gold or ordinary gold for 
barrel plating.

OROSENE 
999_____J bright gold has only ONE addition agent 

It is self-regulating and simple to control.

OROSENE 
999 24 Karat Hard Bright Gold offers the electro 

plating metallurgist a new dimension in gold plating 
It solves many plating problems where ordinary bright 
hard or 24 Karat golds have failed

☆ Patent PendingTechnic.
BRADLEY FIELD WINDSOR LOCKS. CONN.

RADAR INDICATOR TUBE.—Type 7MP14 is a 
clear face, round glass, non-ion trap tube with mag
netic focus and deflection.

Sylvania Electric Products Inc., Sylvania Elec
tronic Tubes, Dept. ED, Seneca Falls, N.Y.
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Chicago Office 

7001 North Clark StreetVisit Hi-G booth #2106 at I.R.E. show 
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Westinghouse tube engineering... 
serving the nation through imagination

NEW LITERATURE
Transducers 269

A new four page two color brochure is avail- 
ible on request to furnish useful information for 
users of strain gages, load cells, resistance ther
mometers, pressure transducers, or other resist- 
mce bridge transducers. This brochure describes 
¡n detail how the resistance bridge indicator 
RBI) is set up to provide a visual digital display 

with readout in any desired units such as micro- 
in. per in. for strain gages, pounds, tons or ounces 
lor load cells, etc. The brochure also contains 
schematic diagrams and information on typical 
applications with complete specifications of the 
RBI. Datran Electronics, 1836 Rosecrans Ave., 
Manhattan Beach, Calif.

Limit Switches 270

An all new 16-page catalog number 84, cov
ering a complete line of Heavy Duty Limit 
Switches Catalog 84, a 16-page illustrated book
let covers a complete line of heavy duty limit 
switches and gives complete details of three types 
of Micro Switch heavy-duty limit switches for 
industrial uses—the plug-in “200LS” series, fea
turing quick replaceability; the compact “LS” 
series; and the rugged “ML” switches, available 
in regular or explosion-proof types. Switches 
with a variety of contact arrangements for either 
direct or alternating-current applications are 
listed and several actuator designs in each switch 
type are shown. The new catalog is published as 
an aid to the plant engineer and maintenance 
man, as well as the designer of original equip
ment. MicroSwitch. Div. of Minneapolis-Honey
well Regulator Corp., Freeport, Ill.

Magnetic Amplifier Design Manual 271

Engineering Bulletin #403-A is a 16-page Mag
netic Amplifier Design Manual. The new design 
manual has 45 schematic diagrams and graphs 
describing magnetic amplifier design and appli
cation techniques. Some of the topics covered 
in the new manual are: Signal Mixing, Voltage 
and Current Comparators, Automatic Pilor Sys
tems. Electrohydraulic Valve Drives, Gyro and 
Position Pickoffs, Insulation & Cable Barriers 
Checker, Integrators, Limiters, Sweep Generator 
Potentiometric Amplifier Circuit, Relay Tester, 
LaPlace Transforms, Transform Generation, 
Velocity’ Servos, etc. The new 403-A Design 
Manual is available without charge to qualified 

I esign engineers. Requests should be made on 
ompany letterhead to Aeromag, Inc., 22519 
clegraph Road, Detroit 41, Mich.
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WESTINGHOUSE- 
DEVELOPED

special vidicon for slow scan
This new Westinghouse vidicon WL-7290 has 
been designed with extremely high dark resist
ance, permitting picture retention for both 
slow- and delayed-scan transmission.

THS WL-729O FEATURES:

Standard vidicon quality with normal scan 
« Dark current 1/100 of standard vidicon

Retention of 450 TV line resolution for mini
mum of 45 seconds with scan off
Will operate in a standard vidicon camera
The WL-7290 is ideally suited to Narrow 
Band Transmission such as telemetering or 
telephone line transmission.

WL-7290 slow scan is in 
production. Sample quan
tities immediately avail
able. Requests for technical 
data are invited.

J 11 11

you CAN BE SURE...IF (TÍ

YVfestinöhouse
Electronic Tube Division K—X Elmira, N.Y.
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NEW LITERATURE

Miniature Transformers 275

THERM

Miniaturized design permits 
engineers to employ these 
new components in transis
torized printed circuit as
semblies and wafer type 
structures. All models offer 
maximum reliability, fully 
ruggedized construction and 
conform to MIL-T-27A speci
fications.

ub<

Tv 
ffec 
liird

Specify —
PERFORMANCE 

PROVEN “MAG MOD”

Engineers! Designers!

THERE IS NO SUBSTITUTE 
FOR RELIABILITY!

GM

Actual 
Size

Typical circuit applications 
for Magnetic Modulators are 
algebraic addition, subtrac
tion, multiplying, raising to a 
power, controlling amplifier 
gains, mechanical chopper 
replacement in DC to funda
mental frequency conver
sion, filtering and low signal 
level amplification.

COMPLETE RELIABILITY 
INFINITE LIFE
FASTER RESPONSE TIME 
NEGLIGIBLE HYSTERESIS 
EXTREME STABILITY 
(Ambient Temp. Range 
from -75° to 4-135°C) 
COMPACT SIZE 
LIGHTWEIGHT

I I For complete
specifications and 

application data on "Map Mod” 
Miniature and Standard 

Components, call or write.

MAGNETIC
MODULATORS

A new short form catalog listing complete 
specifications on the company’s products include 
miniature, subminiature, transistor, MIL-T-27A 
and industrial transformers that arc available 
from distributor stock. The short form catalog 
serves as a ready reference for a quick run-down 
on the transformers offered by company, showing 
the wide range of models at a glance. Harold 
Edelstein, Microtran Co., Inc., 145 E. Mineola 
Ave., Valley Stream, N.Y.

Precious Metals Plating

The cost of precious metals plating per unit 
area to specified thicknesses may be seen at a 
glance with this Metals Data Chart. The slide 
chart also tells at a glance: cathode efficiency 
data; milligrams per sq in. and grams per sq ft 
of particular precious metals for 0.0001 in. de
posits; recommended current densities and actual 
plating time required for nine different precious 
metals plating formulations; and corresponding 
thicknesses. The chart is available for $1.00 
(shipped post-paid) from Sei-Rex Corp., 75 River 
Road, Nutley 10, N. J.
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Kdialco?
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PREVENT
THERMAL
RUNAWAY
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and 
teat data write:

Prevent excessive heat from 
causing “thermal runaway” in 

power diodes by maintaining 
collector junction temperatures 

at, or below, levels recommended 
by manufacturers, through the 

use of new Birtcher Diode 
Radiators. Cooling by conduction, 

convection and radiation, 
Birtcher Diode Radiators arc 

inexpensive and easy to install in 
new or existing equipment. 

To fit all popularly used 
power diodes.

CIRCLE 274
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for maximum reliability

GENERAL 
MAGNETICS • INC
135 BLOOMFIELD AVENUE 
BLOOMFIELD, NEW JERSEY
Telephone: Pilgrim 8-2400

Plastics Catalog

This 64-page plastics catalog is designed to 
supply plastics buyers with the best and latest in
formation in a detailed manner. The catalog’s 
12 sections include: Plexiglas. Vinyls, Acetates, 
Phenolic Laminates, Nylon, Teflon, Kel-F, Poly
ethylene, Polystyrene, Bexolite, Fiberglas and 
“Supplies.” The latter section includes all nec
essary data on coatings and accessories. Write 
on company letterhead to Mr. Morton French, 
General Sales Manager, Commercial Plastics L 
Supply Corp., New York City, N. Y.

with NEW

DIODE
RADIATORS

ß Blrtcher Cooling and retention de
vice« are not sold through distrib
utors They are available only from 
The Blrtcher Corporation and their 
sale« representative«.

THE BIRTCHER CORPORATION
industrial division

4371 Valley Blvd. Los Angeles 32, California 
Sales engineering representatives in principal cities.

ON READER-SERVICE CARD

Germanium Diodes 276
Bulletin 158 describes company’s line of gold- 

bonded germanium diodes. It lists many types 
for general purpose and computer use, where 
from one to four operating characteristics are 
specified. Special computer types with ten speci
fied characteristics are also shown. These in
corporate many superlative features for computer 
applications. The bulletin features a new system 
devised by company to classify diodes for ease 
in selection by number and value of character
istics. It should arouse considerable interest 
among diode users frequently confronted with 
the complex listings that sometimes make selec
tion, on the basis of operating characteristics, 
quite a chore. Ohmite Mfg. Co., 3683 Howard 
St., Skokie, Ill.

Hermetically Sealed
Rugged—built to meet conditions of 

high altitude 
high vibration 
high temperature 

dialco relays exhibit no resonance 
from 5 to 1,000 CPS at 10 G’s; are 
not damaged by 50 G’s shock; are 
fully compensated for temperatures 
from -65° C to + 125° C.
Available in delays from 1 to 300 
seconds; heater voltages up to 150 
V» interchangeable on DC or AC of 
any frequency with a power drain 
of 4 watts. SPST normally open or 
normally closed contacts are rated 
at 6 amps at 115 V. AC or 3 amps at 
28 V. DC resistive.

Mac
Ar 
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Dioltron Corp., 203 Harrison
I-----------------------------------------
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PI., Brooklyn 37, N. Ï.

LEC

SUB-MINIATURE
Lightweight 

(3/4 oz.)
Standard 7-pin 
plug-in or solder 
terminals with 
mounting flange

I □ Send da*o on Thermal Time Delay Relays fB:
{ Name —---------------------------------------------- ----------- - —
l
| Position-------------------------------------------------------------

| Company---------------------------------------------------------- -

I Address-------------------------------------------------------------

DIALTRON 
CORP.

203 Harrison PL, Brooklyn 37, N. Y. i 
HYacinth 7-7600
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Logic Unit Board 280
Xn 8-page illustrated booklet describing the

omputers and data handling systems

dements which

CIRCLE 281 ON READER-SERVICE CARD

r ansistorized digital component 
itile array of basic computer

pplications, and pointedly illustrates the fact 
hat the logic unit board actually represents an 
ri proved technique for development of digital

This
ver

unit board discusses many

included. Also described are

rsatile new

is a highly

hirer’s STAT-PACK static magnetic switching 
xv stems used in reactor control circuits, program
ming a nd simulators; magnetic amplifier volt- 
ge/current regulators and regulated de power 

supplies; and low level linear magnetic ampli
fiers, which have applications in control system 
instrumentation, console measurements and labo- 

1 itory experimentation. Magnetic Amplifiers, Inc., 
163 1 inton Ave., New York 55. N.Y.
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ube Standards
Two international standards recommendations 

ffecting electronic tubes are now available. The 
bird supplement to International Electrochemi- 
al Commission (IEC) Publication 67, Dimen- 
ions of Electronic Tubes and Valves, provides 
le basis for the interchangeability of electronic 
quipment among the 33 participating nations. 
RC Publication 100 lists recommended methods 
ir the measurement of direct interelectrode 
apacitances of electronic tubes. The methods 
pply to receiving, cathode-ray, gas and photo 
ibes, photocells and multiplier types, and high- 
ower vacuum tubes. Copies of IEC Publication 
7 (Third supplement) at $2.40 each and of IEC 
ublication 100 at $4.00 each are available from 
\merican Standards Association, Dept. PR 37, 
0 East 45th St., New York 17, N. Y.

With deadly accuracy the U.S. Army’s new Nike Hercules ground-to-air 
guided missile streaks out to meet an approaching enemy air force. Its 
nuclear warhead can wipe out an entire formation.

Western Electric selected Teflon* insulated wire for use in building the 
alert guidance and control systems of this faster, higher climbing Nike. 

As leading specialists in high temperature insulated wires and cables, the 
men and women at Hitemp are proud of this choice, and the ro> Teflon 
wiring plays in giving America a strong new perimeter of defense.

in be connected simply and rapidly to serve 
hole logic and control functions of complex 
igital computers. Mechanical Division of Gen
ial Mills, Inc., 1620 Central Ave., Minneapolis 
x Minn.

An 8-page color brochure entitled, “Magnetic 
\mplifier Systems For Nuclear Reactor Installa
tions” describes the rod programmer amplifiers 
designed for the nuclear electric power plant at 
Shippingport, Pa. A functional diagram outlines 
an integrated static control system for a nuclear 
reactor power installation. Illustrated with photo
graphs and charts, bulletin S-963 gives the details 
of magnetic amplifier servo drives and applica
tions in nuclear drive systems, covering control 
iod drives, hydraulic valve control and remote 
handling control, as well as engineering specifi
cations and transfer characteristics of the units

HITEMP WIRES, INC
1200 SHAMES DRIVE. WESTBURY, NEW YORK

FIRST

CLASS



CHART-PAK precision tapes and die-cut symbols 
made these conductor paths and terminal pads 
for a printed circuit layout in 9 minutes 40 seconds!

HOW LONG WOULD IT TAKE 

YOU TO DRAW THEM?

Chart-Pak tapes and symbols are pre
cision manufactured to .002". High di
mensional stability. Flat black surface 
is opaque, non-reflective. Pressure-sen
sitive adhesive backing holds firmly, 
will not melt under heat of reproduc
tion; yet can be easily lifted and reap
plied for corrections. Available in tape 
widths of 1/32" and up, and in lands, 
fillets, corners, tear drops, etc. Ideal for 
use on any surface, especially Chart-Pak 
''Mylar"®precision grids. Write for full 
details.

CHART-PAK
Saves time ...
Saves money!

CHART-PAK, inc.
ORIGINATOR OF THE TAPE METHOD OF DRAFTING

A

* - 143 River Road, Leeds, Mass.
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Soldering is

with .American Beauty Soldering Tools
American Beautv electric soldering 
irons are the highest quality made. 
The finest engineering, best materials 
and on-the-job experience since 1891 
is vours w ith every American Beauty. 
There is a right model, correct tip size 
and proper watt input to do any 
soldering job easier, faster and better.

TEMPERATURE REGULATING STANDS 
Automatic devices for controlling tip 
temperatures while iron is at rest— 
prevents overheating of iron, elimi
nates frequent retinning of tip, while 
maintaining any desired tempera
ture. Available with perforated steel 
guard to protect user’s hand.

201 B

NO JIN 
iH'np 
5» WATTS

NO JIM 
H’nr 
IM WATTS

NO JI 72 
H* TIF 
MO WATTS

no ms 
H'tif 
(•WATTS

WAITE FOR M-PAGE ILLUSTRATED CATALOG CONTAINING FULL INFORMATION ON OUR 
COMPLETE LINE OF ELECTRIC SOLDERING IRONS-INCLUDING THEIR USE AND CARE

AMERICAN ELECTRICAL HEATER (OMPANY

NO JIM 
H'TIF 
MO WATTS

DETROIT ?, MICHIGAN

NEW LITERATURE
Ceramic Capacitors 284

A new 16-page Ceramic Capacitor Cross- 
Reference Guide is now being made available to 
engineers and purchasing agents in the elec
tronics industry. This guide lists all units that are 
stocked and available for immediate delivery 
from Company distributors. “Special” or speci
fication capacitors are not covered by the guide. 
The Guide lists over 600 ceramic capacitors by 
type and rating. These units are stocked in pro
duction quantities at factory prices, by industrial 
distributors. Equivalent units of other manufac
turers, where available, are listed next to the 
company’s capacitors, providing an easy method 
of determining sources for any given capacitor. 
The Guide contains separate sections devoted to 
general purpose discs and tubulars, temperature 
compensating discs and tubulars, high voltage 
discs, dual capacitors, buffer capacitors, low volt
age capacitors, stand-off and feed-thru, trans
mitting, high accuracy and trimmer capacitors. 
Centralab, A Division of Globe-Union Inc., 900 
E. Keefe Ave., Milwaukee 1, Wise.

Vibration Meter 285
A new illustrated technical bulletin, No. WK- 

B-731A, describes Company’s new Type B-731A 
vibration meter, an instrument with wide elec
tronic, industrial and aircraft application that 
offers a new method of measuring distance and 
vibration. The new technical bulletin lists fea
tures, brief specifications, and design features, 
and illustrates the vibration meter. This latest 
instrument development may be used for vibra
tion tests to meet JAN-MIL specifications in 
electronic components; to measure vibration in 
rotating shafts or bearings, on a production line 
for determining sizes and grades of parts for 
tolerance; and for testing airframes, either in 
wind tunnels or on actual airframes. The techni
cal bulletin points out that the new Type B-731A 
vibration meter avoids hazards and makes re
mote testing possible. The instrument is particu
larly suited to the measurement of vibration 
where direct physical contact is not possible, and 
for measuring the dilation and eccentricity of 
rotating parts. Wayne Kerr Corp., P.O. Box 801, 
Philadelphia 5, Pa.

Cables 286
A six-page folder on plastic insulated and 

jacketed control cable (rated 600 v) lists the 
specifications of small diam—station—flexible and 
supervisory control cables with 2 to 19 conduc
tors. Also 1MSA municipal signal cables Specifi
cations 19 and 20—1956 with 3 to 12 conductors. 
Ghester ('able ('orp.. 159 Oakland Ave., Chester, 
N. Y.

THRUST 
SENSING 

FOR 
LIQUID 
RUCKET 

ENGINES

STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 

Los Angeles 64, California

STATHAM PA324 
Pressure Transducer
Because of its outstanding 

performance in severe 
missile environments, 

the Statham Model PA324
Absolute Pressure 

Transducer has been 
chosen to play the key 

role in important 
new thrust control 
systems based on 

accurate measurement 
of thrust chamber 

pressure.
For further information 

write for
Data File ED-600-1.

i 
i 
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i 
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i
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hermostat Metals 289

‘Graphical Determination of Element Size 
al Performance” Technical Data Bulletin TRU- 

saves engineering time in determining the 
irrect thermostat-metal element size and prop
ties for new applications. This 4-page techni- 
1 data bulletin provides graphical solutions, 
curate enough for first sample determinations, 
table gives Truflex thermostat metal types, 

ieir thermal deflections, mechanical and re- 
rained forces. By using this table, the size and 
rformance of simple beams, cantilever beams, 

jecial and helix coils and U-shapes can be de- 
i rmmed for any of 40 different Truflex thermo- 

at metals. Metals and Controls Corp., General
I late Division, Attleboro, Mass.

RFI Shielding 290

Comprehensive technical data and product in
formation on RFI gasketing are now available 
in a handy, new RFI Designers Data File. Pre
pared to help designers solve specific shielding 
problems, this fully illustrated reference file of
fers both technical data and practical informa
tion about RFI gasketing materials. Also included 
arc RFI problem outline sheets which may be 
used by designers to indicate specific problems, 
and forwarded to the company headquarter’s 
staff of design service engineers for immediate 
recommendations. Copies from Technical Wire 
Products, Inc., 48 Brown Ave., Springfield, N. J.

Power Supplies Folder 291

A 4-page folder covers the uses and specifica
tions of Electro Model PS-2 dual purpose filtered 
de power supply. The new power supply powers 
transistor circuits, hybrid sets, 12/6 v auto radios 
without hum. The illustrated folder features 
tabulated information on percentage of ripple, 
continuous maximum current rating, and special 
i< atures for transistor circuit servicing provided 
by Model PS-2 as well as other power supplies. 
According To the manufacturer, the information 
hi this table demonstrates that Model PS-2 out- 
; rforms all units in its price class. Two output 
r mges are provided—0 to 20 v at a rating of 75 

a for operating transistor circuits, and 0 to 16 
' with a rating of 5 amps for operating 12/6 v 

dios and hybrid sets. A special pi-type input 
ter holds ripple down to 0.15 per cent up to 75 
a (well below the critical requirement for low 
rrent loads in servicing transistor radios) and 

> per cent up to 5 amps.
\ separate milliameter for each range detects 

inute variations in transistor current. Each 
ige has its own output terminals. Write R. C. 
ossley, Electro Products Lab., 4500 N. Ravens- 
•od Ave., Chicago 40, Ill.
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Got a problem that calls 
for thread-cutting screws?

PARKER-KALON offers three new, improved thread-cutting 
screws for every application in every malerial

A New, Improved P-K Type F*
. . . hardened thread-cutting 
screws developed for use in 

friable, granular or brittle material. 
The pilot, with its five tapping flutes, 
cuts a machine screw thread as the 
screw is turned in. The Type F is 
ideal for making fastenings to fer
rous and non-ferrous castings, bronze 
or brass forgings, heavy gage sheet 
metals, structural steels, plastics and 
resin-impregnated plywood.

uf) “Pentap”... the new, 
<+ Improved P K Type B-F*
(formerly F-Z) combining the five 
thread-cutting flutes of the Type F 
screw with the coarse-pitch, widely- 
spaced threads of the P-K Type B. 
The thread-cutting "Pentap” Type 
B-F distributes cutting pressure 
evenly, lets chips drop to the bottom 
of the hole, and prevents cracking 
of material. It is designed for making 
fastenings to comparatively thin sec
tions and bosses in friable and brittle 
plastics.

The five cutting flutes on the new, improved P-K Type “F” and “BF” 
reduce pressure development by 80 percent! The completely formed 
threads on these screws have sharper cutting edges, and 5 deep flutes that 
are of continuous depth. These features make for better clearance of the 
accumulated material and assure minimum stresses in driving, and avoid 
the possibility of stripping or galling.

PK* Type Lt
I U J ... is a completely new and 

improved thread-cutting 
screw developed by Parker-Kalon 
especially for use in Nylon. The Type 
L functions as a combination thread
cutting and thread-forming screw in 
that it cuts a small amount of the 
Nylon to allow the full diameter 
threads to form. Type L offers a 
particular advantage in Nylon 
assemblies which must be disassem
bled for service, because the P-K 
Type L can be removed and replaced 
without stripping or galling.

KEEP AMERICAN INDUSTRY AT WORK ... BUY P-K .. .MADE IN U.S.A.

FOR SAMPLES OF P-K THREAD-CUTTING SCREWS AND SEMS. 
CALL YOUR LOCAL P-K "BULK-STOCKING-’ DISTRIBUTOR

FOR SEMS . . . and Neoprene or Nylon 
washer STAPS” *n thread-cutting and 
thread-forming tapping screws, or ma
chine screws in any kind of pre
assembled fastener-washer combination, 
P-K can supply them, too!

•Patent Pending tU. S Patent 2.390.344

PARKER-KALON'
fasteners
PARKER-KALON DIVISION, General American Transportation 
Corporation, Clifton. New Jersey • Offices and Warehouses in 
Chicago and Ims Angeles
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Don't forget to mail your renewal forr 
to continue receiving ELECTRONIC 
DESIGN.
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other information that provide engineers wit 
design criteria for high temperature wiring 
American Super-Temperature Wires, Inc 
Winooski, Vt.
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The 1959 Super Temp catalog on Teflon insu
lated wires and cables is now available. This 
elaborate, 64-page publication is completely new 
and contains 8 sections of the latest engineering 
information and prices on high-temperature 
magnet wire, lead wire, cables, tubing, and 
Teflon tape. Each section is preceded by de 
tailed general information on the products cata 
loged. This information is consistent from sectioi 
to section facilitating quick, easy reference oi 
military specifications, temperature ranges, wir 
and cable constructions, colors, tests, etc. Th

rib 
ion 
trun

activ 
to V! 
desci 
unde 
Accu 
¿614

Orthonol in tape wound core form, you can still take ad
vantage of this excellent material in laminations. An 
Orthonol laminated core has characteristics almost identical 
to those in toroidal form.
Like all Magnetics, Inc. products, Orthonol tape wound 
cores and laminations are Performance-Guaranteed. Full 
details await your inquiry. Magnetics, Inc., Dept. ED-60, 
Butler, Pennsylvania.

A new data sheet is now available on the giant 
size Series 5000 Narda SonBlaster ultrasonic 
cleaner, which consists of 23 systems for appli
cations to mass-production cleaning or degreas
ing of mechanical, electronic, optical, horological 
aircraft or missile parts or assemblies; to rapid 
cleaning of radioactive elements, “hot lab appa
ratus, medical instruments, ceramic materials, 
electrical components and technical glassware; 
and to expediting metal finishing and chemical 
processing of many kinds. The data sheet de
scribes Model G-5001, a 40-kc, 500-w average 
output SonBlaster generator designed for ener 
gizing a wide range of cleaning tanks, and the 
Ci-5002, a 20-kc 500-w average output generator 
which will operate magnetostrictive transducers 
for such functions as drilling, dip soldering and 
other high-intensity or high-temperature applica
tions. Owing to Narda’s mass-production tech
niques this equipment is available at the lowest 
prices in the history of the ultrasonic industry, 
starting from $1140. Most items of the series can 
be shipped from stock. In addition to complete 
data on the 23 systems of the Series 5000, de
tailed information is given on applications and 
processes for which this equipment can be used. 
Tanks of different sizes, submersible transducer 
arrangements and metal-working tools are illus
trated. Bulletin on Series 50(X) Narda SonBlaster 
ultrasonic cleaner from the Narda Ultrasonics 
Corp., 625 Main St., Westbury, N.Y.

Want a billion-position switch?
Magnetic amplifier manufacturers turn to Orthonol® tape cores 

for precise proportioning control or switching action
Orthonol is a switching material that can be turned all the 
way on—or part way on—with vast precision.
I he rectangular B-H loop of the 50% nickel, grain-oriented 
alloy provides an amplifier output which is linear and directly 
proportional to control (reset) current. This response is so 
linear that the amplifier acts as a valve with an infinite (at 
least a billion) number of steps from full off to full on.
Full off and full on can be achieved with snap action, because 
the horizontal saturation characteristic of the B-H curve 
means a v< ry low saturated impedance. Thus, when the am
plifier is on. it is on; when it is off, it is off. On-to-off imped
ance ratios of at least 1000 to 1 provide complete assurance 
of this absolute characteristic.
Should your manufacturing facilities prevent the use ol

Visit our booth 2533
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exclusively designed continuous

neis containing 1, 2 or 4of 24 strain gage

operating temperatures
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the range of applications for transistors which must

Available Now in production quantities!

active arms and convert these variable resistances 
to variable voltages. General specifications are 
described in the folder as well as specifications 
under the headings: Power Supply. Programmer. 
Accuracy and Housing. B & F Instruments, Inc.. 
3644 North Lawrence St., Philadelphia 40, Pa.

lectronic parts and equipment are included in a 
’8-page catalog. Items for industrial, service, 
gh fidelity, sound, and amateur radio use are 
scribed. Curie Radio Supply Co., 439 Broad 
reet, Chattanooga, Tenn.

>op of paper reeved over powered sprocketed 
illers with flanged floating idlers. The folder 

¡escribes the many advantages of this new 
iper loop system and also describes the unique 

eatures common to both. Systems can be assem
bled in multiples of 24 channels utilizing the 24- 
¡51 scanning module which is described as the 
building block of B & F systems. It is designed 
to balance, calibrate, control and scan the output

The AX estinghouse Silicon Power Transistor pictured 
above is a highly efficient device which greatly increases

to a remarkably low saturation resistance—less than .750 
ohms at 2 amperes and .5 ohms at 5 amperes—these tran
sistors possess very low internal dissipation, and can be 
efficiently used in applications where they must handle as 
much as 1000 watts. For example, as a DC switch, handling 
750 watts (150 volts at 5 amps) the internal dissipation is 
about 9 watts, with an efficiency of better than 99f. .

Additionally, and unlike germanium units which arc 
limited to approximately 85°C. these transistors can oper
ate in ambient temperatures up to 150°C. Thus, even where 
the higher power rating is not required, these units may 
be used for their high temperature capabilities.

There are a great many applications for w hich this new 
type of silicon power transistor is ideally suited. It will find 
use in inverters or converters (AC to AC; AC to DC;

LOW SATURATION RESISTANCE

Important improvements in 
silicon purification and 
transistor fabrication have 
produced a new series ol 
Westinghouse Power 
Transistors of exceptionally 
low saturation resistance.

New line of special purpose contactors and 
relays, engineered and designed for the com
puter. power supply and electronic industries, 
ire covered in 16-page booklet. Also, there are 

designs for the air conditioning and heating and 
refrigeration fields. Type F, R, B and BR relays 
are described. This folder contains engineering 
and cataloging data which will be of interest and 
help to electrical engineers. The Rowan Con
troller Co., 2313-2315 Homewood Avenue. Balti
more 18, Md.

in 2 and 5 ampere collector ratings. Both of these are 
available in 30, 60, 100, and 150 volt ratings in production 
quantities for your immediate applications. Sample quan
tities are available in higher voltage ratings. Call your 
Westinghouse representative or write directly to Westing
house Electric Corporation, Semiconductor Department, 
\oungwood, Pennsylvania.

Two basic systems with time-tested features 
>r recording and processing the multitude of 
rains required to evaluate complex structural 
stems in laboratory and industrial applications 
id tabulate strains on a typewriter, IBM cards 
r punched tape are illustrated and described in 
new two-color, four page folder. The two basic 
stems available are: the “B” system, described 

s printing strain values in sequence together

output, and other aircraft circuits, as well as in certain 
amplifiers and switching applications.

Westinghouse Silicon Power Transistors are available
CIRCLE 300 ON READER-SERVICE CARD
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Relays 30?
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Right Angle Connectors 303

. . ultra-niable oxciUator HI I

RecResistance Thermometer Wire 304

• . • generation a n

305Soldering Iron Tips

LABORATORY FOR ELECTRONICS, INC.

CIRCLE 301 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 18, 195?130 ELE

MICROWAVE
INSTRUMENTS

Ultra-stable, high-power, tunable . . . 
short-term stability is 5 parts 
in 10s, long-term, 5 parts in 10“.
Twenty-one models are available to 
cover complete spectrum from 
2500 to 25,000 mc/s. Special units 
to 60,000 mc/s. Power output 
ranges from 20 milliwatts to 1.5 
watts. Tunable, directly calibrated 
dials read frequency to 0.1 percent.

1079 COMMONWEALTH AVE. BOSTON 15, MASS.

products

. . . ¡»lability tenter .^OOH

INSTRUMENTS

COMPONENTS

rhese instruments and 
others on display at IRE 

Show Booth 3207-3209

A unique series of relays designated Model T ’ 
and TS is described in Bulletin No. 160. Thes ■ 
advanced units incorporated “Molded Module 
contact springs, that is. spring combinations 
which are molded into a single compact assembly 
for permanent alignment and unsurpassed oper
ating stability. Very high sensitivity for their size 
and high ambient operating capability are other 
features of these units discussed in the bulletin. 
For a free copy of Bulletin 160, write to Ohmite 
Manufacturing Company, 3679 Howard Street, 
Skokie, Ill.

Illustrated 6-page brochure gives specifications, 
outline dimensions and general information on 
right angle pin and socket connectors for printed 
circuit applications. These miniature right angle 
connectors are available in various contact sizes 
and molding compounds. Right angle pins dip 
solder to printed circuit board. Solder cups on 
receptacle accept #20 AWG wire. Electronic 
Sales Div.. Dejur-Amsco Corp., 45-01 Northern 
Boulevard. Long Island City 1, N.Y.

measurement

Exceptional, highly-advanced 
instrument for precision measurement 
of change, rate of change and 
stability from change. Four models 
measure drift and fm in frequency 
bands from 1120 to 14,500 mc/s. 
Meters calibrated to read peak fm 
deviation in cps and drift in kc. 
Accurate ... at S-band 
measures deviation to less than 
1 cps — at X-band to 10 cps. 
Instantaneous readings 
and continuous monitoring.

To aid in better resistance thermometer de
sign, a new brochure has been prepared on re
sistance thermometer wire, showing graphically 
resistance versus temperature from 0 deg to 500 
deg C with various pure metals and alloys used 
in thermometry. Also included in this brochure 
are the various types of enamel that can be ap
plied to the wire best suited for your particular 
wiring requirements, whether it be the standard 
oleoresinous which is rated for continuous use at 
105 deg C, or the Secon Ceramic Insulation 
which is rated for continuous use at 500 deg C 
Secon Metals Corp., 7 Intervale Street, White 
Plains, N.Y.

Data sheet catalogs Long-Life Soldering Iron 
Tips (No. 601, superseding #600), showing 81 
new shapes and sizes—a total of 124. Include 1 
are plug tips, from 1 16 in. to 1-1 8 in. diamet« r 
and screw tips from 7/16 in. to 1-3 4 in. diamete . 
Various tip shapes are illustrated, complete d - 
mensions given, as well as advice on use arl 
care; includes list prices. Gives detailed speci - 
cations on the new Extradur Tips which ghe 
up to 20 times longer life than copper tips. He - 
aeon Electric Co., 161 W. Clay Ave., Rosel e 
Park, N.J.
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307Pressure Transducers
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308Rectifier Kits4

309Digital Systems

progress Is Our Most Important Product
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A new, twelve-page catalog, covering standard 
molded-type cable assemblies as well as field, 
special and coaxial types, illustrates 34 standard 
types utilizing common connector ends and 
standard molded terminal ends. Cable assemblies 
ire supplied in lengths as required. There are 
three pages of tabular reference data giving 
types, cable numbers, corona levels and special 
remarks. Corona levels range from 2 kv ac to 15 
kv ac and 15 kv de to 40 kv de. These cable 
assemblies are used for missile, aircraft and gen
eral applications. II. II. Buggie, Inc., Box 817, 
Toledo 1. Ohio.
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Three new instrumentation bulletins techni
cally describe a series of rugged, high perform
ance pressure transducers: Model DP-7 pressure 
transducer, (Bulletin 58-13D, Model CP-15D 
high range pressure transducer (Bulletin 58-135) 
and Model DP-15D high range differential pres
sure transducer (Bulletin 58-140). Each data sheet 
contains instrument descriptions, application in
formation and performance specifications. BJ 
Electronics, Borg-Warner Corporation. 3300 
Newport Blvd.. Santa Ana. Calif.

A four-page folder, illustrates and describes 
a new kit for on-the-spot conversion of Leece- 
Neville alternator systems with selenium recti
fiers to utilize newly developed, more economical 
silicon rectifiers. According to the literature, the 
new silicon rectifiers, which consist of six tiny 
cells in lieu of the previous separate unit, pro
vide* greatly improved alternator performance 
and higher rating; and require only minimum 
maintenance. The folder pictorially presents the 
details of the silicon rectifier, what it is, and very 
importantly, how it is easily installed. Detailed 
information on its desgn and construction, plus 
application data is likewise included. Copies may 
he obtained from the Leece-Neville Co., 1374 
East 51st St., ('leveland 3. Ohio.

A new 4-page short-form catalog on the 
complete digital systems line, as well as a two- 
page fly er on the digital voltmeter lists product 
features, brief specifications, and ordering infor
mation on the company’ voltmeter, control unit, 
pre-amplifier, ac/dc converter, ohmmeter, scan
ners, printer control units and ratiometer. The 
de measurement instrumentation flyer is the be
ginning of a series of publications on individual 
units in the Cubic digital line. Cubic Corp., San
Diego, Calif.

Save design time, avoid assembly headaches with 
General Electric custom-designed DC power supplies

General Electric can meet your power-supply 
requirements—your requirements from indi
vidual packages to complete systems. These 
can be supplied from (1) completely engi
neered equipment in stock, (2) by custom 
packaging of components, or (3) with com
pletely new designs. Whatever your prob

lems. General Electric can handle your power 
supply system responsibility and save you 
design time and assembly problems.
FOR MORE INFORMATION contact your 
nearest General Electric Apparatus Sales Of
fice or write to General Electric Company, 
Section A535-1, Schenectady, New York.

CIRCLE 310 ON READER-SERVICE CARD
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NEW LITERATURE
Microwave Component News 

from SYLVANIA Q)
Potentiometers 312 Switches 313

Subminiature 
Microwave Diodes

A 4-page brochure summarizes key in
formation on Trimpot® and Trimit® lead 
screw actuated potentiometers. Designed 
for quick reference, this brochure fea
tures a specification table listing avail
able resistances, terminal types, and 
settings, power ratings, operating tem
peratures, and dimensions of the more 
popular models. Cut-away drawing il
lustrates the internal construction and 
design features of Trimpot. Bourns Speci
fication Summary #4 from: Bourns Labo
ratories, Inc., P.O. Box 2112, Riverside. 
Calif.

Revised 24-page catalog covers the 
representative line of precision snap
action and mercury switches manufac
tured by this company. Data on high- 
temperature, maintained-contact, explo
sion-proof, high capacity, proximity, oil- 
tight, invironment-free and multicircuit 
types are included. Ilas photos, dimen
sions, electrical ratings, characteristics 
and application information. Micro 
Switch, Freeport, III.

Plastics 314

Sylvania opens the way 
to advanced 
miniaturization concepts 
in microwave and 
radar design with 
new smaller Silicon 
Microwave Diodes

Molded Fiber Glass

A 2-color, 32-page brochure illustrates 
and describes in detail the mechanical, 
electrical and chemical properties of 
molded fiber glass. Fabricating and fin
ishing operations which can be per
formed on this material are also de
scribed. Write directly to: Molded Fiber 
Glass Companies, Dept. ED, 4826 Benefit 
Ate., Ashtabula. Ohio.

Folder gives information on Kel-F, a 
fluorocarbon plastic with a combination 
of interesting physical, chemical, electri
cal and mechanical properties, which is 
now processed in all forms by this com-
pany. The versatile material has 
proved performance of electronic,

im- 
air-

craft, missile, chemical handling and 
processing equipment. Development and 
properties of Kel-F are covered in this 
booklet. Fluro-Plastics, Inc., Division of 
Flexrock Co., Philadelphia 1. Pa.
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Major step in the trend to ever smaller radar and micro
wave equipment to meet today’s military and commercial 
demands is represented by Sylvania’s new line of subminia
ture microwave diodes. The new diodes meet the electrical 
performance of their larger counterparts and are equivalent 
in ruggedness and reliability. They combine in one unit 
Sylvania’s unmatched experience in diode packaging and 
proven technical excellence in micro wave diode design.

The subminiature metal-to-glass package opens the way to 
new possibilities in strip-line and slab-line transmission 
designs. Included among the new types are Detector Diodes 
ranging in frequencies from 100 me to 9,000 me and Mixer 
Diodes in frequencies from 3,000 me to 9,000 me. Contact 
your Sylvania representative for full information on the new 
subminiature microwave diodes—or write Sylvania directly.

------------------ NEW SYLVANIA MICROWAVE DIODES--------------------
D 4050—UHF Detector I D 4064—S Band Mixer
D 4063—X Band Video Detector | D 4065—X Band Mixer

* SYLVANIA
Sylvania Electric Products Inc. 

Semiconductor Division
100 Sylvan Road, Woburn, Mass.
CIRCLE 311 ON READER-SERVICE CARD
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miniature

5 20A Voltmeter

51 OB Oscillator

Waveforms Portable

aveforms uxi

NOW! COMPACT RACK & PANEL MOUNTINGS
IN ANY SHAPE OR FORM YOU NEED!

Waveforms precision 
voltmeters and 
oscillators give you top 
performance and 
uniform quality. Save 
space, too. So 
compact they mount 
on a 5"x7" panel, these 
instruments are now 
available in eny shape, 
form or mounting— 
rack or panel— 
you require.

Waveforms integrated 
operation permits fast 
deliveries and low cost, 
even on custom 
specifications. Mass 
production techniques 
applied to special 
order work.

See us at the I.R.E. Booth 3222

Send today for complete technical Information. If you prefer, phone:

in miniature’’ ELECTRONIC INSTRUMENTS
' 335 Sixth Avenue, New York 14, N.Y. WAtkins 9-2795
CIRCLE 315 ON READER-SERVICE CARD
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Sylvania introduces new ferrite devices

Consoles

Cabinets

133

Rack " 
Cabinets

available by writing on company letter
head to: Wakefield Bearing Corp., Dept 
ED. 29 Foundry St., Wakefield, Mass.

Three-port Circulator, 
Model FD-TC 522

Coaxial Ferrite Isolator, 
Model FD-155

lie only system to provide direct record
ig of information on magnetic tape and Pulse Control Instruments

This 8-page condensed catalog

Sylvania scientists and engineers have developed ad- 
variced ferrite devices with new utility and reliability. 
They are the results of pure research and product 
development by the Microwave Physics Laboratory, 
now a part of Special Tube Operations.

Now, new Tee circulators are available that perform 
the same electrical function as standard phase shift 
circulators, yet occupy only 25% of the space and cost 
much less. The devices can also be used as isolators and 
as fast-acting switches.

New isolators, available in coaxial and standard de
sign, incorporate exclusive space-saving features in addi
tion to outstanding electrical performance. The 8^-inch 
FD-151, for example, provides 15-dh isolation across the 
band from 2-4 kmc. Whatever the degree of isolation 
required, you’ll get a smaller package and top reliability 
from Sylvania.

Data on Sylvania ferrite devices available from stock 
may be obtained from your Sylvania representative or 
by writing to the address below. Devices can also be 
custom designed to meet your specific requirements.

ecords information a 
f 250 characters pc 
.emington Rand Di\ 
orp., 315 Fourth Ave.

iccess to 24,000 
characters. It is

^læ/ Space Saving 
Ferrite Devices

Sylvania Electric Products Inc. 
Special Tube Operations

500 Evelyn Avenue, Mountain View, California 
CIRCLE 320 ON READER-SERVICE CARD

and plant facilities. Metal structures in 
various stages of development, which 
helps buyers compare good and bad 
sintering, is graphically illustrated with

Bearings and Bushings

Fully illustrated, 70-page catalog 
overs graphex, coprex and woodex oil

less and self-lubricating hearings, bnsb- 
ng.s and machine parts manufactured by

DC Measurements 318

This 9-page brochure, “Low Level DC 
Measurements,” details instrumentation 
and circuit design applications. Low de 
potentials in the microvolt ranges can 
now be read easily by means of a new 
precision chopper inverter. Microdyne, 
300 West Washington, Chicago 6, III.

See us at the I.R.E. Show in New York—-booth #1327 

CIRCLE 319 ON READER-SERVICE CARD
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recommended usage; a complete section 
s devoted to properties of powered 
metal compositions determined by test; 
tables illustrating the standard sizes ol 
bearings available from tools on hand;

Illustrated folder UI 395 describes the 
atures of the new, large-scale Univac II 
ata-processing system. The computer 
[fers a new, high-speed memory sy.s- 
m—the magnetic-core memory, which

vides capsule technical descriptions of 
more than 25 pulse control instruments, 
including pulse generators, flip-flops, co
incidence detectors, delays, mixers, 
counters and power supplies. Burroughs 
Corp., Electronic Tube Div., P.O. Box 
1226, Plainfield, N.J.

The Falstrom Company, long known 
as a producer of custom metal fabri
cations now offers the STANDARDIZED* 
line of cabinets, consoles, and racks.

FALSTROM 
COMPANY

WRITE TODAY for folder, ‘ How to 
get a quotation on a Falstrom 
STANDARDIZED enclosure'’

♦Falstrom STANDARDIZED enclosures 
are produced to basic Falstrom designs 
from standard tools and dies by tested 
Falstrom procedures to fit the specific 
equipment they will house. Delivery 
is prompt but not from stock.

FALSTROM
STANDARDIZED



NEW LITERATURE rec

magnetic alloys 
rolled to
.0001" thickness

Glass, Asbestos Woven Tapes 322

“Atlas Asbestos and Glaspun Woven 
Tapes’’ describes and contains samples 
of untreated continuous filament Fiber
glas all-purpose electrical insulating 
tapes. “Atlas Asbestos and Fiber Glass 
Textiles for Electrical Insulation, Ther
mal Insulation, Plastic Reinforcement. 
Pipe Lagging, Filter Fabric and Packing 
and Gasketing” describes the perform
ance characteristics, uses and sizes of the 
entire Atlas line of Glaspun and asbestos 
textiles. Brochures and samples of the 
products described available from: Atlas 
Asbestos Go., North Wales, Pa.

Microwave Measurements 324

This 36-page application booklet de
scribes the latest techniques and instru
mentation for making various micro wave 
standards measurements. It presents a 
detailed description of the techniques 
used in the general areas of standards 
measurement, including frequency, at
tenuation, impedance and power. Mr. R. 
Whitburn, Hewlett-Packard Co., 275 
Page Mill Road. Palo Alto. Calif.
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Electronic Catalog 323

Service Offered

This is a 20-page, three color, 
trated booklet, which describes the

325

illus-
serv-

.for precise control of 
electronic systems

This comprehensive 1959 catalog con
tains complete listings on the wide va
riety of electronic parts and equipment 
for industrial use carried bv Federated 
Purchaser, Inc., as well as sections de
voted to replacement, audio, high fidelity 
and ham parts and equipment. Feder
ated Purchaser. Inc., 1021 U.S. Hwy. 22. 
Mountainside. N.J.

ices of the St. Louis Car Company. Re
sources, capacity, location, diversified 
facilities, technical staff, and past 
achievement are factors described and 
pictured. Company produces transporta
tion equipment, military vehicles, and 
materiel, and industrial and commercial 
items ranging from major assemblies to 
special fabrication. St. Louis Car Co., 
8000 North Broadway, St. Louis 15, Mo.
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Now you can obtain high magnetic permeability alloys such as 4-79 Moly Permalloy, 

Alfenol, and HyMu “80” in cold rolled strip and foil in production quantities! The 

unique and newly expanded facilities of Precision Metals Division are geared to 

produce ultra-thin metal strip and foil in any quantity and in virtually any alloy.

Precision Metals strip and foil for development and production offer these special 

advantages:

uniform magnetic properties 
thicknesses from .010" to .0001" 
dimensional uniformity
For specific requirements, Precis 

also furnish custom alloys to youi 

tion in the form you need. Write 

illustrated facilities booklet, ED-3.

extremely close tolerances 
excellent surface characteristics

OK Boss, you tell ’em re gonna revolutionize the party line

on Metals can 

own specifica- 

today for fully

L/ Micistoa

SEWHXJ

telephone system with transistor oscillators controlled by . . .

NEW REEVES-HOFFMAN LOW FREQUENCY CRYSTALS
New Reeves-Hoffman low frequency crystals, type RH8-DP, offer excellent 
frequency stability over a temperature range of —55' to q-105°C. Avail
able from 4 to 15 kc, they are designed for use not only in telephone carrier 
and communications systems, but in aircraft navigation, guided missle, 
sonar, telemetering and test equipment as well. These crystals meet MIL 
C-3O98B specifications for shock, vibration, aging and moisture resistance.

M/LTO/\/
i/uatcav company/ Precision Metals Division

Lancaster, Pennsylvania
CIRCLE 321 ON READER-SERVICE CARD
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WRITE FOR BULLETIN RH8-DP

SEE US IN BOOTH 1809 AT THE 
IRE NATIONAL CONVENTION

DIVISION OF 

DYNAMICS 
CORPORATION 
OF AMERICA 
CARLISLE, 
PENNSYLVANIA

REEVES-HOFFMAN SPECIALIZES IN VOLUME PRODUCTION OF CRYSTALS FROM 1 MC DOWN

CIRCLE 326 ON READER-SERVICE CARD
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recision Components 327 Winding Machines 329 CURTISS WRIGHT

A 4-page, 2-color brochure describes 
id illustrates this firm’s standard line 

f precision components for computers, 
istruments and control systems. Engi- 
eered to high military and commercial 
andards, these components are avail- 
ble for early delivery. The brochure 
iovidcs detailed specifications and per- 
irmance data on cams, synchros, me- 
hanical differentials, oldham couplings 
nd 10-u low-inertia servo motors. Ford 
tistrument Co., Div. of Sperry Rand 
orp., 31-10 Thomson Ave., Long Island

Six-page Condensed Catalog 58A is a 
shortened, convenient, quickly-read form 
of the 16-page Catalog 58. Specifications, 
features and full descriptions of the com
pany’s automatic, semi-automatic and 
subminature toroidal winders, the tape 
winding machine, the high speed bobbin 
winder and the new permeameter are 
present in this condensed catalog—much 
of this information in the form of compre
hensive, vvee-at-a-glance tables. Boesch 
Mfg. Co. Inc., 45 River St., Danbury, 
Conn.

Bobbin Cores 330
Transformers 328

More than half of this 24-page catalog 
is devoted to a description of the many 
types of transformers that can be pro
duced as “custom” units. The catalog 
।Iso gives a comprehensive idea of the 
nounting types and electrical ratings 

possible in custom units. New transistor 
transformers are described in detail. 
Harold Edelstein Microtran Co., Inc., 145 
I Mineola Ave.. Valley Stream, N.Y.

Bulletin BC-203, illustrated and con
taining 16 pages, provides preliminary 
information which designers may use to 
tentatively complete circuit designs with
out the need for expensive experimenta
tion. Included are the first published 
guaranteed maximum-minimum limits 
for tape wound cores, measured accord
ing to industry accepted pulse tech
niques which are detailed in the test. 
Magnetics, Inc., Butler, Pa.

DIALL
50-31

plastic 
molding 
compound

ADVANCED DESIGN

COMPONENTS

New ULTRASONIC DELAY LINES
Low cost — Small size

Development engineers can now employ new concepts in existing 
and proposed applications. These Curtiss-Wright delay lines are 
extremely small, hermetically sealed and vibration proof. They 
are ideally suited for use in computers, coders and decoders, tele
metering and navigational systems.

SPECIFICATIONS

Delay range... .5 to 6000 microseconds
Tolerance..........................±0.1 microsecond
Signal to noise ratio. Greater than 10:1

Input & output impedance. .50-2000ohms
Carrier frequency.....................100 kc-1 me
Delay to pulse rise time... Up to 800:1

DIGITAL MOTORS 
For high reliability applications

TIME DELAY RELAYS 
For high vibration applications

These stepping motors meet 
the requirements of assured 
reliability and long life for 
aircraft, missile and automa
tion systems.

features

Dynamically balanced 
Bi-directional • Positive lock 

Simplicity of design 
High pulsing rate

-for absolute reliability 
in plastic molded parts

Here is the toughest plastic that money can buy — a Dacron*- 
filled, diallyl phthalate compound. Diall 50-51 does not crack around 
inserts even under thermal shock. It has high impact and structural 
strength, and exceptional dimensional stability. It is completely 
unaffected by moisture.

Now in granular form, Diall 50-51 is easily molded into the 
most intricate shapes. Used in thousands of rocket and missile parts. 
Certificates of military and other approvals furnished on request. 
Write for Bulletin 50-51.

Du Pont Trade Name

MESA PLASTICS COMPANY
1*1751 Mississippi Ave., Los Angeles 25, Calif.

CIRCLE 331 ON READER-SERVICE CARD
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“H” Series thermal time de
lay relays are designed to 
meet the high shock and vi
bration conditions of today's 
military applications.

FEATU RES

Time delays from 3 to 180 seconds 
Temperature compensated

Hermetically sealed • Miniature 
Meets rigid environmental 

specifications

WRITE FOR COMPLETE COMPONENTS CATALOG 159

ELECTRONICS DIVISION

CURnSS-WRIBHT
CORPORATION • WEST CALDWELL. N.J.

CIRCLE 332 ON READER-SERVICE CARD
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I sinSmallest molded*
MICA CAPACITOR

73% Smaller*

Mica mold Missitmite 
for 55°C to 125°C operation 

__S sSSaal.

ACTUAL SIZE

NEW LITERATURE
Miniature Plugs 485

MS miniature plugs, Series KM, de
signed to qualify to Mil-C-25955 (USAF) 
are described and illustrated in Catalog 
KM-1. The KM series is used in airborne 
applications where extremes of humidity 
and barometric pressure are experienced. 
The plugs feature crimp-type, snap-in 
contacts. The 12-page catalog details, 
among other things, materials and finish, 
alternate insert arrangements, and end- 
bell and connector shell variations. Can
non Electric Co., 3208 Humboldt St., Los 
Angeles 31, Calif.

“Photo-Voltaic” Cells 486

Complete design details, theory of op
eration and application notes on a newly 
developed line of silicon “photo-voltaic” 
readout cells is given in 4-page Bulletin 
No. 33-58. Illustrated are typical current- 
voltage curves, variation of available 
power according to temperature changes 
and spectral response curves. Hoffman 
Electronics Corp., Semiconductor Div., 
930 Pitner Ave., Evanston, Ill.

Dry-Type Transformers 487

Bulletin GEA-6723, consisting of 2 
pages and illustrated, gives originai 
equipment manufacturers a complete

control, general-purpose and special 
purpose transformers. It contains a com 
plete description of each transformer 
type including typical ratings, prices and 
detailed application information. Gen
eral Electric Go., Schenectady 5, N.Y.

Digital Voltmeter 488

Kin Tel Model 402 ac de digital volt
meter is described in this 1 page bul
letin. The new digital voltmeter provides
100 uv resolution in de, 1 mv in ac. A
chopper-stabilized control unit drives a 
projection-type readout which presents 
1-1 8 in. digits on a black screen. The 
readout is connected to the meter by 
cable and may be rack-mounted at a re
mote location if desired. Data Sheet No. 
19-24 from: Kin Tel, 5725 Kearny Villa 
Road. San Diego 12. ('alii.

I MIN .370“ 0,5 •I y MIN H0£0!5

•Pat. Applied For
t73% smaller than CM-1S.

T"
190-015

*24 AWG LEAOS TO BE LOCATED ON %-32 035 MIN

Micamold's Missilmite subminiature molded mica capacitors are the 
Smallest Molded Mica Capacitors Ever Produced...73% SMALLER ! 
Due to radically new engineering design, new materials and assem
bly methods, Perfectly Symmetrical Missilmites MEET and EX
CEED MIL-C-5A and MIL-C-11272A, Characteristics “C,” “D” 
and “E.” These subminiature molded mica capacitors will withstand 
operating temperatures of —55°C to +125°C (standard range is 
from —55°C to +85°C), and weigh only 14 gram.

Reliable and stable Missilmites permit greater design flexibility 
to the engineer, and are especially desirable in critical miniaturized, 
assemblies. Recommended for use in missiles, 
delay lines, pulse networks, computers, transis
torized assemblies...or wherever minimum size 
and weight, with stability, are required.

Send for Bulletin UkA to:

SOO-MIUMOID ELECTRONICS MANUFACTURING CORP.
(Subsidiary of General Instrument Corp.)

1087 FLUSHING AVENUE. BROOKLYN 37. NEW YORK • HYodnth 7-5400
Visit our Booths 2211-17 at the IRE Show 
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General Instrument Corporation 
also includes
Automatic Manufacturing 
F. W. Sickles Division 
Radio Receptor Co., Inc. 
(subsidiary) >do
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F sin Finish 490 Teflon Catalog 493
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Properties of “Poly-Ep,” a polyamide- 
< oxy resin finish, including dielectric 
> ength; resistance to moisture, abrasion, 

ganic and inorganic chemicals; adhe- 
>n to synthetic materials and metals 

, id other technical data are included in 
illetin #82. This 4-page bulletin is 
ailable from D. J. Peterson Company, 

L icboygan, Wis.

F-l Strip Shielding

This data folder of 4 
s mdard RFI strips of 
> tapes and materials. It

491

pages lists 330 
different sizes, 
covers over 80

per cent of all RFI shielding require
ments. Technical Wire Products, Inc., 48 
Brown Ave., Springfield, N.J.

This 28-page Teflon Stock Catalog and 
Machining Handbook, prices 1087 sizes 
of Teflon tubing and rod available for 
machining into parts, sizes from 3/16 in. 
to 18 in. diam. All stock prices are on a unit 
basis, eliminates weight estimating. The 
manufacturer lists the same sizes as used 
by them and also details machining 
methods, speeds, feeds and tool design 
for machining this unique material. In
cluded are detailed methods for both en
gine lathe and automatic screw machine 
work. The catalog also tells how to make 
envelope gaskets, “0” rings, etc. Write for 
Catalog C-l, Halogen Insulator and Seal 
Corp., 9960 Pacific Ave., Franklin Park, 
Ill.

Special Charts 492 Ceramic Disc Capacitors 333

Bulletin No. Y1906 describes charts for 
special requirements (including pre
printed photo charts for oscillographic 
recording). Engineering information and 
chart samples are included. Manufac
turers or users of special instruments may 
obtain Bulletin Y1906 by writing to The 
Bristol Co., Waterbury 20, Conn.

This 6-page folder includes complete 
specification data, charts and graphs on 
the performance capabilities of the com
pany’s ceramic disc capacitors. It covers 
temperature stable, semistable, general 
purpose and temperature compensating 
capacitors. Electro Motive Mfg. Co., 
Inc., Willimantic, Conn.

PRECISION RELIABILITY QUALITY

»? •

COMPLEX 

ELECTRONIC EQUIPMENT

Highest quality standards, 

low manufacturing costs.

Complete Engineering 

services. 

Precision, reliability, and 

quality guarantee, an integral 

part of each equipment.

For computer, data 

processing, servo, and 

ground support systems. 

To Applicable MIL Specs.

Booth No. 3912

» kéystone COMPANY

904-6 23rd St., UNION CITY 2, NEW JERSEY 
UNIon 6-5400

Continuous
thinking

Pacing the industry in Astro-Magnetics

MAGNETIC RESEARCH CORPORATION
3160 W El Segundo Boulevard, Hawthorne, Californio

... research and experience developed 
Magnetic Research Corporation’s all new 
DC-DC CONVERTER ... a converter 
whose versatility is adaptable to telemeter
ing, guidance, control and communication 
groups ... or any other application 
where the DC regulated power is required.

DC-DC CONVERTER specifications
OUTPUT POWER: MULTIPLE 1 50 WATT MAX.

SIZE: 5.0" X 3.5" X 3.7". WEIGHT: 3.5 lbs.

EFFICIENCY: GREATER THAN 75%

LINE REGULATION : LESS THAN ± 1 %

SHORT CIRCUIT PROOF. . . 28V DC INPUT

CIRCLE 335 ON READER-SERVICE CARDCIRCLE 334 ON READER-SERVICE CARD
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NEW LITERATURE F ectf

QUADRUPLE DIVERSITY SCATTER
Terminal Boards 337

use
the Kenn 

Double-Notch 
Filter

I
* his Kennedy waveguide component, when 

inserted in the transmitter feed line, passes the 
transmitter frequency and rejects two receiver frequencies. 
It makes possible both frequency and space diversity 
in a tropo scatter system.

Visit us at the IRE Show at
Booths 2532 and 2637

ANTENNA EQUIPMENT

Cohasset, Mass. EVergreen 3-1200,

Complete specifications, outline dimen
sions and general information on Con
tinental Connector series MT terminal 
Boards are given in a new, illustrated 
bulletin. This series is available with four 
or eight turret terminals molded directly 
into the body material. Optional mount
ing holes are available in either size. 
Molding compounds include mineral 
filled melamine, glass reinforced plaskon 
or diallyl phthalate, and mineral filled 
diallyl phthalate. For a copy of Series 
MT technical bulletin, write to Elec
tronic Sales Division, Dejur-Amsco 
Corp., 45-01 Northern Boulevard, Long 
Island City, N.Y.

Ceramic Design Handbook 33>

The technical information in this 1€- 
page handbook is intended to enable de
signers to determine which Centralab en
gineered ceramics are best suited for 
existing applications, or for new7 devices 
which require their unique electrical and 
mechanical properties. It describes the 
electrical and environmental characteris
tics of the ceramics and contains infor
mation on the advantages and disadvan
tages of various fabricating techniques. 
Centralab, 900 East Keefe Ave., Mil
waukee 1, Wis.

Thermostats 340
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Photoelectric Controls 338

New Tubeless Photoelectric Control 
Catalog describes controls with Cad Cell 
sensing element; with transistor and with 
magnetic amplifier, including suitable 
light sources. This 4-page, 3-color, cata
log 58-1 available from: Autotron. Inc., 
Box 722 HA, Danville, Ill.

Comprising 4 pages and printed in two 
colors, Bulletin 8400 pictures all major 
thermostat types and gives condensed 
technical information on operating 
ranges, electrical ratings, optional 
mountings and terminal arrangements of 
the company’s complete line. Stevens 
Manufacturing Co., Inc., P.O. Box 1007. 
Mansfield, Ohio.

Shatterproof, Clear Plastic Containers
for packaging individual components!

* « // ’AX X

• For individual packaging or kits • Wide range 
of sizes *1/5 the weight of glass • Lower ship
ping costs • Can be printed or decorated • Low 
cost • Reusable • Also Available in Color.

Write for complete prices and literature

LERMER PLASTICS, INC.
572 South Avenue, Garwood, N. J.

PIONEERS ANO SPECIALISTS IN PLASTIC CONTAINERS SINCE 1919 
CIRCLE 341 ON READER-SERVICE CARD
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I I ectronics Catalog 342

Catalog No. 101, is a 160-page volume
139 I \ foich includes prices and detailed data 

I i i a wide variety of electronic parts and 
I t luipment for service and sound appli- 

en- I 1 tions, as well as particularly compre- 
f0, I | nsive listings of products for industrial 
ces I 1 e- The Merquip Catalog, c/o Elec- 
ind I * on*c Publishing Co., Inc., 180 N. 
the I ' acker Drive, Chicago 6, Ill.

ris- I
or- I Radiation Meters 343

ln* 1 A new bulletin describing the com
es- I I inY s line of portable radiation survey 
W* I meters, consists of 8 pages, is printed in 

I two colors, and is profusely illustrated 
I \ ith photographs. Equipment covered 
I i ncludes gamma dose rate meter. Cutie

10 I pie, Thyac, Scintillac, Victor series of 
vo I ^'iger counters and scintillation detec- 
or I tors, and the Vic-Tic. Detailed specifica- 

j I tions, performance data, optional acces- 
I sories, sizes, weights, etc., are given. 
I Copies of “Victoreen Portable Radiation

Qr I Survey Meters.” Form 3044B, are avail- 
I a^e on request. The Victoreen Instru- 

y I ment Co., Instruments Div., 5S06 Hough 
'J Ave., Cleveland 3, Ohio.

Control System 344

Bulletin 106 (16 pages, 2-color) illus
trates and describes the design approach, 
materials, construction and modern fa
cilities used in manufacturing a variety 
of Centralized Control and Data Presen
tation Systems. Panellit, Inc., 401 N. 
Hamlin Ave., Skokie, Ill.

Silicones 345

The 1959 Reference Guide to com
pany’s silicone products describes what 
silicones can best meet the needs of an 
unbelievable variety of problems rang
ing from adhesives to release agents, 
resins to rubbers, dielectrics to water re
pellents. It contains graphic examples 
showing where many of these silicone 
products are currently being used, and 
it gives information on how to get specific 
data on the silicone material best suited 
to any application. This 16-page 2-color, 
up-to-date reference guide is heavily il
lustrated and features an expanded in
dexing system to facilitate quick and easy 
location of the more than 150 silicone 
products now commercially available. 
Dow Corning Corp., Midland, Mich.

‘DIAMOND H’
RELAYS

NEW... High Speed 
Polarized Relays

Fast action with freedom from bounce, plus 
high sensitivity and consistent operation with 
low distortion, are provided by small, rugged 
Series P Polarized Relays. SPDT, with two 
independent coils, they will handle over 1,000 
pulses per second. Various coil resistances up 
to 5,000 ohms each coil. Contact ratings vary 
with switching speed but range from 60 MA 
to 2A with voltages to 120 AC or DC, 
dependent upon amperages employed.

Aircraft-Missile 
Series R & S Relays

Miniature, hermetically sealed 4PDT, Series 
R & S relays provide excellent reliability over 
their long service life. Electrically and physi
cally interchangeable, the two series differ 
only in that Series S coils are separately 
sealed within the sealed cases, with organic 
matter eliminated from the switch mechanism 
for greatest reliability in dry circuits. Con
tacts MA to 10 A.

HART
4PDT Ri
NO 1Í

Kellogg
t PUSH BUTTON HANDSET

of International Telephone and Telegraph Corporation

CIRCLE 346 ON READER-SERVICE CARD

SUPERIOR TRANSMISSION... 
HIGH SIGNAL-TO-NOISE RATIO

Manually operated, normally open 
push-button control . . . receiver and 
transmitter in one lightweight instru
ment... ideal for 2-way radio, dictating 
machines, etc. Uses ring armature . . . 
5db increase in output over extended 

< frequency range. Unique,
completely gold-plated car- 

Mkv bon chamber with superior
carbon granules...best trans- 
mission in its class.

Write for complete 
specifications and details.
^Kellogg «« /

/ CMlCAGOlllIMQiS ■■ J

General Purpose
AC, DC Relays

Series W Power Relays are DPDT, double 
break-double make; measure only lió" x 
Wi" x 1%", but are rated to 25 A, .esistive, 
at 112-230 V. AC, 1 HP 115 V, AC, 2 HP, 
230 V, AC. Socket, panel and sidewall 
mountings are standard; others available to 
meet special needs. 12 possible contact 
arrangements, including sequencing.

"Diamond H" engineers are prepared to work with you to 
develop variations on these relays to meet your specific 
requirements. Tell us your needs ... by phone or letter.

THE 
TT A rWl MANUFACTURING 

JlV X COMPANY

210 Bartholomew Ave., Hartford 1, Conn. 

Phone JAckson 5-3491

CIRCLE 347 ON READER-SERVICE CARD
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FIRST 920 Channel Single Conversion NEW LITERATURE
349VHF Mobile Receiver Uses

HYCON EASTERN CRYSTAL FILTER

dividi

Precision Gears 350
352Servo Motors, Amplifiers

tran

Mobile communications for today's fast moving military

BE SURE TO SEE
Heemco's remarkable, new

3-PHASE FREQUENCY SOURCE

at BOOTH 3940

300 N. Chestnut St

Mechanicsburg, Pa
HYCON EASTERN, INC

Cambridge 42, Mass.Dept. F

CIRCLE 348 ON READER-SERVICE CARD
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IRE SHOW 
Booth Nos. 3038 A

Hycon Eastern 11.5 Me Crystal
Filters Measure 2 x » 34

are accurate. Used to mu

VHF, 920 Channels, fully tran
sistorized Radio Receiver by Avco 
Mfg. Corp., Crosley Division

CIRCLE 273 ON READER-SERVICE CARD 
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operations require equipment which is rugged, compact, highly 
accurate and dependable. Filling this need is the Avco-Crosley, 
fully transistorized, 920 channel, mobile VHF-FM Radio 
Receiver incorporating a Hycon Eastern 1 1.5 Me Crystal Filter 
and matching Discriminator.

The use of only one frequency conversion provides excel
lent image rejection in combination with high adjacent channel 
selectivity. By eliminating multiple conversions, cross modula
tion and receiver desensitization are reduced even in the the 
presence of strong interference from any of the other 920 
channels.

High Frequency Crystal Filters for mobile applications 
offer the advantages of small size, freedom from microphonie 
behavior, and ability to maintain their characteristics throughout 
the entire temperature range of — 60eC to +90 C. Hermetically 
sealed, no realignment or readjustment is ever required.

There are Hycon Eastern Crystal Filters designed to solve 
selectivity problems in AM or FM receivers and SSB trans
mitters. whether fixed or mobile. Hycon Eastern engineers can 
assist you in choosing filter characteristics best suited to your 
needs. Write for Crystal Filter Bulletin.

High-performance, precision gears 
with tooth-to-tooth spacing accuracies of 
two ten-thousandths of an inch are de
scribed in this 24-page Bulletin (GEA- 
6430). Typical applications of these pre
cision gears include radar power and 
data gears and guidance controls. Gen
eral Electric Co., 1 River Road, Schenec
tady 5, N.Y.

129( 
mag

frai 
licei 
to t 
man 
mar

A new four-page brochure describes 
the features, applications, and specifica
tions of company’s Data Logger line. 
These data loggers are used for recording 
weight, strain, force, flow, pressure, or 
temperature. Data is automatically re
corded and printed out in visual form 
for “on-the-spot evaluation or for later 
calculating and computing. Model 166 
supplies a single range typewriter read
out and Model 167 includes the neces
sary additional circuitry for multirange 
selection. Gilmore Industries, Inc., 13015 
Woodland Ave., Cleveland 20, Ohio.

Bulletin 501 A, 4-pages and illustrated, 
covers synchro transmitters, transform 
ers, receivers and differential transmit
ters. With specifications and outline 
drawings it describes size 8 servo motor 
and size 8 amplifiers. Merchandising. 
Ketay Dept., Norden Div., United Air
craft Corp., Commack, L.I., N.Y.

Circular Slide Rule 35

A handy circular Slide Rule for engi 
neers and for other plant and office 
executives has been introduced. Any ex 
ecutive who must perform simple calcu 
lations will find this convenient, pocket 
size calculator extremely useful in his 
work. Operation is simple and the results

and find proportions, the circular slid« 
rule has complete easy-to-follow instruc 
tions printed on the reverse side. Foi 
your free Circular Slide Rule, write t( 
General Industrial Co., 5738 Elston Ave. 
Chicago 30, Ill.

Bandwidth at 6 db attenuation: 33 Kc

Bandwidth at 60 db attenuation: 60 Kc

Insertion Loss: 4 db

Ultimate attenuation: 80 db



Magnetic Amplifiers 354

Four-page Bulletin EPD 1296-5 gives

Components, Instruments 357

lielectric ratings
data. Included is information

ELECTRONICS DIVISION • BOX 03-20
911 BROADWAY • KANSAS CITY, MO.

bility, c 
nd otbt

interchange- 
anufacturing

new
core

PLUGBOARD 
PROGRAMMING 
SPEEDS TESTING!

• Boeing Airplane 
Convair • Douglas

and out- 
for both 
rectifiers. 
•iv„ 1815

1290 series super power

Electronic 
Plainfield

basic circuit diatrams 
id mounting dimension

DIT-MCO, Inc. employs an expo« 
rienced staff of sales engineers in 
the field. Contact your field sales 
engineer or write for important 
facts about DIT-MCO Automatic 
Electrical Circuit Analyzers.

Partial List of DIT-MCO Users
Aircraft Radio Corp. • A (Research Manufacturing Co. • American Bosch 
Machine & Foundry Co. • American Motors • Amphenol Electronics Corp 
of North American Aviation, Inc. • Bell Aircraft Corp. • Bendix Aviation

on some of PCA’s 2000 standard design 
transformers. PCA Electronics, Inc., 
16799 Schoenborn St., Sepulveda, Calif.

Aircraft Co., Inc. • Dukane Corp. • Electronic Products Corp. • Fairchild Aircraft Division 
• Farnsworth Electronics Co. • Frankford Arsenal • General Electric Co. • General Mills, Inc., 
Mechanical Division • General Precision Laboratory, Inc • Goodyear Aircraft Corp. • Grumman 
Aircraft Engineering Corp. • Hazeltine Electronics Division, Hazeltino Corp. • Hughes Aircraft 
• International Business Machines Corp. • Jefferson Electronic Products r orp. • Lockheed Aircraft 
Corp., Missile Systems Division • Martin, Baltimore • Minneapolis-‘Honeywell, Aoronaut-cal.Division • 
Motorola, Inc. • Northrup Aircraft, Inc. • Pacific Mercury Television Mfg. Corp. • Radio Corp, of 
America • Radiopiano Co. • Raytheon Manufacturing Co. • Servomechanisms, Inc. • Sikorsky 
Aircraft • Sperry Gyroscope Co. • Summers Gyroscope Co. • Sun Electrii Co. • The Swartwovt Co., 
Autronic Division • Temco Aircraft Corp. • Thompson Products • Topp Industries Inc. • Trans World 
Airlines • U. S Naval Air Station Overhaul and Repair Depots • U S. Naval Ordnance laboratory. 
White Oak • Vortal Aircraft Corp. • Western Electric Co. • Westinghouse Electric Corp.

CIRCLE 359 ON READER-SERVICE CARD

A new, short-form catalog folder of 
electronic components and instruments 
contains condensed descriptive informa
tions and applications data on company’s 
beam switching tubes. Nixie® indicator 
tubes, decade counters, pulse control in
struments, optimeters, beamplexers and 
\ isual decoders manufactured bv the

than twenty items of available literature 
is included on a convenient literature re-

Silicon Rectifier Handbook 356

A 2-color, 48-page silicon rectifier 
handbook contains electrical ratings, per
formance data and dimensional draw ings 
for every type of silicon rectifier offered 
by firm. Designated as catalog No. 69. 
this 1959 handbook also deals with sili
con rectifier theory of operation, manu
facture and characteristics and offers the 
design engineer valuable help in silicon 
rectifier application. Sarkes Tarzian, Inc.. 
Rectifier Div., Bloomington. Ind.

Pinpoints All Circuit Flaws lnstantly...Plots and 
Simplifies Test Procedure...Provides a Permanent Record!
DIT-MCO's revolutionary Matrix Chart is the only error location device which puts all 
circuit information ... errors, circuit numbers, type of flaws, etc.... directly in front of the 
operator of this Automatic Electrical Circuit Analyzer. It plots the entire test sequence and 
pinpoints every circuit flaw... instantlyl Horizontal and vertical indicator lights cross 
reference to indicate the exact error location, circuit number and type of flaw. As errors 
are detected, they are recorded on the proper matrix square and the test continues.

Once the test sequence has been completed, all corrections are made direct from the 
Matrix Chart. This group correction feature saves up to 90% of error correction and/or 
interpretation time by eliminating time-consuming searches through complex manuals and 
wiring diagrams. After corrections have been noted on the Matrix Chart, it provides a 
complete record of test circuits, test specifications, instructions, results and modifications. 
This concise, understandable record improves interdepartmental communications and 
provides co-ordination through all stages of planning, production and maintenance. 
Nan-technical personnel easily master operation of the Analyzer and use of the Matrix 
Chart System. The final Matrix Chart can follow the product for future overhaul and 
maintenance use.

CIRCLE 358 ON READER-SERVICE CARD
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nil specifications on company’s

nagnetic amplifiers. This series consists 
>f 18 standard sizes with power outputs 
if 500 va to over 32 kva. Bulletin in
ludes tables of electrical characteristics,

Transformer Catalog 355

This 24-page catalog, titled “Pulse 
Transformers,” is designed to assist engi
neers in the application of transformers 
to their specific needs. Complete with 
many tables, charts, and schematics, this 
manual covers a brief history of low-level 
pulse transformers, their measurements

unplifier reactor units an 
\ ickers Inc., Electric Prod 
Locust St., St. Louis, Mo.

DIT-MCO
MATRIX CHART
ERROR LOCATION
SYSTEM

SAVES UP TO 90%
CORRECTION TIME!

new

and

Booths 2718-2720

KINGS ELECTRONICS CO., INC. • Tuckahoe, New York
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Transistor Trigger Circuit
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tegrator in the input. Tl
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MOLDED

deep drawn aluminum boxes and covers

first with the

representatives in 2fi keg cities covering the U.S.
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AIRPAX
ELECTRONICS

TRANSISTOR

CHOPPER
ACTUAL SIZE

WRITE FOR 
NEW ZERO STOCK 

BOX CATALOG

LOW NOISE

CHOPPER

The items pictured above, several shown for the first time 
carry the Airpax unqualified guarantee of high quality

a cam-controlled transistor square 
generator.

transistor 10 is cut off and the conduc
tion current through resistor 30 forces 
transistor 10 beyond cut off. Subsequent

.. displays these products at the 
IRE Show, Booths 2306-2308

Patent No. 2,864,00 
(Assigned to IBM.) 

Contact bounct*

CIRCLE 361 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 18, 1959

Choose from more than 11,600 sizes, shapes and heights 
of square, round, rectangular boxes and covers — 

pay no tooling charge' All can be trimmed and modified 
to your specification . . . brackets and fasteners can be 

installed, holes and louvers punched, etc. Complete facilities 
for welding and painting too! Send print or contact your 

Zero Representative for quote on custom deep drawn 
parts using the exclusive Zero-Method tooling.

W ith switch 18 open, transistor 10 i: 
onducting anti transistor 11 is cut off

transistor 11 couples a voltage to terminal 
D to cause complementary transistor 33 
and 34 to rev erst* and a positive step ap
pears at output terminal 37; the positive 
step is fed back via cable 49 to force 
transistor 10 further beyond cut oil.

The bounce of contact 18, upon open
ing, is similarly decoupled from the out
put. Transistor 10 conducts, causing tran
sistor 71 to cut off and the step voltage 
in the output falls to zero. The reversal 
in output voltage coupled by cable 49 
forces transistor 10 to conduct harder to 
insure cut off of transistor 77 so that no 
ringing appears in the output.

ZERO
MANUFACTURING CO.
1121 Chestnut Street, Burbank, California 
Telephone Victoria 9-5521 • TWX 9862

ELECTRONICS

11,600 
Standard 

Sizes 
and 

Shapes 
WITH NO TOOLING COST!



ompensated Plate Type Limiter

HELI-COIL INSERT

C5H2D-1C

the unit
Heli-Coil Screw-LOCK Inserts

A4E2QC

D80KBU-7

NAME TITLE

FIRM

LOCKING 
COIL

ADDRESS

CITY____

Electronic control devices for aircraft and missiles, 
like this angle of attack vane transducer made by 
U. S. SCIENCE CORPORATION, LOS ANGELES, 
CALIF., have to withstand severe vibration, impact, 
corrosion and temperature change. They must be 
made of light materials and still have strong threads— 
able to stand frequent assembly and disassembly. 
U. S. SCIENCE insures rock-solid screw assemblies 
by protecting vital tapped holes with one-piece

Principle of Heli-Coil Screw 
LOCK Insert, locking center coil 
grips internolly, holds screw 
firmly.

Heli-Coil' Screw-LOCK Inserts* permanently protect critical fapped 
holes in this transducer assembly—and at the same time lock screws 
against impact and vibration

• permit repeated disassembly and 
reassembly

• can be used in standard proportion 
bosses without need for redesign

• save assembly time, space, weight 
and cost

Critical 
Permanent

HELI-COIL CORPORATION, 403 Shelter Rock Lane, Danbury, Connecticut 

Send complete design data on Holi-Coil Screw-LOCK Inserts

internal-locking Heli-Coil Screw-LOCK Inserts. These precision formed, 
stainless steel wire inserts eliminate thread wear, lock screws securely — 
without resort to clumsy, external lock nuts and lock wiring.

Simple Installation Procedure
U. S. SCIENCE finds it easy to install Heli-Coil Screw-LOCK Inserts. 
Drilled holes are tapped with a Heli-Coil tap and the Inserts wound in with 
a prewinder inserting tool. Conventional screws are used in assembling

Electronic Controls Get 
Threads In Light Materials 

with

IN CANADA: W. R. WATKINS CO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont.
CIRCLE 363 ON READER-SERVICE CARD

• positively lock fasteners against loos
ening under impact and vibration

• prevent thread wear, stripping, corro
sion, galling and seizing

• eliminate lock nuts, lock wiring, 
other supplementary locking devices

ZONE_____ STATE

CIRCLE 362 ON READER-SERVICE CARD
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ANU . , 1.! nr 
ourrp 1

rotating electrical components I
are compact, rugged and designed F861
for the utmost efficiency and long
life under specified conditions. Both standard and custom- 
designed models are available to order for critical commercial 
or military applications.

One of the nation’s leading suppliers of Synchronous Motors 
to the Recorder, Electronics and Instrumentation industries, 
Ashland is well qualified and equipped to satisfy your most 
precise specifications and delivery requirements.
WRITE FOR ASHLAND’S NEW CATALOG ED-3189 TODAY!

output of amplifier tube 21. However, 
since diode resistance decreases with in
crease in drive voltage, the output with
out compensation will have a nonlinear 
phase characteristic. The novelty lies in 
the circuit arrangement wherein the di
odes are returned to ground through 
cathode follower resistor 29. As the signal 
varies in amplitude, the output signal 
is compared with an in-phase component 
of the applied signal and the diode 
threshold level is automatically adjusted 
to completely cancel all of the a-m in the 
output.

Jatcnt No. 2,861,185. Andrew L. Hopper. 
Assigned to Bell Telephone Labora- 
ories)

Any tendency of an a-m limiter to pro
luce phase modulation is effectively 
liminated by circuitry which adjusts the 

reference level of the clipper stage ac- 
ording to the applied signal.
An improved plate limiter circuit is 

hown: Diodes 25 and 26, biased by bat- 
rer\ supplies 27 and 30, asymmetrically 
imit the amplitude modulation at the

• meet government specs for locking torque and vibration
* Patented

HELI-COIL CORPORATION
▼ DANBURY, CONNECTICUT

MOTORS • FANS 
and BLOWERS

ASHLAND
ELECTRIC PRODUCTS, INC.
32 02 QUEENS BLVD.. L I. C 1, N Y

FOR CRAFTSMANSHIP • SERVICE • RELIABILITY - SPECIFY ASHLAND



For the Teflon* part of your design... 
CALL ON R/M, HEADQUARTERS 

FOR TEFLON PRODUCTS

PATENTS
Triad Transistor Amplifier

Patent No. 2,863,957. Robert B. Hamil
ton. (Assigned to Ryan Aeronautical Co.)

Negative feedback in an ac transistor 
amplifier minimizes variations in the net
work parameters. Shunt feedback by 
resistor 40 between output and input and 
also series compensation by emitter re-

O-
INPUT

Whether your design calls for “Teflon” 
in sheet, rod, tube or tape form . . . 
or a specially fabricated “Teflon" pari 
extruded, molded or machined to your 
specifications ...RM has the ex
perience and facilities to meet your
needs. And R M 
always available

sales engineers are 
to help solve any

problems you may have concerning 
this remarkable substance ... its prop
erties, application or manufacture. Make 
R Myourheadquartersforallyour’Tef- 
lon" needs. For friendly, competent as
sistance, contact your nearest R M 
district office. Or write Plastic Products 
Division, Manheim. Pa. for literature.

A Du Pont trademark

RAYBESTOS-MANHATTAN, INC.
I PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT. CALIF
I Contact your nearest R/M district office listed below for more information or
I write to Plastic Products Division, Raybestos Manhattan. Inc . Manheim, Pa.

I BIRMINGHAM 1 • CHICAGO 31 • CLEVELAND 16 • DALLAS 26 • DENVER 16 • DETROIT 2 • HOUSTON 1_ _ _ _ _ _ _ _ _ _ _ I LOS ANGELES 5« • MINNEAPOLIS 16 ■ NEW ORLEANS 17 • PASSAIC • PHILADELPHIA 3
PITTSBURGH 22 • SAN FRANCISCO 5 • SEATTLE 4 • PETERBOROUGH. ONTARIO. CANADA

RAYBESTOS MANHATTAN, INC., Engineered Plastics • Asbestos Textiles • Mechanical Packings« Industrial Rubber
Sintered Metal Products
Brake Blocks Clutch Facings

Rubber Covered Equipment
Laundry Pads and Covers

Abrasive and Diamond Wheels
Industrial Adhesives

Brake Linings 
Bowling Balls

sistor 42 stabilize transistor 10. Any drift 
in transistors 20 and 30 is cancelled in the 
dc path between collector 24, base 32, 
emitter 36 base 22 and emitter 26. In 
addition, temperature compensation is 
obtained by temperature sensitive re
sistor 50 which adjusts the input imped
ance of transistor 20 according to tem
perature change.

OUTPUT

NEW DESIGN DATA 
ON MAGNETIC 
AMPLIFIERS

g — latest ARNOLD folder enables 
yoii to design and build a unit to 

your exact needs.

Write for Data Sheet M 8-1. 
It's yours for the asking.

Armed with the data in this folder, you can create an 
optimum design for a 12-watt magnetic amplifier... get 
the closest possible control over its design and con
struction... for control of servo motors, regulated power 
supplies, etc.

You build the amplifier around its basic component - 
the saturable reactor. Twenty-four ARNOLD saturable 
reactors are described in the folder. There’s full infor
mation as to what associated components are necessary, 
and how to use the components in a proper magnetic 
amplifier circuit.

In buying just the saturable reactor, you get far more 
latitude than in buying a whole black box. And you won’t 
have to prepare comprehensive specs., or depend on an 
outside source for the complicated designs.

ARNOLD MAGNETICS CORP
4615 W Jefferson Blvd.. Los Angeles 16, Calif. 
REpublic 1-6344 -
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requency Divider Circuit

22

38

CIRCLE 367 ON READER-SERVICE CARD

Pictured above is a typical 
FXC coincident current memory 
stack; appearing, at left, one 
of the memory planes used in 
its assembly.

MONICA . WASHINGTON -

CIRCLE 366 ON READER-SERVICE CARD
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yatent No. 2,866,104. Frank D. Biggam. 
Assigned to Teletype Corp.)

By means of a transistor step charging 
counter, the frequency of a pulse source 
s divided. Rectangular pulse generator 
0 charges capacitor 31 negative through 
ransistor 13, differentiating capacitor 14 
md diode 18. Transistor 30 feeds back a

voltage to linearize the step charging. 
When the bias on diode 32 is overcome, 
the succeeding pulse cuts off transistor 
24. Transistors 34 and 39 conduct and 
transistor 41 discharged capacitor 31. 
Thereafter, a positive going pulse 
through differentiating capacitor 21 flops 
transistor 24 back to conduction and 
transistors 34 and 39 cut off to reset the 
circuit to repeat the count.

makes computers

REMEMBER

II

30

28^

Write For Engineering Bulletins on

PHILLIPS SOLENOIDS
Designed for industrial control 
applications where long life and 
reliability are prime requirements. 
A wide range of types and sizes.

Manufacturers of Sub-Miniature, telephone, 
power, general purpose relays — solenoids.

Phillips Control Corporation, Joliet , Illinois-an allied paper corporation
SUBSIDIARY ---- SALES OFFICES: NEW YORK • RHILADELRHIA - BOSTON • SAN FRANCISCO - DENVER • SANTA

WINSTON SALEM - CLEVELAND - DALLAS - SEATTLE • KANSAS CITY • ST. LOUIS - DETROIT
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T ime was when the problem of “remembering” placed practi
cal limitations on the speed and capacity of computers. Not 
so, today, because of a FXC-developed component called the 
coincident current memory stack. Main reason for the out
standing success of this important advancement in magnetic 
ceramics rests in FXC’s ability to meet the computer industry’s
requirements for ferroxcube cores for recording heads . . . 
pulse transformers . . . coincident current planes, stacks 
and similar precisely engineered products. Call FXC’s Com
puter Engineering Dept, whenever you need help on a 
ferroxcube application.

50 East

FERROXCUBE
CORPORATION OF AMERICA

Bridge Street, Saugerties, New York

Say 
ferroxcube 
when you 
need ferrite.



PATENTS

Announcing — 
| lERC’s

-THEÉMA-
I 
I Heat- 
I Dissipating 
I Electron

Stabilized Transistor Amplifier

Patent No. 2,860,193. James E. Lindsay 
(Assigned to Radio Corporation of 
America.)

Class B transistor amplifiers are stabi
lized by means of a series combination of 
diode and resistor in the emitter-base 
circuit. The diode prov ides high degen
erative resistance to emitter current 
under static conditions and relatively low 
resistance for signal currents.

The basic circuit shows complementary 
transistors 10 and 18 connected in a class 
B push-pull output stage driven by a 
balanced source connected to terminals

__ I Tube 
I Shields!

fi 28

40 and 43. A pair of diodes, 17 and 19, 
is connected between ground and emit
ters 14 and 22, respectively. Forward bias 
of each transistor is obtained by means of 
resistors 30 and 36 connecting base elec
trodes 15 and 23 to the negative terminal 
of battery 26. Under quiescent condi
tions, the diodes impede the emitter cur
rents to stabilize the de operating point. 
When signal is applied, however, the 
increase in emitter current reduces the 
diode resistance and degeneration of sig
nal current is effectively reduced.

Current Supply Apparatus for Load 
Voltage Regulation

Patent No. 2,850,695. John D. Bishop. 
(Assigned to Bell Telephone Labora
tories).

Transistor regulator action maintains 
output voltage at 22 v for a maximum 
load current of 0.1 amp over the tempera
ture range of — 40 F to —140 F.

At room temperature, the network 
comprises a simple degenerative con
troller. A reduction in output voltage due 
to an increase in load current is finally

i Olli 
cun 
wit! 
of t 
netv 
cun 
11 r-<

New THERMA-flex liner makes 
lERC's heat-dissipating tube shields 
cool electron tubes more efficiently!

IERC and government testing1, using latest techniques, proved 
THERMA flex tube shield liners to be the most efficient heat-dissipating 
liners available! IERC THERMA flex liners and tube shields will meet 
all requirements of MIL S 9372 (USAF) and MIL-S-19786 (NAVY). 
In the shield, the broad areas of the liner attain a particular 
semi-eliptical precision spring curve. Tube insertion causes spring 
curve to flex and adjust to contours of bulb. This action grasps 
a major portion of tube surface, absorbing heat from hot spot which 
is transferred to shield and heat sink and dissipated by 
conduction, radiation and convection.

THERMA-flex high-efficiency tube shield liners are available now for 
most sizes and types of IERC Miniature Heat dissipating 
Electron Tube Shields.

See NEL Reliability Design Handbook, Sec. 502 — "Improved Type 
Miniature Tube Shields,” OTS—Jan. 15. 1959

International Electronic Research Corporation
145 West Magnolia Boulevard, Burbank, California

Write for helpful, FREE, IERC Tube Shield Guide with over 1,200 tube 
and tube shield combinations to help you avoid thermal problems 
in your new equipment designs or retrofitting plans!

Heat-dissipating electron tube shields for miniature, subminiature and octal/power tubes. 

CIRCLE 368 ON READER-SERVICE CARD

MODEL 62 126

wide range 
laboratory 

power supply
3 to 1000 VDC, with excellent regulation
You get the versatility that comes with a wide volt
age range. Unit is continuously variable from 3 to 
1000 VDC with one twist of the knob. There’s a ver
nier voltage control for fine settings. And you can 
draw the full 500 MA output current from this supply 
at any voltage setting down to the lowest.

Advanced circuitry in this D-B unit, plus highest 
quality components and mechanical ruggedness, pro
vides exceptional reliability.
Price $695.00

DRESSEN-BARNES CORP.

SPECIFICATIONS
Outputs: 3-1000 VDC 'a. 500 MA

6.3 VAC a 10 Amps

Regulation (DC): Load: 450 MV
Line: 450 MV

Max. Ripple: 8 MV RMS

Size: 19" W. x 17" 0. 

x 10Mt" H.

Weight: 118 lbs.

Bulletin 62-126 on request.

250 North Viñedo Avenue, Pasadena, Calif.
CIRCLE 369 ON READER-SERVICE CARD
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i ompensated by reducing the emitter 
current of transistor 20 which is in shunt 
with the load. When the emitter current 
of transistor 20 is reduced to zero, the 
network is controlling the maximum load 
current. However, at -140 F, the emit
ter-collector current of transistor 20 is not

LOAD

at gowo

_________ _r
zero even though the base current is zero. 
Tin- circuit therefore allows the base cur
rent to reverse so as to effectively balance 
out the emitter-collector current. Diode 
45 clamps the operating conditions of the 
transistors within safe limits to prevent 
overload and possible damage.

COMPLETE 
STOCKS OF

1 NYLON, 
teflon; KELT

MILLER 
small, adjustable 
R. F. COILS
-built with top quality 
materials, impregnated with 
moisture-resistant varnish, 
and 100% tested to exacting 
specifications.

SUR-MINIATURE RANGE:
- 15 items, with inductances from .17 to 300 
microhenries. Form dimensions: 3/16" diameter 
x 5/8" long. Mounting hole: 11/64".
MINIATURE RANGE:
- 15 items, from .4 to 800 microhenries. Form 
dimensions: 1/4" diameter x 7/8" long. Mount
ing hole: 3/16".
STANDARD RANGE:
- 13 items, from .9 to 2100 microhenries. Form 
dimensions: 3/8" diameter x 1-1/16" long 
Mounting hole: 1/4".

Immediate deliveries on larger quantities from 
the factory. Over 400,000 catalog items carried 
regularly in stock. Smaller quantities from any 
leading parts distributor. Miller R.F. coils are 
competitively priced.
Specials - send us your requirements for a 
prompt quotation. We also build to Military 
Specifications. Write for the Miller industrial 
catalog.

Whatever your needs may be, choose from complete and ample 
slocks of these materials . . . and enjoy fast delivery.
Nylon Rod and Tubing. Guaranteed bubble free, light weight 
Chemiseal Nylon has excellent mechanical properties, resistant to 
chemicals, oils, grease, solvents. Available in many diameters and 
lengths.
Teflon Sheet, Tape, Rod, Tubing, Bars, Cylinders. Imper
vious to all chemicals except molten alkali, Teflon is suitable for use 
at temperatures from —110° Io 4-500° F. It’s lough and abrasive 
resistant, has a low coefficient of friction, zero water absorption, 
excellent dielectric properties. Comes in widest variety of types 
and sizes.
Kel-F Sheet, Rod, Dises, Bars, Cylinders. Resists chemicals, 
alkalies, solvents. Ollers high compressive strength, low cold-flow 
characteristics. All sizes on hand to meet your needs.
You’ll get prompt service anytime, anywhere. Just call or 
write the nearest of the Garlock Packing Company’s 30 sales offices 
and warehouses throughout the U.S. and Canada.

♦DuPont Trademark for TFE Fluorocarbon Resin 
fM. M. & M. Trademark

J. W. MILLER COMPANY
5917 S. Main St., Los Angeles 3, Calif,

s G
nited 
fates 
asket

THE GARLOCK PACKING COMPANY, 
Palmyra, N.Y.
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REDUCE 

BREAKDOWN FAILURES

NEW

WELW
MOLDED

DEPOSITED CARBON

The use of a thermo-plastic insulation material has resulted in an 
economically priced molded carbon resistor of markedly improved 
endurance and long term stability.

Type N resistors subjected to several one-hour cycles of immer
sion in boiling water — while DC polarized — have revealed only 
negligible changes in resistance. Continuous operations at 150°C 
caused no damage to the component.

The new Type N resistor, a deposited carbon film fired onto a 
porcelain rod, is first tropicalized with multiple coatings of pancli- 
matic lacquers to give it long term moisture resistance, and is then 
molded in a thermo-plastic material.

This molded insulation has an effective resistance in the order 
of 1013 ohms. Its inherent thermal conductivity is approximately 
ten times that of air, resulting in substantially improved load life 
under conditions involving excessive or high wattage dissipation. 
Similarly, Type N resistors may be soldered as close to the insula
tion as desired without fear of melting or deforming the cover.

One added advantage of the Type N is that the original markings 
on the resistor body remain visible and legible through the trans
parent molded material.

Welwyn Type N carbon resistors meet the requirements specified 
by MIL-R-10509 B, and are available in all values, ranging from 
10 ohms through 1 megohm. For complete data and specifications 
write to Welwyn International, Inc., 3355 Edgecliff Terrace, 
Cleveland 11, Ohio.

SAMPLES AVAILABLE ON REQUEST.
CIRCLE 372 ON READER-SERVICE CARD

PATENTS
Gate Reset Circuit

Patent No. 2,864,034. John E. Adams. 
(Assigned to Sylvania Electric Products, 
Inc.)

Sylvania type 6476 glow discharge 
transfer counter tube is used in a simple 
circuit to count only a predetermined 
quantity and thereafter to reset itself so 
that the count may be repeated.

+ 6OO

25
------•+200
A37

>9o' sssn.J

69

Initially, triode 49b is conducting and 
the voltage on cathode 12a is thereby 
made sufficiently negative so that th< 
discharge is directed to this cathode. A 
positive pulse applied to the grid of tri
ode 49a causes multivibrator tube 49 to 
switch; triode 49b cuts off and the volt
age on cathode 12a rises. Now pulses ap
plied to triode 37 will cause the discharge 
to switch sequentially in the counter tube 
until the discharge is directed to cathode 
12b. On the1 next pulse to be counted, the 
glow leaves cathode 12b swinging this 
cathode1 negative* and the negative pulse 
coupled to the multivibrator cuts ofl 
triode 49a. With triode 49b again e-on- 
ducting, the glow discharge is toward 
cathode 12a and this condition is main 
tained until the multivibrator is switched 
to renew the counting.

Linear Amplifier

Patent No. 2,859,287. Garret F. 7iff( i 
(Assigned to Tracerlab Inc.)

Linear amplification of pulses in the* 
dynamic range* of 0.25 v to 200 v is ob-

KELVIN TOROID INDUCTORS
rapid delivery on prototype and production quantities

High Q factors, excellent stability vs. temperature and 
current, and self-shielding effects are the main 

features of Kelvin toroid inductors wound on 
molybdenum permalloy dust cores.

The coils are supplied to the exact inductance required at 
no extra charge. Standard inductance tolerance is ± 1

Available in three forms:
UNCASED, with protective wax coating.

HERMETICALLY SEALED in steel cases to MIL-T-2'A specifications.
ENCAPSULATED in hi-temp plastic to withstand extreme humidity 

and severe mechanical shock.

Send for bulletin KT-I

5907 Noble Ave., Van Nuys, Calif. • STanley 3-2666 • STate 2-6662
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CIRCLE 374 ON READER-SERVICE CARD

VULCANIZED F/DDELAMINATED PLASTICS
CIRCLE 375 ON READER-SERVICE CARD

in small size

prevented by gating the tube beyond
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he
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ained by means of a pen lode-triode
feedback amplifier.

The preamplifier output is amplified
by pentode tube 10 and approximately
10 per cent of the amplified signal is
coupled back to cathode resistor 13 by
means of voltage divider resistors 76, h .
and the unity gain inverter tube 77. For
a fiat frequency response, series capaci
tors 18 and 19 are individually in shunt
with the indicated resistors. I he compo-
iients of a typical amplifier are gi

Electronic Protective System

Patent No. 2,860,283. Irving Horowitz.
Assigned to Irving Horowitz, Eaton-

Cathode-ray tube

metallized Mylar
fi bn capacitors

high performance

cutoff whenever either sweep signal is
absent. Essentially, diodes 37 and 59 rec-
tify the horizontal and vertical sweep
voltages such that pentode 47 draws
sufficient current through load resistor
75 to maintain cathode ray tube 1 above
cutoff. A sweep failure reduces tube* 45
current and the cathode ray tube beam

rhese film-wrapped units are built to meet exacting requirements. For example:
High insulation resistance—100,000 megohms is typical.

Operating temperature-units operate to 125 C.

Sub-miniature size-a
5/32" thick x 7/32" wide x 3/4" long.

Hopkins .1 mfd capacitor rated at 200 volts is on

Construction. These units have copperweld leads for maximum vibration 
resistance . . . are built with the highest quality materials available, and
produced under rigid quality control.

Available as film-wrapped types, and in all case styles in hermetically sealed 
brass tubes and bathtubs. Rated .005 to 8 mfds., 200 to 600 VDC. Prompt
deliveries. Send for catalog C-103A.

12900 Foothill Blvd.. San Fernando. Calif. • Tel. EMpire 1-8691

March 18. 1959

Dont get lost in a maze oj wires

Cut cost of assembly by as much
as 65%, with printed circuits on

TAYLOR copper-clad laminates
Conventional circuitry is a maze of wire and spa-
ghetti. It is costly to assemble and unpredictable

in performance. A printed circuit on Taylor

rolled copper-clad laminate is a strong prefabri-
cated part of known reliability. This quality is
largely due to the new finish on the copper. Both
solder and ink go on uniformly. The handling of one
part alone can cut assembly costs as much as 65 % .
And there is an important passalong benefit: field

repairs, when necessary, can be made easier and more economically.

Write Taylor Fibre Co., Norristown 48, Pa., for complete details.
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GERTSCH PRODUCTS, Inc.

XZ NEW WIDE RANGENEW WIDE RANGE
MEGATKOMETER

MODEL 710

mater iol s.

especially 
humidity, 
radiation 
and other

scier 
to tl 
to li

Guide to the Literature of Mathematics 
and Physics including Related Works 
on Engineering Science (Second Revised 
Edition)

Process Dynamics: Dynamic Behavior of 
the Production Process

TE,., g 7 761 ■ VErmont 9-2201

ON READER-SERVICE CARD

r ! ELECTRONICS, INC.

FOR THE MEASUREMENT OF INSULATION RESISTANCE AND 
CAPACITOR LEAKAGE UP TO 5,000 MILLION MEGOHMS

FEATURES: • Wide Range — 14K to S x 10'4
• Built-In Calibration Standard 
• Transistorized Power Supply - 0 to 1000 Volts

Your particularly difficult measuring problem may have its answer in 
the new Mid-Eastern very broad range Megotromefer ^710 This broad 
range, together with continuously variable test potential, moke the #710

AC 
RATIO 
STANDARD

IRE SHOW 
Booth

Nos. 3701 
and 3703

Years of experience in the design 
and manufacturing of Kano Transformers 
(RatioTrans*) from the pioneer and 
leader in this field is culminated in the 
Model IOOO AC Ratio Standard

This dual range instrument pros ides 
frequency range from 30 1000 cps and 
so cps-10 kc with input voltages of 2 Sf 
and ,35f respectively (f in cps)

RATIO ACCURACY: 1 PART PER MILLION
6 PLACE RESOLUTION 0.0001%

MODEL 1000

~Gertsc/i—
CIRCLE 376

BOOKS

Donald P. Campbell, John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16, N.Y., 
316 pp, $10.50.

Emphasizing a general approach to 
process dynamics, this book examines the 
characteristics of processes during un
steady-state conditions or in response to 
periodic disturbances. The author views 
process design and control design as an 
integrated problem in process systems. 
He also considers the use of linear net
work theory as a means of predicting the 
dynamic performance of a plant before 
it is built. Translating process dynamic 
performance into mathematical form, the 
text features applications of feedback 
control theory to industrial processes, 
particularly chemical and petroleum 
operations. It also provides a practical

approach to problems in process dyn
amics such as automatic process control 
and the damping of pressure» and flow 
pulsation, and suggests methods for con
trolling process operations involving 
moving filaments, sheets, and webs. Ap
pendices cover block diagrams and 
signal-flow diagrams and the use of 
Fourier and Laplace transformations in 
treatment-process control problems.

Nathan Grier Parke III, Dover Publica
tions, Inc., 920 Broadway, New York 10, 
N.Y., 436 pp, $2.49.

A handy, comprehensive bibliography, 
representing every branch of physics, 
mathematics, and related engineering
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Net

Readings 
Where 
Conventional 
Units 
Cannot

suitable for accurate analysis of the effects of temperature, 
surface leakage, ion migration, moisture content, nuclear 
and test potential variation in insulating, semiconductor

Far High Accuracy — All Units 
Supplied With Certification—Values 
up to 10,000,000 Megohms

Accessories Available For 
Remote Measurements.

VOLUME 
RESISTIVITY JIG

FOR VOLUME RESISTIVITY 
MEASUREMENTS UP TO 

500,000,000,000
MEGOHMS/cm 3

Designed for use at elevated 
temperatures. Permits very fast 
comparisons between different 
materials.

FULL INFORMATION ANC 
HELF ON REQUEST

Write for Bulletins 
and Brice Schedules
. . . 32 COMMERCE STREET • SPRINGFIELD, N. J.Reps Located In Every State v

Set Us At the IRE Show • Booth 3009 
CIRCLE 377 ON READER-SERVICE CARD
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MODEL FM-7

CIRCLE 380 ON READER-SERVICE CARD

CIRCLE 381 ON READER-SERVICE CARD
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As optional equipment the
the new DM2 Deviation Meteras illustrated Th« DM < s nnew Dual-Range Deviation Meter

From the manufacturer of the

later FM-4 Frequency Meter
comes the newest addition to a
growing family of fine instruments.

essentials for the maintenance c*mobile communications systems

at IRE Show-BOOTH 4513

tude and references for further investi-

The reader will find this volume a

synthesis.

with REFRIGERATED

IRf SHOW
Booth

Nos. 3701
■nd 3703

WITHIN CABINET

MEASURES AND GENERATES: 20 me to 1000 me

WRITE OR CONTACT TOUR GERTSCH
REPRESENTATIVE FOR FULL DETAILS

BR 6 installed in

bibh

titles arc listed.

E«H RESEARCH LABORATORIES
1922 PARK RIHO OAKLAND 6, CALIFORNIAGLENCOURT 2*0 7 12

equipment

600 W. FLORENCE AVE., INGLEWOOD, CAL.

CIRCLE 379 ON RtACER-SERVICE CARD
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Ask for BR-6 Performance
Chart and Load Calculator

ONE SOURCE
for VENTILATED RELAY RACK CABINETS.

GERTSCH PRODUCTS. Inc.
î South Le Ciénega Boulevard h Anq-iet 6 <

Teses 0 2761 - VErmont 9-2201

science, the Guide is an invaluable aid 
to the researcher. Part I, an orientation 
to library techniques, is provided in a 
74-page section. An extensive listing of 
bibliographical aids includes: abstracts, 
indexes, periodicals, rev lews,
ographies, directories, encyclopedias, 
documentary reproductions, guides, and 

ol 
w
i- 
g 
)-
<1 
)l
n

library sources. Part II contains tin* liter
ature to 1956 and lists more than «>300 
key works, included under 120 subject 
headings, which are subdivided into an 
average of 6 subheads. Discussion of the 
literature under each heading defines 
the subject matter and provides numer
ous cross-references and suggestions for 
further investigation. A complete author 
and subject index facilitates immediate 
location of any book. Features many re
cently available works in Russian and 
an up-to-date listing of agencies and in
div iduals engaged in Russian translation 
programs. Translations of all foreign

Physical Laws and Effects
C. Frank Hix, Jr., Robert P. Alley, John

440 Fourth Avenue,Wiley & Sons, hu
New York 16, NA 291 pp, St .9o.

Useful as a quick reference source for 

cutaway MC type cabinet Supplementary features available include automatic over-
load and alarm system which warns of excessive heat.

Western Devices cabinets, insulated tor optimum efficiency,
are available in standard depths and heights for mounting
electronic equipment panels above cooling unit. Universal 
airflow control ducts in cabinet permit concentration of

for additional information, write or wire ...
cooled air at specific temperature-critical areas.

CONTROL CONSOLES, BLOWERS, CHASSIS,

Electrometer Amplifiers • Millimitrotecond Coincidonco Unit» • Millimierotecond Pulte Generators CHASSIS-TRAK’,* RELATED COMPONENTS

March 18, 1959

the experienced engineer and scientist, 
this volume provides a convenient cen
tralized source of information on the 
subject. Compiled so that a search of 
laws and effects could become a practical 
part of the engineering approach to prob
lems, an alphabetic listing of subjects is 
supplemented by three different cross 
reference systems. The systems include: 
a description of laws and effects, includ
ing an indication of the expected magni- 

gation; a cross reference index according 
to fields of science, which lists laws and 
effects by the discipline to which they arc 
most applicable; and an index by physi
cal quantities, listing not only the law or 
effect pertaining to the physical quantity 
under question, but also other quantities
covered by the same law.

handv dictionary, a thought stimulator 
and a problem approach tool. The au
thors stress, however, that the text is not 
complete and is not intended to be since 
a continuing compilation of background 
information is necessarv to produce a 
guide which can be utilized in problem

widely used and well known
FM-3 Frequency Meter and the NEW
The newest, the FM-7 provides FREQ
in a small package all of the

METER

ACCURACY: 0.0001% exceeding FCC requirements 5 times
MODULATION: AM, 30% at 1000 cps; FM, 1 kc at 30 me

5 kc at 150 me, or 15 kc at 450 me max.

FM-7 may be combined with
with 15 kc and 7 5 kc full scales

~Gertsc/ —

maintain
See our Complete Display

PRE-SELECTED
TEMPERATURE

PANEL MOUNTING BLOWERS

• Provides dust-free, temperature-
and humidity-controlled atmos
phere for electronic equipment.

• Factory-set to maintain cabinet
temperature at 70 F—80 F (may also
be pre-set in 60°F—100 F range).

Designed to fit into and become
part of standard 1 9
rack—14“ panel, 22’4“ deep.

6000 BTU capacity *115 VAC operat
ing voltage • Interference-free opera-
tion • Easily cleanable permanent filter 

• Minimum skill and maintenance required 
to assure long trouble-free performance.

Write for complete data
. ORegon 8-7827

Western Devices, Inc.
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Component Holder«HOC

achievement
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Get $10.00 plus a by-line for the time 
it takes you to jot down your clever 
design idea. Payment is made when 
the idea is accepted for publication.

TALK ABOUT PUNISHMENT
Pyrofilm’s New MIL SERIES Resistors Far 

Exceeds Military Specifications...

U. S Highway #40 Parsippany, New Jersey
DEarfield 4 8282

ACCtUS

20q C

Available in

' a watt

1 4 watt
V? watt

Pyrofilm’s new MIL Series is the latest
in maintaining exceptionally high precision under the 
most severe conditions. Far exceeding military spec
ifications, the MIL Series combines ultra-stability and 
miniaturized physical size . . . plus ... an excep
tionally high degree of accuracy, reliability and con
trolled temperature coefficients. Like all Pyrofilm 
resistors ... the MIL Series are Pyro-Seal con
structed ... an exclusive process that fuses shock 
resistant borosilicate glass to metal end caps. The 
result - complete sealing out of gases, solder flux 
and other contaminants that spell death to ordinary 
resistors. If you are designing for extremely critical 
circuits . . . specify Pyrofilm's MIL Series.

Speeds Breadboard Circuits
A SIMPLE SPRING clip device promises fur- 
** ther time savings in breadboard circuitry.

This device, developed by the Shockley Trans
istor Corp., Palo Alto, Calif., consists of a phos
phor bronze band, shaped like a horseshoe, with 
a coil spring fastened over the convex top. A rod 
extends vertically from one leg of the dev ice.

In use, the device, called a component holder, 
is pushed into a sheet of polystyrene foam. Com
ponents, such as resistors, diodes, transistors, or 
capacitors, are clamped under or within the coils 
of the spring. The vertical rod is useful for con
necting a voltmeter, oscilloscope, or other measur
ing device to the circuit. Each component holder 
will hold several component leads, alligator clip 
leads, or meter leads.

PYROFILM RESISTOR COMPANY, INC.
Fig. 2. Components are easily withdrawn from the holder
without removing the holder from the polystyrene foam.

bn 
fro 
bel
soi 
coi 
coi 
He 
fi Vi 
sat

On Display At The I. R. E. Convention - Booth #3834

Component holders are readily moved and re
peated use dtx's not destroy the polystyrene foam. 
Furthermore, the coefficient of friction between 
the legs of the component holder and the poly
styrene foam is such that components can be 
pulled out of the spring without pulling the com
ponent holder from the foam.

Many variations of this holder have been fabri
cated, some of them simpler and k'ss expensive. 
Some of the simpler devices pull out of the poly
styrene foam loo easily, don’t have enough space 
for clip leads and are too flimsy.

An engineer working with ten of these compo
nent holders and one square foot of two-inch 
polystyrene* foam can assemble a simple low fre
quency circuit, such as a transistor amplifier, in

ELECTRONIC DESIGN • March 18, 1959



News about
RAYTHEON’S

who is growing faster

than his associates

Bright Field 4 f Interference

breadboard circuits

Product Evaluation

Mechanization

at least at room temperature

small circuit change that
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satisfactory—i 
Oftentimes

If you are looking for a place to grow faster, 
there’s plenty of elbow-room for you at 
Raytheon’s Semiconductor Division.

For the man who is growing faster than his 
present associate's and who seeks diversified 
assignments, there are exciting growth oppor
tunities in:

“The place for the man who is growing faster..."

SEMICONDUCTOR DIVISION of

is reluctant to try a 
ill take a half an hour

SEMICONDUCTOR DIVISION-the place for the man

Excellence in Electronics

INTERFERENCE FRINGES are useful in determining slight changes in elevation 
and measurement of thin coatings such as those that might be laid down by 
vacuum evaporation. The above photomicrographs (112x) show gallium diffused 
silicon used in making Raytheon. diffused base NPN silicon high frequency 
transistors. The silicon is at the bottom of each picture. The depth of the 
gallium penetration is .0007". The height of the junction step after etching is 
.0000088". The bright field picture shows how the junction looks normally under 
a metallurgical microscope. The interference picture shows how this same 
junction looks under an interference microscope.

ELECTRONIC DESIGN • March 18, 1959

of reassembly to accomplish. He may spend an 
hour calculating or thinking out the problem 
before attacking it with' a soldering iron. A bread
boarding device that allows fast changes can 
save time in assembly, soldering, and unsolder
ing, and can help overcome time-consuming men
tal inertia.

Walter F. Dimmik, Shockley Transistor Corp., 
Palo Alto, Calif

STRICTLY IN CONFIDENCE.. .

If you would like to explore the growth possibilities 
for yourself, please send your resume to Mr. David D. 
Haynes, RAYTHEON MANUFACTURING COM 
P4NY, Semiconductor Division, 150 California Street. 
Newton 58, Mass.

Here is where transistors were first mass- 
produced to open up the fast-growing semi
conductor industry ... where a major 
‘ all-out push” is under way ... where 1,008 
new people were added in the last half of 
1958 ... where 220,000 sq. ft. of new modem 
facilities are being added ... where manage
ment says: “Here are the tools you asked 
for!”... where men with growth potential 
play a recognized role.

In the major league now with a broad line, 
Raytheon’s Semiconductor Division will con
tinue to be a leader in the research, engineer
ing and manufacture of semiconductors,

from thirty minutes to several hours to construct 
before tests can lx* started. On one occassion, 
some one telephoned a laboratory equipped with 
component holders, and asked if a certain semi
conductor device would work in a certain circuit. 
He was told, “Just a minute—we’ll try it.” Within 
five minutes he was told that the application was

ibout five minutes. The circuit can be revised or 
salvaged in much less time. •

With some of the existing methods of making

Fig. 1. Simple component holder saves bread 
boarding time.



MODEL B

MODEL D

A FULL LINE IDEAS FOR DESIGN STODDART

OF SERVOSYSTEM ANALYZERS

MODEL H

0.001 0.005

MODEL C

MODEL F

100
* SHOWN WITH ASSOCIATED INDICATOR

Choose from 3 dependably accurate models 

covering ranges from .OOI to 1OO cps.
si rvoscopi makes preproduction problem-solving on servo systems, equip
ment. and components accurate — and flexible.

Wide range coverage. Fast direct-setting and read-out. High- 
accurac) measuring of phase, transient response, and gain. Plus—rapid 
plotting of Nyquist, Bode, or Nichols diagrams.

The result: sate, dependable control system evaluations — in 
advance — ot ultimate operating behavior patterns.

The SERVOSCOPE servo analyzer is a versatile precision 
instrument with a full range off applications . . .

for the laboratory — in design and test stages of ( ontrol systems 
on the production line — for system inspection, quality control 
and as a teacher—in the university and in industry. J proven training aid in theory 

and practice.

SERVOSCOPE—most widely used method for control behavior analysis 
—because of features, according to the model selected, like these:

Covers the frequency range from .001 to
100 cps in the 
models.

Evaluates AC 
systems.

Generates sine

choice of five standard

carrier and DC servo-

wave, modulated carrier
wave, and square wave phaseable signals 
with respect to either electronic linear

sweep or sinusoidalh modulated reference 
signal.
Frequency calibration accuracy of —2%; 
phase measurement accuracy of —fr .
Accepts anv carrier frequency from 50 to 
5.000 cps.
Indicates by means of servoscopf Indi
cator or oscillograph recording.

Discover the full benefits of the servoscope!
Write tor complete specifications and application tips—today!

SERVO
CORPORATION 

Of AMERICA
20-20 Jericho Turnpike, New Hyde Park. L.I..N.Y.

See latest Servoscope 
models at the

I.R.E. «HOW- 
Booths #3u15 —3617.
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Manual Input Circuit 
For Digital Equipment

The circuit designer must often provide push
button input for digital equipment. He has three 
basic problems: contact bounce in the switch; 
noise pickup when the electronic circuit is far 
from the pushbutton; and the need for a fast sig
nal transition which will be independent of cir
cuit packaging.

The Schmitt trigger is an ideal solution. In the 
diagram, QI and Q2 together with their resistor 
networks form a normal Schmitt trigger. RI and 
R2 are chosen so QI conducts, holding Q2 off 
when the pushbutton is released. When the but
ton is depressed, the base of QI is grounded, 
causing the trigger to reverse, turning QI off and

Capacitor C is discharged almost instantly 
through the low contact resistance of the push
button. But it must recharge through RI before 
QI will conduct again when the pushbutton is 
released. A suitable time constant will eliminate 
contact bounce from the output.

The capacitor also bypasses the wire connect
ing the electronic circuit and the pushbutton, 
thus reducing stray pickup.

Since Schmitt transitions are essentially inde
pendent of the rate of rise or fall of the input 
waveform, the transitions at the collectors of QI 
and Q2 provide very reliable triggers.

Norman E. Peterson, Project Engineer, Stelma 
Ine., Stamford, Conn.

2NI21 2NI23

5IK

NEGATIVE 
TRANSITION

POSITIVE 
TRANSITION

Manual input for digital equipment. These values are 
typical for C — 0.1 pfd.

PUSH BUTTON

Don’t forget to mail 
newal form to continue 
ELECTRONIC DESIGN.

your re-
receiving

COAXIAL ATTENUATORS 
AND TERMINATIONS
made with exclusive Stoddart 
FUmistors for highly accurate 
and stable resistive values from 
de to 3000 me.

2, 6 and 10-position

TURRET ATTENUATORS
with simple "PULL-TURN-PUSH” 
operation, small and rugged.

Protected under 
Stoddtrt Patents

ATTENUATOR PADS

Available in any conceivable combina
tion of male and female Type C and 
Type N connectors. Maximum length of 
3~ for any attenuation value.
GENERAL SPECIFICATIONS
VSWR: Less than 1.2 to 3000 me.
Characteristic Impedance: 50 ohms.
Attenuation Value: Any value from 0 db 
to 60 db including fractional values.
Accuracy: ± 0.5 db; values above 50 db 
have rated accuracy of attenuation 
through 1000 me only.
Power Rating: 1.0 watt sine wave.

COAXIAL TERMINATIONS

Small-stable-50 or 70 ohms
Vi-Watt: 50 ohms impedance, TNC or 
BNC connectors, de to 1000 me, VSWR 
less than 1.2.
1-Watt: 50 ohms impedance, de to 3000 
me or de to 7000 me, Type N or Type C 
connectors, male or female; VSWR less 
than 1.2, 70 ohm, Type N, male or 
female terminations available.

Fast delivery on all items. 
Send for complete literature.

STODDART
6644 Santa Monica Blvd., Hollywood 38, Calif 

Hollywood 4-9292
CIRCLE 385 ON READER-SERVICE CARD

ELECTRONIC DESIGN • March 18, 195S



REGOHM
HOW TO USE

the plug-in device that 
regulates input voltage 
down to ±0.05%
Wherever system ¡x-rturmance 
requires precision regulation of 
input voltage, REGOHM earns 
a place. And wherever circuitry 
includes vacuum tubes, 
REGOHM will substantially ex
tend tube life. The REGOHM 
is a voltage regulator of great 
sensitivity and stability, pro
viding stepless continuous 
control over a wide frequency 
range Light in weight, low in 
cost, its applications are almost 
unlimited. Here are typical 
applications:
• General Electric Co.— for 

Halogen Leak Detectors
• Empire Devices Products 

Corp.— for Noise & Field 
Intensity Meters

• Consolidated Electro
dynamics— for Diatron 
Mass Spectrometers

• Stoddard Aircraft Radio 
—for Power Supplies

• Hevi-Duty Electric Com
pany— for Airport Light
ing Brightness Control

How you may use REGOHM in 
your own applications will be
come clear to you from design 
data, performance specs and 
case histories, available to 
you on request.

Aircraft gyro electrodes use epoxy resins to support 
and encapsulate a silver ring inside an index ring. 
Minneapolis-Honeywell Regulator Co. selected Bake
lite epoxy for this job for its high strength and for 
matching the temperature coefficient of expansion of 
the metals over a range from —65 to 165 F.

Union Relays meet all requirements 
of Talos guidance system

REGOHM

ELECTRIC REGULATOR CORPORATION
NORWALK CONNECTICUT

Chopper Amplifiers Can Be Used 
At Higher Frequencies

Many engineers feel that operation of a chop
per amplifier at frequencies much higher than 10 
per cent of the chopping frequency is not satis
factory. But this is not the case. Mechanical 
chopper amplifiers are in use which reproduce, 
for instance, 80 cps from a 100 cycle chopper, 
and 40 cps from a 60 cycle chopper.

In both cases, the recorders are mechanical 
direct writers, so paper speed limits good resolu
tion at the higher frequencies. But it is probable 
that at much over one-third of the chopping 
frequency, deviations from sinusoidal response 
will not be important as long as peak amplitude 
and adequate rise time are reproduced by the 
pen writer.

At higher frequencies, the response depends 
mainly on two factors: rapid changeover in the 
chopper so sampling time or allocation time are 
as close to 360 deg as possible, and good low fre
quency response in the carrier amplifier so flat
topped waves (after chopping) are reproduced 
with minimum slope.

At the higher signal frequencies, a single 
chopping cycte may involve a considerable part 
of a sine wave, perhaps both positive and nega
tive parts of it. This does not matter if the rapid 
changeover and good low frequency response are 
maintained. Sine waves will be reproduced, after 
rectification, with useful fidelity.

Dr. E. E. Suckling, State University of New 
York, Brooklyn, N. Y.

18, 1959

I he I alos, the Nav \ *s long-range guid
ed missile, is very important to the 
nation s defense. And Bendix Avia
tion Corporation, builder of the l alos. 
chose a relay made by Union Switch 
X Signal to meet the extreme reliabil
ity needs of that missile's guidance 
control system. That relay is the 
UNION miniature 6PDT.

Its clean, simple, rotary design 
gives it fewer inherent problems than 
other relays. Probability of flight fail
ure of a contact pair is only once in 
600,000 operations. In vibration tests.

it is absolutely solid to 2,000 C.P.S. 
at I5G. In temperature tests, it has 
performed reliably for six minutes at 
up to I77°C.

Union Switch & Signal makes a 
complete line of dependable minia
ture relays, manufactured to meet 
MIL-R-2501«, M1L-R-6I06C, and 
MIL-R-5757C requirements. Ad
vanced design and close quality con
trol have made Union Switch & Signal 
a leading supplier of relays for missile 
control. Write today for complete 
technical information.

Three UNION miniature 6PDT relays positioned in part of the Talos guidance control system.

(jioneetd in Gñcóh-GBidtorL Science

UNION &
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY

PITTSBURGH 18, PENNSYLVANIA
CIRCLE 387 ON READER-SERVICE CARDCIRCLE 386 ON READER-SERVICE CARD
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ith one dual triodetudes

VOLTRON now
milhohmmetera portable wattmeter for

refined, low-power measurements
of gyros, synchros and servomotors

CONSTRUCTION

ERROR DUE TO
• no calibration or zero adjustments

linear between these values

OVERLOAD

PW-1

$385.00

CIRCLE 389 ON READER-SERVICE CARD
CIRCLE 388 ON READER-SERVICE CARD
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• lightweight and portable. Furnished with 
protective cover and set of four test leads.

PW-3
1/2/3 
$585.00

Details about the Model 502 Milliohmmetet 
are available in Keithley Engineering Notes 
V'«l 6 No. 3. Write for your copy today

VOLTAGE CIRCUIT: 100% continuous overload without damage 
CURRENT CIRCUIT: 25% at 0.1 PF continuous without damage

PW-2 
1/2 
$485 00

• 2 microwatts maximum dissipation across 
sample.

• 13 overlapping ranges from 0 001 ohm to 
1000 ohms full scale.

Rugged Taut Band Suspension 
Full-Scale Range: 0-1.2 Watt

• accuracy within 3% of full scale; a four 
terminal measuring system eliminates errors 
due to clip and lead resistance

• instantaneous indication of resistance 
without zero drift or errors due to thermal 
EMF’s.

INPUT VOLTAGE 

WATTAGE RANGE

ELECTRONIC DESIGN • March 18, 1959

POWER FACTOR

WAVE FORM 
FACTOR

FREQUENCY RANGE 

ACCURACY 

PHASE

Low Power Factor
Low Current Circuit Consumption

KEITHLEY
INSTRUMENTS. INC.
12415 Euclid Ave., Cleveland 6, Ohio

The Keithley 502 Milliohnimeter offers 
speed, ease, and accuracy in the measure
ment of low resistances. Typical uses are 
corrosion tests, checking resistivity of 
metals, semi-conductors, printed circuits 
switch and relav contacts.

8V2"* 12"x4 
15 lbs.
Model No. 
PHASE 
PRICE

URRENT CIRCUIT: EZror
(% watts indicated)

Meter consists of d’Arsonval type D.C. milliammeter and 
one A.C. power to D C. current transducer for each phase. 
Taut band suspension eliminates the static friction and 
the delicacy of conventional jewels and pivots. Solid state 
circuit components are used in the transducer.
26/115 ±10%
26 volt input - 1.2/3 12/30
115 volt input — 1.2/3/12/30 120
Flat from 50 to 2000 cycles
1.0% of full scale watts
1, 2, or 3 phase. The 3 phase meter is suitable for 3-phase, 
3-wire, or 3-phase 4-wire measurements.
0.1 to 1.0 Lag or Lead.
Calibrated for use with both sine and square wave. For distorted 
waveforms, the error will be less than 2% for 5% 
harmonic distortion.
VOLTAGE CIRCUIT: 0%

SIZE 
WEIGHT

ORDERING 
INFORMATION

Battery operation, a ruggedized meter, and 
protective cover make the 502 ideal for 
field tests of squibs, carbon bridges and 
other explosive devices. Features include:

Without very large B supplies, this circuit provides 
good sweep linearity and fast fall time on a large 
pedestal.

In this circuit, P2 could be the positive pulse 
output plate of a ppi radar sweep gate generator, 
and Cj the negative pulse output of the same 
tube. At time tl, the triode VI4 cuts off and P3 
starts to charge toward Em. Through resistive 
addition, parts of the pulse in the ratio

The de level of Eo can be adjusted by vary ing the 
ratio R3 R4. At t2, VI t conducts fully again and 
C discharges through the plate resistance of VIA 
in series with the parallel combination of R3 and 
R4. Therefore (R3 R4) (R3 -j- R4) should be kept 
as low as possible. The cathode follower Vin pre
vents loading of the sweep generator.

Irving Bayer, Project Engineer, Skiatron Elec
tronics and TV Corp., New York City.

1 superimposed on each othi 
nee,

delivery: From stock subject to prior sale.
TERMS: Net JO. FOB: South Pasadt na, Calif

Faster, Linear Sweeps 
On Larger Pedestals

Unless large B supplies are used when design
ing large pedestals for sweep circuits, sweep 
linearity and fall time are usually sacrificed. The 
circuit shown, however, provides a much faster 
fall time and better linearity with large ampli-

VOLTRON Products
® 1010 Mission St., South Pasadena, California



HEXSEALS'

SHAFT SEALS

• Fit all industrial 
controls.

electrical

Modular 
(Explosion-Proof*)

SWITCH 
and

Fuse Wound Peaking Coils 
For Faster Breadboarding

The usual process for adjusting peaking coils 
to the correct value in a circuit involves unsolder
ing one lead, peeling off a number of turns of the 
coil wire, skinning the insulation, then resolder
ing to a terminal. This process is tedious and 
often damages the coil.

A more convenient method involves winding 
a number of test coils on burned out fuses, pref
erably of the glass AG type. Tbe wire is wound 
to the proper inductance and the ends soldered 
to the metal caps of the glass fuse. Each coil can 
be color coded. Instead of normal terminals, the 
breadboard can be* equipped with a plug-in 
type* fuse holder (except in very high frequency 
circuits, where the added capacitance may af
fect circuit performance).

The coil fuse forms can then be changed as 
easily as ordinary fuses.

Sol Abrams, Design Engineer, Polarad Elec
tronics Corp., Long Island City, N. Y.

Meet Military Specifications 
MIL-B-005423A (ASG), 
MIL-B-19257 (Ships), 
SCL-6303 (Sig. Corps), 
Paragraph 183.10-20, 
Part (B)
U. S. Coast Guard.

’DISCLAIMER: We cannot assume respon
sibility for explosion-proofing any equipment 
not entirely designed by APM. therefore no 
guarantee is made or implied.

Send for Catalog 359

A.P.M. Corporation
UjLJ (AUTOMATIC and PRECISION MFG.)

252 Hawthorne Ave., Yonkers, N.Y. 
YOnkors 8-2010

Designers and Manufacturers of
HIGH PRESSURE STATIC AND MOVABLE SEALS 

HEXSEALS®« SEELSKREWS®« SEELBOLTS®« SEELRIVITS®
Visit our Booth 3939 at the IRE Show.
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Missile telemetry package, designed for Boeing's 
IM-99 Bomarc by Texas Instruments, Inc., must operate 
to beyond 145 deg. F. Since the transistors in the pack
age will not work well beyond 145 F, and since the 
missile s surface temperature, at Cape Canaveral, may 
reach 160 F, cooling was required.

Engineers at the Boeing Airplane Co. solved the 
problem by designing an auxiliary cooling system for 
ground use only. It blows a jet of cool air through the 
interior of the wing where the equipment is housed.

In flight, a small methyl alcohol evaporator keeps the 
equipment cool for the relatively brief period necessary.

a spot of welding!
Still at it? Trying to improve potentiometer reliability by building 
em yourself? Well, yon re on tbe right track about one thing — 
welding’s a sure way to eliminate a lot of operational headaches 
— like gassing contamination of contact metals at high temperature, 
from organic solder flux. No chance of cold joints , either, to in
crease circuit resistance. No soldered connections to come loose 
under vibration and shock. Welding is the way to reliability?
But why set the wife’s drapes afire to get a reliable, all-welded pot? 
Utilizing welding techniques, Ace produces reliable potentiometers 
operable at temperatures exceeding 150°C. and 
able to withstand 50 G s at 2000 cycles. All this, 
plus extremely low contact resistance and long- 
er rated life. All taps, end connections, resistance 
elements, contact assemblies and terminal leads 
are specially prepared beforehand — then welded 
with pure nickel or palladium silver. So, ^or 
built-in reliability through sounder construction 
techniques, see your ACErep?
This 2" A1A Acepot® (shown V2-scale) incorporates all these ex
clusive welding construction features, for superior reliability.

Don't miss an issue of ELECTRONIC 
DESIGN; return your renewal card 
today.

IfT ELECTRONICS ASSOCIATES, INC.
B Bi 99 Dover Street. Somerville 44, Mat* 

^^E^pBl SOmertet 6 3130 TMX SMVL 181 West. Union WUX

Acepof Wì Acetet® Aceohm® '»•». Appi, for

CIRCLE 391 ON READER-SERVICE CARD
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CUtLC© Specialized

YUKIS
FOR CHARACTER DISPLAYS

IDEAS FOR DESIGN

Standard horizontal deflection coils and toroidal 
vertical deflection coils are wound on a ferrite wedge- 
shaped ring in this TV yoke made by the Videon Com
pany in France.

Two small Ferroxdur permanent magnets are sup 
ported by the yoke, along the horizontal axis. By bend
ing or twisting the long lugs to which they are attached, 
any pincushion or barrel distortion on the sides of the 
raster can be corrected to within five per cent.

Dr. A. V. J. Martin, Carnegie Institute of Technology, 
Pittsburgh 13, Pa.

MINIATURE 
THERMAL 
RELAYS A

with i r 
99.99% Plus 
Reliability 1 .
SERVICE-FITTED
SERVICE-TESTED
SERVICE-APPROVED
Our complete fl 
environmental 
testing laboratory 
samples and certifies ' 
daily production.

NORMALLY OPEN

YEARS AHEAD III DESIGN PERFORMANCE
For critical applications, many of our 

customers have saved years of trial and 
error in YOKE selection by specifying s 
Celco YOKES.

I
 The construction of our yokes makes it 
possible to achieve sensitivities, linear
ities, responses and distortion-free de

flecting fields not possible with the usual 
types of yoke.

For precision military and commercial 
displays, Celco also offers standard yokes 
in 7/8", 1", 1 2", & 2M" CRT neck
diameters.

Writ, for CELCO DEFLECTION YOKE Catalogue & 

Design Sheets or for immediate engineering 
assistance Call your nearest CELCO Plant:

»tn .warn? a kj-icwwi i r
•doto'tata'tiea

Mahwah, N. J. Miami, Fla. Cucamonga, Calif.
Davit 7-1123 Plata 1-9033 Yukon 2-2688

Battery Savers Be Careful

On page 69 of the Dec. 24 ’58 issue of Elec
tronic; Design, Mr. Robert W. Blanchard sug
gests a warning light in series with a diode be
tween the automobile ignition switch and the 
main light switch in such a manner that the 
warning light will be illuminated if the lights 
are on and the key off, thus acting as a battery 
saver to hurried drivers.

There is a note of caution to be recalled, how
ever. Although many modern automobiles 
ground the lead to the ignition coil when the key 
is off, still others let the lead float. Even with a 
small panel lamp in series from the battery sup
ply to the otherwise floating ignition lead, suffi
cient current may flow to keep the spark plugs 
firing under the condition of key off, lights on. 
with Mr. Blanchard’s circuit.

One solution is to connect the lamp not to 
the ignition coil wire but to the accessory ter
minal of the switch. Then a 15 ohm or so resistor 
from the accessory terminal to ground will com
plete the circuit even with no accessories (heater 
fan, radio, etc.) turned on. This is convenient for

EXACT SIZE

NORMALLY CLOSED

EXACT SIZE
Lu---------------------------------------------------1

New NORMALLY CLOSED RELAYS NOW AVAIL
ABLE. They both meet or exceed requirements for 
guided missiles and complex electronic gear.

They are hermetically sealed by bonding metjl 
headers to high thermal, shock resistant glass 
housings.

They open or close a circuit positively in 0 1 
second or other delay times.

They can also be safely used as a "squib" or 
timing mechanism.

Typical Characteristics
Temperature.- -100°F. to +450°F.
Vibration: 20-3000 CPS at 40 G’s
Shock: 250 G’s

Brochure containing complete chai 
act eristics and specifications availabl 
upon request.

NETWORKS ELECTRON!« 
CORPORATION

14806 OXNARD ST., VAN NUYS, CALIF.
Original design* for highest reliability in glass 

housed miniature Relays and Resistors for all purpoi

CIRCLE 393 ON READER-SERVICE CARD
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There is no end to the gadgetry can

2. When

own ground.

SINGLE PLATE RECTIFIER (I AMP SIZE)

WIRE TIED TO FRAME OF BUZZERLiterature, samples and pnces on request.

ELA.

The buzzer in

Hill! SAGE

SIOW 17

HEADLIGHT
CIRCUIT

letters troni
discover that

3 AMP

FUSE

Unretouched photograph of SAGE
Resistor (Magnified 6 times)

Units (10-25-50 Watts) (.1 to 175,000

tions-Char. G.

TYPE “S”-Axial Lead Units (2-10 Watts) both electronics and enclosure manufac-

weeks!)

method of more elaborate safety feature must be

less than other types. Amco chassis slides.

combined discount rate!

readers who install this circuit and
it does not always work.

be avoided.

AUX POWER CIRCUIT

(lEFT SI9F 0» GNITION SWITCH)
O - 6V

the car.)

AMCO ENGINEERING CO
Factory-trained representatives in all principal U.S. cities and Canada

CIRCLE 395 ON READER-SERVICE CARD

ELECTRONICS CORP
P.O BOX 126 ROCHESTER 10, N. Y.

built-in first ... to last !

and closer tolerances onl\

Precision Power Resistors. Look to AMCO for enclosures that in

CIRCLE 394 ON READER-SERVICE CARD

1. When there arc other loads connected to

AN INSIDE
LOOK AT

Take a SAGE Precision Resistor apart
and you’ll discover how a new braz-
ing technique enhances SAGE S repu-
tation for trouble-free performance.

Close inspection shows that resist -
ance wire is literally “floated into
silver-braze connections at the time
of winding, thus eliminating possi-
bility of weakening deformities or
variable contacts. This in-process
procedure is but one of many which
support Sage’s claim—“quality

For the present. applicable to

If vou are looking tor the operating
dependability your product needs,
you’ll find the answer with Sage

(.1 to 175,000 ohms) to MIL R 26C (Insu-
lated) Specif ¡cations—Char. G

TYPE “M —Meta Clad (Chassis-Mounted)

ohms) to MIL-R 18546B (Ships) Specifica-

those cars that have separate terminals on the
ignition switch, as is the case usually when the
ignition key is used also to actuate the starter.

If, however, the car doesn t ground the igni
tion coil lead with the key oft and doesn t have
a separate accessory terminal on thc^ switch, some

installed. On my car I found it convenient to in-
terconnect the light and ignition circuits so that,
under normal operation, turning off the lights
completely will drop out a holding relay to the
ignition circuit, thus turning off all lights, radio.
etc., with one switch. Either circuit can be oper
ated independently, however.

profitably add to the electrical circuit of a vehi-
cle. At anv rate, letting even a small amount of
current (such as from a warning light) leak into
the ignition circuit max be hazardous and should

Roger L. Boyell, Hempstead, New York

Another Battery Saver

The operation of the “battery saver circuit
given in the December 24th issue depends on the
ignition circuit having a ground when it is shut
off. This is true only in three cases:

the ignition circuit.
the ignition switch intentionally

grounds the circuit.
3. When the engine happens to stop with the

breaker points closed.
Possibly von will receive sad

The circuit shown here has its
The buzzer works as a logic device, not merely
as an indicator. Blocking voltage for the buzzer
is taken from the auxiliary power circuit instead
of the ignition circuit, so that the headlights may
be left on quietly, if desired, by leaving the
auxiliary power on. There is nothing in the cir-
cuit to impair the reliability of the headlights

Marriott Dickey. Richmond, California.

this automobile battery saver serves
as a logic device as well as a warning device. (The buz
zer is an Edwards Model O. Its frame is insulated from

appearance and quality — are truly worthy of
your instrument engineering achievements!

Only Amco has the wide background in surface support ! Amco, too, makes all needed

turing to assure your complete satisfaction in
accessories like blowers, chassis slides, heavy-

the appearance, strength and durability of
duty dollies. One blower, for example, de

every unit supplied. An exclusive custom
appearance is achieved through use of Amco
multi-width panels, cowlings and writing
surfaces. They're all factory assembled for
your convenience (and shipped within three

A complete selection of basic frames can
be assembled in endless variety for utmost
versatility. All frames are direct floor-bearing,
meet or exceed rigid structural test require-
ments, and do so independent of exterior

livers 350 CFM of filtered air and takes only
3'Zt inches of panel height, more than 3O*<

on ball bearings, support up to 200 pounds.
And all these components, purchased from one
source, can he obtained at a big savings under a

For enclosures with complete service ac-
cessibility and maximum operator conve-
nience, for true quality and economy send
for your Amco catalog.

Mounting Standards, Realistic 3 week delivery

7337 W. AINSLIE STREET • CHICAGO 31, ILLINOIS
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Microwave Associates is now delivering 
these diodes as well as the new tripolar 
types. Typical of these breadboard types is 
the IN630 which covers the frequency 
range of 1 KMC to 12.4 KMC.

1.5 db at 16 KMC with the IN 78B
3 db at 25 KMC with the IN 25A
3 db at 35 KMC with the IN 53B

Simple substitution of these new coaxial 
diodes for existing types should improve 
your overall receiver noise figures as 
shown. No holder or IF amplifier redesign 
is required to realize system improvements 
with these improved versions of the 
standard coaxial mixer diodes.

This is the time of our annual sub 
scription renewal.

Two MEGPOT® models offer a choice 
of instruments: a high potential test 
set and megohm-meter, or the high 
potential test set alone. The combma 
tion unit quickly and efficiently tests 
components and insulation . provides 
non destructive testing with current 
limiting circuit, voltage range 
0-3000V AC, 0 5000V AC, or other if 
specified Voltage read directly across 
output leads. As megohm meter, Meg
pot features 10 million megohms at 
100, or 200 and 500V DC.

handling capacity of waveguide

Airborne Data Recorder Development

An improved airborne data recorder was de
veloped for recording aircraft environmental 
conditions and physiological measurements of 
flight personnel. The device, developed during 
a study of cockpit air conditioning, is described 
as being reliable and accurate in extreme en-

Transisfor Magnetic Amplifier Circuits

Advantages and disadvantages of transistor 
and magnetic amplifiers. A combination of the 
two is discussed and schematic diagrams are 
given for various example circuits and applica
tions which utilize the better points of each. 
Transistor Magnetic Amplifier Circuits, Niels 
Jasper, James C. Taylor, and William T. White. 
U. S. Army Ballistic Missile Agency, Develop
ment Operations Division, Guidance and Control 
Laboratory, Huntsville, Ala. Mar. 1957, 21p, 
microfilm $2.70, photocopy $4.80. Order from 
Library of Congress, PB 132806, Washington 25, 
D. C.

direct-writing, 20-channel recorder which em
ploys special transducers to measure relative hu
midity within the aircraft and physiological 
temperature of the flight personnel. Operating, 
calibration, and maintenance instructions are in
cluded in the illustrated report. Development of 
Type NS-2 Airborne Data Recorder, W. B. M. 
Clark, Douglas Aircraft Company, Inc., for 
Wright-Air Development Center, U. S. Air Force, 
Feb. 1958, 30 pp, $1.00. Order PB 131806 from 
OTS, I ’. S. Department of Commerce, Washing
ton 25, D. C.

BURLINGTON, MASSACHUSETTS • BRowning 2-3000 
CIRCLE 396 ON READER-SERVICE CARD

RAPID, 
ECONOMICAL, 

NON-DESTRUCTIVE 
TESTING OF 

COMPONENTS 
AND INSULATION

CIRCLE 397 ON READER-SERVICE CARD 
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equipment at high altitudes and temperatures. 
Although they exhibited temperature limitations, 
the new waveguides proved suitable for high
altitude operation. The temperature limit of 71C 
could be raised to 150C at the expense of slightly 
increased attenuation. The report also discusses 
the problem of maintenance of sea-level power 
handling capacity of the waveguide at high alti
tudes and wide temperature ranges. A Dielectric- 
Filled Waveguide Development, J. I. Meulemans, 
Wright Air Development Center for the U.S. Air 
Force, April 1958, 19p, $0.75. Order PB 151213 
from OTS, U.S. Department of Commerce, Wash
ington 25, D.C.

Dielectric-Filled Waveguides

Dielectric-filled waveguides were developed 
in an effort to eliminate the decrease in power

Microwave Associates - developers of the famous low noise 

“E” series silicon diodes - now brings you

MEGPOT MODEL 573 
provides all the 
efficiency, cot 
and speed foi 
high potential testing I

RI w I11 v
but without the .* ’
megohmmeter, {£

resulting in even ' ""
more compactness 
and ecnnomy. Roth 
models are self-contained, attractively housed and 
easily portable.

The MEGPOT substantially reduces the cost of 
testing components and complete assemblies'

Write for Megpot specifications now

B
Our factory or the sales representative I 1
nearest you will gladly handle your specific I 
requests by wire, phone, or mail. R

Visit Vs at Booths 2301-1303 -------
The Radio Engineering Show

microwave associates, inc

HERMETICGHS

VAIley Stream 5 6363

ELECTRONICS FOR 

LAND, SEA AND SPACE



Vanguard Sequence Diagram

Featured in this report is a description of the 
Vanguard sequence diagram, a system which 
shows at a glance the state of every component 
in a complex device as well as all events occur
ring and the components involved in each event. 
According to the report, the sequence diagram 
fills a need for a means of graphically presenting 
the operation of a complex device in which a pre
determined sequence of events occurs. The 
diagram represents system components and their 
changing states as they interact sequentially. 
Utility and applications of the sequence diagram 
are discussed and method of interpreting the 
diagram is illustrated. A complete application of 
the diagram to the complete nominal flight oper- 
tion of the first Project Vanguard rocket test 
vehicle is also presented. Project Vanguard Re
port No. 31: The Vanguard Sequence Diagram, 
a Graphical Method of Presenting Complex Sys
tem Operation, W. J. D. Escher and R. W. Foster, 
U.S. Naval Research Laboratory, Aug. 1958, 15 
p, $1.75. PB 131922 from: OTS, U.S. Dept, of 
Commerce, Washington 25, D C.

NEW BENDIX 
DRIVER 

TRANSISTORS

Printed Circuit 
Reliability 

through Quality 
Control

If your printed circuit is vital to 
the flight of a guided missile it must 
not fail. It may even undergo a 
100 % inspection at every stage of 
manufacture.

Bureau quality control is more 
than a method of inspection. It is 
also a check on the causes of rejects 
to weed them out. Our production 
techniques eliminate even “accept
able” flaws because we are striving 
to produce perfect boards. This is 
why Bureau circuits, whether 
tested 100% or on a scientific- 
sample Basis, are consistently bet
ter than statistics predict. To put 
reliable circuits into your product, 
investigate the Industrial Division 
of the Bureau of Engraving, Inc.

The Bureau of Engraving, Inc., QUAL
ITY CONTROL MANUAL FOR PRINTED 
CIRCUIT BOARDS AND BOARD AS
SEMBLIES is approved for the U. S. 
Air Force. We have a limited surplus 
of these manuals which we will send 
to qualified persons on request . . . 
write today.

Cooling Design of Airborne Electronic 
Equipment

Design data, methods, and principles for cool
ing of airborne electronic equipment with both 
gaseous and liquid coolants are presented in
cluding application to the redesign of four typical 
equipments for which design procedures and 
thermal evaluation of the constructed equipment 
are shown. The first five sections contain general 
thermal design principles and thermal classifica
tion of electronic equipment. Cooling Design of 
Airborne Electronic Equipment, Charles D. 
Jones, Ohio State University Research Founda
tion, Columbus, Ohio. Dec. 1957, 458pp, photo
copy $69.60, microfilm $11.10. Order PB 135164 
from Library of Congress, Washington 25, D.C.

Member of tbe InsUMo ol Printed Circuit»

IUREAU OF ENGRAVING, Inc 
Industrial Division

502 South 4th St.
Minneapolis 15, Minn. CID 1 19 

Telephone FEderal 9-8721
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AUDIO AMPLIFIER (CLASS A OR B) • AUDIO OSCILLATOR • POWER SWITCH 
TRANSISTOR DRIVER • SERVO CONTROL • RELAY DRIVER • MOTOR CONTROL

Ferrite Loop Antenna Theory

Simplified theory for electrically small ferrite- 
loaded loop antennas is presented. The theory is 
based on the principle of reciprocity and known 
solutions for fields in and about an ellipsoidal 
core. Approximate methods are given which ex
tend the theory to cores of almost arbitrary cross 
section. Example calculations for antenna Q and 
efficiency show good correlation with experiment. 
Research in Magnetic Antennas. Final report 
under Contract No. DA 36-039-sc-73189, J. L. 
Stewart, California Institute of Technology, 
Pasadena, Calif. Sep. 1957, 70p, microfilm $3.90, 
photocopy $10.80. Order from Library of Con
gress, PB 132459, Washington 25, D. C.

Slated to be the “workhorse of the tran
sistor industry”, this new Bendix series 
consists of three models—each with a 
different voltage rating and each in 
high-volume production.

Contained in the JEDEC TO-9 pack
age, this tiny transistor dissipates 400 
mW of power at 25°C and 67 mW at 
75°C. The higher voltage rating and 
high current gain are combined with 
more linear current gain characteristics 
to enable switching applications and 
lower distortion output. Featuring low 
saturation resistance, the typical values 
are 1 ohm measured at 100 MA. The 
2N1008 series has a minimum current 
gain of 40 and a maximum of 150.

Eliminating the internal connection be
tween transistor and case allows circuit 
isolation. Long life and stable operation 
are assured by welded construction and 
a vacuum-tight seal.

ABSOLUTE MAXIMUM RATINGS

Vee
Vdc

Ic 
mAdc

Pc 
mW

lb 
mAdc

T Storage
•c %

2 IM 1008 -20 300 400 30 -65 to 4-85 85
2N1008A -40 300 400 30 -65 to 4-85 85
2N1008B -60 300 400 30 -65 to 4-85 S5

Write today for the new Bendix Semi
conductor Catalog for more information 
on our complete line of power transistors, 
power rectifiers, and driver transistors. 
SEMICONDUCTOR PRODUCTS, BENDIX AVIA
TION CORPORATION, LONG BRANCH, N. J.

West Coast Sales & Service: 117 E. Providencia Ave., Burbank, California • Midwest Sales Office: 4104 N. Harlem 
Ave., Chicago 34, Illinois • New England Sales Office: 4 Lloyd Rd., Tewksbury, Mass. • Export Sales & Service: Bendix 
International Division, 205 E. 42nd St., New York 17, N.Y. • Canadian Affiliate: Computing Devices of Canada, Ltd., 

P. O. Box 508, Ottawa 4, Ontario.

Division
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PUBLISHED BY ROME CABLE CORPORATION, ROME, N . Y .
PIONEERS IN INSTRUMENTATION CABLE ENGINEERING

A DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION

solve your phasing 
problems with
DAYSTROM 
PACIFIC 
GANG-TYPE 
POTS 100a to 50K

II

FLAME-RETARDANT POLYETHYLENE. Just published, and now available to 
Impulse readers, is an interesting 12-page bulletin entitled “Flame-retardant 
Polyethylene for Wire and Cable.” Co-authored by R. C. Graham of Rome 
Cable and C. A. Neros of Diamond Alkali Company, this paper was pre
sented at the 7th Annual Wire and Cable Symposium, held under the auspices 
of the U. S. Army Signal Corps. Contact your nearest Rome Cable salesman 
for a copy of this paper.

FREE INFO. You can get this free 9-page illustrated bulletin 
that discusses cable insulation and jacketing material and lists 
typical multi conductor cable constructions available fin use ^HwKw 
with telemetering equipment, data recording e quipment, cir- HH W 
cuit control testing and electronic- computers. Every design 
engineer working with electrical cable should have a copy! To 
obtain yours, get in touch with the Rome Cable salesman near 
you.

“BLUE SKY” DEPT. The National Inventors Council, speaking for the mili
tary services, let it be known recently that the Military needs inventions 
to answer some of its more baffling “blue sky” problems. One of the most 
unusual inventions requested was a man-made “electric eel” generator to 
power repeater amplifiers in undersea cables. The point is to emulate the 
generation process used by the electric eel. That start you thinking? If so. 
the NIC might like to hear about it. They also would like to hear about a 
whole list of items they have recently released . . . you can probably get a 
copy by writing them at the Department of Commerce, Washington, D. C.

CABLEMAN’S CORNER. The subject of circuit identification in cables is some 
what complex. Its purpose is obvious to identify a particular circuit, phase, 
polarity or other end use, thus bringing about easier installation and main
tenance. The means of circuit identification range all the way from the most 
conservative, in which all the conductors are alike, to the most liberal, in 
which each conductor has its own distinctive color combination.

Industry standards for a particular type of circuit identity have been 
established by many groups such as IPCEA, NEMA, NEC, ASA, IMSA 
and Underwriters’ Laboratories. Military specifications written to cover 
specific cable constructions indicate the required color coding. Military 
specifications written to cover a general class of cable constructions many 
times list a coding table and a recommended method of conductor identifica
tion. Caution should be exercised in referring to these particular specifica
tions to make sure that the coding combinations will do the job you are 
after. For instance, Table V of MIL-C-3432A makes provision for 21 color 
combinations. For cables containing more than 21 conductors, these color 
combinations are repeated. Therefore, in a 45-conductor cable you will find 
3 colors repeated 3 times and 18 color combinations repeated 2 times.

Under today’s rather hectic conditions, delivery schedules are always of 
prime importance. When circuit identification requires a variety of solid 
base colors, delivery schedules have to be adjusted accordingly to compen
sate for machine setups and change-overs, etc. Careful consideration should 
be given to the use of a solid neutral base color and colored identifying 
stripes. A very satisfactory combination has been the use of solid white as 
the base color. With the employment of one or two colored stripes, a total 
of 73 color combinations can be achieved.

The ways and means of circuit identification are numerous. The methods 
employed to gain the desired objectives must result in quick and clear in
telligible information, conveyed in a method which is reasonably permanent 
and economical to achieve. Circuit identification is important in your work. 
Make sure you have competent cable identification. Call in a cable specialist. 
Our number is Rome 3000.

These news items represent a digest of information found in many of the publica
tions and periodicals of the electronic industry or related industries. They appear 
in brief here for easy and concentrated reading. Further information on each can 
be found in the original source material. Sources will l>e forwarded on request.

CIRCLE 400 ON READER-SERVICE CARD
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Training Devices to Motivate Trainee

Training devices designed to furnish varied 
training may provide greater transfer to opera
tional equipment, and may also help to maintain 
interest and motivation of the trainee, according 
to the results of this study. Transfer among per
ceptual-motor paired-associates tasks was studied 
as a function of the two variables: the degree of 
variation in training, and the amount of training. 
It was found that transfer increased as a direct 
function of the number of sets of training stimuli. 
The transfer superiority of varied-over-constant 
training was not significantly affected by varia
tions in the amount of training. Another conclu
sion was that training with different sets of stim
uli leads to the development of general skill 
which facilitates dealing with new stimuli. It is 
suggested that this skill is an observational or 
perceptual nature. The Effect on Transfer of 
Varying Stimulation During Training, C. P. Dun
can and B. J. Underwood, Northwestern Univer
sity for Wright Air Development Center, U. S. 
Air Force, Dec. 1957, 38 pp, $1.25. Order PB 
131-653 from OTS, U. S. Department of Com
merce, Washington 25, D. C.

Synthesis of Voltage Transfer Functions

The synthesis of voltage transfer functions in 
the form of linear, lumped, finite, passive, bilat
eral networks containing no ideal transformers or 
mutual coupling, is considered. The basic realiza
bility conditions are derived and realization pro
cedures are developed based on these conditions, 
showing them to be both necessary and sufficient. 
Synthesis of Voltage Transfer Functions, Philip 
M. Lewis, II, Massachusetts Institute of Tech
nology, Research Laboratory of Electronics, 
Cambridge, Mass. Jun. 1956, 107p, microfilm 
$5.70, photocopy $16.80. Order from Library of 
Congress PB 133460, Washington 25, D. C.

Frequency Swept Oscillator

Principal advantage of slot antenna-oscillators 
are their simplicity of circuit and mechanical 
construction. They also present possibilities as 
wide-range tuning systems. Their principal dis
advantage, as compared to “lumped-circuit” 
units, lies in the presence of dragloops which 
generally make it impossible for a specific unit to 
generate certain frequencies. Frequency Swept 
Oscillator, Ellis L. Roney, Sylvania Electric 
Products, Inc., Mountain View, Calif. Mar. 1956, 
56 pp, microfilm $3.60, photocopy $9.30. Order 
PB 134884 from Library of Congress, Washing
ton 25, D.C.

Model 319 Miniature Wire-Wound Potentiometer 
(shown actual size)

Adjust to exact require
ments. Each wiper can be positioned 
independently to solve complex phas
ing, reliability, resolution and linearity 
problems.
NEED LITTLE SPACE. Sections only 
% " in diameter. Each section adds less 
than Va ” to overall case length.
EXCEPTIONAL STABILITY. No 
clamping rings needed to gang sections. 
Pots remain stable despite the rigors of 
temperature, altitude, and vibration 
encountered by aircraft and missiles.

For complete specifications, con
tact the representative In your 
area...or write the factory direct.

a division of DAYSTROM, INC. 
9320 LINCOLN BOULEVARD 
LOS ANGELES 45, CALIFORNIA 
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TUBE PROBLEM
An amplifier 
manufacturer was 
plagued by noise, 
microphonics and hum 
that developed in the 
high gain stages of his 
amplifiers. Sonotone 
engineers were 
consulted on the 
problem.

SONOTONE 
SOLVES IT:
Sonotone engineers 
discovered that they 
could correct all three 
complaints by 
redesigning just one 
tube.

RESULTS
The heater element 
was changed to a coil 
heater, eliminating 
the hum. And rigid 
controls on the mount 
structure and 
processing reduced 
microphonics and 
noise. This resulted in 
the Sonotone reliable 
type 7025. It’s now 
available for initial 
equipment and 
replacement purposes.

Let Sonotone help 
solve your tube 
problem, too.

Sonotone,
Electronic Applications Division, Dept. TGG-392

ELMSFORD, NEW YORK
Leading makers ot fine ceramic cartridges, speakers, micro
phones. tape heads, electron tubes.

In Canada, contact Atlas had» Corp., Ltd., Toronto

Semiconductor Devices Research Program

Silicon power transistors can be fabricated by 
diffusing impurities in from the surface to form 
the base and emitter regions. Transistor structures 
can be formed using a number of impurities, but 
gallium and phosphorus were most thoroughly 
studied. Suitable emitter, base, and collector con
tacts can be made using titanium or tungsten sup
port plates and the transistors mounted in a her
metically sealed, welded package of low thermal 
resistance. The fabrication process, consisting of 
diffusion, lead attachment, etching, and packag
ing is described. The performance of the units in 
typical circuits is shown. Semiconductor Devices 
Research Program, James E. Keister, General 
Electric Co., Syracuse, N.Y. July 1958, 157pp, 
OTS U.S. Dept, of Commerce, Washington 25, 
D.C., $3.00 PB 151201.

Transistor Blocking Oscillators With 
Variable Pulse Lengths

The length of the output pulse of a given 
transistor blocking oscillator can be electrically 
varied by as much as 50:1. For low power alloy 
junction transistors and ferrite cup transformers, 
variations in pulse length from 2 to 100 psec have 
been obtained with a variation of the bias volt
age. This variation is studied for a blocking oscil
lator having collector-to-base feedback. Transis
tor Blocking Oscillators with Variable Pulse 
Lengths, S. JI. Dinsmore and D. O. Pederson, 
California University, Berkeley, Calif. July 1957, 
22pp, microfilm $2.70, photocopy $4.80. Order 
PB 134745 from Library of Congress, Washing
ton 25, D.C.

Realization of Broadband Matching 
Networks For Arbitrary Impedances

The general problem of the realization of 
optimum lossless matching networks for an ar
bitrary load impedance is investigated. The start
ing point for this investigation is Fano’s work on 
the theoretical limitations on the tolerance and 
the bandwidth of match. It is shown how any 
arbitrary impedance can be matched to a resistive 
generator by considering examples of several im
portant types of loads. Realization of Broadband 
Matching Networks for Arbitrary Impedances, 
Bharat K. Kinariwala, California University, Elec
tronics Research Laboratory, Berkeley, Calif. 
Feb. 1957, 103pp, microfilm $5.70, photocopy 
$16.80. Order PB 133536 fom Library of Con
gress, Washington 25, D.C.

Don't forget to mail your renewal form 
to continue receiving ELECTRONIC 
DESIGN.
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ULTRA-STABLE
STANDARD SIGNAL GENERATOR SG-54A

No other signal generator in the 4 to 410 

me frequency range can match these

RESETTABILITY BETTER THAN .05%, REL

ATIVELY SMALL SIZE. At last, the instru

ment you have been waiting for is here. 

For the first time in the signal generator 

field, PERFECTION OF PERFORMANCE has 

been achieved.

features: INCIDENTAL FM LESS THAN 300 

CPS AT 50% MODULATION, VSWR LESS 

THAN 1.1, FREQUENCY DRIFT LESS THAN 

.001%, 3-STAGE RF SECTION, FREQUENCY 

CALIBRATION ACCURACY WITHIN 0.5%,

STANDARD SIGNAL GENERATOR SG-25
In world-wide use - thousands used by the Armed 

Forces alone (as AN URM-25D) — and universally 

approved for ACCURACY, RELIABILITY and STA

BILITY. Covering the 10 kc to 50 me range, it 

features a 3-stage RF section. A truly STANDARD 

signal generator of precision laboratory quality, 

yet portable for field use.

COAXIAL SWITCH CS 200
2 to 12 positions. 0 to 1000 me. Low VSWR and 

crosstalk. Direct or geared drive. Model CS-220 

(6 positions) may have internal 50 ohm terminations.

STEP ATTENUATOR AT-120
Up to 10 steps. 0-1000 me. Up to 120 db total at

tenuation. Low VSWR. 50 or 75 ohm output im

pedance. Direct or geared drive Used by leading 

equipment manufacturers.

STANDARD SIGNAL GENERATOR SG-26
Covering the 4 to 405 me range, the SG-26 utilizes 

an ingeniously simplified circuit, designed around 

the highest quality precision components. An ex

tremely accurate, reliable and stable instrument, 

packaged in a small-size, portable case.

•
Visit us at the Park-Sheraton during the IRE Show.

Reps welcome - territories available. Write for detajls and 5pecifl^^

ELECTRONICS CORPORATION . asbury fa" n j

CIRCLE 402 ON READER-SERVICE CARD
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PRINTED-CIRCUIT MOTOR
Reg T M

PRINTED CIRCUIT ARMATURE

RUSSIAN TRANSLATIONS

Nonlinear and

Parametric

Phenomena 1

CONVENTIONAL ARMATURE

1st MAJOR CHANGE IN

PHOTOCIRCUITS TUF-PLATE 
PLATED THRU HOLES 

NOW MAKE POSSIBLE THE

MOTOR DESIGN IN 50 YEARS
Revolutionary new motors using a thin inexpensive printed circuit as the 
rotating electrical element are now available. Heavy iron armatures, and 
cumbersome windings are eliminated; insulation breakdov/n is no longer 
a problem, insuring reliability in product design.
More exciting features ...

low armature inertia — mechanical time constants of a fex milliseconds 
negligible armature reactance — no iron in armature 
low impedance — suited for operation with power transistors 
smooth torque — no cogging, direct drive in servos
internal damping — motors can be furnished with a damping torque 

proportional to speed
high temperature operation — conductors are uninsulated
wide horsepower range — fractional to several horsepower

Why delay, contact Photocircuits, exclusive manufacturer of printed motor 
components for Printed Motors, Inc. (holder of North American patent 
rights for the printed motor technique).

GLEN COVE, NEW YORK

O MM
CORPORATION

PHONES I CABLE
ORIOLE 6-8000 FLUSHING 7-8100 I PHOCIRCO

Visit our Booth Nos. 2201 and 2203 I R E. Show N.Y.C.
CIRCLE 404 ON READER-SERVICE CARD

Part 14 *

A. A. Kharkevich

(Translated by J. George Adashko) I
Chapter 2 I

Generation of Oscillations i

21. Excitation of Oscillations in a 
Generator

After considering the steady-state mode of the I 
generator, we examine how the steady-state is 
excited. We shall trace the development ot the I 
oscillations from the instant the circuit is turned 
on until the instant when the amplitude and the 
frequency are practically constant, i.e., when the I l 
oscillations can be considered steady.

The problem reduces to tracing the time vari
ation of the quantities that characterize the os
cillation, i.e., of the amplitude and frequency. 
The waveform of the oscillations will be assumed 
to be close to sinusoidal.

The problem will be solved by a method ।
known as the method of slowly varying ampli
tudes. This is essentially a quasi-linear method;
the possibility of applying it to this problem is J 
based on the fact that the amplitude, although I 
not as constant as in the steady state case, is

ELECTRONIC DESIGN • March 18, 1959 , E164



It's great to be proud of 
the place you work

in Radio

Engineering

assumed to vary slow lx. \ criterion for “slow ness 
w ill be gi\en below.

Let us write the oscillator equation in the form

x MAN misses a lot if his job means only a pay- 
< heck. He ought to be excited about the work he’s 
doing. He ought to feel proud of his company — 
of its past achievements, its current projects, its 
future.

That’s the wax our engineers and scientists feel 
at Autonetics. Thex’re xoung men. Most of them 
got their BS since 1948. In ten memorable years 
thex have made their company a leader in elec
tronics and electromechanics.

Today there is room for engineers and scien
tists who want to share the unusual creative prob
lems that lie ahead —in inertial navigation, dig
ital computers, armament control, flight control, 
and a host of special military and commercial 
products.

If you’d like to join Autonetics. please send 
\our resume to Mr. \. C. Benning. 9159 East 
Imperial Highwax. Downey. California.

Autonetics
A DIVISION OF NORTH AMERICAN AVIATION, INC.

Downey. Californio

1 / Illi = .1/ 
(I (It

We have already employed this equation in Sec
tions 17 and 20. But in Section 17 we assumed 
/ S„U and thus reduced eq (1) to a linear one 
since our purpose was to find tin* self-excitation 
condition, in Section 20 we wrote the equation 
tor the first harmonic in complex form, introduc
ing the average transconductance into the equa
tion. Our problem then was that of investigating 
the steady-state mode. Now, however, we shall 
w rite eq (1) in a general nonlinear form.

The dependence of the plate current on the 
grid voltage is represented by the nonlinear func
tion

I .et us xx rite the

But

/„ = /(U)

right half of eq (1) in the form

dl. _ }/ dl., di
<1/ / ' df J/

dp I ’ i

is the differential transconductance, expressed

successful airborne all-inertial navigation system... first navi
gation system accurate enough to guide the USS Nautilus and 
Skate on their historic voyages beneath Arctic ice . . . first 
successful automatic star tracking by an inertial navigation 
system during daylight flight. . . first completely maneuver
able, inertially stabilized gyro platform . . . first successful 
completely automatic landing system for supersonic missiles 
and aircraft . . . first transistorized portable digital computer 
with “big computer” capabilities.
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RUSSIAN TRANSLATIONS

WECKESSER CO
5703-05 Nortnwest Hignway Chicago 46, III

CIRCLE 406 ON READER-SERVICE CARD

HEATING ELEMENT shorthand for

5 wo

sin ut

INC

OCR Serie«

SEND FOR 
COMPLETE 

CATALOG ED

100
437

It's easy wi 
«st heavily

DO YOU AVOID 
Plastic Injection Molding 
of small parts like above

ELECTROFILM'S NEW
eleotromesIï'wiRE

unknown frequency 
stant. *

Differentiating the 
t\\ ice

FREE) Send ter TECHNICAL LITERATURE and BROCHURE on ELECTROFILM 
wire mosh end film type Heating Elements.

Inserting this in 
equation

4 different series

we shall assume it con

Weight 1/10 lb. per sq 
approx. .012" thick

SEE US AT BOOTH 1116, IRE. SHOW, NYC 
MARCH 23-26

■MB for the most 
complete 

MMb selection of 
STANDARD 

DESK CABINET RACKS

PREMIER METAL PRODUCTS CO
337 Manida St., New York 59, N. Y

WESTERN SALES OFFICE:
1485 Bayshore Blvd., San Francisco, Co'.

EXPORT DEPARTMENT: É
EMEC 127 Grace Street, Plainview, NV. F

IN CANADA: MUSIMART of CANADA, Ltd. * 
901 Bleury St., Montreal

Visit us at 
Booth 4003 I.R.E. Show 

Free samples • write

Assume that the system considered is soft. Ii 
this case the nonlinear characteristic can be ap 
proximated by a third-degree polynomial:

CIRCLE 409 ON READER-SERVICE CARD 
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costly machinery, expensive tooling

DETACHABLE “form-fitting 

BONDED TO THE PART 
BLANKET TYPE 
FLEXIBLE TYPE

because you think it’s too complicated, expensive?
MINI-JECTORI® No need to in-

The method of solxing eq (3) consists of assum 
ing a solution in the form

The quantity A is the variable “amplitude of 
the oscillation; the function A(t) represents what 
is called in electronics the envelope. As to the still

Differentiating, we 
transconductance

we obtain instead of eq (1), the initial oscillator 
equation in the form

SDR Series

MDK Series

or skilled personnel. Develop and produce small ; ■ 
parts in all thermoplastics, including Nylon. Catalog ■
shows how simple plastic injection molding is with I
MINI-JECTOR. There’s a model to fit your specio! > - 
needs. ■ '

Write for free catalog today.

NEWBURY INDUSTRIES, INC. L
P. O. Box 310, Newbury, Ohio lu!

CIRCLE 408 ON READER-SERVICE CARD

graphically by the slope of the characteristic of 
the triode at a given point i.e., (at a point with 
abscissa Introducing, as before

°This is only a first approximation. Actually Iwth the 
amplitude and the frequency of the oscillations vary 
during the transient. But the change in the frequency 
is usually small. Allowance for this change would yield 
in second approximation only a slight correction to the 
amplitude variation.

CIRCLE 407 ON READER-SERVICE CARD 
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IT’S ELECTRICALLY SELF MENDING!

CUT IT! 
TEAR ITA. 
DRILL ITT 
WITH LITTLE OR 
NO DROP IN WATTAGE

Insulate and Fasten 
without bushings, 
washers, etc. In Stock 
2-56,4-40,6-32,8-32 
10-32 and '/4-20.

Light-weight non
conducting support 
for wiring, tubing, etc. 
In Stock '/u to 
1 V2" Dia.

ß/acA Wo" 
"NyGrip” 

cable

screws 
and nuts

molded
Black Nqlor1



HOUR 4 
PROGRAM 
on 13 channels

NEW! 
BEATTIE-COLEMAN 

PROGRAMER 
...provides

A " sin 4- 2 A' w cos wZ — A w2 sin
4- (2 4~ 7A * sin2 wi) (A ’ sin w/ -T .4 w cos w/)
4- wo- A sin wi = 0

After trigonometric transformations and equating 
to zero the coefficients erf sin cot and cos mt sepa
rately, we obtain the two expiations 

2ß„ + ’7.P /U -j- (wir — w■ ) ¿I — 0

Here the terms containing the triple argument 
(3u)t) are discarded by virtue of the initial as
sumption that the oscillation is sinusoidal [see eq 
(4)].

Equation (5) can be simplified further. The 
point is that the various terms of these equations 
have different orders of smallness. We assume 
that the function A (t). which represents the v avi
ation of the amplitude, is a slowly-varying func
tion.

This means that the change's in the amplitude 
are much slower than the voltage oscillations 
themselves. The function f,(t) is assumed to be 
slowly-varying compared w ith any other function 

if its derivative f' At) is much less than the 
derivative f'At). For comparison it is first neces
sary to normalize the* derivative's, for example, by 
dividing by the* rms values of the* functions them-

The absolute valut* of the derivative of the 
function that represents the oscillation, i.e., ol 
f A sin o> t, does not exceed coA. Denoting the 
derivative of the envelope A(t), by A', we can 
write the* condition for the slowness of A(f} in the 
form

160 feet of punched Mylar tape is 

accommodated in the new Beattie- 

Coleman MLPR-13 Programer, 

providing a completely random 

program of 252 minutes duration 

on 13 channels. Extremely accurate 

time control with no cumulative 

error. Adjustable to five speeds: 

V, 1^", and 3” per sec. 

Weighs less than 5 lbs., is easily 

removable for loading. Programs 

can be initiated or altered in a 

few minutes. Compatible with most 

missile guidance systems.

Write for complete data on the 

MLPR-13 and other multi-channel 

Beattie-Coleman Programers for 

either repeat cycling or random 

operation.

In other words, the quantity A' is of first-order 
of smallness compared with toA. But if this is so, 
then the second derivative of the function A(t) 
will now become a second-order quantity com
pared with tin* second derivative of I , which is 
of the order aVA.

On the basis of these considerations, it is pos
sible to eliminate from the first expiation (5) the 
term A' which is of second order compared 
w ith the last term.

As a result we obtain instead of (5)

B EATTI E —
COLEMAN me.

1000 N. Olive St.. Anaheim, California
437 Fifth Avenue. New York, New York

CIRCLE 410 ON READER-SERVICE CARD 
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23o + - 7-l? .4 “F (Wq‘ — W*) A

2do + 1 yA-
4

= 0

= 0

The equations obtained by crossing out the 
higher-order terms are called simplified equa
tions. The simplification of equations is a general 
procedure in the method of slowly-varying ampli
tudes. It makes it possible to reduce the order of

DC POWER SUPPLY 

★ 

Typical Motoresearch 
Equipment For 

Specific Applications

HIGH FREQUENCY MOTOR

ENGINE GENERATOR

vailable-
RESEARCH and PRODUCTION FACILITIES

for Electrical Power Systems 
to meet Military Specifications

Motoresearch electrical equipment and power systems are de
signed and produced to meet unusual requirements. Our facilities 
include original development, production to existing design and 
the ability to modify for specific application.

Typical Motoresearch equipment is illustrated. Direct current 
Power Supply is a component of Air Force Ground Control 
Approach System. A requirement for very close regulation under 
extreme conditions prompted the development. High Frequency 
Motor shown is for turret fire control. It develops l/2 HP and 
weighs 2.5 pounds. Engine Generator is a self-sufficient 400 cycle 
power unit for Military application. Similar equipment includes 
Motor Generators, Control Units, and Geared Induction Motors.

Send us detailed specifications and schedule quantity needs for 
your weapon system or related application. We will appreciate 
the opportunity to offer a proposal for your consideration.

CÓMpANy
1600 JUNCTION AVENUE, RACINE, WISCONSIN

Gearmotors and I ""
Special Electrical Equipment I 

CIRCLE 411 ON READER-SERVICE CARD

18, 1959 167



RUSSIAN TRANSLATIONS

s imm<

facilities

TRANSFORMER

FREQUENCY STANDARDS

220
AIRCRAFT INSTRUMENTS

POTENTIOMETERS

approx. 1 1" high; approx. 25 lbs MULTI-TURN COUNTING DIALS

FRACTIONAL H. P. MOTORS

SPECIAL DESIGNS

WRITE FOR COMPLETE ENGINEERING DATA

CIRCLE 412 ON READER-SERVICE CARD
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Fig. 73. Steady state oscil
lations may be established

300 KV
10 Msec.

922 FILAMENT
Primary Voltag«
Secondary Voltagi 
Insulation Voltage 
Capacitance
Sze Weight

BORG EQUIPMENT DIVISION 
Amphenol-Borg Electronics Corporation

unusc( 
the t\\

1902 CAPACITY VOLTAGE DIVIDER
Peak Voltage Rating 
Maximum Pulse Width

817 PULSE TRANSFORMER
Secondary Peak Voltage
Secondary Peak Current

tUlllC
0. w

Designing reliability into 
electronic components and 
instrumentation is Borg 
Equipment Division's business 
Borg’s reliable engineering, 
research and production

This is thi 
from eq (7) 
see that the

Additional details, related to your specific 
requirements, available on request.

The broad scope of Carad s experience 
m pulse packages-the most diversified in the 
industry —involves the origination of basic new 
materials, circuitry and techniques, all designed 
to produce higher power of greater reliability 
with increased economy of space.

on the initial transconductance 
of the feedback.

of Section 20 by puttin 
1 oscillation amplitude

814 PULSE COUPLING TRANSFORMER
Secondaiy Insulation
Primary Secondary Turns Ratio

KV per Msec of pulse length max
360 PPS max 

Klystron, 1070’. 
x 21 x 24 high, approx. 400 lbs

Turns Ratio 
Pulse Width 
Rise Time 
Droop
Repetition Rute 
Lood
Size Weight

for commercial or military 
projects. Bring your component 
reliability problems to Borg. 
You’ll enjoy working with 
our cooperative, creative 
engineering staff. The result 
will be a sound, practical 
and reliable solution at 
a considerable saving of time 
and money. Here are just 
a few of the products 
manufactured by Borg . . .

816 PULSE TRANSFORMER
Secondary Peak Voltage
Secondary Peak Current
Turns Ratio
Pulse Width
Rise Time
Droop
Repetition Ratu
Lood
Size Weight 10 x 18 x 2

after various initial condi 
fions JANESVILLE, WISCONSIN 

CIRCLE 413 ON READER-SERVIC’ CARD
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250 KV maximum 
234 Amperes max 

1:17 
3 - 8 Msec. 

iin., 1 0 Msec. max.

275 KV
220 Amperes 

1:13
2.0 Msec.
0.3 Msec.

2.5%
180 PPS

Klystron, 1250’.’ 
high; approx. 200 lbs

20b V, 60 cycles
18 V at 10 Amps 

260 KV Pulse
40 MMf in oil, approx 

10" high; approx. 40 lbs.

nonlinear, since the ciX'fficients 
amplitude. Let us first find the

When the design parameters ,nclude 
h«gh power and high reliability—in applications 
such as super powered radar, linear accelera 
tors and tube evaluation-the answer will be 
found in Carad's complete line of pulse trans
formers, components and integrated pulse 
packages, available in many standard and 
special configurat’ons.

Primary Voltage 4 KV; Secondary Voltage 8 KV 
Secondary to Primary & Core Capacitance 50 MMf approx 
Pulse Length & Rate 2—5 psec. 60 PPS max.
Pulse Droop, Overshoot Backswing 15%
S ze, Weight

RELIABILITY
THE SOLUTION

TO YOUR
ELECTRONIC

COMPONENT
PROBLEMS

Redwood City California
EMerson 8 2969

Catalog No. 816 
Pulse Transformer

Catalog No. 817 
Pulse Transformer

Catalog No. 
814 Pulse 
Coupling 

Transformer

Catalog No. 
922 Filament 
Transformer

Catalog 
No. 1902 
Capacity 
Voltage 
Divider

carad corporation
2850 Bay Road



tndc assumes it steady state, i.e., the function 
.4(0, using the second equation of (6). To solve 
this equation wc multiply each term by so that 
w r can write

ROUGH..
-dl

20, +

into partial fractions

2^ +
23 dt

MICROPOTS

CAN

TAKE
it/

23

BORG 
SERIES 205 
MICROPOT

BORG
SERIES 1100
MICROPOT „

13. I-F

In this expression /) BA is a constant of 
integration, determined by the initial conditions. 
Depending on the value of 1). the amplitude at 
the first instant can have values ol A„ which are 
either less or greater than the steady-state ones, 
oi mav be exactly equal to the steady-state values 
when D 0). The quantity is the resultant 
initial attenuation factor. This quantity is always 
negative—this is inherent in self-excitation. Tak
ing this into account, we see that the exponential 
term under the radical will diminish with time, 
and we will obtain in the limit (when t ap
proaches infinity ) the steady-state value of the am
plitude, as given by eq (7).

Fig. 73 shows the. establishment of the steady- 
state oscillations for various initial conditions. 
The physical meaning of the various initial condi
tions is best determined by using a graphic repre
sentation of the settling process, as will be done 
in Section 23.

(To be continued.)

Series
205

Series 
1 100

We’re rough on Borg Micropots, too when it comes to testing for reliability. 
Take Series 205 and 1100 Micropots for example . . .

Mechanical Electrical Linearity Torque Torque Life
Rotation Rotation Accuracy Starting Running Expectancy

3600 + 15° —0 3600 +14.4 -0° ±0.1% 
to ±0.05%

-3.0" oz. — 1.5" oz. 1,000,000 
revolutions plus

3600 4-30 0 SóOO' + lS' -0 ±0.5%
to ±0.1%

— 3.0" oz. — 1.5" oz. 500,000
revolutions plus

Testing of this type tells us how life and reliability are 
affected . . . the environmental limitations for each model . . . which 
series to recommend for your specific job!
You may be using high-priced pots unnecessarily in your present 
project. You may be able to reduce the number of components in 
your circuits. Remember . . . the fewer the components, 
the greater the reliability!
Let us send you the name of your nearest Borg “Tech-Rep” and 
a complete rundown on all Borg Micropots today.

BORG EQUIPMENT DIVISION 
AMPHENOL-BORG ELECTRONICS CORPORATION 

JANESVILLE, WISCONSIN 
CIRCLE 414 ON READER-SERVICE CARD

Write 
for 

CATALOG 
BED-A90

MICROPOTS 

microdials 
MOTORS
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ition of 0.05 pt

PRD

mt/s Residual VSWR lessinches a

pounds and adapts to most type

Standing Wave Indicator

170

from 
than

350 to 530 
1 03.

Dear Sir:
I fear that tl

recorders 
seems to

Type 223-LW Waveguide Rotary Standing 
Wave Indicator for standing wave and re
flectivity measurements in WR-2100 wave
guide systems over the frequency range

from WR I S9 through WR 4200. 
Specifications and details for

and provides better measurements
and assures more accurate reading of VSWR
and allows direct reading of reflection coefficient angle
and high-power models automatically reject source harmonics

cent as much more realistic. Granted that you can 
point to a siunmer hotel with its own waterwheel 
generator, or a little gasoline driven control sta

ELECTRONIC DESIGN • March 18, 1959

such cases

tors: Types N. BNC, C 
and TNC.

I he waveguide RSWI

IRE SHOW BOOTHS 3602-3604
See these and the hundreds of other PRD PACEMAKER products. Have a microwave problem ? Have it answered right at the booth 

CIRCLE 430 ON READER-SERVICE CARD

for use in coaxial systems for standing 
wave and reflectivity measurements over 
the frequency range from 100 to 1,000 
mc/s. Residual VSWR less than 1.03

guide RSWI's can he found on page H-5 of 
the latest PRD catalog. E X. Specs and data 
for the PRD Type 219 can he found on page 
B-13. If you do not happen to have ready 
access to this 160-page reference manual, a 
complimentary copy can he obtained through 
your local PRD representative or by dropping 
us a line on your company letterhead.

Complete information on the principles of 
rotation of a probe in the circular plane of 
polarization and a full, technical description 
of the Rotary Standing Wave Indicators arc 
contained in the latest PRD Rt POR I. VOI 
I ME 6. Number I. For your free copy send 
your request to:

the -I W models are low-power broadband 
and can handle most laboratory bench-power 
requirements; the-HN models are high power 
I2rr bandwidth units and can operate under 
kw and megawatts of power. All the RSWI's 
are available for use in waveguide systems

Sound impossible? Not at all. Thanks to a 
major advance in the science of standing wave 
measurements!

These new measuring devices, called 
Rotary Standing Wave Indicators, represent 
a bold solution for VSWR and impedance 
measurements for waveguide and coaxial sy s
tems from 100 me s through 7 kmc s. The 
resulting reduction in insertion length alone 
completely makes obsolete the use of slotted

measuring over 4 feet!
Fhe PRD I ype 219 for use in coaxial si 

terns from 100 to 1.000 mc/s weighs only 4

five per cent off. 
users of phonogra 
Most power users I 
sources; these have

/doped to the point where further improve 
nt probably could not be heard, you are 
ng far too optimistic. As applied to present

model 223 RSWI (shown here I for use with 
WR-2100 waveguide systems measures 10

day commercial loudspeakers, pickups, and tap< 
equipment, this simply isn’t so.

Talking about turntable speed control, you say
time may be as much as 
applied to most of the 

this is rather pessimistic, 
are served from network

frequency is so unsteady, and perhaps cyclically 
modulated, that a mere speed adjustment would 
mean little. These examples are not of any sta
tistical or practical significance.

You complain about lack of measurement 
standards and refer especially to turntable noise. 
There has been an NARTB standard in this field 
since 1953, and if truly “no one” is able to com 
pare, it is not for lack of a standard.

C. J. LeBel
Audio Instrument Company. Inc. 
135 West 14th Street 
New York 11, New York

► There are several methods used to relieve over 
load on a power system including: (1) voltage re
duction; and (2) reduction of frequency. When 
equipment becomes overloaded, frequency on 
the sy stem may be dropped slightly. While few 
power systems suffer equipment shortages that 
would force them to resort to this scheme, it is 
always a possibility to consider. The 60 cps sup
ply was not intended as a frequency standard.

There is no argument that the standards for

in. 7 ED) is not beyond challenge.
When you say “sound reproduction has been

POLYTECHNIC RESEARCH & DEVELOPMENT CO., INC. 
Factory and General Office: 202 Tillary Street. Brooklyn 1. N. Y. • ULster 2 6800 
Western Sales Office: 2639 So. La Cienega Blvd.. Los Angeles 34, Calif. • TExas 0 1940

SLOTTED SECTION" 
FOR WR-4200 SYSTEMS 
IS JUST 10 INCHES!
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LETTERS

measurement exist. But the problem is having 
manufacturers interpret them properly .

Lack of Communication

Dear Sir:
While perusing the article concerning commu

nication in the January 7, 1959 issue of Elec- 
i bomc Design, it was rather disconcerting to read 
m the section on meteor communication the state
ment that “design engineers will have to come up 
with something to detect a useable trail, start a 
transmitter, etc . . . ”. This in view of the fact 
that meteor-burst communication links for both 
telety pe and voice have been developed and op
erated successfully by the Canadian Defense Re
search Board, National Bureau of Standards, 
\aval Electronics Laboratory , Stanford Research 
Institute (for AFCRC), and others; in the case 
of the Canadian group, as long ago as 1955.

This work has been described in many of the 
leading electronic and scientific periodicals notably 
the IRE Proceedings for December 1957. Fer
ranti Electric Ltd. of Canada even markets a 
package meteor-burst teletype system. This does 
not mean to imply that the meteor-trail propa
gation mode is understood sufficiently to make 
possible optimum system design. On the contrary , 
a tremendous amount of theoretical study and ex
perimentation will be required to achieve this end. 
But the contributions already made have been 
most encouraging and to say the least, spectacular.

Russell Wolfram. Research Engineer 
Stanford Research Institute 
Menlo Park, Calif.

► True, meteor-burst systems have taen in lim
ited use for some time. Rut the real problem is 
to determine when to turn them on. That is, de- 
tecting a useable- meteor trail, then sending as 
much information as possible over the link while 
the trail is still in existence. All this involves, for 
example, way s to store the necessary information 
and have it available for instant transmission. 
There is still a great deal of work to be done to 
make the method practical.

How a tiny thermistor 
takes temperatures in outer space

Magnetic Materials Section reports on thermistors . . . 
and on new production facilities that permit 
them to be tailor made for any application

One critical piece of information relayed from space 
by Explorer I was its external skin temperature as 
it orbited. This exacting job was assigned to a G-E 
high temperature thermistor RF-111.
Thermistors are thermal-sensitive semi-conductors 
with large negative coefficients of resistance. In 
electrical circuits G-E thermistors measure and con
trol temperatures, suppress initial current surges,

trip time delay devices, and regulate voltages.
Now, G-E, through new production facilities, can 
tailor-make thermistors to your specifications with 
resistance values from 1 to 10,000,000 ohms and 
temperature coefficients of resistance from —1% to 
— 5% at 25 C. For more information—or the assist
ance of a G-E engineer—write: Magnetic Materials 
Section. 7820 N. Neff Road, Edmore. Michigan.

MAGNETIC MATERIALS SECTION

GENERAL® ELECTRIC
CARBOLOY- CEMENTED CARBIDES • MAN MADE DIAMONDS • MAGNETIC MATERIALS • THERMISTORS • THYRITE • VACUUM MELTED ALLOYS

CIRCLE 431 ON READER-SERVICE CARD
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RIGHT data- 
RIGHT ideas- 

to fill your 

MINIATURE
LIGHTING NEEDS

For Pilot—Dial—Indicating— 
Illuminant uses, DRAKE'S 
quick-reference catalog simpli
fies selection of just the right 
Miniature Lighting unit. 16 
picture and fact-packed pages

include detailed specifications; plus highly useful 
data on basic unit elements, best choices for various 
uses, etc. Project Data Sheet makes it easy to get 
specific recommendations for your job. Decades of

CT\ specialized experience in all
CCl /Al / aspects of Miniature Lighting

‘iX. /\ make DRAKE first choice for
top results, best quality, 
greatest economy.
SEND FOR YOUR COPY!

DRAKE
MANUFACTURING COMPANY

1711 WEST HUBBARD ST. • CHICAGO 2 2, ILL.

MINIATURE LIGHTING SPECIALISTS^
CIRCLE 432 ON READER-SERVICE CARD

2-20

adjustment of jaws. Available mounted on 

Banana plugs, pin jacks, molded boards, etc. 
(A total of 10 standard variations 

are available)

Designed for panel mounting on test 
equipment to allow rapid connections 

without manually opening and closing of 

jaws. 2-0 (Standard) extends 1-1/8" 

above mounting surface, 2-20 (Miniature) 

extends only 3/4".
Hex nut under clip allows for tension

Faster Test 
Connections

C/A/Z Write for Catalog

Phon«: FLeetwood 4-1040
565 Hillgrov« Av«., LaGrang«, Illinois

PIONEERS IN MINIATURIZATION 

CIRCLE 433 ON READER-SERVICE CARD

Sherman H. Hubelbank

STANDARDS
AND
SPECS

FM Receiver Measurements

IEC No. 91, Recommended Methods of Meas- 
CREMENT ON RECEIVERS FOB FrEQUENCY-MoDUI A- 
tiox Broadcast Transmissions

Use of this publication enables comparison of the 
performance of radio receivers for fm sound 
broadcasting in the range of 87.5 to 108 me, as 
determined by different observers. A catalog of 
selected measurements recommended for assess
ing the essential properties of these receivers is 
neither mandatory nor limiting. A choice ol meas
urements and additional measurements can be 
made in each case. Methods proposed in this 
standard assess the performance of the particular 
receiver without going into the details of the ap
paratus or its components. Sensitivity, interfer
ence*. frequency response, distortion, stability, 
and other aspects are covered. Copies of this pub
lication may be purchased from \SA.

Measurements

\SME PTC 19.14. Linear Measi remex is, 1958
Contains descriptions and illustrations of the 

follow ing ty pes ol instruments w hich arc used to 
obtain the linear dimensions ol objects: tapes, 
rules and scab's, calipers, dividers, slide calipers, 
depth gages, v ernier calipers, vernier depth gates 
micrometer calipers, thickness gage's, gage 
blocks, etc. Copies of this publication are avail
able from the American Society of Mechanical 
Engineers, 29 West 39th Street. New York IS. 
N.Y.. for $1.50 per copy .

ASME PTC 19.12, Measurement of Time, 1958
Describes the following types of time keepers: 

general purpose clocks, chronometers, clocks or 
regulators for indicating time* to the nearest sec
ond. astronomical clocks, watches, stop watches, 
timers, chronographs, and oscillographs. Meth
ods that are available for measuring time and 
time intervals are also included. Copies of this 
publication are available from the American So
ciety of Mechanical Engineers, 29 West 39th 
Street. New York 18, N.Y., for $1.50 per copy.

printed 
circuit 
tapes & 
shapes

REDUCE DRAFTING TIME
AS MUCH AS 70%

New Brads seif-sticking Tapes and Shapes with 
transparent, smudgeproof adhesive are pre-cut to 
exact and precise tolerances. Master layouts are 
made quickly, accurately, economically — without 
pens. ink. erasers or adhesives. Dull black maxi
mum opacity guaranteed. Stick and stay stuck to 
glass. MYLAR", acetate.

Over l(X) standard shapes and sizes available on 
handy Blue Streak" Dispenser Cards. Connector 
Strips in IX and 60 yard long rolls from .015" 
to .500’ wide. Write for Bulletin 163 and FREE SAMPLES.

Manufacturers of Quality 
Pressure-Sensitive
Tape Products — Est. 1914 w h DQOE co.

759 Glendale Ave.,

CIRCLE 434 ON READER-SERVICE CARD

FREE!

A valuable aid, ALPHA’S exclusive New Flux Finder (¡¡tide 
contains such data as:

* • Coatings for reducing oxides in solder baths
• Preventing reoxidation of base metals
• High-speed fluxing for printed circuit dip soldering

* * • For your copy, act now!

from 
Alpha 
Metals

In Chicago. III.
ALPHA-LOY CORP.
2250 S. Lumber St.

ALPHA METALS, INC , 58B W ater St.. Jersey City 4. N.J.
Send me tree your ,V>h (inule to Itaontatu Soldering

Othw ALPHA products:

Coro A Solid Wir« Solder 

Solder Preforms

High Purity Metals

Compari)

Address.

Zone_____Stale.

See us at the IRE Show March 23 26, N Y Coliseum BOOTH 4328
CIRCLE 435 ON READER-SERVICE CARD
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Spectrum

LIGHT MILITARY ELECTRONICS DEPARTMENT

FRENCH ROAD, UTICA, NEW YORK

First Class

Permit No 579

Utica, N Y,

POSTAGE WILL BE PAID BY

MULTI-BAND ACTIVITIES
MISSILE GUIDANCE & 
IR TERMINAL GUIDANCE 
ELECTRONIC COUNTERMEASURES 
AUTOMATIC TEST EQUIPMENT

K 0AND-IR
NAVIGATION DOPPLER RADAR 
IR DETECTION & SURVEILLANCE

Mr. William Gilmore
General Electric Company
Light Military Electronics Department
French Road, Utica, New York

Engineering 
Challenge 
Across the

'audio-ultrasonic
JET ENGINE CONTROLS 
MISSILE GUIDANCE 
NUCLE. DETECTORS 
LOGIC CIRCUITRY 
SONAR

BUSINESS REPLY CARD
No Postage Stamp Necessary if Mailed in the United States

S BAND-X BAND 
FIRE CONTROL RADAR 
SURVEILLANCE RADAR 
ELECTRONIC FUZES 
BOMB/NAV RADAR

These two factors — diversification and growth — provide the engi
neer joining LMED with a firm career foundation, whether he seeks 
professional advancement in managerial or scientific consulting positions.

VHF-L BAND 
SEARCH RADAR 
DATA LINK

For 
details of the 

specific engineering 
challenge... and the advanced 

programs offered, turn to 
the reverse side 

of this page >

Light Military demonstrates a breadth of professional oppor
tunity unique in the industry— opportunity created by a range of prod
ucts which span the entire electromagnetic spectrum

Equally important however, to engineers seeking long term futures, 
is the fact that this diversity contributes to a high order of growth in 
staff, contracts and facilities.

VIDSO-HF
DATA PROCESSING 
digitK. SUB SYSTEMS 
DISPLAY DEVICES

VHP
SPACE COMMUNICATIONS 
SONAR RECEIVERS
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ENGINEERS ME PHYSICISTS

LET’S GET SPECIFIC ABOUT DIVERSITY F
A few examples of projects now in progress at Light Military 

are described below. Each of them provides opportunities for —and often demands — 
contributions advancing the state of the art ▼

A SOUND BASIS FOR 
CAREER GROWTH 

Because of Light Military's wide-ranging 
diversification, our future and yours too. 
when you join LMED is not dependent on 
the success or continuation of any single 
program. 1 his is well documented by L ight 
Military’s 600*'? growth in I ngineering Stall 
since the Department’s inception. 6 years

— « /ate more atirantares at LMED

Graduate Study Plan that covers the cost of 
tuition and textbooks at a local graduate 
school.

An Opportunity to Consult with top scien 
tists in G E laboratories and gain access to 
the newest technical concepts.

In-Plant Courses provide broad coverage in 
technical and managerial subjects—are 
open to all professional personnel

Comprehensive Orientation Program assists 
new professional personnel in feeling "at 
home” immediately.

Top Salaries that range to $16,000 for cur 
rent professional openings.

G.E.’s Famous Benefit Program that 
comprehensive insurance and the 
savings and security plan.

includes 
valuable

For your family Utica is a modern. growing
city located in New York State's famous Mo 
hawk Valley. Close at hand are skiing, hunt
ing, hockey, fishing, swimming, boating, 
golf, tennis. City and suburban housing of 
all types, well staffed schools and excellent 
stores round out a picture of full family liv 
ing in an invigorating 4 seasons climate Re 
location assistance is furnished to help you 
find a home (house or apartment) and offer 
counsel on all aspects of your relocation In 
addition, we pay moving and transportation 
costs for you and your family.

MAJOR PRODUCT GROUPINGS 
AT LIGHT MILITARY INCLUDE:
Airborne Early Warning and Control Systems 
/ Airborne Electronic Warfare Systems / 
Airborne Fire Control and Bombing Equip 
ment / Airborne Navigation Systems and 
Equipments / Automatic Test Equipment / 
Aircraft and Space Communications Sys 
terns / Digital and Analog Computers / Mis 
sile Guidance and Control Equipment / 
Undersea Warfare Systems

Investigate the career opportunities that 
exist lot you at l ight Military right now. To 
make your initial contact most convenient, 
use the postcard at right. Simply fill it out, 
and mail today.

CLAIRVOYANT”COUNTERMEASURES
Light Military's "intelligent" airborne ECM Intercept System will have 
the capability of detecting and defeating enemy radar devices automatic
ally. The system will appear clairvoyant by instantly analyzing radiations 
from enemy systems, making decisions and immediately responding 
with counter radiations to provide continuous protection for our aircraft.

\Bi

Eq

MASTERING THE VARIABLES FOR POLARIS TRAJECTORIES
As one of its functions, the fire control computer now under development 
at LMED keeps the submarine borne Polaris in constant readiness to 
fire, with a freshly calculated trajectory towards its pre programmed 
target. The system will operate continuously, calculating new trajectories 
as a function of the submarine s location and attitude, and inserting 
them into the memory circuits of the missile s guidance system

AEW WITH THE AUTOMATED VOICE OF COMMAND
This new concept in Airborne Early Warning and Control will provide 
protection for a mobile unit by detecting enemy aircraft at unprecedented 
ranges, tracking, adapting itself to changing combat situations, and 
transmitting tactical data automatically to combat information centers 
The system will match a 3-Dimensional radar with novel correlation 
techniques and an automated data handling system which — for the first 
time — will practically eliminate Man from the control loop.

PROGRAMS WE’RE PROUD OF BUT CAN’T REVEAL
There are a number of highly classified programs under way at Light 
Military that embody some of the most advanced electronics concepts. 
Among them are Bomb/Nav, Surveillance, and Fire Control Radars that 
utilize such techniques as frequency diversity, signal correlation and 
signal analysis methods of obtaining high order resolution

LIGHT MILITARY ELECTRONICS DEPARTMENT

FRENCH ROAD UTICA NEW YORK

Mr. William (Dimore:
I am interested in professional career opportunities al I ight Military.

Name

the
Koc

Home Address

City Zone State

Phone

Degree (s) De
Year (s) Received ne
I am particularly interested in the following technical areas:

(U.S. citizenship or Secret clearance required.) ELE



Airborne Radio

Revisions to the following were issued by the 
Radio Technical Commission for Aeronautics, 
dated 13 November 1958;

14-53/1)0-48, Minimum Performance Stand
ards Airhorne Radio Communication Trans
mitting Equipment, Operating Within the R-F 
Range of 1.5-30mc

15-53 DO-49, Minimum Performance Stand
ards Airborne Radio Communic ation Receiv
ing Equipment, Operating Within the Range 

of 1.5-30mc

87-54 DO-57, Minimum Performanc e Stand- 
vrds Airborne Radio .Marker Receiving 
Equipment Opebating on 75mc

S7-55 DO-64. Minimum Performance Stand- 
vrds Airborni Radio Communication Receiv

ing Equipment Operating Within the R-F 
Range of 118-132mc

88-55 DO-65, Minimi m Performance Stand- 
VRDS WltBOBNE RADIO COMMUNIC ATION TrANS- 
mitting Equipment Operatinc; Within hie R-F 
Rangi of 118-132m<

89-54 DO-59, Minimum Performanc e Stand- 
vrds Airborne ILS Localizer Receiving Equip
ment

225-55 DO-69, Minimum Performance Stand- 
vrds Airborni VOR Rec eiving Equipment Op
erating Within the R-F Range of 108-1 18mc

15-57 1)0-78, Minimum Performance Stand
ards Aircraft Audio and Interphone Ampli
fiers

83-56 1)0-70, .Minimum Performance Stand- 
vrds Airborne Radio Rec eiving and Direction 
Finding Equipment Operating Within the 
Range of 200-4 15kc

100-54/ 1)0-60, Environmental Tesi Proce
dures,. Airborne Radio Equipment

ENGINEERS/EE/ME/AE Engineers

and scientists

Copies ol these revisions may be obtained from 
the Radio Technical Commission for Aeronautics, 
Room 1072, Building T-5, 16th & Constitution 
Ave.. NAV., Washington 25, D.C.

Don t forget to mail your re
newal form to continue receiving 
ELECTRONIC DESIGN.
◄ CIRCLE 881 ON READER-SERVICE CARD
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CAREERS IN 
SYSTEMS 

ENGINEERING

General Electric’s New 
Defense Systems Dept.

From many diverse disciplines in 
engineering and the sciences, ca
pable men are coming together to 
form the nucleus of the new De
fense Systems Department — an 
organization devoted exclusively 
to conceiving, integrating and 
managing prime defense pro
grams, such as:

ATLAS DYNA-SOAR

SENTRY and other highly 
classified systems which 
cannot be listed here.

Whether you are a systems engi
neer now or not, the inauguration 
of this new department presents 
a rare opportunity for bringing 
your own career into sharp focus 
in systems engineering.

Immediate assignments in 
SYSTEMS PROGRAM MANAGEMENT 

WEAPONS ANALYSIS 
WEAPONS SYSTEMS INTEGRATION 

ELECTRONICS • DYNAMICS 
COMPUTER LOGICAL DESIGN 

PRELIMINARY DESIGN 
APPLIED MATHEMATICS 

ADVANCED SYSTEMS DEVELOPMENT 
SYSTEMS EVALUATION 

THEORETICAL AERODYNAMICS

Please direct your inquiry 
in strictest confidence to 
Mr. E. A. Smith, Dept. 3-C.

•»•• •>> >d))))))I

Defense Systems Department

GENERAL ELECTRIC
300 South Geddes Street 

Syracuse, New York

return to
the midwest

. . . where there’s time and op
portunity to enjoy yourself 
while climbing to the top in the 
field vou like best.

It’s spring in Minnesota! Ihe maple 
is running—thick, sweet, abundantly. 
There’s still a bit of crispness in the 
morning air. but the ice has gone out 
of most of the rivers. Everywhere you 
see people repairing boats—or buying 
floats. Occasionally you see a flight ol 
mallards heading north. You should 
be in Minnesota in the spring—with 
your family. \nd you can be here . . .

The Research and Engineering Labo
ratories at the Mechanical Division ol 
General Mills in Minneapolis- need 
senior level staff members for creative 
design, research and development 
work in the following fields:

Digital Compiici

Computer 
Design

Advanced
< Computer

Digital • Optimi and Infra-Red

• Micro wave Develop, 
ment

• Electron i< Circuit 
Design

Positions available are lor purely tech
nical and technical-supervisory work 
job titles and salary provide equil 
opportunity lor advancement in both. 
Our people enjoy their associates, lib
eral company benefits and nonroutine 
projects, as evidenced hy our extreme 
Iv low turnover rate.

If you have from three to five years 
experience in any ol ihe above fields 
we’d like to tell you more about op 
portunities al General Mills. Semi 
today for all the facts. We ll keep voui 
inquiry in strict confidence.

G. P. Lambert, Manager
Professional Employ ment

MECHANICAL DIVISION

Person nel Departí»; ent

Mills

2003 E. Hennepin, Minneapolis 13. 
Minnesota

CIRCLE 876 ON READER-SERVICE CARDCIRCLE 882 ON READER-SERVICE CARD
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TO WORK IN

TO LIVE IN
At Sylvania’s 

Mountain View Operations 

in California 
(SAN FRANCISCO BAY AREA)

COMPUTER ENGINEERS
HERE ARE THE TYPES OF ENGINEERS WE NEED

• SENIOR SYSTEMS ENGINEERS • SENIOR LOGICAL DESIGNERS

• SENIOR CIRCUIT DESIGNERS

COMPUTER ENGINEERS:
Senior Systems Engineers—Strong 
Theoretical and Design Knowl
edge in Electronic Engineering, 
including familiarity with electro
mechanical digital machines. 
Prefer experience with com
mercial application of digital
processing equipment, will 
consider scientific or defense ap
plication. Operational experience 
a distinct asset. Advance degree 
desired.
Your Work at NCR — analyze and 
direct product improvement of 
digital computers.
Senior Circuit Designers — experi
enced in the design, development 
and analysis of transistorized 
computer circuits, including ap
plication of magnetic cores to 
high-speed memories.

Your Work
involving

• SENIOR ELECTRONIC DESIGN ENGINEERS

at NCR-— opportunities 
decision making con-

cerning reliability, cost and com
ponent selection are offered.
Senior Circuit and Logical Designer» 
—similar experience and duties 
as noted for Senior Circuit De
signers plus evaluation and de
bugging arithmetic and control 
areas of computer systems.

DATA-PROCESSING ENGINEERS:
Senior Electronic Design Engineers— 
experienced in the development 
of logical design using standard 
computer elements.
Your Work at NCR — to evaluate 
and design transistorized circuits 
including voltage regulated power 
supplies and circuitry related to 
decimal to binary coding.

THE NATIONAL CASH REGISTER COMPANY, dayton 9, ohio

ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS

75 YEARS OF HELPING BUSINESS SAVE MONEY

174
CIRCLE 871 ON READER-SERVICE CARD

you’ll discover 

more than just one 

kind of climate.

WHERE YOU WILL WORK . . .
at NCR’s NEW Engineering Re 
search Center, Dayton, Ohio.
You’ll be working under the most 
stimulating and advanced R and 
D facilities with broad creative

PROFESSIONAL CLIMATE-Advanced 
programs will challenge your techni
cal creativity. You’ll make major con
tributions in the fields of electronic 
defense, radar, communications and 
data processing systems. Because 
Sylvania is one of the nation’s fast
est growing electronics organiza
tions, there are an unusual number 
of growth opportunities.

freedom 
which is

HOW DO I
Simply
Mr. K.

in the engineering field 
yours.

APPLY?
send your 
C. Ross,

Personnel Section

résumé to: 
Professional 
C, The Na-

tional Cash Register Company, 
Dayton 9, Ohio.

LIVING CLIMATE—You and your family 
will enjoy the healthful atmosphere 
and sunny climate of the San Fran
cisco Peninsula. You’ll find plentiful 
housing, excellent shops, fine schools 
and year round recreation.

Openings in:
System Studies / Circuit Design / Computers 

& Data Handling / Electronic Packaging / 
Development Engineering / Concept & Plan
ning / Advanced ECM Circuitry / Equipment 
Development / Product Engineering / Tube 
Engineering / Tube Application Engineering 
/ Mechanical Engineering / Tube Production 

Engineering / Theoretical Physics / Experi
mental Physics / Mathematics / Microwave 

Engineering.

You may communicate in confidence 
to Wayne L. Pearson

MOUNTAIN VIEW OPERATIONS

VSYIAAXIAV
SYLVANIA ELECTRIC PRODUCTS INC

P.O. Box 188
Mountain View, California
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FROM CONCEPT
Portland, Oregon

TO HARDWARE
See your persona! efforts

integrated into the tota! flight system
with a prime contractor

CIRCLE 872 ON READER-SERVICE CARD

name your

Write today for complete details on opportunities available

Technical Personnel D*pt 37
Farmingdale, Long Island, New York

RADIATION INC.
NEEDS 

ELECTRONIC 
ENGINEERS IN 

FU) IIDA

A manufacturer of universal recogni
tion in cathode ray oscilloscopes and 
allied instrumentation, Tektronix is 
continually seeking to advance the 
oscilloscope art. To this end we rely 
on internal design of fundamental 
components as well as complete 
instruments

Creative physicists and engineers 
with experience in vacuum and cath
ode-ray tube design, semi-conductor 
research, and circuit design will be 
interested in a program of major ex
pansion in our Engineering Division.

For further information please con
tact Mr. Robert Mitchell, Barbizon
Plaza Hotel, New York City, March 
20, 21 and 23 through 27.

Whatever your sport, you’ll find it in abundance in Florida and you 
can enjoy an interesting career to boot with fast-growing Radiation, 
Inc. The climate here is ideal for outdoor sports the year around

Please send resume in complete confidence to:
MR. GEORGE R. HICKMAN

Engineering Employment Manager , Dept. 12C-3

Decide NOW to join this Prime Contractor
Gam accelerated advancement by becoming 
a ground floor participant in Republic’s 
$35 million R&D program aimed at bringing 
about substantial breakthroughs in aero
nautics and space technology. A new order 
of career progress is waiting for engineers 
and scientists at Republic Aviation.

NEW YORK INTERVIEWS DURING IRE NATIONAL CONVENTION
Plan now to visit Republic representatives 

at the Convention Hotel (March 23-26)

REPUBLIC AVIATION
It’s an unnerving experience, in this era of 
systems engineering, for a man to work long 
and hard on a subsystem or component proj
ect and then see the product of his labor 
leave the plant in a packing case on its way 
to a prime contractor for systems installa
tion. How different is the picture at Repub
lic Aviation! Working for this prime 
systems conti actor you will have the oppor
tunity to see the total flight system take 
shape and the satisfaction of seeing your 
personal efforts become an important part 
of it. You’ll broaden your experience and 
professional interests by working with ca
pable men from varied disciplines on ad
vanced electronics for every type of flight 
vehicle-from guided missiles to helicopters.

We have many openings for challenging and rewarding work in 
electronic design and development. Radiation is well known in 
DATA PROCESSING, TELEMETRY, ANTENNAS, INSTRUMENTATION, 
and other areas of MISSILE ELECTRONICS. Our stable growth indi
cates a secure future with professional advancement for qualified 
electronic engineers with ideas and energy.

CIRCLE 883 ON READER-SERVICE CARD
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Investigate these electronic opportunities with Republic

Inertial Guidance & Navigation / Digital Computer 
Development / Systems Engineering / Information Theory 

Telemetry-SSB Technique / Doppler Radar / Countermeasures 
Radome & Antenna Design / Microwave Circuitry A Components 
Receiver & Transmitter Design / Airborne Navigational Systems 
Jamming A Anti-Jamming / Miniaturization-Transistorization 

Ranging Systems / Propagation Studies
Ground Support Equipment
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General Electric, Receiving Tubes . . .

INCORPORATED
6000 LEMMON AVENUE • DALLAS 9, TEXAS

Advanced facilities permit work of highest caliber, 

company* 
from over 800 

to almost 8,000 
and Sales 

have increased 
from under $5,000,000 

to over $91,000,000.

Expand your professional potential where you and your 
work are recognized as vital. Enjoy a favorable engineering 
climate, major factor in the swift, steady growth of this 
dynamic company now in its 29th year and still expanding! 
If you have a high order of ingenuity, technical skill and 
engineering ability, you can hit your stride at Texas 
Instruments — now one of the 500 largest industrial 
companies in the country. In association with outstanding 
colleagues, you can explore new horizons in any of a wide 
choice of fields :
apparatus division Design, development and manufacture of systems 
—reconnaissance, airways control, antisubmarine warfare, missile 
and anti-missile, countermeasures, airborne early warning, naviga
tion, attack control, and engine control. Equipments, including: 
radar, infrared, sonar, magnetics, digital circuits, timers, telemeter
ing, intercom, microwave, optics, detector cells, engine instruments, 
transformers, time standards, and other precision devices.

Please write J. R. Pinkston, Dept 1101 circle 377

SemiCOndUCtor-COmpOnentS division Design, development and manu
facture of semiconductors — transistors, diodes, rectifiers — and 
other electronic components including capacitors and resistors. 
Special studies in materials purification and analysis, surface treat
ment, circuit design, and circuit applications. Design of mechanized 
production and test equipment. Supervisory positions in manufac
turing engineering and production management.

Please write H. C. Laur, Dept. 1101 circle 878
Central research laboratory Basic and applied research in solid state 
physics, materials, devices, data systems, and earth sciences with 
particular emphasis on semiconductors, electroluminescence, ferro
magnetics, resonance, low temperature phenomena, dielectrics, 
infrared, geophysics, digital techniques, masers, memories, and tran
sistors; physico-chemical studies of diffusion, alloying, crystal 
growth, and crystalline structure.
Please write A. E. Prescott, Dept. 1101 circle 879
industrial instrumentation division Design, development and manu
facture of commercial electronic and geophysical instrumentation 
including data gathering, recording and processing; circuit and 
instrument packaging; meter movements and transducer elements; 
remote measurement and control systems. (NOTE: This division 
is located in Houston.)
Please write D. G. Turner, Dept. 1101 circle sso

Come grow with us in the pleasant climate of highly 
sophisticated Southwestern cities, Dallas or Houston — 
each large enough to be urbane, small enough to be neigh
borly. Modern plants are within the city but away from 
downtown traffic ... near fine residential areas. You will 
live within minutes of year-around recreational, amuse
ment and cultural activities.

Six major resorts and fishing lakes ; 
are within one hour of Dallas. :

Dallasites own 38,700 outboards; are 
served by a dozen boat manufacturers 

and 40 boat retailers. *
Houston, of course, is “next door” to

Galveston, nationally known seaside resort. Sailing on White Rock Lake; within Dallas.
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WARE Regulated Transistor

Power Supplies

Fic
ad

Complete captive assem
bly; all sizes. Comprised 
of slotted-head thumb 
screw, insert bushing, 
captive nut assembly, 
splash-proof seal.

FOR FREE FACTS 
on this stainless steel 
hardware, write:
RAYTHEON, Commercial 
Equipment Div., Dept. 6120, 
Waltham 54, Massachusetts

I) Excellence in 
/ Electronics

CLOSURE

■ * ' RAYTHEON p

CIRCLE 481 ON READER-SERVICE CARD

E. Brenner

Here Is The Answer To Every 
COIL FORM REQUIREMENT

Arbor List 
of Over 
2000 Sizes

Complete Coil Form 
Service....

°* U\T

High dielectric kraft, fish 
paper, cellulose acetate, 
DuPont Nylon, Resinite 
and combination tubes 
for any electrical/elec- 
tronic application.

Any shape — round, 
square, oval, rectangu
lar, triangular or spe
cial. Any I.D., O.D. or 
length. All promptly 
available.

Ask about our spatial mandril and fabricating services 
Request Arbor List and Bulletin today. Send 

specifications for free samples.

PRECISION PAPER TUBE CO.
2055 WEST CHARLESTON STREET • CHICAGO 47, ILL. 

Pion» No. 2: 79 Chapel Street, Hartford, Conn.

CIRCLE 458 ON READER-SERVICE CARD

CONS TANT supply voltages, required in tran
sistorized equipment, demand regulated 

power supplies which can be well attained with 
transistor circuits. A comparison of three regu
lator methods shows that circuits in which tran
sistors are used as switches have certain ad
vantages over those circuits in which a control 
transistor is continuously in the circuit.

A typical regulator, in which a transistor is 
continuously in series with the load (“series com
pounding”) is shown in Fig. 1. A reference volt
age is derived from a zener diode and compared 
to a fraction of the output voltage. The differ
ence is amplified and used to control the series 
transistor so as to minimize the error. The circuit 
is characterized by comparatively large power 
dissipation in the control transistor (see Table) 
but has low hum content in the output.

The losses in the control transistor can be re
duced materially by use of a switched transistor 
as in the “two-point” circuit, Fig. 2. The error 
voltage in this circuit activates a Schmitt trigger 
which gates the control transistor as the toler
ated error is exceeded. At full load and over
voltage, power loss occurs in the series resistor 
Ri-. The efficiency is the same as in Fig. 1 but the 

transistor loss is reduced. The maximum current 
is limited by the peak collector current of the 
series transistor. A continuously varying output

Comparison of the Properties of 
Three 12v 100 ma regulated 

transistor power supplies.

Output Impedance 
ohms

Continuous Two-point Controlled
Regulator 

Fig. 1 
0.3

Regulator 
Fig. 2 

0.3

Rectifier 
Fig. 3 

0.5

Voltage variation 
for 10% input 
variations (%)

0.2 0.2 0.2

Overall Efficiency 
at full load and 
10% overvoltage 
(%)

45 45 60

Loss in control 
transistors at 
full load and 10°Z 
overvoltage (mw)

600 50 100

Control speed high high low
Output noise 
voltage at full 
load (mv eff.)

1 20 60
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lito 20V OD 604

lOOpf

OC 604

OC 604

OA 126/6

OC 604 SI
OC 604

<OC 604

OC 604 spec

1OC 604

OC 604
OC 604

OA 126/6

GRANT INDUSTRIAL SLIDES
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'°*20 OC 604 spec

Fig. 2. Regulated power supply using transistor two 
point control.

/£! High Street. West Nyack, New York 
9kk Long Beach Avenue, Los Angeles 21, Cal.

Grant Slides have been the pattern for all slide designs. While Grant is flattered, it is important to point 

out to designers and engineers that Grant research, design and sales engineering have been and are 

the factors that place the nation's leading industrial manufacturers on our list of customers.

If you require imaginative assistance in determining the proper slide for your equipment-or, if you’d 

simply like to discuss the possibilities for slides in your units, Grant sales engineers are at your service 

-as they have been ever since the first industrial slide (a Grant slide!) was marketed.

nation's first and leading manufacturer of slides

lOOpf
soo

\oltage is necessary for operation (see output 
noise voltage in Table).

In the controlled rectifier (Fig. 3), the conduc
tion angle is controlled in the same manner as in 
power Thyratron circuits. Hum voltages are 
therefore not reduced by the regulator action: 
only the filter counteracts this component of the 
noise. Except for this error, it is possible in prac
tice to obtain perfect regulation with this circuit.

Comparison between the three circuits is made 
in the Table. The efficiency values include a 66 
per cent transformer efficiency figure.

Abstracted from an article by G. Meyer Broetz, 
Elektronische Rundschau, Vol. 12, No. 10, Octo
ber 1958, pp 342-344.

fa»»»

Fig. 1. Regulated power supply using a continuously 
active transistor.

Fig. 3. Transistor controlled rectifier



BIWAX-EPOXY
FORMULATIONS

• MIL and Industrial Specifications.
• Single component systems.
• Thixotropic formulations.
• Packaging service minimizes waste—can be 

keyed to your production schedules.
• Encapsulating service facilities.
Send for Informative 
BIWAX-EPOXY COMPOUNDS Data Sheet

Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS

6600 HOWARD STREET 
SKOKIE, ILLINOIS

Talonkonac I ORchard 3-1050Telephones. | AMbassador 2-3339

B/WAX

CIRCLE 278 ON READER-SERVICE CARD

Over 30 years of 
formulating experience 

BIWAX CORPORATION

Silicone Sponge Rubber
for sealing, gasketing, pressure pads, 
vibration dampening —100'F to 480 F

Low density COHRIastic R-10470 silicone sponge rubber is 
completely flexible after 72 hrs. at 480°F, shows no brittleness 
after 5 hrs. at —100°F. High tensile, tear and elongation. 
Closed cell construction is non-absorbing. Called out on 
aircraft and electronic drawings and specifications. Available 
from stock in sheets Me" thru M", in rod .180" thru .585". 
Special extruded shapes made to order.
FREE SAMPLES and folder—write, phone or use inquiry service.

CONNECTICUT HARD RUBBER
NEW HAVEN 9 CONNECTICUT

¿>#0 ^£7
AIRFRAME SILICONS RUBBER SILICONE RUBBER

SEALS COATED FABRICS SHEET A SPONGE
MOLOINGB 
A EXTRUSIONS

GERMAN ABSTRACTS
E. Brenner

Noise
In Silicon Diodes
And Transistors

ON THE BASIS of the Shockley diffusion 
equation, it can be shown that, for a p-n 

junction, noise current through noise resistance 
Rn is given by

U = 4KT Af/Rn

where

2R„ = /?[!+ exp (-eV/kT)]

/„ = saturation current

Ie = diffusion current

While this formula is adequate for alloyed ger
manium diodes, significant deviations occur for 
silicon junctions. One of the reasons for these de
viations is the recombination and generation of 
carriers in the depletion layer. On the basis ol 
this theory, the equivalent noise resistance can be 
shown to be half of the total (differential) resist
ance in the forward direction.

The mean squared noise current is calculated 
(using certain simplifying assumptions which are 
eventually justified by experimental confirmation) 
by adding the contributions due to recombina
tion and diffusion. The result is the formula

in = AkT (ReY) If - 2el Af/m (3) 

where Y is the total junction admittance, 1 is the 
total current through the junction and m is an 
empirical parameter which is determined by fit
ting the dc volt-ampere curve of the diode to the 
form I = Io exp (eV/kTm). Usual values of m 
are between one and two. At low frequencies, 

for I » Io, an adequate approximation for Y is

Re Y 4- el/mkT 

and then

/„ = 2(7 A/ m (4)

so that using an equivalent noise resistance R„, 

2 Rn = 1 ReY (5)

To take the recombination effect into account 
for transistor noise calculations, two separate 
diodes are calculated. Eq. (3) applies to the emit
ter noise if Y is replaced by Yn, the short circuit 
input admittance of the intrinsic transistor and 
I and m are replaced correspondingly by Ir. mc. 
The collector noise can be approximated by

2
inC = 2elc A/ (6)

The noise factor is approximated by

» 2.1 / ) t A’ - R. I (t < I Ri R . 
IZ T R

where (7)

Rb = base resistance

R„ = source resistance

a/B = ac current amplification factor in the 
common base configuration.

The original paper includes experimental re
sults as well as other analytical work and proofs.

Abstracted from an article by B. Schneider and 
M. J. O. Strutt, Archiv der Elektrischen Ueber- 
tragung, Vol. 12, October 1958, pp 429-440.

Polynomial Approximation for
Complex Transfer Functions

IN THE synthesis of two-ports, it is often the 
practice to approximate the desired amplitude 

response and subsequently to correct the phase 
response with cascaded all-pass two-ports. It is, 
however, possible to form polynomials so that in 
a given band of frequencies, both amplitude and 
phase response can be approximated with any 
desired degree of accuracy.

The frequency band over which the approxi
mation is to hold is normalized to be the band 
0 co 1. The problem can then be formulated 
as follows:

A given complex function F(f(p) is to be ap

ELECTRONIC DESIGN • March 18, 1959
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proximated in the stated band by an nth order 
Hurwitz polynomial. Since the roots of this poly
nomial FM (p), where p is the complex frequency 
variable, must have negative real parts, the angle 
of F(j(d) must increase monotonically with in
creasing frequency and the locus of F(/w) must 
encircle the origin n/4 times where n is the order 
of the approximating polynomial. If 4><> is the 
angle of FQ'), n is chosen by the rule

<t>t> ~ n ir/4

where the inequality is used for n > 6.
According to the scheme mentioned below, m 

points on the complex locus F(jrd) are chosen and 
it is desired that the approximating polynomial 
exhibit least squared error property. Using the 
substitution

w = cos 0

the approximating polynomial can be written as

I' " — n,, T u ¡cosO + HoCos^ T . . . T zz„(*os nO (2) 

where the coefficients are real for e\en values 
of k and imaginary when K is odd. While these 
coefficients can be evaluated analytically by ex
panding the real and imaginary parts of F(j(d) in 
Fourier series when F is known analytically, the 
schedule type method of Fourier analysis is well 
suited to this problem. The scheme for choosing 
the m points mentioned above consists then of 
calculating F(j(o) at the radian frequencies

k = coslk it 2m) (3)

and the equation

ph m

F(w=l) = U (l^k + j ~ «2*—1 (4)
Z « 0 k — I

serves as a check of the numerical work.
Once the coefficients ak are known, the poly

nomial is obtained by the use of the nth order 
Tschebyscheff polynomial, Tn (co), i. e.

Tn (w) = cus (n cos 1 co)

in Eq. 2 so that

F " (w) = i ak (a>) = X bk 

k — 0 k = 0

T hen, F(p) is obtained by setting co — —jp and 
the result is checked using the Routh criterion.

In the original paper, the procedure is illus
trated in detail. The function

F = exp (ar + j 5 w r/4)

is approximated by

F^ = 1.032 + 4.012p + 7.302p2 4- G.824p3

+ 4.317p4 + 0.877p5

\bstracted from an article by E. Schuon, Fre- 
quenz, Vol. 12, No. 10, October 1958, pp 318-323.
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DC-to-30 MC

LyiLItíÀLHEiLÉyÀLPJJ Oscilloscope

with GdibStated Sweep T^etay
TYPE 555

SWEEP DELAY
Simultaneous display of pulse chain (upper 
beam) and third pulse on expanded delayed 
$ weep lower beam i Portion of original display 
that appears on foster delayed sweep is idenh-

Two electron beams, each with its own X 

and Y deflection plates, help make possible 
a highly versatile dual-beam oscilloscope. 

Either of the two time-base generators in the Type 555 can deflect 
either beam for dual and single displays, and either can deflect both 
beams for a dual display on the same time base.

Il ith one time-base generator functioning as a delay generator, the 
start oj any sweep generated hy the other can he held off for a selected 
time interval with a high degree of accuracy. Both the original display 
and the delayed display can he observed at the same time. The "trig
gered" feature can he used to obtain a jitter-free display of signals 
with inherent jitter.

Signal-handling versatility is provided by nine available types of 
plug-in preamplifiers, any combination of which can be used in the 
two fast-rise vertical channels. In addition to the many application 
areas opened with Tektronix plug-in preamplifiers, a three-channel 
or four-channel display is available through use of the time-sharing 
characteristics of Type C-A Dual-Trace Units in one or both channels.

Please call your Tektronix Field Engineer or Representative for 
complete specifications.

Characteristics
INDEPENDENT ELECTRON BEAMS

Separate vertical and horizontal deflection of both beams.

FAST-RISE MAIN VERTICAL AMPLIFIERS
Passbands —dc-to-30 me with Type K Units.
Risetimes—12 mpsec with Type K Units
All Tektronix Plug-In Preamplifiers can be used in both vertical channels 

for signal-handling versatility
WIDE-RANGE TIME-BASE GENERATORS

Either time-base generator can be used to deflect either or both beams
Sweep ranges—0.1 ,»sec cm to 12 sec/cm 5 x magnifiers increase 

calibrated sweep rates to 0.02 psec/cm.

SWEEP DELAY—Two modes of operation.
Triggered—Delayed sweep started by signal under observation.
Conventional —Delayed sweep started by delayed trigger.
Delay range—0.5 usee to 50 sec in 24 calibrated steps, with continuous 

calibrated adjustment between steps.

HIGH WRITING RATE
1 0-KV Accelerating potential provides bright traces at low repetition 

rates and in one shot application.

REGULATED POWER SUPPLY

PRICE, Type 555 without plug-in preamplifiers . . $2700.
Includes Indicator Unit, Power Supply Unit, Scope-Mobile, 

4—10 x atten. probes.
Price f o b. factory

Tektronix, Inc.
P. O Box 831 • Portland 7, Oregon

Phone CYpress 2-261 1 • TWX PD 311 • Coble: TEKTRONIX

TEKTRONIX FIELD OFFICES: Albertson, I I , N Y • Albuquerque • Atlanta. Ga • Bronxville. 
N Y • Buffalo • Cleveland • Dallas • Dayton • Elmwood Park, III • Endwell, NY • Houston 
Lathrup Village, Mich • East Los Angeles • West los Angeles • Minneapolis • Mission. Kansas 
Newtonville, Moss • Orlando, Fla • Polo Alto, Calif • Philadelphia • Phoenix • San Diego 
St Petersburg, Flo • Syracuse • Towson, Md • Union, N J. • Washington, D C. • Willowdale. Ont

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland Oregon 
Seattle, Wash , Hytronic Measurements, Denver, Colo , Salt lake City, Utoh

Tektronix is represented in 20 overseas countries by qualified engineering organizations

Tektronix manufacturei seventeen other laboratory oscilloscopes, 
ten of which are also available as rack-mounting instruments. 
Several new oscilloscopes will be introduced at the March IRE 

Show. Be sure to see them at Booths 3027 to 3030
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MEETINGS EMBUES

TIME/FREQUENCY CALIBRATOR

Audio

Automation and Control System

Mon pm-St

am-St

In CANADA 99 Floral Parkway TORONTO IS

CIRCLE 440 ON READER-SERVICE CARD CIRCLE 442 ON READER-SERVICE CARD

pm-Mo

STEPPING SWITCHES
SS5am-St

Wed am-St

Wed pm A

13.15

19U-125

make SODECO’S ITO Mon pm-A

Wed am-Mo• an J00-125

tm
Net weight varietyWe have

type of relays In stock
needs

or without

with con'

100-125
Concepts and Programs (51) pm-Se

Education Price* subject to change without notice

Wed am-G
CIRCLE 441 ON READER-SERVICE CARD CIRCLE 443 ON READER-SERVICE CARD
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Component Parts-
Component Parts-

6 to 
24 to 
IM to

100 to

~R926
#R980
#R981
#R615

R642 
R600 
R645 
R64«;

1-9 
10-49

11 50 
12.50 
13.50 
14.50

13.75
14.75
15.75
16.75

10.50
11.50
12.50
13.50

1645
1646
1647
1648

R977
R978
R979
R644

~ R982 
-R98 3
“R616

i: iaib 
weight: 
wipers;

Price
9.50

10.50
11.50

extremely useful 
pulse counter

At your ELEC
TRONIC PARTS 
JOBBER or order 
direct

open 
make

standard 
When m-

Many Contact 
Possibilities

Contributions to Stereo
Sound Reproduction (12) 

Speech and Circuits (20)

HANDICRAFT TOOLS, INC

Any number may be installed in series to form a 
counter.
Addition or subtraction with remote zero reset. 
Transmission of numbers to a remote location with 
zero reset.
Remote predetermining by dial or punched cards,

ALL MERCHANDISE

Tues am-Se
Tues pm-Se

as quoted 
IOC

.SEND FOK 
LATEST 

CIRCULAR

New Techniques for
Analysis (9)

The Statistical Theory of
Signals and Circuits (25)

Symposium on Sequential
Circuit Theory (34)

Circuit Theory II—Analysis 
and Synthesis (41)

Circuit Theory III— 
Applications (49)

ing” 
180° 
Step 

Di rec -

concerning your
Wed 
Wed

New Catalog of X-ACTO 
PRECISION HAND TOOLS for 
INDUSTRY. FREE on request.

No. 800 $4.50

much information

ONE HAND ACTION Quick one-hand ad 
¡ustment for size and lock-up leaves the 
other hand entirely free.

Roof (St).
Marconi Hall (Ma)

Tues 
Tues

am-J 
pm-J

42 WHITE ST. NEW YORK 13. N Y • WAIker 5-9642

Symposium: Psychology and 
and Electronics In the 
Teaching-Learning 
System (29)

Adaptive Control Processes 
and Allied Systems (1)

Theory and Practice in 
Russian Technology (40)

Frontiers of Industrial 
Electronics (44)

am-J 
pm-J

Nk 
R960 
R975 
R976 
R643

Vehicular Communica
tions (2)

Communication by HF Radio 
and by Wire Line (37)

Communication Engineering 
in Broadcasting (52)

8 Circuit. 20 step: 2 bridging. 6 
non-bridging wipers. phosphur

THIRD HAND FOR

«a Western
step: 5

I* aeoiloMu iMlvdlng 
cirtvHry recimmseded 
for • wide ronae of 
um. Writ« lar Bullette 
1-19 ari i-44a

New multi-purpose tool to pick up and 
grasp small parts for soldering or other 
operations; as a vise to free both hands, 
to secure rivets; tn cut small wire; to strip 
insulation; ts a brad or staple setter.

A variety of contact 
bilillo* at either 0 or 
both, either normally 
or normally doted,

a division of X-ACTO, INC.
48-41H Van Dam St., L. I.C. 1, N.Y.

Session and 
Number

LOCKING KEY FREES 
BOTH HANDS: Pushing 
the locking key forward 
automatically locks the 
laws Jaws released in
stantly by pulling back on 
the locking key.

OVER 1.200.000 IN STOCK
PRODUCTION QUANTITIES IN STOCK

$22.75
22 75
23 50
24.00

(J), Sert Room (Se), Starlight 
Coliseum—Morse Hall (Mo), 
Faraday Hall (F).

Multi-Purpose Tool 
serves as:

quirlnu 
give as 
possible

SODECO 1TD ten or twonty-fiva impulse/sec. counters or» compact (%" 
x P/«" x 4%*), rugged units suitable for flush mounting The large, easy 
•o read numbers are 5/32" wide and 13/32” hah, Power requirements 
ate low—permitting their installation in electronic circuits. Their cost is 
reasonable, too.

LANDIS & GYR, INC.
45 West 4M« Street, New York M, New Yerk

Electric Co., 22 
levels. Bridging 

Gold plated
Switch 1

SODECO’s 1TD Impulse counter 
n useful tool for the design en
gineer. These single decade 
counters, available in either 
adding or subtracting models, 
con solve such problems as:

Mom 
type; 
Wipers; 
in One 
tion.
VOLTS 

DC

Flier 
Vise
Wire Cutter 
Stripper 
Crimper 
Tweezer 
Wrench
Heat Sink

Wipers. Contacts 
brass; Interrupter
Break - Make:

Time and 
Location

ANTEE» AN» MAY BE RE 
TTRNE» FOR Fl LL ( REIHT

A Compact, Accurate and Inexpensive 
Frequency Standard

Minor Switch 
10 steps and 
<>n. Contacts: 
N " s
975. 976 Gold 
plated brass: 
Bridging 
wiper: others 
berylli um - 
copper. Non
bridging wip
er: Net wt.

Typ» 1213-C Time/Frequency Calibrator: $260 
Typ» 1201-D Unit Regulated Power Supply: $85

Write for Complete Data y

direction
12VDC
36 V IM
60 V »C

125 V »(

★ Crystal-controlled fundamental frequencies of 10 kc, 100 kc, 1 Me and 
10 Me; usable harmonics above 1,000 Me

★ High stability of 1 ppm/°C after warm up when used with Type 1201-A 
Regulated Power Supply

★ New crystal-mixer circuit produces and detects beats over entire 1,000 Me 
range; with self-contained audio amplifier locates calibration points for r-f 
oscillators with no additional equipment

★ Internal video amplifier supplies accurately known multivibrator square 
waves giving time pulses at intervals of 0.1, 1.0, 10 and 100 Msec for 
triggering scope sweeps and pulse-generating equipment

Ali A. M. sessions begin at 10:00;
P. M. sessions at 2:30; Eve. sessions at 8:00 

Abbreviation Key: Waldorf—Astor Gallery (A), 
Empire Room (E), Grand Ballroom (G), Jade Room

bronze arms and contacts: 
interrupter springs. Net '
22 oz. Homing type; 180®

bject to QUANTITY »ISCHL NTS
50-99 IF*
over 100 20',

Broadcasting
Broadcasting—I (11)
Broadcasting—II (19)
Communication Engineering 

in Broadcasting (52)

CLARE TYPE 
STEPPERS

1959 IRE National Convention 
Technical Program

SS7 '11 1-' ctric f ” ! •
stt'p 2 < ircult Bridgln

Wipers: Contacts Gold plated 
brass: Interrupter Switch; 1
Break-Make; Net Weight 1 lb
14 oz. "Hom- . r _

3C,<> Wipers. V
Step hi One >
Direction *“ » ’ Tl

Broad Avenue al linden Ridee’-eld N J NEW YORK AREA 1000 N Seward St LOS ANGELES 31 

8055 13th U. Silver Sptmg, Md. WASHINGTON, D. C. 1150 York Road Abmgton. Pa. PHILADELPHIA 

1182 los Altos Ave los Altos. Calif SAN FRANCISCO 6605 W North Ave Oak Park III CHICAGO

x-acto

275 Massachusetts Avenue, Cambridge 39, Massachusetts, U

niversa

Dpî B Different’TypLHÜ11H 1 □ —Most Makes

Av\VíA/vv\wVW>VVv

RELAY CORP.



Harvey-Wells presentsGRC
Be sure to see GRC ot the

BOOTH 4108IRE Show

tiny die castings
made in one fast automatic

Mon pm-F

am-F

zinc am-Mo

Information Theoryto 1%*, oz.

T ues pm-St

Wed am-St

Thur am-St

T ues am-A

T ues pm-A

Thurs am-F

Thur pm-F

Mon pm-Se

Mon pm-FELECTRONIC DESIGN BINDER
Tues am-Ma

. . KEEPS YOUR BACK COPIES FOR HANDY REFERENCE

Send Samples of PLASTIC CLAMPS

Thur am-Se NAME.

Wed pm-Mo FIRM

STREET
SIMPLY CIRCLE ED NO. 596TO OBTAIN YOUR BINDER

CITY. STATE(We will bill you later)
Mon pm-E

Tues am-G

468 Elm St., Sycamore, III.■ Continued on page 184)

ELECTRONIC DESIGN • March 18, 1959 183

Tues eve-St 
Wed pm-Se

Circuit Theory (34) 
Theory and Practice in 

sian Technology (40) 
Electronic Computers:

Panel : 
Solid 
(16)

If you wish more than one binder, write to "Binders," Hay
den Publishing Company, Inc., 830 Third Avenue, New York 
22, NY, enclosing check or money order. Binders will be sent 
to you postpaid.

Widening Horizons in 
State Electronics

Information Theory (17)
The Statistical Theory of

Signals and Circuits (25)
Theory and Practice In Rus

sian Technology (40)

These strong, 12%, 12% x 5" binders offer an easy means 
of filing your back copies of Electronic Design. Each binder 
holds 13 normal size issues, and permits substitution of maga
zines if desired. Cost to Electronic Design subscribers is only 
$3.25.

Components and Circuits 
(48)

Instrumentation for High 
Speed Data Acquisition 
(54)

Management
Engineering Management

Techniques (5)
Engineering Management—

II (13)

Write for foct- 
filled booklet 
"Small Zinc 
Alloy Die Cost
ings," includes 
helpful design
er's check list.

Interference
Radio Frequency 

Interference (4)

HARVEY-WELLS ELECTRONICS, INC. 
Research and Development Division

5168 WASHINGTON ST., W. ROXBURY 32, MASS. 
CIRCLE 446 ON READER-SERVICE CARD

Electron Devices
Electronic Devices (8)

Human Engineering
Man-Machine System 

Design (45) T
NO SIZE TOO SMALL!
Maximum sizes up J

- HOLUB INDUSTRIES, Inc

operation..simple or intricate 
parts, high in quality
methods make possible wide 
design latitude . . . assure 
uniformity, accuracy and 
smooth surfaces on small 
parts of all types ... for a 
wide variety of uses ... at 
substantial savings. GRC die 
castings leave the machines 
trimmed, ready-for-use. 
In addition GRC's unique 
single cavity die casting 
techniques offer new 
shortcuts in assembly 
. . . new approaches in 
product design through 
our exclusive . . .

tiny zinc 
die castings

GRIES REPRODUCER CORP-UHMM
40 Second St., New Rochelle, N. Y. Fz jO.

NEw Rochelle 3-8600 J® &
CIRCLE 444 ON READER-SERVICE CARD

Session and 
Number

Time and 

Location

Computers and Data Systems
Digital Telemetering (28)
Electronic Computers:

Systems and Applica
tions (33)

Symposium on Sequential

Instrumentation
Nuclear Instrumentation 

Techniques—I (10)
Nuclear Instrumentation

Techniques—II (18)
Instrumentation: Devices 

and Circuits (47)
Instrumentation for High 

Speed Data Acquisition 
(54)

Land and Space
Navigation and Traffic

Control (7)
Land and Space 

Electronics (15)
Panel: Future Developments 

in Space (24)
Space Electronics (36)
Military Electronics—Looks

Forward (43)
Communication by HF Radio 

and by Wire Line (37)

Rus-

Wed am-Se

Wed pm-St

Wed pm-A

Thur am-St

Thur pm-St

Thur pm-F
A COMPLETE NMR’ FIELD CONTROL 
SYSTEM FOR LESS THAN $3,000

• Up to 30,000 gauss • Adaptable
• Stability exceeds 1/105 • Compact

NMR instrumentation, electromagnets and power supplies, 
error signal comparator . . . digital components.

* Nuclear Magnetic Resonance

— PLASTIC 
CLAMPS

TEST 'EM AT 
OUR EXPENSE AND 
SEE WHY THERE'S 
MILLIONS IN USE!

k
Available in . . .
• Nylon • Saran 
• Ethyl Cellulose

•/8" to 3“ in 56 

Stock Hies A
FOR GROUP WIRE

FOR SINGLE WIRE

FOR FLAT 
TWIN LEAD-IN

p^mail
IT TODAY!



MEETINGS
Session and

Number
Time and 

Location All-New Noise i
Medical Electronics

Medical Electronics—I (14)
Medical Electronics—II (21) 
Panel: Future Developments

Tues
Tues

am-Mo 
pm-Mo

in Space (24) Tues eve-St

Microwaves

Microwave 
Microwave 
Microwave

Tubes (23)
Devices (32)
Theory and

Tues pm-F
Wed am-F

Techniques (39) Wed pm-F

Military Electronics

Panel: Future Developments 
in Space (24)

Military Electronics Looks 
Forward (43)

Tues eve-St

Thur am-Se

Navigation and Traffic

Navigation and Traffic
Control (7)

Panel: Future Developments 
in Space (24)

Control

Mon pm-Ma

Tues eve-St

Production

Production Techniques (6) Mon pm-Mo

Propagation

Communication by Scatter 
System (30)

Propagation and Antennas—
I (38)

Antennas—II (46)
Communication Engineering 

in Broadcasting (52)
Antennas—III

Wed am-Mo

Wed 
Thur

Thur
Thur

Radio and TV Receivers

Speech and Circuits (20) 
Radio and Television

Receivers (26)

Tues

pm-Ma 
am-Ma

pm-Mo 
pm-Ma

pm-Se

Wed am-A

Reliability

Reliability Techniques (22)
Mathematical Approaches for

Reliability (31)

Tues pm-Ma

Wed am-Ma

Russian Technology

Theory and Practice in Rus
sian Technology (40) Thur am-St

Telemetry

Digital Telemetering (28) Wed am-Se

Ultrasonics

Ultrasonic 
(42)

Ultrasonic 
(50)

Engineering—I

Engineering—II
Thur am-J

Thur pm-J

Writing and Speech

Engineering Writing and 
Speech (3) Mon pm-J

Ÿ 342A Noise Figure Meter
outru’

340B Noise Figure Meter

% 343A vhf Noise Source

HHHMI

5 a

% 345B IF Noise Source

347A Waveguide Noise Source

Now enjoy totally new speed, simplicity and accuracy in measuring and 
optimizing radar receivers and components, and making related measurements 
involving noise figure. Tasks previously requiring hours of professional 
engineering time now can be done in minutes by non-technical personnel. Receiver 
performance often can be improved over the best adjustment ever before 
possible. Frequently, receiver improvement equals doubling transmitter output. 
With accurate alignment simplified, equipment is better maintained and 

peak performance obtained regularly.

( j

Again throughout 1959, a parade ow,
** I *
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Figure Instruments
TWO NOISE FIGURE METERS
• MULTI-FREQUENCY; UP TO 5 SEPARATE INTERMEDIATE FREQUENCIES

• SPECIFY l-F'S YOUR SYSTEMS REQUIRE

• DIRECT READINGS, "NON-TECHNICAL" SIMPLICITY

THREE NOISE SOURCES
• l-F, VHF AND WAVEGUIDE NOISE SOURCES

•> 3408 Noise Figure Meter. A m m jIh .omris and
hsplays rf or II noise figure 8upplied with 

If standard intermediate frequencies, < any 
:< ."'..diah freifiuncie betunn 10 and 60 Alt?

I n s. pi n Jen' adjustments on gas tube and diode current 
■ 1'i A ( diode control has vernier I insure highest accu- 
r, v s ttings Meter offset provision permits use of high 

is’ivitv external meter for expanding noise figure 
readings

? 342A Noise Figure Meter. M i.K incucili n I. I noi 
malli supphed to aceepr 6(i. ’’0, 1()5 and 2tm M( inter 
me nate to.quencivs plus so Mi I. aia:..ode aiti

■ ,■ d.oa II ' >0 Alt pila any a addnr vai hei/to. neh 
2OO Ali I ike nuli, has front panel inter- 

• 1 'ia\ tnquinii sekction. t xtnme opcrahng Minplmtc 
direct readings.

y 343A vhf Noise Source, io to mm Mi . a br 1 b. nd 
tempe rature limited diode noise sourie- providing 5.2 db

SPECIFICATIONS
Model 3408 Noise Figure Meter

Frequency Range:

Noise Figure Range:

Zero Offset:

Accuracy

Input

Input Frequency:

Bandwidth

Depends on noise source used

3 to 30 db, indication to infinity with Wave 
guide Noise Source. 0 to 15 db indication tc 
infinity, with vhf and IF Noise Sources.
Permits low values to be read on sensitive
external meter.

Noise Diode Scale, t0 5 db. 0 to 
Gas Tube Scale, • 0.5 db 10 to 
db. 3 to 10 db and 25 to 30 db

— 60 to —10 dbm (noise source

15
25

on

db.
db; - 1

Corre-
sponds to gain between noise source and 
342A of:

vhf or IF Noise Source. Approx. 50 to 100 db 
Waveguide Noise Source, Approx. 40 to 90 db.

30 and 60 MC. Any two frequencies between
10 and 60 MC on special order

1 MC minimum.

Plastic Products, Div. ot R .0 I.. ,t..
Manhattan Co..................

Polytechnic Researc h 6 De
Potter Instrument Co. .............
Precision .Metals Div. of Hamilton 

Watch Co.
Precision Paper Tube
Premier Metal Pdts. ( 
Pyrofilm Resistor Co. . .

111
I 70

1 »I 
178
1 66
I 52

Radiation. Inc.........................................   175
Radio Corp. ot Ahhih.i . fiS. 77. Livh l\
Ramo-Wooldridi'e Corp.................. H)9
Ravtin-on Mfg. Co., .Microwave ¿1 l'ow<i

Tube ...................................................................... |
Raytheon Mfg. Co., Personnel ... 15 .
Raytheon Mtn. Co,, SemUMindiK'toi Hi'
Ravtlxon Mfg. Co., 111<I■ 1 11 >.11 Vppai.tfio

Div. .... its
Hecs es-Hoti man, Im . . I >1
Republic Aviation Corp. 175
Robertshaw-Fulton ContioR ( 87
Rome Cable Corp. ... 162
Rotron Mig. Corp. . 7s. 79

exetss noise into 50 ohms. Specifically designed for use 
with V 34OB and 342A Noise Figure Meters. $75.00.
V 345B IF Noise Source. SO and 60 MC, or an, tuo /re- 
(¡mucin 10 tu 60 AiC. Similar to </ 343A; front panel 
control selects frequencies; a second switch selects source 
impedances of 50, 100, 200 and 400 ohm impedances 
5 2 db excess noise. S~5 00.

347A Waveguide Noise Sources. 2 6 to is 0 KM( . six 
models covering S, G, J, H, X and P bands. Provide uni
form excess muse of approximately 15.2 db over the full 
waveguide range *<Vi'R is 1.2 or less, even when source 
is cold Noise sources are Argon gas discharge tubes 
mounted in waveguide sections $190.00 to $180.00. 
Brief specifications of Models 34oB and 342A arc given 
here; for complete data on these- instruments and new h 
Noise Sources please call your b Representative or write 
direct

On 'peci-d order at ¡light extra cod.

Input Impedance: 50 ohms

Price: $700.00 (rack mount).
$715.00 (cabinet .

(Note This instrument is available in the U.S A. and Canada only)

Input Frequency

Price:

Model 342A Noise Figure Meter
(same as 3400 except)
30. 60, 70, 105 and 200 MC. 30 MC and any 
four other frequencies between 38 and 200 
MC are available on special order.

$800.00 (rack mount).
$815.00 (cabinet mount).

fNote: This instrument is available in the U.S A. and Canada only 

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

HEWLETT-PACKARD COMPANY
5189K PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U S A 

CABLE * HEWPACK • DAVENPORT 5 4451 

FIELD REPRESENTATIVES IN All PRINCIPAL AREAS

ajor new instruments from &

Sage Elec t tonics Co.....................................   1.59
Sangamo Electric < orp................................... 1 >
Servo Corp, of America ....................... 151
Servomechanisms Co. . . 117
Sola Electric Co....................................................... 81
Sonotone Corp........................................................... I6.3
Sorensen Inc.............................................................. 21
Staedtler, J. S. Co.......................................... .5]
Stadium Instruments Co. | 26
Stoddart Aircraft Radio Co....................... 1 5 |
Sj h uria Elei trie Co., Mt \ ■ Lab 1 7 1 
Sylvania Electrit Co., Senni ondili nu Dn 5S 
Sylvania Electric Co., Sp< < i.d Ini»

1 >h ..................... . 1.21.
Systran Corp............................ ............................ 91

l ay loi F ibre Co.
Technic, Inc. . . 
technical Information C ip 

Tektronix, Inc......................
levas Instrument Emploi m> m
I ex.!* Instrument Co 
l iad Electronics . . . 
Transistor Electronics ( o

I I Ipl. tt ( o...............
lung Sol S< micontlm I

I 7.5, 
176,

I 16
I 22 
121 
IMI 
177
75 

16 , 
I 2o

Mu 
19

ILS. Components Co........................... ... i >
VS. Gasket Co...................................... . . . . I 17
I .S. Srmicomlm tor I’loduct' h
i S Stoneware Co ........ 11

l imili Switch & Signal, WestingluniM
Airbrake Co.......................   155

I'nit crud Relay Co.......................................... 182

\ ernistat. Div., Perkin-Elmer imp lit’
Vitramon, Inc....................................   IO
Voltrun Products .................................................. 1S6

Warner Electric Brake < 
Waveforms, Inc. 
Weckesser Co. . 
Welwyn, International Co.
Western Devices ................
Westinghouse Electric Corp.. Stmnm. 

ductor Div. .....................
Westinghouse Electric Corp., l ulu Dr
Weston Instruments.......................................  .
Westrex Corp..................................... , .
Wheelock Signals Ine....................... . . .

I 2<i 
1 12 
¡66 
1 IS
I 51

129 
123

4 > 
ï 5
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TWO NEW RCA "FIRSTS

O.6-watt heater-power Vidicons

RADIO CORPORATION OF AMERICA
Electron Tube Division

Ais > Available af Authorized RCA Industrial Tube Distributors.

mg shock, vibration, humidity, and altitude. This Vidicon type 
is tested in combination with associated components under 
environmental conditions according to the techniques of mili
tary specifications MIL-E-5272B and MIL-E-5400.

RCA-7262 is for use in new, compact camera designs for 
industrial and broadcast applications-where environmental 
requirements are moderate.

Want more details on these remarkable low-heater-power 
Vidicons? Just call your RCA Field Representative. Or. for 
comprehensive technical data on either or both types, write to 
RCA Commercial Engineering. Sec. C-18-R2. Harrison. N. J.

Lowest heater-power Vidicons in television today, these new 
short-length types are opening a new era in compact tran
sistorized TV camera designs. Only 5% inches long, these re
markable camera tubes operate with only 0.6 watt of heatei 
power—actually one-third less than any other commercial type 
Vidicon. Both types feature fast cathode warm-up time. And. 
thanks to a closely controlled photoconductive layer, both 
types provide pictures with uniform background—and con
sistent performance from tube to tube.

RCA-7263 is for use especially in new TV cameras designed 
for operation under severe environmental conditions involv-

RCA Field Representatives are here to help you 
INDUSTRIAL TUBE PRODUCTS SALES

• Newark 2, N. J., 744 Broad Street, HUmboldt 5 3900
♦ Chicago 54, III., Suite 1 154, Merchandise Mart Plaza 

WHitehall 4 2900
• Los Angeles 22, Calif , 6355 E. Washington Blvd 

RAymond 3-8361
• Detroit 2, Mich., 714 New Center F Idg., TRinity 5 5600 

GOVERNMENT SALES
• Newark 2, N. J., 744 Brood St., HUmboldt 5 3900
• Dayton 2, Ohio, 224 N. Wilkinson St., BAIdwin 6-2366


	These

	Transistorized Ignition Systems

	for... Reliability... Cold Weather Starting... Increased Engine Efficiency

	Doi nev ELi

	IMMEDIATE "OFF THE SHELF" DELIVERY


	Extreme stability at low temperature U. S. Semcor "over spec” standards

	SEE THESE NEW COMPONENTS

	IRE Booth No. 3823

	Tiny .OOO5 % °CTc Reference Silicon Diode

	Double Anode

	MEDIUM POWER Zener Diode

	IRE Booth No. 3823

	Other U. S. Semcor Products:

	Io

	en


	BEHIND THE NEWS



	iothirig

	Ji _


	lost in

	jwKASCOPE

	This is the time of our annual subscription renewal.
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		AC POWER	

	INVERTRON*

	INVERTRON

	INVERTRON

	INVERTRON*

	INVERTRON*

	ELECTRONIC DESIGN • March 18, 1959

	ELECTRONIC DESIGN • March 18, 1959 

	New, fast, a-c regulator cuts line & load transients 18 db

	Steady-state line and load regulation to ±0.5% Transients attenuated at least 8:1 (18 db) Fast response—less than 1 cycle (0.02 sec) for 63% recovery Less than 0.35% distortion

	SORENSEN & COMPANY, INC

	..for Complete Reliability Under Severe Environmental Conditions

	Wire Wound, Precision, Miniature, Ruggedized

	DALE PRODUCTS INC.


	Potting Casting

	used to produce Low-Cost

	Microwave Test Instruments

	UNJAMMABLE

	MAGNETIC HEAD!




	9

	mm Hg

	PRESENTS a Standard Production Unit for Operations in ULTRA-HIGH VACUUM

	AND - •

	THE NEW YORK AIR BRAKE COMPANY


	BACKWARD- WAVE

	OSCILLATOR TUBE

	MANUFACTURING COMPANY


	and now...

	another“demand member has joined U.S.C

	Designing a Transistor NOR Circuit for Minimum Power Dissipation

	Computers make extensive use of NOR circuits because they perform all of the logic functions. In this article, the author describes a method of designing a transistor version of a NOR circuit.

	GENERAL OFFICES: HARRISBURG, PENNSYLVANIA



	Standard

	Transistor Switching Circuits

	Circuit Techniques to Eliminate Large Volume

	Components—A Literature Survey

	ELECTRONIC DESIGN • March 18, 1959


	SPECTRUM ANALYZERS

	Color overlays tell faster visual story

	ENGINEERED ELECTRONICS COMPANY

	LCR Comparison Bridge




	know their business... and yours

	Counting Modules

	Power Supply

	NEW PRODUCTS

	Miniature Crystal Diodes

	Portable Calibration Unit


	Design better products with




	SBASTE RTv

	seals and cushions delicate circuits

	ELECTRONIC DESIGN • March 18, 19L I E.l

	E ECTRONIC DESIGN • March 18, 1959

	Resolver Function Error Bridge

	Shift Register Package

	Feed-Through Connector

	Soldering Iron

	Precision Calibrator


	105 db gain in 60 me l-F strip

	Nylon Bobbin

	Coaxial Attenuators

	Silicon Rectifier Test Set

	Counter Scanner

	ELECTRONIC DESIGN • March 18, 1959

	Miniature Bellows Motor



	H

	Transformer

	RECTIFIERS! Fold out next page

	Don't- forget to mail your renewal form o continue receiving ELECTRONIC ESIGN.

	Have you sent us your subscription renewal form?

	ELECTRONIC DESIGN • March 18, 1959

	Ultrasonic Delay Line

	Phenolic Laminate


	ACOUSTICA ULTRASONIC GENERAL PURPOSE CLEANERS

	ACOUSTICA ULTRASONIC HEAVY DUTY CLEANERS

	LEADER IN RESEARCH AND DEVELOPMENT OF ULTRASONIC SYSTEMS


	NEW PRODUCTS

	Slip Ring and Brush Assembly


	Bendix QWL Electrical Connectors for use with Multi-conductor Cable

	$25900

	INDUSTRIAL TEST EQUIPMENT CO.


	92


	NEW

	VARIGRIP

	FASTENER

	Solid State Relays

	ELECTRONIC DESIGN • March 18, 1959

	at Booth 2928, I.R.E. Show, New York Coliseum, March 23—26


	GEN

	ERAL

	ELECTRIC

	Light Image Intensifier Tube

	Rotary Relay

	on't forget to mail your renewal form 3 continue receiving ELECTRONIC 'ESIGN.

	LECTRONIC DESIGN • March 18, 1959

	Voltage Controlled Oscillator

	his is the time of our annual subription renewal.

	ECTRONIC DESIGN • March 18, 1959


	most complete

	ELECTRONIC DESIGN

	Be Sure to Get Your Copy

	NEW PRODUCTS


	all the news at the show

	Aluminum Clad Copper Wire



	SAVE

	Growth Opportunity for ELECTRICAL ENGINEERS

	ELECTRONIC DESIGN • March 18, 19'9

	SERIES C

	SERIES B

	SERIES G

	SERIES K

	other NEW WAY instruments you can see and operate at the (hp) I.R.E. exhibit

	YOUR SUBSCRIPTION HAS EXPIRED

	Its Time To Renew Your Free Subscription To ELECTRONIC DESIGN

	Range and Balance Instrument

	Precisi

	NEW PRODUCTS

	Differential Transformer Indicator ...

	Cable Cutter

	See working models of the ’’One-Shot” switch in Booth No. 2202 at the IRE Show

	108

	ELECTRONIC DESIGN • March 18, 19 591 ( E(

	Precision Multiplier-Divider

	Coaxial Terminations

	Miniature Indicator

	Automatic Circuit Evaluator

	Deposited Carbon Resistors

	Thyratron Tube

	Computer Power Supply

	Don't forget to mail your renewal form to continue receiving ELECTRONIC DESIGN.



	Perkin-Elmer

	NEW PRODUCTS

	Have you sent us your subscriptioi renewal form?

	120



	NEW PRODUCTS

	çW TRANSISTOR ELECTRONICS 'VP CORPORATIO N
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	NEW PRODUCTS

	24K ACID BRIGHT GOLD

	MINIATURE A.ND SUB-MINIATURE



	relays

	ELECTRONIC DESIGN • March 18, 1959

	N

	Trai

	Lim

	Maj

	you CAN BE SURE...IF (TÍ



	YVfestinöhouse

	MAGNETIC



	MODULATORS

	RELAYS

	DIODE

	THE BIRTCHER CORPORATION

	Hermetically Sealed
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	CHART-PAK precision tapes and die-cut symbols made these conductor paths and terminal pads for a printed circuit layout in 9 minutes 40 seconds!

	CHART-PAK

	Saves time ...

	Saves money!


	Soldering is

	with .American Beauty Soldering Tools

	ELECTRONIC DESIGN • March 18, 195(

	i ECT


	magnetic alloys rolled to

	.0001" thickness

	.for precise control of electronic systems

	NEW REEVES-HOFFMAN LOW FREQUENCY CRYSTALS



	DIALL

	50-31

	MESA PLASTICS COMPANY



	CURnSS-WRIBHT

	ELECTRONIC DESIGN • March 18, 195S

	8;

	»? •

	» kéystone COMPANY


	QUADRUPLE DIVERSITY SCATTER

	use

	the Kenn Double-Notch Filter

	Shatterproof, Clear Plastic Containers

	LERMER PLASTICS, INC.

	General Purpose

	AC, DC Relays

	THE TT A rWl MANUFACTURING JlV X COMPANY





	For the Teflon* part of your design... CALL ON R/M, HEADQUARTERS FOR TEFLON PRODUCTS

	PATENTS

	RAYBESTOS-MANHATTAN, INC.

	ELECTRONIC DESIGN • March 18, 1959

	3 to 1000 VDC, with excellent regulation


	COMPLETE STOCKS OF

	1 NYLON, teflon; KELT

	MILLER small, adjustable R. F. COILS

	NEW


	WELW

	MOLDED

	PATENTS

	rapid delivery on prototype and production quantities

	March 18. 1959




	Cut cost of assembly by as much

	as 65%, with printed circuits on

	TAYLOR copper-clad laminates

	RATIO ACCURACY: 1 PART PER MILLION

	150
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	Speeds Breadboard Circuits

	ELECTRONIC DESIGN • March 18, 1959

	A FULL LINE

	IDEAS FOR DESIGN

	STODDART


	OF SERVOSYSTEM ANALYZERS

	SERVO

	Manual Input Circuit For Digital Equipment

	Don’t forget to mail newal form to continue ELECTRONIC DESIGN.

	your

	re-
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