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Try the new way: plug an IRC Pulse-viewing 
Resistor into a standard ’phone jack and you’re in 
business—fast—and at a welcome saving in engi­
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ENDS TRANSIENTS OR RINGING. Special construc­
tion cuts inductance to .01 p.h or less eliminating 
the possibility of annoying transients or ringing.

INTERCHANGEABLE ELEMENTS. IRC Current 
Pulse-viewing Resistors are so designed that re­
sistance values and connectors can be readily 
interchanged.

18 STANDARD RESISTANCE RANGES—Resistance 
values from .022 to 150 ohms in 15-watt or 75-watt 
sizes (DC continuous duty rating) make it possible 
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Low resistance and low inductance are ideal pre­
requisites for critical power pulse circuits. Resistor 
elements are of the highly-stable film-type.
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Al last you can have
low-power, light

POTTER INSTRUMENT COMPANY, Inc

CIRCLE 2 ON READER-SERVICE CARD

Features maximum reliability, long life and small size. 
Direct Digital in-line readout, does not require matrix. 
Variable time base permits direct reading of results with 

out consideration of transducer conversion factors.

weight, transistorized

Call or write the factory or your 
Potter Instrument Company representa­
tive for further information or for assis­
tance with your counting problems.

Sunnyside Boulevard, Plainview, New York 
OVerbrook 1-3200

150 kc Frequency Time Counter that 
combines the precision of a laboratory 
instrument with the ruggedness required 
for factory applications and will last 
indefinitely.

The new Potter Model 860, Frequency 
Time Counter, is a small compact instru­
ment. It may be used to perform normal 
counting functions and as a timing and 
frequency measuring device.

In addition, the Model 860 may be 
used as a preset interval generator to 
provide preset intervals, delays or counts 
saving the cost of an additional instru­
ment when preset interval generating 
functions are required.

Timing and frequency features of the 
Model 860 include direct measurement 
of frequency from 0 to 150 kc, frequency 
ratio determination, period measure­
ments for 1 or 10 cycles, and time 
interval measurements for intervals 
from inputs up to 150 kc. Predetermined 
counting to any number up to 9999 with 
extension in steps of 10 or 100 to 
999900 and external count gating are 
additional features.

k For any conceivable 
B counting job! 
B A new, low power, 
■ light weight, all 
F transistor, 150 KC 

frequency time 
counter

SPECIFICATIONS
Input Frequency Range 

0 to 150 kc

Input Sensitivity
0.1 volt rmi, with input attenuation In 
decade step.

Accuracy
±1 cycle of measured frequency

Crystal Stability
1 cycle/megacycle/frequency

Registration
5 digits

Display Time
Continuously variable up to 5 seconds on 
automatic, until reset on manual

Gate Intervals
Selection of gate duration, from 10 micro­
seconds to 10 seconds is available in 10 
microsecond increments

Display
In-line, 5 digit readout

Reset
Manual or automatic recycling

Preset Interval Range
10 microseconds to 10 seconds

Accuracy as Interval Generator 
±10 microseconds

Recycling Time
10 microseconds maximum

Output
Independent or simultaneous outputs, 10 
volts positive, 500 ohms output impedance

Dimensions
8" wide x 12" high x 15" deep

Weight
20 pounds

Output Connections
Rear Panel Jacks

Priced
Competitively with the ben 
vacuum tube counters

FREQUENCY Tisi COUNTER...
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RAYTHEON 
CK-5651WA *«E IN U.S*

G-AS FILLED TUBES
VOLTAGE REFERENCE • VOLTAGE REGULATOR • COLD CATHODE RECTIFIER

for Military and Industrial Applications

These Raytheon Tubes are designed, constructed and tested for severe military environ­
ment, including temperature ratings to 165°C, and shock and vibration resistance.

Raytheon custom designed gas filled tubes are backed by over thirty years of design, 
development and production experience. It will pay you to get in touch with Raytheon for 
gas filled tubes that meet your specific needs.

RAYTHEON GAS FILLED TUBES
VOLTAGE REGULATOR TUBES

OA2, OA2WA, CK6626 Miniature 150 volts, 5 to 30mA
OB2, OB2WA, CK6627 Miniature 108 volts, 5 to30mA

CK5787WA Submin. 98 volts, 5 to 25mA
CK6542 Submin. 150 volts, 5 to 25mA

VOLTAGE REFERENCE TUBES

CK5651, CK5651WA Miniature 85 volts, 1.5 to 3.5mA
CK5783WA Submin. 85 volts, 1,5 to 3.5mA

CK6213 Submin. 130 volts, Ito 2.5mA

RADIAC TUBES
Raytheon offers Corona Voltage Regulator Tubes for 
higher voltages in a wide range of ratings; also a variety 
of Radiation Counter Tubes.

Nawton, Mais.:.....................55 Chapel St., Bigelow 4-7500

New York:................................. 589 Fifth Ave., Plaza 9-3900

COLD CATHODE 1RECTIFIERS
CK5517 Miniature PIV = 2800 Io = 12mA
CK6174 Miniature PIV = 2800 Io = 3mA

CK6659 (CK1042) Submin. PIV = 2800 Io = 8mA
CK6763 Miniature PIV = 2800 

(Ruggedized)
Io = 12mA

THYRATRONS
RK61 Submin. For control receivers in

CK1054 Submin. model aircraft, boats, etc.

CK5643 Submin. For general purpose 
military use

LIGHT INDICATOR
CK1O5O Submin. Low drain, grid controlled 

indicator for semiconduc­
tor circuitry.
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EffectTransistor Uses Field

A transistor amplifier using a semiconductor 
electrolyte interface modulated by an electrical 
field is being developed at Bell Telephone Labs. 
Experiments have demonstrated amplifier opera­
tion at 1()(X) cps with gain in excess of 15 db.

The experimental device uses a hexagonal rod- 
like crystal of very pure zinc oxide as the semi­
conductor, immersed in a highly conducting elec­
trolyte. A platinum electrode placed nearby 
serves as the grid element. Since zinc oxide is a 
large-energy-gap semiconductor, it can be oper­
ated in a high enrichment condition, with one end 
of the crystal negatively biased with respect to 
the solution, and the other end positively biased. 
Between is a neutral point where the energy 
bands are flat right up to the surface of the crys­
tal. As this neutral point shifts back and forth 
under the influence of varying biasing grid volt­
ages, the resistance of the crystal changes, pass­
ing a current which follows the driving frequency 
closely. A fairly extended range of linear response 
is obtained, it is reported.

To make electrical contact to the zinc oxide 
crystal, the two en^s are first indium plated to 
assure good ohmic contact. They are then copper 
plated to allow soldering of copper wire leads. 
The platinum grid completes the assembly. After 
insulating all wires and connections except the 
grid, the assembly is immersed in the electrolyte 

(continued on following page)
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Cross-section view of field effect transistor amplifier, with 
schematic circuit diagram showing principle of operation.

TRANSISTOR ASSEMBLY

ELECTROLYTE

SCHEMATIC CIRCUIT

Zn O
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—-------------------
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F " -x0—

i

Laboratory model of transistor amplifier, using an elec- 
trolyte/semiconductor interface, with its inventor, J. F. Dewald.
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RAYTHEON MANUFACTURING COMPANY

Waltham Ö4, MassachusettsCeramic Sales

Raytheon; Excellence 
in Electronics

Which ceramic characteristics do you need.
Material
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Dielectric Constant (1 me) 6-7 5.56.5 3.7 5.8 4-5 7-8 9 6.5 9

Power Factor (1 me) .009 .0008 .00035 .0008 .008 .002 .001 .0002 .0014

Loss Factor (1 me) * .055 .004 .0013 .004 .03 .016 .009 .0014 .013

Water Absorption (%) 0-1.0 0-.01 0 16 3-8 0.5 0.0 0-.01 0-.01

Tensile Strength (p.s.i. x 103l 2.6 13 8 2.8 3 8 25 10 10

Flexural Strength (p.s.i. x 103) 11 20 — 6 7-10 18 45 12 18.5

Compressive Strength (p.s.i. x 103) 30-65 65 200 48 50-95 25 250 80 80

Dielectric Strength (volts/mil) 100-200 250 200 65 200 245 450 250 200

Hardness, Moh's scale 7.5 7.5 5 6 7 — 9 . 7.5 8

Modulus of Elasticity (p.s.i. x 10°) 10 14 4 — 5 — 42 — 21

Specific Gravity 2.4 2.6 2.2 3.0 2.5 — 3.7 2.8 3.7

Linear Thermal Expansion 
20-100°C (in./in./°C x 10 °)

3.6 6 .20 9.4 2.5- — 6.2 8.5 2.5-5

Te Value (°O* — 450°-800° — — 750° — 980° 990° 7C0

*Te is that temperature at which the volume resistivity reaches 1 Meg.

Electronic Design, November 1, 1956approximate characteristics of “electronic" ceramic materials. Source: manufacturer sales literature Reprinted from

How Raytheon R-95 High-Alumina Ceramic 
can save you money—do a better job

Consider well the unusual properties present in Raytheon R-95 High- 
Alumina Ceramic. If your needs are for a less specialized material, you 
may find a satisfactory performer at lower cost.
However, when you require a material with remarkably high resistance 
to high temperc^ure, shock and vibration; high dielectric strength and 
high electrical sistance at all temperatures; extreme hardness; high 
mechanical strength and positive sealing capability—then you will surely 
want to be familiar with the ratings of Raytheon’s R-95. Proper applica­
tion of this superior material assures continuing design and assembly 
economy, particularly where ceramic seals are a factor.
Ceramic parts manufactured from Raytheon R-95 High Alumina are 
available, either alone or as hermetic ceramic-to-metal assemblies, in 
accordance with your specifications. The assemblies can be soft or hard 
soldered into your production in your own plant.
Send sketches or drawings outlining dimensions and tolerances, together 
with operational conditions. We will be pleased to supply information 
and help on any of your ceramic needs.
Write for complete specification sheet and your copy of Ceramics in 
Electronic Design, comprehensive questions and answers on the growing 
role of ceramics in modem design. No cost or obligation, of course.

ENGINEERING REVIEW
(5 per cent sodium tetraborate and 
boric acid solution), and hermeti­
cally sealed in a small glass tube to 
avoid electrolyte evaporation.

Small size is required to give high 
frequency operation. The smallest 
units constructed so far use crystals 
about 0.3 mm long, and 0.15 mm in 
diameter. It is expected that by go­
ing to a flat plate crystal instead of 
the rod geometry, the present low 
output power levels could be raised 
appreciably, without any overall in­
crease in size, or any change in 
other operating characteristics.

USSR Produces 4 Micron- 
Thick Condenser Paper

The Leningrad factory for paper 
mill equipment has started the pro­
duction of a machine which is to 
turn out condenser paper 4 microns 
thick. 250 sheets of such a flimsy 
paper would reach a height of 
one mm.

The output of the 98.4 ft fully au­
tomatic machine will be 99.18 lbs of 
paper per hour. The paper will be 
used for highly sensitive instru­
ments.

1700 MPH Sled
This is an artist's conception of a seven­
ton rocket sled that will streak to speeds 
of 1,700 mph under the explosive 
power of a liquid-propellent rocket en­
gine developing 160,000 pounds of 
thrust. The slim, pencil-shaped vehicle, 
to be delivered this Fall to the Air Force 
for high speed tests at Holloman Air 

Development Center, New Mexico, 
measures 43 ft in length and 40 in. in 
height. With a «ingle-chambered en­
gine, the sled will accelerate with a 
force of 15 G's containing a one ton 
payload. The rocket sled was developed 
by Rocketdyne, Canaga Park, Calif.

< CIRCLE 4 ON READER-SERVICE CARD 
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ELECTRICGENERAL

FROM THE RECEIVING TUBE DEPARTMENT OF GENERAL ELECTRIC COMPANY
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Scope Trace at Right Shows Superiority of New 7025 Twin Triode
You can see by comparison the greatly reduced noise output of the new General Electric 
amplifier tube. A single, identical tap was applied externally to a 12A.X7 and to a 7025, 
both representative tubes from current production. Vertical measurement is plate volt­
age . . . horizontal measurement is time. Conditions: Eb: 250 v, Rp 10 K. Ec: —2.5 v.

TUBE DESIGN NEWS

General Electric Low-Noise 7025 AF-Amplifier Tube 
Major Step Toward Improved Hi-Fi Reproduction!

Military Equipment Builder Finds G-E 7077 Ceramic 
Triodes Have Mean Noise Figure Below 5 db!

Using a high-performance test circuit 
of advanced design, the research 
laboratory of a large manufacturer of 
military equipment has found that a 
sample lot of G-E 7077 RF-amplifier 
ceramic triodes show the mean noise 
figure of 4.6 db at 16 db gain. Tubes 
were operated at 500 megacycles.

The new7 7077 is rated at 5.5 db 
noise at 14.5 db gain, 450 megacycles 
under power-matched conditions. 
Therefore, the test performance 
underscores the tube’s suitability for 
military use, where low noise and 
high gain are vital.

Intended primarily for communi­

^»>

cations, radar, and navigation equip­
ment, the new 7077 is a high-mu 
triode of planar construction. Altitude 
rating is 100,000 feet. It is economi­
cal in price, dependable, and rugged.

Ceramic construction gives the 
7077 exceptional heat resistance. I he 
tube is expected to he useful up to 
300 C. It is designed for optimum 
mounting in grounded-grid UHF am­
plifier circuits. Size is extremely small 
—less than inch long and wide.

Orders are being accepted now for 
delivery this year. See page that fol­
lows for average characteristics and 
typical-operation data.

Modern sound-reproduction tech­
niques put a premium on low back­
ground noise. The richness of today's 
high-fidelity * ne calls for circuitry 
and tubes that reduce hum, micro­
phonics, and other noise to a level 
approaching silence.

General Electric, long a pioneer in 
audio research—originator of the 
famous variable-reluctance cartridge 
and other basic aids to sound repro­
duction—now assists circuit design­
ers with an outstanding low-noise 
amplifier tube, the 7025. This new 
twin triode promotes hum-free, noise­
free reproduction of both disk and 
tape sound recordings.

In equipment now being designed 
or in production, the 7025 v ill direct­
ly replace Type 12AX7.

New Snubber Mica Holds Cathode Tight. 
Special Low-Hum Heater Employed.

I’he new 7025 features a spring snub­
ber mica applied to the top of the 
cathode, which exerts a damping 
effect on any movement of the cath­
ode caused by shock or vibration. 
This cuts microphonics substantially.

Also, a new tube heater of special 
design reduces hum by virtually elimi­
nating heater magnetic influences on 
plate current and consequent hum in 
the plate circuit.

High-precision General Electric 
manufacture has been called on to 
achieve extremely close fits of all tube 
parts—a third, important factor in 
low-noise performance.

For best audio, apply the new Gen­
eral Electric 7025 AF-amplifier tube! 
Complete information about this low- 
noise twin triode is available from 
any G-E Receiving Tube office listed 
on the following page.



TRIODEGENERAL ELECTRIC 7077 RF-AMPLIFIER CERAMIC
AVERAGE CHARACTERISTICS

Volts

14.5

TYPICAL GROUNDED-GRID AMPLIFIER CIRCUIT USING THE 7077

+ 250

I8K

RFC RFC
OUTPUT

RFC

sere

ELECTRICGENERAL

8900
9000

250
18000

Volts 
Ohms 
Ohms

250
18000

Ohms 
Micromhos 
Milliamperes

Volts 
Ohms 
Ohms 
Milliamperes 
Megacycles 
Decibels 
Decibels

RFC
7077

Disclosure of the foregoing examples of the tube applications does not convey to purchasers of tubes any patent license, 
nor is it to be construed as recommending the use of such tubes in the infringement of patent claims.

CENTRAL REGION
3800 North Milwaukee Avenue 

Chicago 41, Illinois 

Phone: SPring 7-1600

Plate Supply VoltageJ......................................................................................................................
Resistor in plate circuit (by-passed)| ..............................................................................................
Cathode-Bias Resistor.........................................................................................................................
Plate Current.......................................................................................................................................
Bandwidth, approximate ..............................................................................................................
Power Gain, approximate.................................................................................................................
Noise Figure (Measured with power-matched input, using argon lamp noise source), approximate

WESTERN REGION
11840 West Olympic Boulevard 

Los Angeles 64, California 

Phones: GRanite 9-7765; BRadshaw 2-&56Ó

TYPICAL OPERATION 
GROUNDED-GRID AMPLIFIER—450 MEGACYCLES

EASTERN REGION
200 Main Avenue. Clifton, New Jersey 

Phones: (Clifton) GRegory 3-6387 

(N.Y.C.) Wisconsin 7-4065, 6, 7, 8

J Lower supply voltage and a lower value of resistor may be used in the plate circuit with some sacrifice in uniformity of 
performance.

Plate Supply Voltage.....................
Resistor in plate circuit (by-passed) 
Cathode-Bias Resistor....................  
Amplification Factor.......................  
Plate Resistance, approximate. . . . 
Transconductance............................  
Plate Current ................................  
Grid Voltage, approximate

Gm = 50 Micromhos...................



Creating a new world

hffon the storage tube provides halftone
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For complete technical data please write Hughes Products, Electron 
Tube Division, International Airport Station, Los Angeles 45,California

♦Trademark of Hughes Aircraft Company 

* Registered Trademark

black and white images which may be viewed in a 
high ambient light environment.

with ELECTRONICS
! HUGHES PRODUCTS

-ECT VIEW 
hAGE UPE

Radar Images "Frozen"
A button is pressed on instrumentation panel and a 
radar image holds for more than five minutes on the 
screen of a 15-in. direct-view cathode-ray storage tube. 
Announced by Allen B DuMont Laboratories, Inc.,

The Hughes TONOTRON tube presents a complete spectrum of grey shades. Result: high-fidelity picture reproduction. The 
illustration above, for example, is an unretouched photo of a typical radar display as viewed on the face of a TONOTRON 
E.I.A. Type 7033 Tube.
Additional outstanding characteristics of the TONOTRON tube are high brightness (in excess of 1500 foot lamberts with 
full half tone range) and controllable persistence. The family of TONOTRON tubes is ideally suited for ground mapping, 
weather radar displays, slow-scan TV, “B” scan radar, oscillography, armament control radar, optical projection systems, 
and miniature radar indicators.
Other Hughes cathode-ray storage tubes: The MEMOTRON® tube displays successive transient writings until intention­
ally erased. The TYPOTRON® tube, an exceptionally high-speed character writing tube, displays any combination of 63 
letters or symbols until intentionally erased. Ah.

Data Released on R & D 
Activities in 1954

About 230,000 scientists and engineers were 
engaged in research and development activities 
in the natural sciences in 1954—68,000 physical 
scientists, 139,000 engineers, and 22,000 life 
scientists. They represented only 25 per cent of 
all engineers and 40 per cent of all scientists em­
ployed in the organizations surveyed.

These results are contained in Review of Data 
on Research and Development, No. .9, Scientists 
and Engineers in Research and Development. 
1954, recently issued by the National Science 
Foundation, Washington 25, D.C. The Federal 
Government, industry-oriented organizations, 
colleges and universities, and other private and 
non-profit research institutions were covered in 
the survey.

Of the 68,000 physical scientists employed in 
research and development, 68 per cent were in 
industry, 20 per cent in the Federal Government, 
11 per cent in colleges and universities, and 1 per 
cent in the other instituitions.

Industry employed about 117.(X)0 engineers in 
research and development activities (84 per cent 
of all engineers so employed); the colleges and 
universities, 5600, or only 4 per cent. On the 
other hand, over half of the research and devel­
opment life scientists were employed by the 
colleges and universities, only 19 per cent by in­
dustry and 22 per cent by the Federal Govern­
ment.



ALLIED’S NEW ADDITIONS TO THE

KH SUBMINIATURE LINE
Types KHJ and KHY 
GENERAL FEATURES:

ACTUAL SIZES

Contact Data:
Contact Arrangement—DPDT
Contact Rating—

Low-level up to 2 amps at 29 volts d-c, 
1 amp at 115 volts a-c 400 cps 
non-inductive or 0.5 amp inductive.

Life—100,000 minimum at 125°C

Also available 3 amps at 29 volts d-c, 
2 amps at 115 volts a-c 400 cps 
non-inductive or 1 amp inductive.

Life— 100,000 at 3 amps or 500,000 
minimum at 2 amps at 125°C.

Initial Contact
Resistance—0.05 ohms maximum

Contact Drop—1 millivolt maximum 
at low level rating, initial and during 
low level miss test

First 
Subminiature 

Relay 
ORIGINATED BY 

ALLIED IN
1952

Operate Data:
D-C Coil Resistance—up to 10,000 ohms 
Nominal Power— 1.2 watts
Pull-in Power—240 milliwatts (standard) 

100 milliwatts (special)
Operate Time—5 milliseconds max. 
Release Time—3 milliseconds max.
Dielectric Strength:
1000 volts rms at sea level
500 volts rms at 70,000 feet
350 volts rms at 80,000 feet

Insulation Resistance:
10,000 megohms minimum at 125°C

ENVIRONMENTAL FEATURES
Vibration:

5 to 10 cps at 0.5 inch double amplitude
10 to 55 cps at 0.55 inch double amplitude
55 to 2000 cps at 20 g
Shock: 100 g’s operational e 200 g’s mechanical
Ambient Temperature: — 65°C to +125°C

Allied’s type KHJ and KHY subminiature relays were 
developed to meet the present "Automation” need for 
relays with incremental grid spaced terminals and with 
improved performance. These relays have a higher contact 
rating and are designed to meet the increased vibration 
and shock requirements of the latest MIL specs. They 
are available with mounting brackets that are interchange­
able with Allied’s present type KH subminiature relay.

TYPE KKJ-6D TYPE KHY-60 -016 
743 

(KHY)

MECHANICAL FEATURES
Weight: 0.5 ounces
Terminals:
Hooked Solder e Plug-in e Printed Circuit
Mountings:
2 or 4 hole brackets at base or center of gra
1 or 2 stud on top or side of housing

800

MAX 1000

400 MAX
875 MAX

MILITARY SPECIFICATIONS
MIL-R-25018 e MIL-R-5757C

096 DIA HOLE 
4 F OR MOUNTING

125'

x 359 MAX

DIMENSIONAL TOLERANCES ON FRACTIONS^. ON DECIMAlS-OIO

Q ALLIED CONTROL Q
ALLIID CONTROL COMPANY, INC., 2 IAIT IND AVINUI, NIW YORK 11,N.Y.

ENGINEERING REVIEW
Radar Antennas Developed 
For 3000 Mile Range

Radar antennas that will detect 
enemy missiles up to 3000 miles 
away and the effect of low pres­
sures on guided missile antennas 
were revealed by Westinghouse 
Electric Corp., Pittsburgh, Pa.

Antennas for the 3000 mile range 
would normally be large and un­
wieldy, and difficult to sweep back 
and forth. A new and radical an­
tenna solves the problem by having 
the beam moved back and forth 
electrically while the antenna is 
held in a fixed position. This fea­
ture becomes particularly impor­
tant in the extremely gusty condi­
tions existing on the Northern early 
warning defense line.

The outer reaches of space are 
creating problems for antenna de­
signers as well. The low pressures 
are resulting in premature antenna 
breakdown and disruption of com­
munications between the guided 
missiles and tracking stations.

High-Power Silicon 
Switches Block 200 vz 
Carry 10 A

Silicon switches capable of block­
ing up to 200 v and carrying cur­
rents up to 10 a have been devel­
oped by Westinghouse Electric 
Corp., Pittsburgh, Pa. The switch­
ing time required to go from the 
ON to the OFF condition is re­
portedly ten times faster for the 
switch structure than that of a 
comparable transistor. Selected 
laboratory samples of these devices 
have indicated the possibility of 
blocking voltages up to 1000 v.

Translators Beware
We recently covered a confer­

ence on relays at Oklahoma State 
University. The librarian there 
called our attention to a recent 
translation of a Russian Journal 
(not in Electronic Design) in 
which the term “watergoat” ap­
peared. Subsequent investigation 
by University personnel revealed 
the phrase meant “hydraulic ram.”
4 CIRCLE 7 ON READER-SERVICE CARD



PASS FILTERSBAND PASS FILTERS
Channel Frequency Part# Part«B/WDelay in ms.

2

6

7 35 KC 7 35 KC

’optional impedance available on special order.
filters

FOR PASS BAND

PIONEERS IN TOROIDS, FILTERS AND RELATED NETWORKS

CIRCLE 8 ON READER-SERVICE CARD

$nc.

3.0
3 9

1
2
3

2 
3
4

KC 
KC 
KC 
KC 
KC 
KC

400 
560
730
960 

1300 
1700 
2300

cp* 
cp* 
cp* 
cp* 
CP* 
cp* 
KC 
KC 
KC

Flat within 3 db over pass band
21 db at ± 15% of center freq.
40 db at ± 22% of center freq.
Time delay over the pass band, constant to ± 5%

Flat to 3 db over pass band
Flat to 23 db at ± 30% of center freq.
Flat to 40 db at ± 44% of center freq.
Time delay over pass band constant to ± 7%

0535 m* 
.0392 m» 
0294 m» 
0224 m* 
0168 m» 
0738 m* 
0541 mi 
0412 m* 
0309 m* 
0233 m*

4 KC 
.56 KC 
.73 KC 
.96 KC

TECHNICAL DATA FOR BAND PASS FILTERS 
FOR ± 7 % % PASS BAND

For more detailed information on constant delay 
write for Bulletin CD-051.

LOW 

Frequency

CASE SIZE—4'y„ X 2 1 3W H (CS6O051) 
INPUT IMPEDANCE ■ 500 ohms
OUTPUT IMPEDANCE - 500 ohm* and to grid

CASE SIZE— I"/,, « 1%, ■ 2% H 
INPUT IMPEDANCE equal* 500/600 ohm* 
OUTPUT IMPEDANCE equal* 500/600 ohm*

Computer Problems Not 
Being Thought Through

The many problems involved in the use of 
digital computers are not being successfully 
thought through. Many installations, and by no 
means the least successful ones have arisen more 
from faith than from reasoned plans, supported 
by adequate technical or economic justifications, 
according to P. A. Abetti and S. B. Williams of 
the General Electric Co., Pittsfield, Mass, in a 
technical paper prepared for the AIEE Winter 
Meeting.

As a result of a detailed study of computer 
problems, the following observations and recom­
mendations were made:
• Personnel may be divided into three groups: 
the engineers, charged with the responsibility 
of obtaining solutions to various problems; the 
programming group, charged with the respon­
sibility of preparing correct and economic 
programs for the selected applications; the 
computer operations group, charged with the 
responsibility of running the requested individ­
ual jobs on the computer;
• Applications which have a high degree of rep­
etitiousness should be selected for computers;
• The selection of the type and size of com­
puter depends upon application considered, 
amount of usage, organizational considerations;
• A closed shop where all programming is done 
exclusively by selected programmers is more 
advantageous for large-scale machines and for 
highly repetitive applications with large data- 
processing content, such as the design of elec­
trical apparatus.

Unknot Gnat Production
¡e

ii

It 

ll

II

<1

Each of these "gnat gyros” goes through 100 different 
assembly and test operations before they are installed 

in the Army Hawk ground-to-air and the Navy Sparrow 
III air-to-air missiles. The gyro which spins noiselessly at 
30,000 rpm measures 1 x 2y2 in. The size requires jewel 
bearings identical within nineteen millionth of an inch. 
Difficulty of setting up production line techniques has 

prevented until recently mass production of the missile 
gyros, by Raytheon Mfg. Co., Lowell, Mass.
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new constant delay filters
give minimum intelligence distortion and ma

in radar, telemetering and other missile applic

Now . . . Burnell & Co.’s new Type 60051 Constant Delay 
Filter series provide delay constant to within 5% over the 
Pass Band — solve troublesome distortion caused by non­
linear systems.

It has become apparent that the phase characteristics of 
telemetering filters are of greater importance than amplitude 
characteristics in creating intelligence distortion and mini­
mum transient response of frequency modulated signals.

Inasmuch as delay is constant where the derivative of the 
phase function is truly linear it is an important measure of 
phase linearity. To obtain constant delay, a complete circuit 
configuration revision based on a lattice structure is required.

For compactness, a standard type 60051 housing is avail­
able. Upon special order JHU-APL housings for circuit re­
placements can be supplied.

10 
11 
12 
13 
14 
15 
16 
17 
18

A 
H 
C o 
E

10 5 
14 5 
22.
30.
40.
52 5 
70 
22.
30. 
40.
52 5 
70.

KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC

S-60051 
S-60052
S 60053 
S-60054 
S-60055 
S-60056 
S-60057 
S-60058 
S-60059 
S-60060 
S-60061 
S-60062 
S-60063 

. S-60064
S-60065 
S-60066 
S-60067 
S-60068 
S-60069 
S-60070 
S-60071 
S-60072 
S-60073

ns

34.00 
24.30 
18.60
14 20 
10 50
8 00 
5 93
4 40 
3.38
2 44 
1 80
1 26 
091 
0 60 
0 44 
0 33 
0 252 
0 189

.305 
.224 
.168 
.128 
096

15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
15% 
30% 
30®® 
30®® 
30®. 
30%

ase linearity

Delay in ms

10 5
14 5 
22.
30
40
52 5
70 
22
30
40
52 5
70

KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC 
KC

S 60101
S60102
S 60103 
S60104
S 60105
S 60106
S60107
S 60108
S60109
S60110
S60111
S 60112
S 60113
S 60114
S 60115
S 60116
S60117
S 60118 
S60119 
S60120
S 60121
S 60122
S60123

295 
2 11 
I 62
I 23 

905 
681 
511 
.392 
302 
.218
160

CONSTANT DELAY BAND PASS AND LOW PASS FILTERS 
ARL AVAILABLE WITH ATTI NUATION SI OPES ILL USTRATED

EASTERN DIVISION: Dept. DS
10 PELHAM PARKWAY. PELHAM MANOR, N. Y. • PELHAM 8 5000

PACIFIC DIVISION:
720 MISSION STREET, SOUTH PASADENA. CALIFORNIA • RYAN 1-2841
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ONE COMPONENT

FILTERSCHOOSE ANY THREE COLOR

W1
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Insures even color distribution. 
Normally furnished translucent 
white.

4216 West Lake Street, Chicago 24, Illinois • Telephone: VAn Buren 6-3100 TWX No. CG-140Û

Terminal Board
Easy to connect Solder terminals 
standard, others available.

Push-Button Switch
actuator yoke easily slides out 
for removal

Spread of 
light from 
one lamp

Switch Assembly
employs two Electro-Snap DPDT 
sub-miniature switches, confoims 
to military specifications.

Extreme Light 
Intensity
Precision-aimed prisms pro­
vide overall uniform high- 
intensity color illumination, 
well above ambient room 
lighting. “No Hot Spots."

tions — one at a time by one 
standard color filters available.

Switch Circuit
Double-pole, double­
throw unit can be 
wired normally-open 
or normally-closed

e One compact, modular, dual­
purpose unit panel mounted
e Monitors three different cir­
cuit conditions through a 3-COL 
OR, INDICATOR-LIGHT as­
sembly
• Switches by alternate-action 
or momentary-action control 
through unique PUSH-BUT­
TON ACTUATOR YOKE to 
switch assembly
• Reduces mounting hole re­
quirements by 75%

Switch Actuating 
Mechanism
Alternate push-push or momen
•ary, positive-feel action.

Companion Unit
Single-color monitor­
ing combined with 
push-button, panel 
switching also avail­
able.

monitor/Switch

• Saves 40% of panel space
• Reduces fatigue — increases 
operator efficiency, less panel 
area to watch
• Keyed lamp assembly — offset 
bayonet pins insure proper re­
placement
• Lamp circuit can be wired in 
dependently or through switch­
ing unit
• Quick lamp replacement, from 
the front — NO special tools re­
quired.

Illuminator Assembly
Three prisms with lamps and 
color filters "pipe" monitoring 
signal to target screen. Removes 
as a unit from panel front for 
low-cost replacement.

FOR EACH LAMP ASSEMBLY
Lighted filters monitor three separate circuit condi

Moon Radar Tracking 
System Disclosed

A punch card operated steering 
system for a moon radar antenna 
that is twenty-five times more accu­
rate than previous electronic sys­
tems was disclosed by the U. S. 
Army Signal Corps Engineering 
Laboratories, Ft. Monmouth, N.J. 
The system can be applied in modi­
fied form for tracking other celestial 
bodies, including satellites.

Data regarding the orbit of the 
moon is punched into cards and fed 
to a digital computer which then 
calculates where the moon will be 
at different instants with respect to 
the antenna. This information is 
stored on magnetic tape and fed 
into an analog conversion system 
which provides a continuous flow 
of positional signals that keep the 
antenna aimed constantly and accu­
rately at the moon as it orbits.

True Power Range Silicon 
Transistors Developed

A 2 to 5 a transistor that can han­
dle power up to 1 kw. and a 10-20 a 
unit which handles up to 3 kw have 
been developed by’ Westinghouse 
Electric Corp., Pittsburgh, Pa.

New fusion and diffusion 
methods, together with improved 
alloy systems, etching procedures, 
and encapsulation techniques made 
the devices possible.

The 2 to 5 a units based on cur­
rent at which gain is equal to or 
greater than 10, have been pro­
duced with emitter-to-collector volt­
ages of from 50 to over 300 v. These 
devices serve in high-power switch­
ing operations with very high effi­
ciencies. For example, as a de 
switch handling 1 kw (200 v at 5 a) 
the internal dissipation of the units 
is about 5 w with a resulting effi­
ciency of 99.5 per cent. Reverse 
leakages of these devices ranges 
from 2 to 3 ma.

The silicon transistor can be used 
at temperatures up to limits im­
posed by the silicon material itself.

Lighting Circuit
Bayonet pins on lamp 
assembly are offset 
to insure correct lamp 
replacement. Wire in­
dependently or 
through switch.

monitoring 
and switching
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NEW...a grid-spaced relay!
Latest development in miniaturized 
sealed relays is General Electric’s new 
grid-spaced (Type GS) micro-miniature 
relay. Terminals of this crystal-can size 
relay—spaced .2 inch apart—are tailored 
to the .1 inch standard spacing for 
printed-circuit board layout.

But, it’s ideally suited to many other 
electronic jobs as well, particularly air­
craft and missile applications.

All the production “know-how” gained 
in three years of experience with the 
popular Type G200 micro-miniature 
series has been packed into this new grid- 
spaced sealed relay.

Here are some of the basic specifica­
tions for the G-E Type GS relay: 
Rating: 3 amps, 100,000 operations; 2 
amps, 500,000 operations.
Temperature: — 65 C to ¿-125 C. 
Vibration: 20 G’s at 55-2000 cps. 
Shock: 50 G’s per MIL-R-5757C. 
Sensitivity: 300 milliwatts.
Operating Time: 4.5 ms. nominal.
Release Time: 3.5 ms. nominal.

For more information on any G-E 
sealed relay, call your G-E Apparatus 
Sales Office—or—send today for the new 
1958-59 Sealed Relay Catalog. Specialty 
Control Dept., Waynesboro, Va.

GET YOUR 1958-59 
G-E SEALED RELAY CATALOG

General Electric Co., Sect. A792-1O 
Schenectady 5, N. Y.
□ Please send me a copy of GEA-6628, 

1958-59 Sealed Relay Catalog.
Nom»_________________________—--------------

Company

City State

Silicon power transistor compared 
to a conventional low-power computer 
transistor.

This is due to the small case-to- 
junction temperature rise in switch 
operation. In the 1 kw switch this 
rise is 2.5 deg C.

Voltage ratings (collector-to- 
emitter) on present 10 to 20 a units 
range from 50 to 150 v. Develop­
ment work should increase this 
range to 300 v according to West­
inghouse researchers. The current 
ratings are specified at a current 
gain of 10 a. With the increased 
current ratings, the saturation re­
sistance is decreased and varies 
from 0.1 to 0.05 ohm. Used as a de 
switch, the 10 to 20 a device han­
dles 3 kw of power with internal 
losses of less than 20 w.

The encapsulation cases for both 
the 2 to 5 a and 10 to 20 a silicon 
power transistors are designed with 
a screw stud to permit bolting to 
heat sinks in operation where heat 
dissipation is set by the operating 
condition.

Transistorized 100 W 
Mobile Radio Produced

The first thermostatically

ur-
or 

[ro­
lli­
li
I

;rse
Iges

sed 
im- 
elf.

tected transistor-powered 100 watt 
mobile radio has been produced.

The new equipment is designed 
with automatic cut-off and re-set 
functions which keep the transistor 
power supply safe against abuse 
due to heat caused by overload, 
duty cycle and environmental con­
ditions.

The mobile radio is equipped 
with a die-cast heat sink made of 
brushed aluminum which produces 
a high degree of reflectivity of ra­
diant heat from external sources. 
The development was disclosed by 
General Electric, Syracuse, N.Y.

CIRCLE 10 ON READER-SERVICE CARD ►
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ENGINEERING REVIEW
Tracker Predicts Missile 
Landing Point

A system that tracks missiles in 
flight and continuously predicts 
where they will land was disclosed 
by the Air Force. Designed and 
built by Convair, San Diego, Calif., 
the system, dubbed Azusa, couples 
a ground transmitting station with 
a small receiver/transmitter carried 
by all ballistic missiles launched. 
The exchange of information be­
tween ground station and missile 
yields continuous precision data 
on the position and velocity of the 
missile. When data is fed into an 
IBM 704 computer, the result is an 
instantaneous prediction of where 
the missile would land if its power 
were cut off at any split-second.

The output from the IBM com­
puter goes to a plotting board that 
traces this information for the 
AFMTC range safety officer. If it 
appears that the missile is straying 
unsafely, flight is terminated.

Instrumentation 
Technique Improves 
System Reliability

System reliability can be im­
proved by an instrumentation tech­
nique introduced by Performance 
Measurements Co., Detroit, Mich. 
A constant voltage reference supply 
is being used to replace short-life 
dry cell batteries in various types of 
instruments. Previously, the dry cell 
battery was the only practical de­
vice for supplying the necessary 
low voltage in null balance servo 

I systems. CVR-10 voltage supply is 
designed to replace No. 6 dry cells 
with no modification of the instru­
ment. Dimensions of the new con­
stant voltage reference supply are 
the same as those of the dry cell. 
In addition, two knurled positive 
and negative terminals correspond 
to those of the battery. Three leads 
make connections to 115 v line and 
ground terminals within the instru­
ment. Operating at 1.5 v and 6 ma, 
the CVR-10 has ±1/4 per cent sta­
bility over a-c line voltage varia- 

I tions between 108 and 125 v.

12
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ONE C

limitless space or helping pinpoint 18,000 mph. man-made moons! 
This calls for absolute stability and reliability under every con­
ceivable condition of shock, vibration and climatic change—in 
less space. These are a few of the reasons why precision JFD 
Variable Trimmer Piston Capacitors were selected for the 
Explorer and Vanguard satellites, as well as telemetering, track­
ing and guidance systems of today’s and tomorrow’s missiles, 
anti-missiles and rockets.

The Vanguard satellite telemetering transmitter, for example, 
employs two JFD VC9G trimmers for linear tuning of its 108 
me. antiresonant LC circuits. Over 30 JFD VC5 and VC11 capaci­
tors are used for stable precise adjustment of RF and IF ampli­
fiers and oscillator tanks in the Minitrack ground receiver 
systems.

Selected for Telemetering, Guidance, Tracking and ComputR®®

No margin for error for tuning capacitors rocketing through

OGATLAS • BULLPUP • CORVUS • FALCON • HAWK • HOUNI ITER C« MATADOR * POLARI

COURTESY BENDIX RADIO DIVISION 
BENDIX AVIATION CORPORATION
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^PRECISION CAPACITORS Zj RAILS IN SPACE!
OFFICIAL U.S. NAVY PHOTOGRAPHS
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Systems of Explorer and Vanguard Satellites
Whether you are designing electronic equipment for a giant 
step into space or equally demanding applications, JFD Piston 
Capacitors belong. Their unique combination of physical and 
electrical characteristics speed circuit or system development- 
meet and beat exacting performance demands. Send for the new 
JFD 1958 Engineering File Folder covering 71 JFD Trimmer 
models. Or send us your special application requirements for 
recommendations by our engineering staff.

ACTUAL SIZE

0.8 to 8.5 mmf

TH 
108 

laci- 
ipli- 
iver

ONE DEwey 1-1000

Pioneer» in Electronics since 1929

ELECTRONICS CORPORATION
1462-62 STREET. BROOKLYN, N.Y.

ACTUAL SIZE

model VC 5

model VC11

JFD Canada Ltd.
51 McCormack Street
Toronto, Ontario, Canada

JFD International 
15 Moore Street 
New York, New York

0.6 to 6 mmf

0.8 to 10 mmf

Feedback System Controls 
Road Grader Action

Based on principles used to con­
trol missiles and aircraft in flight, a 
control system is keeping the blade 
of a huge road grading machine at 
a constant angle regardless of the 
variation in contour and the rough­
ness of the ground over which the 
grader is working. Sanders Asso­
ciates, Inc., Nashua, New Hamp­
shire, reports the road grader to be 
the first application by industry of 
an electrohydraulic feedback sys­
tem to control heavy machinery. A 
vital part of the control system is 
the hydraulic servo valve used to 
provide control functions aboard 
the B-52 Stratofortress. The control 
systems are being produced for the 
Galion Iron Works & Mfg. Co., 
Galion, Ohio.

Keying Titles Changed
Names of two Library of Con­

gress monthly publications, which 
serve as keys to new literature com­
ing into this country from the 
U.S.S.R. and East Europe, have 
been changed from “Lists” to “In­
dexes.” The purpose of the change 
is to indicate to scientists and other 
scholars not familiar with the 
monthlies that they are more than 
mere booklists and that they con­
tain information about the content 
of new Russian and East European 
books and articles.

The Monthly List of Russian Ac­
cessions, which enters its 11th year 
of publication in April 1958, be­
comes the Monthly Index of Rus­
sian Accessions. The Government 
Printing Office sells it for $12 a 
year ($15 abroad).

The East European Accessions 
List, published since 1951, becomes 
the East European Accessions In­
dex. The GPO sells it for $10 a year 
($12.50 abroad).

The change in the names of the 
two bibliographies does not mean a 
change in the editorial content of 
either one. It should also be noted 
that they contain information about 
the content of books and articles, 
not translations of entire books and 
articles.
4 CIRCLE 11 ON READER-SERVICE CARD
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ENGINEERING REVIEW

FORSTERITESZIRCONS

STEATITES cov
ALUMINUM SILICATES

tors

the industry anticipates000
CORDIERITES

More
Mater/a/s

LAVASALUMINAS

ne1

MORE SPECIALIZED ENGINEERING TALENT
MORE FACILITIES

MAGNESIUM 
SILICATES .

ZIRCONIUM 
OXIDES

SIUCON 
CARBIDES

A Subsidiary of 
Minnesota Mining and 

Manufacturing Company

MORE "KNOW HOW

750,000 Watt Broadcast­
ing Equipment by 1959

Efforts are under way at General 
Electric, Syracuse, N.Y. toward de­
veloping reliable equipment ca­
pable of broadcasting at 500,000 to 
750,000 watts. It is expected that 
GE will begin marketing such 
equipment by the middle of 1959.

Although the FCC currently 
limits radio broadcasters to 50,-

six
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Here you will find industry's widest choice 
of advanced technical ceramics . . . dense 
or porous . . . key components in thousands 
of applications in widely diverse fields. Top 
performance is assured by careful matching 
of physical and electrical properties to end 
use requirements.

If heat is a problem: AISiMag technical 
ceramics have higher insulation values at 
elevated temperatures than fused quartz. 
Excellent thermal shock resistance. Great 
strength. Low loss. Rugged AISiMag Alum­
inas, for example, deliver superior perform­
ance at temperatures beyond the melting 
points of most commonly used metals.

action to allow certain "clear chan­
nel” stations to move to a minimum 
of 500,000-watts and a maximum of 
750,000-watts. These clear channel 
stations as those serving wide areas 
which are clear of objectionable in­
terference. There are now 24 clear 
channel radio stations in the na­
tion. Present indications are that 
the FCC may select 12 for the 
super-power classification. With a 
move to super-power, large rural 
areas in the nation will receive 
more adequate radio coverage.

Present plans call for a block­
building system in which GE’s 
50,000-watt AM broadcast trans­
mitter will be used to drive or ex­
cite a 500,000-watt amplifier. In the 
event a station desires to move to 
a maximum 750,000-watts, another 
block can easily be added to the 
equipment, thus eliminating the 
need for extensive alterations.

TECHNICAL 
CERAMICS

There are AISiMag materials which with­
stand higher compressive loads than steel 
. . . with lower coefficients of expansion 
than any general-use metal. Chemically 
inert . . . will not rust, oxidize or corrode. 
Permanently rigid . . . will not deteriorate. 
Some have unusual abrasion resistance. 
Some are hard as 9 on Mohs' scale.

No matter what your problem, AISiMag 
ceramics may help solve it. And, this source 
has the machines and experience to pro­
duce precision parts in any quantity. Send 
blueprint with details of operating proce­
dure for complete data on the AISiMag 
material best suited for your application.

UHF Mobile Band 
Coverage Multiplied

A radio base station with a 250 w 
transmitter and a highly sensitive 
receiver which extends range of 
two-way mobile radio systems op­
erating in the 450-460 me band has 
been announced, designed by Mo­
torola, Inc., Chicago, Ill. The high 
power transmitter used with a high 
gain antenna, provides effective ra­
diated power of more than 2 kw. 
This will normally double the range 
and so quadruple the area covered 
by the low power transmitters pres­
ently available for use in this band. 
The equipment is designed to com­
ply fully with FCC requirements 
for “split channel” operation, pro­
tecting users from obsolescence.
< CIRCLE 12 ON READER-SERVICE CARD

57TH YEAR OF CERAMIC LEADERSHIP
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Silicon

HIGH POWER

MEDIUM POWER

SMALL SIGNAL

ST400
ST 401
ST402
ST403

85
85
50
50

1.5®2 amps
2.5®2 ampt
4.0®2 ampt
3.0@2 ampt

15@2 ampt 
20®2 ampt 
15@2 ampt 
I5@2 ampt

60
60
60
45

Typical 
CoIlactor 

Saturation 
Resistance 

(ohms)

Maximum 
CoIlactor 
Voltage 

Vc (volts)

Minimum 
D.C.

Common 
Emitter 
Currant 

Gain
B
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Radio Stations 
Set For Delivery

Combining all the functions of 
Doth a receiver and transmitter 
covering the two and six meter 
Dands, a complete radio station will 
do ready for delivery to distribu­
tors in early summer. Designed for 
either am or cw, the SR-34, built 
Dy Hallicrafters Co., Chicago, Ill., 
includes a three way power supply 
or 115 v ac, 6 v de, or 12 v de op­
eration. It is able to cross-band be­
tween the two and six meter bands 
and instantaneously selects the de­
sired voltage. There is also a tran­
sistorized power supply for two or 
six v usage. The receiver, a double 
conversion, superheterodyne de­
sign, uses a crystal controlled sec­
ond oscillator. Power output will 
run from 6 to 7-1/2 w on two me­
ters, and from 7 to 10 w on six 
meters. Frequency coverage is from 
49 to 54 and 144 to 148.5 me.
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High-Speed Eraser For 
Magnetic Tape Introduced

Magnetically recorded sound or 
pictures may be erased from a com­
plete reel of tape or film with a 
newly developed high-speed elec­
trical eraser. The unit, designed by 
RCA, Camden, N.J., is designed to 
provide 30 sec erasing of 4,800 ft 
of video magnetic tape up to two in. 
wide; 2,400 ft of 16 mm film; 2,000 
ft of 35 mm film wound on a film 
core; or any narrow-width or tape 
in rolls up to a maximum of 15 in. 
in diam.

In operation, the tape or film 
roll is placed on the automatic turn­
table, which moves along the slid­
ing carriage into the opening of the 
erasing coil at the other end of the 
instrument. As the carriage moves, 
it automatically switches on the 
coil and rotates the turntable, 
causing the rotation of the reel 
through the magnetic field. As soon 
as the tape or film has been erased, 
the carriage withdraws the rotating 
ti rntable and returns it to the other 
end of the instrument, automatic- 
a ly shutting off both coil and turn­
table.

muí Transistors 
»1^ New high power transistors have just been added to the Transitron line, 

increasing power ratings to 85 watts. Now, whatever the application, 
you can choose from the broadest power range in the industry 
with Transitron reliability built into every transistor.

• Ratings to 85 watts
• Operation to 5 amps
• Low Res, 1.5 ohms typical
• Voltage Ratings to 60V
• High Current Gain
• High Speed Switching

Maximum 
Pawar 

Dissipation 
at 25°C 

casa 
Typa (watts)

• Operation to 500 ma
• Ratings to 5 watts
• Low Res, 6 ohms typical
• High Speed Core Driving
• Heat Sink Mountings available

• Operation to 175°C
• Low Ico at Rated Vc max.
• High Current Gain
• Three package sizes available

Minimum

Typa

Maximum 
Powor 

Dissipation 
at 25°C 

COSO 
(watts)

Maximum 
Collector 
Voltage 
VcMox 
(volts)

D.C.
Common 
Emitter 
Current

Gain
B

Typical 
Collector 

Saturation 
Voltage 
(volts)

2N545* 5 60 15® 500 ma 3V®500ma
2N547 5 60 20® 500 ma 3V®500ma
2N498 4 100 12® 200 ma 4V®200 ma
2N497 4 60 12® 200 ma 4V®200ma
2N551 5 60 20 @ 50 ma IV® 50ma

2N243 .75 60 9® 5 ma 3.5V®20ma
2N244 .75 60 28® 5 ma 3.5V®20 ma
•Fati Switching Typo

Maximum
Collector

Minimum Maximum Cut-off
Common Collector Typical Current
Emitter Voltags» Cut-off at 25°C
Current Vcc Peak Frequency at Vc MAX

Typo Gain, 3 (Volte) (MC) (Ma)

2N543 80 45 15 .5
2N480 40 45 11 .5
2N475 20 45 10 .5

2N336 78 45 13 50
2N334 18 45 11 50

2N118 18 30 4 10
2NH9 36 30 4 10

ST904 18 30 4 10
ST9O5 36 30 4 10
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Herbert H. Rosen

present
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This application is typical of the hundreds of 
electronic components whose continuing operation is 
assured by the safety factor of a terminal with electrodes 
fused into the glass. The resulting rigidly fixed position 
of the electrode guards against damage to the finished 
assembly through movement of an electrode depending 
only on compression for its position in the glass.

Robert A. Rutherford, Vice President of U. S. Semi­
conductor Products, permits us this direct quotation.

ELECTRONIC DESIGN • May 14, 1958

"The Fusite header provides us with a very satisfactory 
solution to the problem of the lead wires turning in the header. 
The fused glass to steel has solved this very troublesome problem. 
The stainless steel material also 
provides excellent corrosion resis­
tance. Aside from receiving a supe­
rior product from Fusite, we have 
also received very excellent service 
and a great deal of cooperation from 
both the company and their repre­
sentative.”

Terminal as supplied 
by Fusite. V-24 glass 
and all stainless steel.

Assembly is enclosed 
m miniature can and 
projection welded 
closed.

THE FUSITE CORPORATION

Space Challenges Everybody
There are few people who wall not

Fraction of an inch of 
gold wire and alumi­
num wire are inserted 
and crimps folded over 
tight. (See photo B)

Precision bit of silicon 
crystal is fused with 
heat to ends of wire 
inserts.

6000 FERNVIEW AVE., CINCINNATI 13, OHIO
In Europe: FUSITE N.V. Kónigweg 16, Alumio. Holland

Inside end of straight 
wire electrode is 
crimped to a hollow 
open top shell. (See 
photo A)

Test samples of any style terminal 
available on request. Stainless 
steel available on most Fusite 
Standard Headers.
Write Dept. C-2

their idea on control of space upon sighting a 
fallen star. Washington—the center of all con­
fusion and activity—is also a hot bed of such 
ideas. The Defense Department recently freed $8 
million for its Advanced Research Projects 
Agency to move into space. The money will be 
spent “to determine our capability of exploring 
space in the vicinity of the moon, to obtain useful 
data concerning the moon, and provide a close 
look at the moon?’ One or two lunar probes will 
be made by the Army Ballistic Missile Agency. 
Three have been assigned to the Air Force Bal­
listic Missile Division (a combination of the Thor, 
Vanguard, and a third stage to be developed). 
The Naval Ordnance Test station at Inyokern 
was ordered to develop a mechanical scanning 
system for lunar probes.

Meanwhile, Defense Secretary McElroy and 
his advisors have been dreaming up plans for re­
organizing the Department of Defense. The 
hierarchy will remain. So will the Joint Chiefs of 
Staff. The Secretary will be given greater power. 
A large number of the people who have collected 
in the offices of the Secretary and the Assistant 
Secretaries will find themselves without billets.

The more long-range decisions have not been 
made. The procurement people, in particular, 
have been passing on only those contracts of vital 
significance, short-term influence, or pressure- 
ridden. Only now is the dam beginning to break 
on contracting.

Up on Capitol Hill, the solons are introducing 
bills on space and are girding themselves for tLe 
wild blue yonder. Both the House and Senate 
have set up special space committees to deal with 
these matters. The Senate has proposed a. far- 
reaching Science and Technology Act of 1958 
that collects nearly every civilian agency doing 
scientific research under a single department with 
a Cabinet officer at its head. Some of the DOD 
responsibilities in R & D are also included.

Both Houses are considering identical bills on 
how the DOD should be reorganized. Fortu­
nately, Mr. McElroy has had the benefit of then 
guidance in making his own proposal. After all. 
if he wants Congressional approval, his plan 
wall have to resemble—or at least augment—the 
ideas proposed by the Congressmen.

The final authority on any reorganization, oi 
course, rests with President Eisenhower. He and 

। Mr. McElroy have been in constant consultation 
on the issue. The President’s scientific advisors,

WASHINGTON 
REPORT

ALL STAINLESS STEEL 
FUSITE TERMINAL rm

terminals
PROTECT PRODUCI 

PERFORMfiNCL



under Dr. James Killian, have come up with a 
plan to create an AEC-like independent agency 
to work on space problems. The nucleus of the 
organization would be the NACA and the non­
military portion of ARPA.

And so it goes. Virtually, a plan a week.
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Army R & D Gains a New Chief
In what seemed almost like a funeral cere­

mony, Lt. Gen. James Gavin was retired from the I 
Army. In the wake of his departure, he left a wide 
open split in his Research and Development or- I 
ganization. There was cleavage between what the 
Army Chief of Staff thinks should be spent on I 
R & D and what Gavin felt was the barest mini- I 
mum. Coming in to breach that split is Une officer 
(for 34 years) Lt. Gen. Arthur G. Trudeau.

In his first public appearance as Army R & D I 
Chief, Trudeau gave his thoughts on what role I 
electronics will be playing in R & D.

He pointed out that radio communication has I 
come of age in the Army—at the expense of wire I 
communications. That unless more people use 
radio, the lack of experience in its use and main­
tenance will play havoc with their organization.

Trudeau is quite taken with the computer busi­
ness, too. He envisions a computer as being at the 
elbow of every field commander. Computed data 
will provide the basis for command decisions.

Ammunition and missile electronics is another 
area of concern to the General. The VT fuze is 
an example of these “one-shot” components that 
fall into this category. He points out that they 
must be highly reliable—they must work the one 
and only time they are asked to. They must also 
withstand a high order of shock, acceleration, vi­
bration, temperature, and indefinite storage.

Still other applications present themselves to 
the R & D chief. “There are navigation aids and 
other methods for controlling the thousands of 
Army aircraft. To reduce the effectiveness of 
enemy electronic devices, we require electronic 
countermeasures and, in turn, counter-counter­
measures. We need electronic systems to detect 
atomic bursts, predict fallout patterns and collect 
and collate data for damage assessment. We need 
better detection devices for mines and chemical 
or biological warfare.”

As for the future, Gen. Trudeau said, “I’d like 
to see greater realization and greater anticipation 
of the tremendous, yet unavoidable, amount of 
wear and tear electronic devices must take in 
their route to the soldier. I’d like to see more 
accelerated technological progress . . . more use 
of . . . electronic computers ... far more auto­
mation in our logistics and administrative sys­
tems ... in air defense and counter-missile 
systems . . . (and) greater use of the module 
principle so that defective electronic components 
can be readily replaced ...”

Ruggedized SRU-210 reflex klystron
for very

Sperry developed the new SRU-210 
reflex oscillator specifically to oper­
ate reliably under the extremely severe 
conditions encountered by high-alti­
tude aircraft and missiles. Its special 
features make it just as useful, how­
ever, for ground radar and missile 
test equipment.

The screw-type tuner, for example, 
is ruggedized to operate at high alti-

high altitude
tude without pressurization, and it 
requires only 5 to 6 ounce-inches of 
torque. Another important feature of 
the SRU-210 is its insulated leads 
which prevent high-altitude arc-over. 
And, its cathode operates at lower 
temperatures which means the SRU- 
210 requires less input power than 
similar-type tubes.

Write or phone the nearest Sperry
CIRCLE 15 ON READER-SERVICE CARD

application
district office for application data on 
the new SRU-210 klystron.

-ELECTRONIC TUBE DI VISION

“I LI 11 * Great Neck, New York

DIVISION OF SPERRY RAND CORPORATION

BROOKLYN . CLEVELAND . NEW ORLEANS . LOS ANGELES . 

SAN FRANCISCO • SEATTLE IN CANADA: SPERRY GYROSCOPE 

COMPANY OF CANADA, LTD.. MONTREAL. QUEBEC.

NEW FROM SPERRY
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SANBORN

UNIT
PREAMPLIFIERS

FOR DRIVING OPTICAL OSCILLOGRAPHS

TAPE RECORDERS

SCOPES

wider usefulness, improved

TRUE DIFFERENTIAL DC PREAMPLIFIERMODEL 450-1800

Output

CIRCLE 16 ON READER-SERVICE CARD
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Output linearity — 
Output Impedance

The False Economy of 
"Short Cut" Drafting

50 ma), position con

better than 0.2% for (al above
— appro*. 1000 ohms, preferred ckt., 500 ohms alternate 

output ckt.
J Jb at 20% of carrier freq.

can suppress 0 to 100% of transducer output (either tense 
via switch)

1800, with high current output amplifier ( ±2.5

Power Req. — 115 volts, 50-400 cps, approx. 30 watt* 
All data subject to change without notice.

Dear Sir:
Drafting room systems of operation in the elec­

tronic industry have become greatly standardized 
in the past few years. This is due mainly to mili­
tary standards controlling drafting practices.

In any drafting room engaged in military elec­
tronic programs, the military standards are the 
"Bible.” This standardization is a grand thing, 
and work is done with great efficiency.

Now—along comes a contract requiring the de­
livery of several prototype models, but only the 
minimum of drawings; outline information and 
instruction book material being the extent of the 
drafting. Before the prototype can be delivered, 
there must be design and layout. Also, shop 
drawings must be made. After fabrication, the 
units must be marked and wired. Drawings must 
be made for these steps.

The project engineer would like all of these 
drawings to be done as quickly and economically 
as possible. Home shop drawings are in order; 
military standards should be promptly forgotten. 
All short cuts should be considered. The super­
visor’s troubles then increase by the hour. The 
drawings that the shop receive are anyone’s and 
everyone’s idea of simplified drafting.

With a careful conference with the shop fore­
man, parts can be made from these short-cut 
drawings. It should be understood that the shop 
must have talent not usual in the trade to read 
these “things.”

Soon drawings are pulled for revision to cut 
the question and answer periods. Each day the 
job is becoming easier, but our old friend, the 
standards are creeping back into the picture, 
with each revision.

This malpractice does not stop with mechani-

performance and a choice of packaging, tn reduced size and weight. Indi­
vidually in portable cases, or as four-unit modules for standard 19" racks, 
with their own power supplies, Sanborn "450” Preamplifiers can be used 
with a variety of popular optical oscillographs, tape recorders, oscilloscopes 
or other indicating devices. Ihe 450-1100 is a carrier amplifiei demodula­
tor with calibrated zero suppression, for measuring strain, pressure, velocity, 
flow, temperature, displacement, etc. with a strain gage bridge, resistance 
or reactance transducer, or differential transformer. For differential input 
measurements, the 450-1800 provides the wide range of an AC amplifier 
and DC stability of a chopper, in a design featuring low noise, low drift 
and high gain The 1800’s usefulness is increased by a choice of models:

trol, and zero suppression, 1800A, same as 1800 but without zero suppres­
sion, 1800S. with single-ended output amplifier, delivers ± 2.5 volts at 
±1 ma, linearity 0.1% full scale, 30 kc bandwidth, zero suppression and 
position controls; 1800SA, same as 1800S except without zero suppression.

Investigate the many exclusive advantages these and other Sanborn 
‘ 450” Preamplifiers offer your work. Call your local Sanborn Engineering 
Representative or write the Industrial Division in Waltham.

Here is amplifier design that gives you

Impedance: 200,000 ohm* differentially between terminals (baljnced) or 
100,000 ohm* each input lead to gnd. (single-ended) 

Common mode rejection: at DC, 100 db; to 60 cps, 94 db.
400 cps, 80 db.

Equiv. input drift ^2 uv for 24 hour*
Equiv. input noise: 5 uv peak to peak (0-10 cps), 20 uv (0-1000 cps), 

50 uv (0-30 kc)
Zero suppression: polarity pos or neg. Ranges 0 -100 mv and 0-1 volt. 

Accuracy 1% of full scale range.
Low Power Circuit: (in oil models)
Output appears between two cathodes as true push pull signal 
Common mode level of cathodes ±0.2 volts with respect to ground. 
Output capability: ±3 volts into 5000 ohms 

± 10 volts open circuit
Zero positicn control not active for this output
Freq, response: 3 db down at 30 kc
Linearity 0 1%
Gain: Fixed steps 1000, ‘00, 200, 100, 50, 20 

Gain Accuracy 0.5% for D.C. 
Smooth gain control covers range between fixed steps

High Power Circuit: (ISOO and 1 800A) 
Output appears between two emitters as true push pull signal. 
Common mode level of emitters ±2.5 volts with respect to ground. 
Preferred load: 50 ohms 
Output: ±2.5 volts, ±50 ma 
Freq, response: 3 db down at 1 5 kc 
Linearity; 0.5% 
Zero position control is operative for high power output ckt.
Single ended Output Circuit: (1 800S & 1800SA)
Output app, ars as single-ended signal between emitter ond amplifier 
chassis.
Load 2200 ohms, min.
Output ±2.5 volts
Freq, response? 3 db down at 30 kc
Linearity: 0.1%

MODEL 450-1100 CARRIER PREAMPLIFIER
Carrier Freq. — 2400 cps (std.); 600, 1200, 4800 cps optional
Carrier Exc. — approx. 4.5-5 volts, depending on transducer imped.
Transducer Imped. — 100 ohms min. • 1000 ohms max.
Input Imped. — approx. 2500 ohms, ¡nd. zero sup. ckt.
Sensitivity— ’00 uv rms from transducer (output imped. 1000 ohms or less) gives 

1 volt at output under max output loading
Output — preferred circuit: between one active cathode and one reference cathode 

alternate circuit: between active cathode ind ground
Output Voltage Capabilities — (a) ±3 volts into 2200 ohms min. load

(b) ±6 volts into 5000 ohms load 
(c) ±7.5 volts open ckt
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Photos show side and rear views of a Stack« 
pole F Control with 2-pole switch. Dotted 
lines indicate behind-panel space occupied 
by a conventional "miniature” control.

Notice how Stackpole's small switch size 
perfectly complements the miniature control 
... saves precious chassis space where it’s 
needed the most.

including switch, if needed. For practical space-saving ability, 
Stackpole miniature “F” Controls lead the way — only 0.637" 
in diameter behind the panel for the entire length of both 
control and switch.
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“click” only a true snap-action switch provides. “B”- 
Series switches used on °F” Controls have the same 
time-proven mechanism as larger Stackpole control 
switches. They’re U.L. Inspected for 1 amp. @ 125v 
ac-dc; 4 amps @ 25v de.

Printed wiring, wire-wrap, or standard lug termi­
nals as well as fold-tab or threaded bushing mount­
ings are available on all Stackpole miniature “F” 
controls. Both SPST and DPST switches can be 
supplied.

and 
f the

► This letter was prompted by suggestions of 
“short-cut” drafting to reduce costs that appeared 
in ED, Nov. 15,1957. Certainly, changes in draft­
ing procedure should not be allowed unless 
everyone concerned is made aware of the 
changes. But, what is wrong with changing the 
standards, if the necessary information can be 
supplied at lower cost in time and money? Ba­
sically, it seems that we are all in agreement.

CHECK THE COMPLETENESS OF BOTH 
CONTROL and SWITCH LINES

fore­
t-cut 
shop 
read

cal drawings. Wiring diagrams and cable draw­
ings get the treatment, also. A talent far greater 
than ordinary is required to wire units from poor 
information. Soon new notes and views are show­
ing up on reissues of the tracings, and again, the 
drawings are an example of a standard-non­
standard system.

There are many good points of simplified 
drafting. "Over” drafting a job is folly, but stand­
ards should not be discarded. Detailed parts 
should be clear and concise with all the informa­
tion required to fabricate and finish the part 
stated on the drawing.

The wire man must know exactly what to do, 
or time is wasted in asking questions. The man 
preparing a cable is fabricating a part. He must 
be able to find all the information on the draw­
ing necessary to do his job.

Final assembly can be accomplished with a 
parts list only. The average man on the bench 
will need a drawing to help him. A simple as­
sembly drawing should be a part of the group of 
drawings.

Simplified drawings, by all means, reduce 
time spent in delineation. But, employ economy 
of line, not economy of information. Drafting 
people have learned that drafting to standards 
will be faster than making it up as they go along.

John B. Miller, Supervisor 
Drafting Department 
Jansky & Bailey, Inc. 
Washington 7, D.C.
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Electronic Components Division

STACKPOLE CARBON COMPANY, St. Marys, Pa 
In Canada: Canadian Stackpole Ltd., 550 Evant Ave., Etobicoke, Toronto 14, Ont.

FIXED « VARIABLE COMPOSITION RESISTORS • SLIDE A SNAP SWITCHES • IRON CORES • CERAMIC MAGNETS 
FIXED COMPOSITION CAPACITORS • CERAMAG® FERROMAGNETIC CORES 

HUNDREDS OF CARBON, GRAPHITE, AND METAL POWDER PRODUCTS.

CIRCLE 17 ON READER-SERVICE CARD



Because of a unique combination of engineering and production 
skills, you can expect microwave components from Frequency 
Standards, Inc. that offer a dependability and accuracy (±0.01%) 
unmatched in the held.

For here you will find the highly specialized engineering experience and the intricate tooling
and production facilities needed to produce such sensitive microwave components as the two 
pictured on this page.

These two Tunable Band Pass Filters, both passive frequency selective devices, are capable of 
providing large amounts of selectivity in the stop band consistent with low dissipation losses in 
the pass band. Our standard line includes 2-, 3- and 4-section filters with a ganged tuning control 
feature, over a wide frequency range, assuring you of an accuracy of ±0.01%.

For details, contact Frequency Standards, Inc., and we will furnish information on our standard 
products, our custom products and our facilities for meeting all requirements, no matter how 
exacting, in the microwave components field.

Please address inquiries to Frequency Standards, Inc., Box 504A, Asbury Park, N. J., Prospect 
4-0500, or your nearest representative in all principal cities.

Frequency ^Standards, inc.

A DIVISION Of 
NATIONAL ELECTRIC PRODUCTS CORP.

CIRCLE 18 ON READER-SERVICE CARD

.... STANDARD FOR 
MICROWAVE COMPONENTS

MEETINGS

May 26-27: Engineering Refresher (Electrical En­
gineering)
Featured as a part of the Engineering Institute 
that is being held at the University of Wisconsin 
from January through June, 1958. This refresher 
will review circuits and electrical machinery for 
electrical engineering. Interested persons should 
contact Mr. Robert A. Ratner, Director, Engi­
neering Institutes, University of Wisconsin Ex­
tension Division, Department of Engineering, 
Madison 6, Wis.

May 27-28: 2nd El A Conference on Maintain­
ability of Electronic Equipment
University of Pennsylvania, Philadelphia, Pa. 
Technical Sessions will cover the following 
areas: Military Concepts and Requirements for 
Maintainability; Ground Environment Equip­
ment; Missile Maintainability; and Airborne 
Equipment Maintainability. For more informa­
tion, write to J. A. Caffiaux, Staff Engineer, Elec­
tronic Engineering Dept., 650 Salmon Tower, 11 
West 42nd St., New York 36, N.Y.

June 2-4: National Telemetering Conference
Lord Baltimore Hotel, Baltimore, Md. Sponsored 
by the AIEE, ARS, ISA, and IAS. The technical 
program will feature sessions in telemetering in 
the IGY program, telemetering overseas, rocket 
telemetering, industrial telemetering, and data 
reduction. In addition, there will be the annual 
exhibit staged by manufacturers of telemetering 
equipment. For further details about the con­
ference, write W. J. Mayo-Wells, Program 
Chairman, 3830 Beecher St., N.W., Washington, 
DC.

June 5-6: 2nd National Symposium on Production 
Techniques
Hotel New Yorker, New York, N.Y. Sponsored 
by PGPT. For information, write John W. Trin- 
kaus, Sperry Gyroscope Co., Great Neck, N.Y.

June 8-12: National Association of Electrical Dis­
tributors
San Francisco, Calif. For more information about 
the convention write to the National Association 
of Electrical Distributors, 290 Madison Ave., New 
York 17, N.Y.

ELECTRONIC DESIGN • May 14, 1958
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Courses—Seminars
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June 22-27: AIEE Summer General Meeting, But 
falò, N. Y.

Aug. 4-15: Summer Study Course in Microwave 
Theory’ and Technique. Case Institute of Tech­
nology, Cleveland, Ohio. The course will be di­
rected toward the engineer in industry who has 
found a growing need for training in the methods 
of measuring and analyzing with microwaves. 
Requests for additional information on the course 
should be directed to the Director of Special 
Programs, Case Institute of Technology, 10900 
Euclid Ave., Cleveland 6, Ohio.

Aug. 4-15: Special Summer Program on Micro­
wave Ferrites. Massachusetts Institute of Tech­
nology, Cambridge 39, Mass. Topics will include: 
Electromagnetic Theory of Fields in the Pres­
ence of Ferrites; Measurements of Ferrite Char­
acteristics; and Linear and Non-linear Ferrite 
Devices (Theory and Application). Write to Dr. 
Hermann A. Haus, Assistant Professor, M.I.T. 
Department of Electrical Engineering, for in­
formation.

Paper Deadline
June 25: Deadline for papers to be presented at 
the 1958 National Simulation Conference. The 
conference, sponsored by the IRE, is planned for 
October 23-25 in Dallas, Tex. One hundred word 
abstracts and 500 word summaries of technical 
papers in the general field of simulation should 
be transmitted in duplicate to D. J. Simmons, Rt. 
8, Box 447, Ft. Worth, Tex.

June 18-20: Statistical Methods in Radio Wave 
Propagation
University of California, Los Angeles, Calif. 
Sponsored by the University of California En­
gineering Extension. Participants from England, 
France, India, and the United States will present 
papers in three major fields: statistical theory and 
techniques of use to scientists and engineers; 
phenomenological investigations with both sta­
tistical and physical structure; and instrumenta­
tion for the rapid reduction of large quantities 
of radio data. Inquiries should be addressed to 
Dr. W. C. Hoffman, Engineering Building, Room 
3116, University of California, Los Angeles 24, 
Calif.

>out 
tion 
4ew

July 8-12 and July 14-18: Two Special Summer 
Programs on Strain Gage Techniques. Massachu­
setts Institute of Technology, Cambridge 39, 
Mass. Additional information may be obtained 
from Dr. William M. Murray, Professor of 
Mechanical Engineering, M.I.T.

FEATURES;
• High Performance Nylon Insulation to provide 
continued satisfactory service life at elevated tem* 
peratures, plus resistance to ester-based oils.
• Helical tongue design to secure maximum struc­
tural utility at minimum weight penalty.
• Cast insulation has formed entry ramp to pro­
vide easy wire insertion and snug fit over standard 
AN wires.
• Color-coding to assure proper terminal selection 
for applicable wire sizes.
• Step-Lok Crimp to guarantee continued proper 
position of insulation with respect to terminal.
• Connector designs are available in single to 
single, single to multiple and multiple to multiple 
wire accommodations.
The A-MP Ampli-NYL Terminal is installed with the 
proven Confined “C” Crimp for maximum electrical 
and mechanical performance. Confining the spread 
of the terminal during the crimping process achieves 
more intimate contact and a homogeneous union 
of conductor and terminal.

the entirely NEW 
insulatedAmpli-NYL

axailahh- through uholh 
rame • llollaml • Japai



EDITORIAL
Hot And Cold

CIRCLE 21 ON READER-SERVICE CARD

On October 15th, 1957, Electronic Design featured a Staff 
Report on “Cooling Electronic Equipment.” Now, seven months 
later, our theme is High Temperature Components/ In this issue 
we have articles dealing with such apparently diverse subjects as 
potentiometers, relays, liquid dielectrics, and wires.

These articles were written specifically for this “High Tempera­
ture” issue. Each was selected to provide not only a broad insight 
into the problems of high temperature equipment design, but also 
practical design approaches and techniques.

This issue of Electronic Design also carries an extensive staff 
written report, evaluating the state of the art' of high tempera­
ture components. It includes an industry wide survey of com­
ponents available for operation in higher than normal ambient 
temperatures.

In an editorial, "Why Thermal Design?” in last Octobers 
“Cooling” issue, we said:

"There would be no thermal design problem if it were not for 
this frailty of electronic components. One might say, with tongue 
in cheek, perhaps, that once we have developed diodes, transis­
tors, tubes, resistors, capacitors, and insulators to tolerate 500 C, 
we will no longer have thermal design problems.”

Our readers wanted to know just where we stand. How far have 
we gone towards putting the fan manufacturer out of business? 
Just what is available in 500 C electronic components, or even 
200 C components?

Our survey shows that we may safely conclude the cooling 
equipment manufacturer will be with us for a long time. Though 
great strides have been made in developing hotter components, 
improvements have not kept pace with new systems requirements.

Far from eliminating fans and blowers, we must develop better 
ones to tolerate higher temperatures. Even the fan manufacturer 
has been drawn into the quest for high temperature components.

He’s not going to obviate the search for components for hotter 
ambients. Nor will the manufacturer of high temperature tolerant 
components mitigate the need for improved cooling equipment 
and better thermal design.

Cooling and high temperature components are two sides of the 
same coin in the reliability till. We need them both. They are 
companion weapons in our pursuit of more dependable equip­
ment.

In a parallel vein, Electronic Design’s “High Temperature” 
issue does not supplant the “Cooling issue, but supplements it.

For a free copy of our Staff Report, please circle 22.

PROBLEM

SOLUTION





HIGH TEMPERATURE COMPONENTS

CTRONIC DESIGN nine part St< 
ire Components for Electronic I

How Hot Is 
HOT?

When electronic equipment cannot be 
cooled, components in the equipment 
must be able to withstand high ambient 
temperatures. In equipment for super­
sonic aircraft, missiles, satellites, nuclear 
powered vehicles, and perhaps soon, 
spaceships—there is no room for cooling 
facilities. Where the temperature is very 
high, cooling equipment often adds as 
much heat as it takes away, and can add 
intolerable weight.

We must increase the temperature en­
durance of our equipment. As a rule of 
thumb—you can triple the output of a 
motor, a transformer, or many other de­
vices, if you double the temperature en­
durance.

The first problems in developing high 
temperature components are problems of 
materials. Conventional materials just 
won’t do.

At 500 C:
■ Many metals corrode and oxidize. Tiny 
dirt or grease particles accelerate corro­
sion;
■ Most metals weaken;
■ Copper conductors stretch;
■ Nickel steels and ferrites lose their mag­
netic properties. Only a few general types 
of iron maintain their magnetic qualities 
—low carbon steel, silicon and grain- 
oriented silicon steels, powdered and co­
balt iron;

ELECTRONIC DESIGN • May 14, 1958
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High Temperature Components 
For Electronic Equipment

An Electronic Design Staff Report

CONTENTS

■ Conductor resistivity goes up;
■ Insulation resistivity goes down.

Once the proper materials are found- 
materials that are mechanically and elec­
trically suitable for high temperature 
operation—materials that can take tough 
military’ conditions like vibration, shock, 
and acceleration—materials that can take 
sand and dust and high altitude—materi­
als that won’t sop up water—once these 
materials are found, the next problem is 
to make them into components. And that’s 
not easy.

Many inorganic materials, for example, 
are excellent for high temperature elec­
trical insulation. But they’re hard to work. 
They have no flexibility. They’re brittle. 
It’s hard to apply them to metals, and 
harder still to make them stick.

What Do We Need?
According to a recent survey, operating 

temperatures for aircraft and missile ma­
terials, in the next ten years, will reach 
1400 degrees C for a few’ minutes, and 
2200 degrees C for a few’ seconds. (Steel 
melts after a few seconds at 1400 C.)

Immediate requirements for electronic 
parts are not so stringent—but they aren’t 
easy either.
Military Requirements. Last October, the 
Research and Engineering Office of the 
Assistant Secretary of Defense published

ELECTRONIC DESIGN • May 14, 1958 

an ‘ Environmental Requirements Guide 
for Electronic Parts. This report, pre­
pared by an ad hoc group of the Office’s 
Advisory Group on Electronic Parts, is 
available from the Office of Technical 
Services, Department of Gommerce, 
Washington 25, D.C. (See ED 1/22/58)

The document suggests ten ‘plateaus” 
of environmental characteristics required 
by the Army, Navy, and Air Force. Each 
level calls for thousands of hours of opera­
tional life under different conditions of' 
temperature, altitude, moisture, vibration, 
shock, nuclear radiation, and other un­
comfortable

To cover 
ment listed 
Electronic

environments.
each environmental require- 
is beyond the scope of this 
Design staff report, as this 

report deals only with operation at ele­
vated temperatures.

It is illuminating to see what the ten 
requirements are for temperature.
■ Group I calls for operation from —55 to 
+55 C, and should fulfill the needs for 
electronic hardware handled by person­
nel.
■ Group II, for —65 to +85 operation, 
covers stable components for general use. 
■ Group III, for general shipboard and 
ground components, calls for tempera­
tures from —65 to +125, as do Groups IV 
and V.
■ Groups IV and V include requirements

How Hot Is Hot?
Tubes and Semiconductors
Resistors
Capacitors
Inductors
Transducers and Electromechanical
Devices
Temperature Conversion Chart
Materials and Hardware
Manufacturers of High Temperature 

Components
For a free reprint of this section Circle 22.

for nuclear radiation and for high per­
formance aircraft and surface-to-air and 
air-to-air missiles.
■ Groups XT and VII call for operation 
from —65 to +200 for high-performance 
aircraft, special shipboard needs, nuclear 
powered aircraft, and ballistic missiles.
■ Group VIII, calling for —65 to +350 
operation, is intended primarily for ship­
board missile needs.
■ Groups IX and X include nuclear pow­
ered weapons requirements, and call for 
operation from —65 to +500 and +1000.

The Army’s immediate objective is to 
complete a family of 125 C military qual­
ity components for reliable operation in 
environments for ground signal equip­
ment. The ultimate goal for this type of 
field service is an across-the-board family 
of 200 C parts with all the performance 
attributes of lower temperature military 
types.

The Air Force wants to see a complete 
family of components for operation at 
200 C. These parts would be in Groups VI 
and VII of the Environmental Require­
ments Guide.

The Air Force also has many require­
ments for components to operate in Group 
IX at 500 C, and a few specific require­
ments (such as radome noses) in Group 
X, the “Blue Sky” category.

(Continued on following page)
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New Product Announcement HIGH TEMPERATURE COMPONENTS

What Do We Have?

< CIRCLE 23 ON READER-SERVICE CARD

Commercial Requirements. Most require­
ments for high temperature components 
are military. But there are non-military 
needs too. There are commercial appli­
cations where a component may operate 
in a 125 C ambient though it can work 
safely at 200 C. In many such cases, a hot 
component is used because its high tem­
perature capabilities have endowed it 
with a longer life expectancy at lower 
temperatures.

Other commercial applications include 
aircraft electronics, where heavy fans 
and blowers may be eliminated if 
cramped electronic components can tol­
erate the higher ambient temperatures. 
And there are occasions when parts must 
operate in, or near, ovens, furnaces, com­
bustion engines, and nuclear reactors.

Some components will never have to 
work at high temperatures. Meters, for 
example, require human observers, so 
until we have humans who can operate 
at 200 C, there probably won t be much 
call for 200 C meters.

But many components will have to 
work when they're hot. We already have 
a complete family of parts available for 
operation at temperatures up to 85 C.

We have a line of 125 C parts—almost 
complete—but not quite. Roadblocks in­
clude, for example, r-f and i-f trans­
formers, available now to about 105 C.

Many parts are available for 200 C op­
eration, and a few—very few—will work 
at 500 C.

For most of these components, there 
are no large quantities, even for 200 C. 
But there are no large orders either. 
In many cases, manufacturers can start 
rolling as soon as they get some big pro­
duction orders.

Practically no 500 C components are in 
large scale production. Most 500 C parts 
are laboratory curiosities. They’re won­
derful for publicity, and they give us a 
taste of things to come—but don’t design 
next year’s equipment around them. At 
best, some are manufactured in sample 
quantities.

Many companies want to avoid the 
headaches associated with developing 
very high temperature components. A 
few have been vigorously exploring these 
domains. Coming Glass Works, for one,TEVENS manufacturing company, ine.

Mansfield, Ohio

New Stemco Type MX Thermostats are miniature snap-acting units designed 
to open on a temperature rise. Being compact, lightweight units able to with­
stand high G’s under wide ambient temperature ranges, Type MX thermostats 
are ideal for missile, avionic and other electronic applications where close tem­
perature control is mandatory.

Basic design flexibility of the Stemco Type MX Series means the units can 
be supplied from regular production runs in a wide variety of models, both 
semi-enclosed or hermetically sealed. Ceramic or metal bases for semi-enclosed 
units, round enclosures or CR-7 crystal cans for hermetically sealed units. 
Several types of terminal arrangements, mounting provisions, brackets, etc., 
are available.

Stemco Type MX thermostats give you performance . . . small cubage . . . 
rugged reliability ... at a production price.

070 DIA
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Max Bialer, A.H. Dicke, Roger Faust, 
Dr. Walter Knecht, A. H. Petit, 
L. P. Richmond, Gene Tarrants

In the above diagram, which simulates the attack of an ICBM and its destruction by an Anti-Missile Missile, only 20 minutes will elapse 
from the time advanced radar picks up the ICBM at point a and the time ICBM reaches its target. These are a vital 20 minutes.

In these 20 minutes the path ot the ICBM must be computed with extreme accuracy and the intercepting path of the 
Anti-Missile Missile computed equally accurately.

Minutes count—both minutes of time and minutes ot maximum error in the computing devices.
Clifton Precision synchros offer highest accuracies in standard synchro units, Special units are available which 

eliminate, for practical purposes, all synchro error In addition, reliability standards are the most 
stringent we can devise and still mass produce synchros.

Delivery time has been shortened and production capacity approximately doubled with the opening of 
our Western Division at Colorado Springs, Colorado.
For full information, call or write Sales Department, Hilltop 9-1200 (Suburban 

Philadelphia) or our representatives.

has conducted extensive investigation 
into high temperature applications of 
glass and glass-ceramics. Coming has al­
ready developed resistors, capacitors,! 
and circuit hoards of these materials.

General Electric, another high tem­
perature pioneer, has developed resistors, 
capacitors, and vacuum tubes for very 
high temperature applications. It’s now 
studying lead metaniobate, a new piezo­
electric material, operational to 550 C. I

Manufacturers of materials—especially 
structural materials for tomorrow’s air-1 
craft and spacecraft—are carrying on ex­
tensive research to develop strong, high 
temperature tolerant materials.

Electronic Design has canvassed 
thousands of electronic component man­
ufacturers to determine what is available 
for operation at elevated temperatures. 
In the following pages, we have listed 
their hottest components of general in­
terest to electronic design engineers. At 
the back of this report, we’ve listed the 
manufacturers who make them.

We have prepared charts and other 
listings to make it easy for you to find out 
what is available, who makes the parts 
you need, and what you can expect in 
the future. These charts and listings are 
intended as a time-saving guide. Com­
plete specifications, prices, and informa-1 
tion on availability can be obtained from 
Fhe individual manufacturers.

Because we feel many engineers will 
want to keep this staff report for future 
reference, we have made free reprints 
available.

You may have one if you turn to the 
Reader Service card and circle 22.
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Thanks
Our many thanks to research­

ers at the United States Army 
Signal Engineering Laboratories 
and at Wright Air Development 
Center* These men gave us in­
valuable background informa­
tion to help us prepare this re­
port.
At USASEL:
Stan Danko, Thomas Gore, Charles Lascaro, 
Ralph Osche, Irving Remis, Milton Tenzer
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5OOO MILES
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RESISTANCE

SYNCHRO 
FUNCTION

cm 
TYRE

tapi 
Yahata 
(*-)

fhR* 'mat 
terreni Row 
Am*s i (Watts')

tvttr Rwir
«aitata Smsitlvity Shift 
(Veits' (MV/Mt )«q «4

Ritto' Sfilar 
(0hm> 'Ohns)

Ero 
Ohm

lu 
(Ohm)

2m 
(Ohm)

Mai 
Nell 

Voltate 
(MY)

ACCURAC
Mai Errer Mm

Torque Transmitter CGC 8-A 7 26 .100 .5 118 206 8 37 12 54+ ¡260 12 : ¡45 80 . ¡20 30 7
Control Transformer CTC 8 A . 11 8 .090 .2 23.5 410 9‘ 150 24 212 - ¡664 22-¡115 246 ■ )60 30 7
Control Transformer CTC 8 A 4 118 .029 08 22 5 390 8“ 389 64 560 i ¡I860 90 + ¡340 640-t jl9( 30 7
Torque Receiver CRC 8 A 1 26 .100 .5 11 8 206 8 37 12 54 + ¡260 12+ ¡45 80+¡20 30 30 sp.
Electrical Resolver CSC 8 A 1 26 038 42 10 8 190 20 ‘ 230 27 286 : |620 45 ¡148 350 +175 30 7
Electrical Resolver CSC 8 A 4 26 .038 .42 26 454 ,20‘ 230 170 286 r¡620 250 • |830 350 • )75 30 7
Control Differential CDC 8 A 1 11.8 085 .21 11.8 206 9 36 . 25 38 + jl22 27+ ¡120 48 +¡14 30 7
Vector Resolver CVC-8 A 1 26 .057 .34 11.8 206 10.2’ 78 27 103 + ¡440 8 + )30 30 7



HIGH TEMPERATURE COMPONENTS

In development—Eimac's 33CA2

TUBES AND

SEMICONDUCTORS

Tubes
AMONG the newer high temperature com­

ponents, vacuum tubes have made the most 
dramatic breakthrough. Following quickly on the 
heels of new materials developments, tube manu­
facturers have evolved techniques for making 
tubes to work with surface temperatures as high 
as 800 deg C.

These new tubes no more resemble their low 
temperature counterparts than do modern sub­
miniatures resemble the early De Forest audion 
valves. Conventional glass and mica have been 
replaced by hard glass and ceramics. (One reason 
for replacing glass for very high temperature op­
eration is obvious from Fig. 4.) Glass is objection­
able even before it softens or melts because of 
problems of electrolysis, poor sealing, diffusion 
and fragility.

Mica raises problems, too. Mica sheets, with 
accurately spaced holes, hold electrodes in posi­
tion. But the accuracy of the holes is limited by 
die design, and is affected by subsequent wear 
and tear on the die after repeated stamping op­
erations. Furthermore, the holes can be mutilated 
during tube assembly or under conditions of 
shock or vibration.

The new tubes can take rough treatment. They 
can withstand high orders of shock, vibration and 
nuclear radiation. They are not only tough, but 
small—a welcome development.

Where most other components must sacrifice 
electrical performance when they’re hot, the new 
tubes actually work better. The ceramic types, 
with their rugged planar construction, and their 

28

extensive use of tantalum, are less noisy, less 
gassy, and less microphonic.

Heaterless Tubes
As tubes operate in hotter and hotter environ­

ments, a point is reached where less and less fila­
ment power is needed to heat the cathode. It’s 
often necessary to compensate for this by cutting 
down the filament voltage as the temperature 
rises above about 400 C. Eventually, a point is 
reached where no filament power is required at 
all. Naturally, if you don’t need filament power 
you don’t need a filament. The cathode doesn’t 
care how it gets hot.

With this in mind, General Electric’s Schenec­
tady Research Lab has developed a heaterless 
tube for operation between 480 and 820 C. This 
experimental tube measures only 1/4 inch in di­
ameter and 1/8 inch in thickness—about the size 
of a small transistor.

Circuits For Hot Tubes
The development of tubes capable of operating 

at very high temperatures has prompted inten­
sive investigation into circuits to take advantage 
of these tubes. About two years ago, the Hi-Q 
Division of Aerovox Corporation, armed with an 
Air Force contract, began research into the prob­
lems of integrating tubes and other suitable com­
ponents into physically rugged circuitry to oper­
ate at 500 C.

Directing the work, Project Director Dr. A. R. 
Rodriguez, Project Engineer J. D. Cronin, and 
Research Chemists G. D. Schindler and J. A. 
Kyser had to develop circuit configurations adapt­

able to automatic production, and tough enough 
to take vibration, shock, nuclear bombardment, 
and 500 C.

Circuits were to occupy the smallest volume 
consistent with reliable construction and opera­
tion. They were to take the form of modules 
which could be interconnected simply. The con­
figurations were to have high insulation resist­
ance and a low dielectric constant throughout 
their frequency and temperature range.

A year’s work at Hi-Q bore fruit in the form of 
a five volume scientific report containing a wealth 
of information on rugged, high temperature cir­
cuit configurations and materials.

For structural materials, the Aerovox engineers 
chose high grade alumina and stainless steel as 
having the best combinations of mechanical and 
electrical properties.

Cavities vs Baseboards
Early in their work, they assigned a secondary 

role to printed circuitry and concentrated on two 
other approaches—a cavity approach, and a 
metal channel baseboard approach. The former 
entailed placing components in cylindrical holes 
in a ceramic block with interconnecting stainless 
steel conductors. A photograph of a plastic model 
appears in Fig. 1.

The metal channel approach used stainless 
steel channels inserted in alumina baseboards 
(Fig. 2). Tabs on the ends of the channels are 
bent through slots in the baseboard and welded 
to components.

The baseboards and channels are easy to mass 
produce. The approach lends itself to automated

ELECTRONIC DESIGN • May 14, 1958



Fig. 1 . Plastic model of experimental 
cavity circuitry developed at Aerovox

Tube Manufacturers
Here are the manufacturers who’ve de­

veloped tubes to take heat. Most are not 
available in production line quantities, prin­
cipally because there is no large market for 
them.

Wright Air Development Center’s Elec­
tron Tube Branch Chief A. H. Dicke points 
out that there are too few of these tubes to 
evaluate them properly. He predicts that 
1958 should provide larger quantities.

Bendix—hard glass HY-G-300 series with sur- ! 
face temperatures to 300 C, and external 
anode metal ceramic tubes to 400 C.

I
 Eitel-McCullough—metal ceramic tubes to 300 

C in development.

General Electric—metal ceramic uhf triode
7077 and others to 300 C in sample lot produc­
tion, and heaterless tubes (480 to 820 C) in de­
velopment.

Polarad—metal ceramic reflex klystrons to 200 
C. (Not as hot as some of the other new tubes, 
but hot for a klystron.)

Raytheon—subminiature glass tubes to 265 C.

Sylvania—metal ceramic tubes to 400 C in 
sample lot production.

Fig. 2. Experimental metal baseboard circuitry.

Fig. 3. Any more in there? GE’s uhf 7077 triodes.

7 OFC TRANSFORMERS 
HELP GUIDE LACROSSE

Ortho Filter Corporation custom designs 
and manufactures a complete line of 

transformers that meet and exceei 
MIL-T-27A, Class T, Grade 4.

Encapsulation of small runs is made 
possible by a unique mold making 

procedure for non-standard sizes 
and shapes.

At 20 miles, the Martin LACROSSE can be 
accurately guided to hit a small barn door.k Helping to guide this missile are

7 transformers that maintain 1% voltage 
tolerance throughout this 20 mile journey 8B at temperatures up to 170° C.

Write for 
Bulletin OF-11

Manufacturers of HIGH TEMPERATURE TRANSFORMERS FILTERS AND MAGNETIC AMPLIFIERS

orp 
4L

196 ALBION AVENUE, PATERSON 2. N J * 
MUIberry 4-5858
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HIGH TEMPERATURE COMPONENTS

Basic Circuit Considerations

Semiconductors

tun

< >nc

500 C and 1000 cps revealed that circuit changes 
due to heating could be made practically negli­
gible, with reasonable care in circuit conductor 
layout.

Fig. 4. Conventional tubes sag after 800 C exposure. 
GE's experimental ceramic types thrive.

ELECTRONIC DESIGN • May 14, 1953

In the course o£ a discussion with C. R. Knight 
of Washington, D.C.’s Aeronautical Radio, Inc., 
several important circuit considerations were 
emphasized.
■ Cathode temperature is critical in affecting 
tube life. A change in heater voltage from 6.3 to 
6.9 v can reduce tube life by a four to one ratio. 
■ A tube with a glass envelope has a loose ther­
mal coupling to the environment, so its heater 
and cathode lose heat almost entirely by radia­
tion. A 400 F ambient change might cause only 
a 50 F change in cathode temperature. A ceramic 
tube is more tightly coupled to the atmosphere,

so its cathode temperature change is about equal 
to the ambient temperature change. The tube de­
signer can’t compensate for this, so it’s up to the 
circuit designer.
■ It may be necessary to compensate for changes 
in tube characteristics with temperature. Com­
pensation can take the form of varying grid bias 
or varying heater power. The latter is preferred 
because it can extend tube life.
■ Capacitor power factor can change drastically 
with temperature and alter circuit performance. 
(Increased power factor can be simulated at room 
temperature with a series resistor.)
■ There is a greater tendency for arcing at higher 
temperatures.

The people at Aerovox have done a creditable 
job. They’ve helped lay the foundations for the 
electronics of tomorrow’s aircraft, missiles, satel­
lites, and spaceships.

production since parts can be assembled at room 
temperature. A further advantage of this process 
is that laboratory models can be made quickly 
and simply. Different size components can be 
mounted on the baseboard, and the designer can 
allow for forced air or convection cooling.

The cavity approach, on the other hand, lends 
itself better to miniaturization. Cavity-bome cir­
cuits take about one fifth the volume of equiva­
lent baseboard circuits and weigh less. In the case 
of a six stage audio amplifier using three Eimac 
CD-16’s, the volume reduction was six to one.

But the cavity approach increases the problems 
of heat dissipation. The thermal conductivity of 
alumina is so poor that the heat can’t get out of 
the ceramic block easily. One approach is to 
clamp the body of a resistor, for example, in a 
metal wrapper, using suitable electrical insula­
tion which can extend out one side of the cavity. 
This gets the heat out where it can be dissipated.

Any Circuit, Not Just One
In their evaluation of circuits, these researchers 

tried not so much to build specific circuits, but to 
find a method applicable to building any circuit. 
As a starting point, they experimented with the 
National Bureau of Standards’ preferred video 
limiter and prf multivibrator circuits. To simplify 
tests, they evaluated the circuits at 150 C on glass 
melamine baseplates. Happily, this material has 
the same properties at lower temperatures that 
alumina has at 500 C. Tests on alumina boards at

nun 
ates 
tion

rato:
are ;

area 
rise

In Development

Manufacturer Type

Temp.—°C
Max. 

Power
Zero 

Power
Audio Devices Silicon rectifiers 100 170
Fretco Aluminum antimonide diodes 25 400
G.E. (Syracuse) Silicon rectifiers, diodes, transistors.

and controlled silicon rectifiers 25 175
General Transistor Silicon diodes, medium power 55 200
Hughes Silicon diodes 25 225
International Rectifier Silicon power diodes MM 200
Microwave Silicon microwave mixer diodes 25 150
Raytheon Diffused junction silicon glass rectifiers 25 200
Sarkes Tarzian Silicon rectifiers 100 170
Sylvania Silicon microwave mixer diodes and tripolar crystals 25 150
Texas Inst. Silicon rectifiers, diodes, transistors 25 175
Transitron Silicon rectifiers, diodes, transistors . 25 175
Trans-Sil Silicon rectifiers 150 —
Westinghouse Silicon carbide rectifiers* — 700

Fig. 5. Output of GE’s heaterless tube (at 600 C) makes scope traces in back­
ground. (Normal operation is m hot environment, but blowtorch is not essential.)



ENVIRONMENTAL TEST CHAMBERS

0000

Semiconductors

*

CIRCLE 26 ON READER-SERVICE CARD

Program Contrallad Temperatura —• 
Humidity Chamber,- +300°F. to--100* 
F. temperature, 20 >95 % humidity.

Fig. 6. Silicon power diodes can operate at 200 C 
(International'Rectifier Corp)

Write for Bulletins and Temperatura' 
Altitude Conversion Chart

Portable 4 cu. ft. Tost Chamber 
ranga +500 F. to -100’ F.
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High-Low Temperature Chamber. 
C8 Sartas, +300 F. to -100« F.

4x4x4 High-Low Tempera­
tura Chambor, +500° F. ♦< 
— 100*F., completely self 
contained.

Combination Temperatura-Vibra­
tion Chambor, +500 F. to—TOO* 
F., 10, 31 and 64 cu. ft. sisas.

THE OPERATING temperature of available 
semiconductor devices is limited by the allow­

able junction temperature. The use of silicon 
opened the way to higher temperature operation. 
But even the silicon semiconductors cannot be 
called high temperature devices in terms of to­
day’s requirements.

None are available to operate beyond the re­
gion of 150 to 200 C, and at the upper tempera­
tures, they are derated so power dissipation is 
almost negligible compared with their operation 
at 25 C. Furthermore, at the upper temperatures, 
leakage currents and noise are normally much 
higher, and forward currents lower.

New departures, however, include an alumi­
num antimonide diode (Fretco, Inc.) which oper­
ates (at one third the room temperature dissipa­
tion) in a 300 C ambient. Westinghouse has de­
veloped a silicon carbide, grown-junction, large 
area rectifier which will operate with a 200 C 
rise above an ambient of 500 C. It can pass up to 
10 amperes and can tolerate a peak inverse volt­
age of several hundred volts—but it is still a labo­
ratory curiosity. People at RCA’s Princeton Labs 
are investigating new semiconductor compounds 
(gallium arsenide and indium phosphide) for bet­
t* r performance at higher temperatures.

Tabulated here are some of the hottest semi- 
< inductors available.

3x3x4 Altitude Tamparatura —• Humidity Chambor, 
+500 F. to —100*F., 20-98% humidity, 100,000-ft. altitude.

Designed Especially For Your Qualification 

and Control Laboratory, to Save Engineer­

ing Time and Accelerate Test Programs 

Components of guided missiles, supersonic 
aircraft, and other products can be tested 
under reproducible conditions which permit 
accurate comparative evaluation data. Preci­
sion control of temperature, humidity, vibra­
tion. Standard and special design chambers 
in sizes from 2 cubic feet to walk-in rooms, 
with temperature ranges in excess of +1000* F. 
and -150 F. Highest standards of engineer­
ing and manufacturing in the industry.

CONRAD

CONRAD



HIGH TEMPERATURE COMPONENTS
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San Fernando, Kintronic, and last, two by Fairchild.

end 
disc

V 
tem 
teci 
the

THE HOTTEST low power resistors available 
today can carry their full load in a 150 C 

ambient. With derating to much lower power 
levels, many of these will work at 200 C and even 
higher.

The resistors which can dissipate most heat 
are the wirewound types. When wound with 3 
mil wire, or larger, they can be quite reliable. 
But they have shortcomings. They use critical 
materials—hard to get in time of war. They are 
costly. They have a restricted resistance range— 
and they can be damaged by electrolysis.

Even 500 C resistors are available, but they 
are not stable, and certainly not reliable enough 
for most of their intended applications.

Tabulation of Hot Resistors
In the tabulation of resistors in this report, the 

maximum temperature ratings is the ambient 
temperature in which a resistor can safely dissi­
pate its full power rating. Some companies, 
(Ward Leonard for example), rate resistors on 
their maximum safe wire temperature rise above 
25 C. The zero rating temperature is the maxi­
mum safe ambient temperature when the resistor 
dissipates negligible power.

Tolerance ratings are for room temperature, 
and may not apply at higher temperatures. It 
should be noted that not all of a manufacturer’s 
resistance values are available in all tolerances 
or power ratings.

Aspects of resistors and potentiometers beyond
the scope of this report—noise, mechanical prob­
lems, and problems of wear—should be taken up

Fixed Resistors
Temp.-

—°C I

Max. Zero
Manufacturer Type Range Rating Tolerance Power Power

(Watts) (%)

Corning Glass Metal s 50Q-4.2M 0.5-2 1-10 120 200 I
oxide R 25Q-1.0M 7-115 2-10 25 235
film H 25Q-5.0M 7-4000 2-20 40 235

Dale Products Wirewound RS 0.1Q-175K 1-10 0.05-3 25 275
RS2A 0.5Q- 28K 2 0.05-3 125 275
RH 0.1Q-100K 10-250 0.05-3 25 275

GB Components Wirewound C1 0.1 Q- 20M 0.1-4 0.01-1 125 190
Instrument Resistors Wirewound PLG 1.0Q- 25 K 1-6 0.1 -1 150 250 |
International Resistance Carbon Film — 10OQ-1O0K 0.5-2 1 200 250
Pyrofilm Resistor Carbon Film PT 250 K- 1M 0.5-1 5 70 250
Topaz Wirewound — 1Q- 16K 25 0.05-5 25 ¿00
Victoreen Instrument Deposited RX4 200Q- 50M 5 1-10 200 275 I

Carbon RX5 200Q-200M 10 1-10 175 325
Ward Leonard Wirewound Vitrohr n 1Q- 1M 3-218 1-10 325 350 j

Variable Resistors
Temp.

—°C I

Max. Zero I
Manufacturer Type Range Rating Linearity Power Power

(Watts) (%)

Ace Electronics Ww X500 10Q-250K 1.5-2.5 2-5 75 150
Aero Electronics Ww Trimmer 925 100Q-100K —- 5 — 190 f
Analogue Controls Ww (10 turn) 2K-100K 3 0.03 60 220
Beckman/Heli pot T rimmer 50 500Q- 20K 1.5 — 120 200
Dale Products Ww Trimmer A10-W 10K-100K 1-5 1-5 70 175 t
Daystrom Pacific Ww 314 10Q- 50 K 4 5 50 250
Fairchild Controls Metal Film 771 100Q- 50K 3 1.5-2 85 225

Film Trimmer 744* 50Q- 30 K 2 ♦* 120 440
Film Trimmer 768 50ß- 25 K 1 ** 120 175

Gamewell Ww RVG 25Q- 50 K 2-2.25 5 135 200
Kintronic Ww 1000HT 100Q-300K 1-6 0.1 155 225 I
Mallory Ww Control 10Q- 10K 5 5 145 200
Maurey Instrument Ww 50M14 100Q- 20K 0.5 5 150 250 ;
San Fernando T rimmer * 50Q-150K 2 1 85 I 165

• By Special Order •• Infinite Resolution 1
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RELIABILITY

START ON

THE GROUND

GE’s 800 C resistor can light cigarettes, but this is not its principal application. CIRCLE 27 ON READER-SERVICE CARD

vith individual manufacturers. Their full names 
nd addresses are listed at the rear of this section.
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Better Resistors To Come
The campaign for higher temperature resistors 

continues. International Resistance has film re­
sistors in development, which should operate 
at 500 C. P. R. Mallory and Rho are continuing 
research. Rho has a wirewound resistor in devel­
opment which can operate at full power in a 
315 C environment. With negligible power, it 
can tolerate a 500 C ambient.

General Electric at Auburn developed a sur­
face film resistor to operate at temperatures as 
high as 800 C. (That’s hot!) They used hollow 
ceramic tubes with resistive coating on the in­
ternal surfaces. The tube was sealed, in vacuum, 
by two titanium caps which connect with the 
ends of the film. But this development has been 
discontinued.

With potentiometers, the problems of high 
temperature resistors are multiplied. Yet new 
techniques and new films hold great promise for 
the future.

Missile launching equipment manu­

facturers must be positive of every 

component in their vital equipment. 

For this reason, Air-Marine blowers 

are specified equipment in many of 

the launching beds built today. The 

blower shown here is currently being 

used in the Army's NIKE Hercules 

Program Interested manufacturers 

are urged to look into the proven 

reliability of Air-Marine's complete 

line of sub-fractional H.P. Motors, 

Blowers and Fans.

130 CFM at

Hi-Ambitnt
Operation

F2331 Type,



HIGH TEMPERATURE COMPONENTS

CAPACITORS
Capacitors for 500 C operation. (Dime shows size—not price.)

film capacitor withBalco has developed

at best.in laboratories

Rating (vdc) Tolerance (%) Max. TempTypeManufacturer

1-10
250 C with voltage derating mo

May 14, 1958ELECTRONIC DESIGN

1-20 
1-20 

.25-20

1-20
1-20
5-20

5-10 
5-20 
.5-10

350 
200 
200
200
200 
300
300 
200
200 
500
300 
200
200
225 
200** 
200
200 
230
200 
200

Aerovox 
Balco

500 
85***

1-10 
5-20 
15-+45 
GMV

Ceramic* 
Teflon 
Metal-Teflon 
Plastic Film 
Teflon 
Glass* 
Quartz 
Teflon 
Teflon 
Mica 
Mica 
Mica 
Teflon 
Ceramic 
Tantalum 
Ceramic 
Teflon Film 
Mica Button 
Teflon Film 
Film 
Ceramic 
Var. Vacuum 
Porcelain

Chicago 
Corning 
Courter 
Dearborn 
Diamond 
G.E.
(Hudson Falls) 
General Lab. 
Gudeman 
Gulton 
Mallory 
Onandaga 
San Fernando 
Sangamo 
Southern 
Sprague 
Telecomputing 
United 
Vitramon

.05 mf-100 mf 
.001 mf-2 mf

.1 mf-4 mf
5 mmf-.1 mf 
.001 mf-1 mf

to .01 mf 
50 mmf-10 mf 
.001 mf-10 mf
.005 mf-4 mf 

' .001 mf-.05 mf
.01 mf-1 mf 

.001 mf-10 mf 
.001 mf-.15 mf
5 mmf-.O2 mf 
3.5 mf-240 mf 
25 mmf-.01 mf 
.001 mf-10 mf

.004 mf
.001 mf-10 mf 
.001 mf-1.0 mf

47 mmf-.056 mf 
1 mmf-400 mmf

.5 mmf-6800 mmf

tv J

100 
100-4000 

50-400 
10-100 

200-1200 
to 300 
50-200 

200-600 
100-1000

250
400 

1600-6000 
100-1000 
75-500 
12-420 

300-2000 
50-1000

200 
50-15,000 
200-600

200 
3000-10,000 

300-500
• In Development •• With voltage derating
Note: Teflon is DuPont’s registered trademark for polytetrafluoroethylene resin

. .. ..... ' ----------- ................ :----------------- ;----- « ------

quantities. G.E. at Hudson Falls, has made some 
samples to operate at up to 800 C. They use

stacked mica with Inconel0 electrodes and glass 
coated Inconel leads.

Almost all capacitors made to work at 200 C 
use a Teflon00 dielectric. Some use special films.

1000 megohm insulation resistance from —60 to 
-¿-200 C. Its stability over this entire range is 0.2 
per cent, about ten times better than most Teflon 
types.

GREAT strides in capacitor manufacturing 
have been made in the last two years. 200 C 

capacitors, almost unheard of three years ago, 
are today an off-the-shelf reality. They’re costly 
—but they’re available.

Capacitors to withstand 500 C are here too—



MICROWAVE SWEEP
GENERATOR

<!JSf>0 9

>00

with

FREQUENCY RANGE

Inconel—a registered trademark of International Nickel

6500 to 11,000 me 
7500 to 15,000 me

2,000 me 
3,200 me 
4,000 me 
7,200 me 
9,600 mePolarad Model ESG Microwave Sweep Generator makes possible rapid, dy* 

namic testing of broadband and narrowband microwave systems and com­
ponents. Its operation is completely electronic, eliminating the need for 
point-by-point measurement. An integral variable r-f attenuator is provided 
with each microwave oscillator unit, and the r-f power output level is 
continuously monitored. This versatile instrument may be used for fixed 
frequency measurements. Frequency is read directly on face of meter.

so to
25 to
20 to
20 to
15 to

1000 to 
1600 to
2000 to 
3600 to
4800 to

800 mw
400 mw 
150 mw 
100 mw
40 mw

quartz
500 C

SPECIFICATIONS
Basic Unit: Model E-B

n<Teflon—a registered trademark of E. I. duPont de Ne­
mours & Co., Inc.

MODEL
Model E-Ll 
Model E-L2 
Model E-Sl 
Model E-Cl 
Model E-C2 
Model E-Xl 
Model E-X2

Porcelain capacitors operate to 250 C 
voltage derating. (Vitramon)

43-20 34th Street • Long Island City 1, New York

Model ESG can be used with the Polarad Rapid Scan 
Ratio-Scope for direct and instantaneous measurement 

of reflection or transmission coefficients.

POWER OUTPUT 
80 to 1000 mw 
80 to 1000 mw
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Corning’s 300 C capacitors use 
glass dielectric.

For higher temperature operation, 
mica, or ceramics are called for. For

Sweep Width: Continuously adjustable to full frequency range 
of Microwave Oscillator Unit in use.

r • Sweeps full frequency range of unit 
• Rapid sweep er fixed frequency eperatien 

• Direct reading frequency dial 
• Fewer monitor and attenuator

• High power output, .from 10 mw to one watt 
• Pulse rise time less than 0.15 microsecond (external modulation) 

• Provision for amplitude modulation from external source 
• Internal 1000 cps and 456 kc square wave modulation 

No moving parts, assuring long equipment life and reliable operation

TESTS
receivers, amplifiers, preselectors, 
jammers, intercept equipment, beacons, 
antennas, T/R tubes, crystal mounts, 
fixed and tunable filters, as well at 
complete radar and microwave systems.

REPRESENTATIVES: Albuquerque,. Atlant«, Baltimore, Boston, Buffalo, Chicago, Cleveland, Dayton, Denver, Fort Worth, Kanus City, Los Angeles, New York, Philadelphia, Portland, 
St. Louis. San Francisco, Schenectady, Syracuse, Washington, 0 C., Winston-Salem, Canada; Arnprior, Ontario. Resident Representatives In Principal foreign Cities 
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promising materials include aluminum oxide, 
magnesium oxide, silicon dioxide, evaporated 
quartz, and boron nitride. But materials alone 
are only half the picture.

The Air Force wants an insulation resistance­
capacitance product of five megohm microfarads. 
Few materials have better than one meg-pf, and 
those are usually too lossy when they’re hot. 
Materials must be very pure. Binding agents 
normally cannot be used. Some of the dielectrics 
which can take heat have very low dielectric 
constants; capacitors using them get too bulky.

And even when a promising material is de­
veloped, the problem is then posed as to how 
to fabricate the material into a practical capaci­
tor. New techniques are often required to cope 
with the newer materials.

The Air Force already has production con­
tracts for 200 C capacitors and research anc 
development contracts for 500 C units.

In spite of all the problems, high temperature 
capacitors are being made, and in many cases, 
they are only slightly larger than their low tem­
perature prototypes.

Sweep Rate: 60 cps

Internal Modulation Rate, during Sweep Operation:
(a) 1000 cps square wave, (b) 456 kc square wave.

Modulation capabilities, during non-swept Operation:
(a) 1000 cps square wave, (b) 456 kc square wave.
(c) External modulation.

Output when modulated with external pulse:
(a) Pulse rise time less than 0.15 microsecond.
(b) Minimum pulse width less than 0.3 Microsecond.

Interchangeable Units...
Stable Backward Wave Oscillators



HIGH TEMPERATURE COMPONENTS

INDUCTORS
500 C transformers, 
available with ratings to 
6 kva. (GE)

THE HIGH temperature transformer designer 
has his share of problems. Common copper 

conductors oxidize rapidly; common magnetic 
steels lose their magnetic properties; insulation 
resistance drops sharply.

Even with advanced materials, insulation re­
sistance can change by a factor of a million over 
a wide temperature range; excitation require­
ments and conductor resistance can increase two 
or three times over their room temperature 
values.

The designer has to distribute the hot spot 
temperature—usually with a heavy copper shield 
to conduct heat to the mounting base and the 
chassis. He must use the best core configuration 
and window shape, and silicone rubber or 
ceramic impregnation.

500 C transformers may use nickel clad copper 
or glass served silver wire, and reconstructed 
mica interwinding insulation. For strength, 
they’re often bound with stainless steel mesh.

What We Have
The quest for high temperature components 

dates back at least 13 years. As early as 1945, 
people, like Wright Air Development’s Inductor 
Section Chief Gene Tarrants, urged a component 
goal of 200 C across the board. Only 40 C com­
ponents were then available. 1948 saw the first 
results with transformers having 200 C winding 
temperatures. Allowing for a 115 C temperature

Typical high temperature trans­
formers are not designed for the 
aesthete.

This electromagnet works in an oven at 
540 C. The iron core in the prototype is a 
tenpenny common nail, probably not the 

most efficient core. (Secon Metals).

Manufacturer
Acme 
Aladdin

Chicago Standard
Delevan
Electro
G.E. (Ft. Wayne)
New York Transformer

Nothelfer
NYT Electronics

Polyphase
Secon
Speer 
Tur-bo Jet

United Transformer

Inductors
Type

Power Transformers
Low Power Ferrite Inductors
Pulse Transformers
Power Transformers 
Rf Chokes (Molded) 
Power Transformers
Power and Audio Transformers
Power Transformers
Filter Chokes
Power Transformers
Rf Chokes
Power Transformers
Filament Transformers
Filter Chokes
Toroids
Electromagnets 
Rf Chokes
Teflon Bobbin Colls
Mica Ceramic Bobbin Coils 
Audio and Power Transformers, 
Toroids, Chokes

•• With current derating

Range * Temp.—°C

1 kva, 60-1000 cps 300
10 p.h-680 mh 200
.1-13 usee 200
mw-kw 250
.15-10,000 jxh 150*
to 1100 va 170
to 6 kva 500
175 va, 400 cps 85/200**
175 va, 400 cps 200/300**
10 va-10 kva 150/220**
.1-10,000 uh 150
220 va, 400 cps 200
25 va, 400 cps 200
1.3 h, .25 adc, 800 cps 200

200
V 540
.15-18 jxh 100/150**

250
540

to 1 kva 200

* Maximum temperature rise plus ambient

rise 
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Design of 3^-inch coax switch to handle 55 KW

TFE-fluorocnrbon resins

What We Want
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OF
TFE-fluorocarbon resins

made possible by Du Pont TEFLON

rise, these could operate in an 85 C ambient. 
Dielectrics, then were only useful to 200 C, so 
transformer designers had to wait for the insula­
tion manufacturers to move.

Bell Labs., in 1951-52, contracted to develop 
21)0 C ambient transformers, electrically identical 
with Air Force lower temperature prototypes. 
The newer units were to be no larger than the 
miniaturized prototypes.

By 1957, only last year, transformers, 20 per 
cent smaller than the prototypes, were devel­
oped. They could take winding temperatures to 
300 C, allowing for a 200 C ambient and a 100 C 
wire temperature rise.

In 1956, G.E.’s Specialty Transformer Depart­
ment at Fort Wayne, demonstrated some labor­
atory models of small, two-winding transformers 
which operated at 520 C for 500 hours. Today, 
these are available in small quantities—not the 
quantities the Air Force would like to see for a 
thorough evaluation. These transformers used 
silver and nickel-clad copper conductors, and 
ceramic insulation.

The newer high temperature transformers are 
basically similar in appearance, construction, and 
methods of manufacture to their low tempera­
ture prototypes—but they tend to be larger and 
heavier than properly designed low temperature 
units.

There are variations in the way they are made 
by one manufacturer or another—but only small 
ones. Acme Electric uses glass fiber insulation. 
NYT Electronics, and the New York Transformer 
Co. use an open type construction, and encapsu­
late their transformers in a silicone compound.

According to Mr. Tarrants, the Air Force ex­
pects production refinements on 200 C ambient 
transformers to be completed in about a year. 
500 C transformers are in development now—and 
production refinements on these should begin 
in a year.

Military people are still on the lookout for 
more and better high temperature components. 
Right now, they’d like to see, for example, pro­
duction of complete 250 C magnetic amplifiers. 
These have already been developed.

Magnetic Controls Co. already has high tem­
perature magnetic amplifiers in production, but 
their maximum temperature rating is only 150 C, 
100 degrees short of what the Air Force would 
like to see.

Military type power and audio transformers, 
to operate at 200 C, are easy to come by today. 
B it rf and if transformers that operate beyond 
a »out 105 C are few and far between.

DIELECTRIC CONSTANT 
AND 

DISSIPATION FACTOR vs. TEMPERATURE

TEFLON®
Is a registered trademark...
TEFLON is Du Pont’s registered trademark for 
its fluorocarbon resins, including the TFE (tetra­
fluoroethylene) resins discussed herein.

When increased power allocations by the FCC 
resulted in the need for a switch to handle greater 
powers and higher frequencies, engineers of 
Thompson Products, Inc., were faced with a major 
redesign problem. It looked as though the higher 
requirements would make their new multi-posi­
tion switch for 3’A" rigid coaxial line obsolete. 
Needed were models that could handle 55,000 
watts of average RF power and could cover the 
full UHF band to 1000 megacycles. The problem 
was solved by changing to a TFE-fluorocarbon 
resin for the dielectric.

Both electrical and mechanical properties of 
TFE resins proved important in this design. The 
resin is used to make sheet dielectric for backing 
the grounded connector plate and a strong shaft 
for turning the switching bar. One of the biggest 
problems—impact cracking—was entirely elimi­
nated. In addition to their unique UHF proper­
ties, TFE resins have a Class H temperature rating. 
260°C. continuous rating permits increased oper­
ating temperatures in the switch. The extremely 
low dielectric constant of TFE resins is a natural 
for this microwave design. TFE resins have a mini­
mum dissipation factor, unexcelled by any other 
solid. Characteristic curves for these electrical fac­
tors show that they remain flat with regard to both 
temperature (see graph) and frequency (60 cps to 
3000 me).

This remotely controlled, motor-operated switch 
is another example of the use of Du Pont TFE 
resins to assure RELIABILITY and SAFETY in elec­
tronic operations. We will be glad to send you 
information covering design data and applications 
of these outstanding dielectric materials.

Write to: E. I. du Pont de Nemours & Co. (Inc.), 
Polychemicals Dept., Room 185, Du Pont Build­
ing, Wilmington 98, Delaware.

In Canada: Du Pont Company of Canada (1956) 
Limited, P. O. Box 660, Montreal, Quebec.

©OBJ

TV TRANSMITTER SWITCH handles high powers with very low loss 
thank-, to a machined layer of TFE-fluorocarbon resin Reverse side 
of connector plate shows coaxial core connections through layer 
of TFE resin A flat metal bar (not shown) switches power from 
top input connection to three outputs. Graph of properties shows 
why dielectric losses remam low regardless of operating tempera­
tures Switch is made by Thompson Products. Inc . Electronics Divi­
sion, Cleveland, Ohio; and distributed by Andrew Corp., Chicago, III.

TEFLON
FLUOROCARBON RESINS



HIGH TEMPERATURE COMPONENTS

Transducers and
Electromechanical Devices

opn

tron

Transducers
Hek

Probe transducers made by Charles Engelhard, 
measure temperatures in ranges to 820 C.
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Temperature—Aero Research (1040), Charles 
Engelhard (820), Fenwal (590), H. A. Wilson 
(540), Arthur Ruge (1250), and Trans-Sonics 
(840).
Fluid and Gas Pressure—T. A. Edison (230), 
Norden-Ketay (pressure ratio 200), Schaevitz

IF ANYTHING has to move, high temperature 
problems multiply. There are problems aplenty 

in making a resistor or capacitor behave at two 
or three hundred degrees C, but when you have 
to wiggle a contact, or spin a rotor, the problems 
are really compounded.

In motors and solenoids, torque goes down as 
winding resistance goes up—and up it goes, as 
the temperature rises. If you design the winding 
for low temperatures, you may not have enough 
torque when it gets hot. And, if you design for 
high temperatures, you may pull too much power 
when it’s cool.

Motors need bearing lubrication. But the ma­
terials men haven't yet come up with a good 
high temperature lubricant that lubricates well 
at low temperatures. And they don’t have a good 
cold lubricant that works well in heat.

Relay contacts return by spring tension. But 
springs get flabby when they're too hot—so con­
tact return may be sluggish. And, the problems 
of varying coil resistance are with us here, too.

Choppers suffer from the same ailments. Their 
phase shift is a composite of the electrical phase 
of the drive coil and the mechanical phase of the 
vibrating reed. Both phase angle components are 
affected by temperature.

Here is a brief list of manufacturers who’ve 
broken through some of these thermal barriers.

Exploded view of Air Marine Motors’ high temperature induction motor. With a 2 in. diameter, 
this single phase 400 cycle motor operates in a 200 C ambient.



Two oz.-in. brake—in a nutshell.

(230) and Statham (200).
Mechanical Displacement—Electro Products 
(260), and Schaevitz (linear 425, and rotary 200). 
Mechanical Force—Schaevitz (dynamometer 
230).
Vibration—MB Manufacturing (260).
Acceleration—Endevco (260).

Electromechanical
Devices

Small Induction Motors—Air Marine (200 C), and 
General Electric (285 C units ready for final 
development for specific applications.)
Small Servo Motors—Beckman/Helipot (160), 
General Electric (500 C units waiting final devel­
opment), Minneapolis-Honeywell (180), John 
Oster (150), and Thompson (315 C in air, and 290 
C in jet fuel for 100 hours).
Synchros and Resolvers—Clifton Precision (175), 
Eclipse-Pioneer (200), and Beckman/Helipot 
(200).
400 Cycle Choppers—Airpax (200) and Bristol 
(175).
Electromagnetic Brakes and Clutches—Auto- 
tronics (200).
DC Permanent Magnet Motors—Barber Colman 
(200 C).
DC PM Tachometer Generators—Barber Colman 
(260 C).
Servo Torque Units—John Oster—(200).
Rotary Solenoids—Leland (260 for 48 hours) 
Relays—Hart (4PDT 200 C), and Union Switch 
( PDT 200 C). Jennings (stacked ceramic vacuum 
r< lays to 4PDT 200 C, or 400 C with aluminum 
f< il coils).
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Vacuum transfer relay by
Jennings can switch 15 kv at 
200 C ambients.

Stacked ceramic Jennings re­
lay, available to 4PDT, op­
erates at 200 C.

2.

3.

4.

ONLY FAIRCHILD 
CAN DELIVER ALL OF THESE 

RELIABILITY FEATURES 
at the lowest price in the industry!

Welded terminal and taps. A positive elec­
trical and mechanical bond to withstand 
high temperatures, shock and'vibration. 
Machined metal case for retention of ac­
curacy, especially under high temperature 
and/or humidity.
Metal inserts in molded wiper hubs for 
positive wiper positioning, for accuracy 
under shock, vibration, acceleration.
Precious metal resistance wires where 
needed for extremely low noise values, 
especially in corrosive atmospheres and 
for long storage life.

5.

6.

7.

8.

Precious metal contacts for low noise and 
high temperature.
One piece wiper construction for life, ac­
curacy, low noise and low torque.
Stainless steel clamp bands capable of 
withstanding high torque, and the stresses 
and strains of shock, vibration* and 
acceleration.
Precision stainless steel ball bearings — 
for low torque, high temperature, high 
vibration and shock characteristics.

PLUS 100% inspection AND a separate Quality Control program which puts 1 out of every 
100 production units through complete environmental torture tests.

Since the ultimate price of a potentiometer is 
directly related to the reliability built into it 
.. . you only get what you pay for in a “pot”.

Only Fairchild Linear and Non-Linear High 
Reliability Pots incorporate all of the above fea­
tures. This High Reliability group can be had 
in %" to 2" diameters, single and multi-turn, in 
standard and high temp versions and with ac­
curacies as high as .009%.

For more information write Dept. HG.
♦Fairchild's Built-in SAFETY FACTORS

Beyond the Specs for Reliability in Performance.

COMPONENTS DIVISION

rPOLS CORPORATION Park Avenue 61111 Washington H . J
Hitksville LINY tos Anpples, Cal

Potentiometers • Gyros • Pressure Transducers • Accelerometers
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HIGH TEMPERATURE COMPONENTS

$468.00

... .....................,

------ «
«5 
owe«

VOLTAGE
Model 610 has full scale ranges of 0.01, 
0.03, 0.10, 0.30, 1.0, 3.0, 10, 30, and 100 
volts. Accuracy: 2% of full scale on all 
ranges. Input impedance: adjustable, from 
one ohm to greater than 1014 ohms. 
(Shown above with accessory high-voltage 
probe measuring kinescope potential.)

Temperature

for fl every de measurement...

the Keithley 610 ELECTROMETER

CURRENT
The 610 may be used as a direct-reading 
ammeter from 3 amperes to 1013 ampere 
full scale. Accuracy: 3 % of full scale from 
3 amperes to 10*8 ampere; 4% of full 
scale from 3 x 10 9 to 10*13 ampere. 
(Sketch shows measurement of back cur­
rent of semi-conductor.)

high levels of insulation resistance.

about the new 610 Electrometer now are available in Keithley Engineer-DETAILS
ing Notes, Vol. 6 No. 1. Write for your copy today.

this new instrument virtually blankets the field of de measurement, 
combining all the following functions:

DC Voltmeter, 10 mv to 1OO volts full scale, 
Ammeter, 3 amperes to 10~,a amp full scale, 
Ohmmeter, 10 ohms to IO14 ohms full scale, 
DC Amplifier, with gains from O.l to 1OOO.

Cleveland 6, Ohio12415 Euclid Avenue

CIRCLE 31 ON READER-SERVICE CARD

other features include: zero drift less than 2 millivolts per hour after a 
30-minute warm-up; 10-volt and 1-milliampere outputs to drive oscilloscopes and 
recorders; internal resistance and voltage supply standards.

Three accessory probes are available to facilitate measurements and extend the 
upper voltage range to 30 kv. A convenient accessory test shield permits rapid 
checks of small components.

uses OF the 610 include numerous common tests, plus measurements like 
these: voltages of piezo-electric crystals, vacuum tube electrodes and static charges; 
currents in photo cells, ion chambers and semi-conductors; and measuring very

RESISTANCE
The 610 measures 0.2 ohm to 10H ohms 
on the same two linear scales per decade 
used for current and voltage readings. 
Both guarded and unguarded connections 
are available. Accuracy: 3% of full scale 
up to 3 x 108 ohms and within 5 % beyond. 
(Above, checking a resistor, using acces­
sory test shield.)

•c °F °C “F
16 0-- 3 2 0 4 2 0—

-7 8 0
-3 0 0

, . . . „ _ — 7 6 0
14 0 _ o o n 4 00

280 -740
-2 6 0

12 0- 38 0—“7 20
-240

-700
-2 2 0

10 0- 360---68 0
-2 0 0

-6 6 0
80——180 340- _640

_16 0
,A “620
6O__14O 320—

-600
-12 0

_ -580
4 0- _1 0 0 3 0 0—

-560
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2 0- 2 8 0——540—6 0
-520
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0- 260---50 0
-2 0

-480
“20——8 240—

-460
_-2 0
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-380
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-100— 160---320

ELECTRONIC DESIGN • May 14, 1958

1

(

i

8

8

7

7

6

6

6

5<

5:

4£

44

4C

ELE40



i Conversion Chart
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Single New Rectifier Outperforms 
12 full size 

conventional 
stacks!

[0

Radio Receptor HCD Petti-Sel density

Industrial Type Selenium Rectifiers
Produced by the improved new 
vacuum process developed by 
Siemens of West Germany and 
now manufactured exclusively 
by Radio Receptor in the U.S,

Smaller cell sizes 

Lower voltage drop 

No artificial barrier 

Negligible aging with 
an estimated life of 

100,000 hoursl

Radio and
Electronic Products 

Since 1922

Because the exclusive Siemens vacuum process eliminates the 
need of an artificial barrier layer, it is possible for Radio 
Receptor to offer smaller cell sizes operating at high current 
density, yet with lower voltage drop. In actual dimensions 
this means that just one RRco. HCD rectifier measuring 8" x 
16" x 25", rated at 26V AC, 4500 amps DC, replaces twelve 
usual stacks 6" x x 10".

RRco. Petti-Sel rectifiers do far more than save space. They 
reduce assembly time, require fewer connections and cost 
less per ampere. Their dependability has been proved for 
years in European circuits and the outstanding electrical 
characteristics are not even approached by other standard 
cells available today. For further information please write 
today to Section D-10R.

Semiconductor Division
RADIO RECEPTOR COMPANY, INC

A Subsidiary of General Instrument Corporation
240 WYTHE AVENUE, BROOKLYN 11, N.Y. • EVergreen 8-60Q0

Radio Rocoptor product* for Industry and Govornmont: 
Germanium and Silicon Diodes, Selenium Rectifiers, Thermatron Dielectric 

Heating Generators and Presses, Communications, Radar and Navigation Equipment
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HIGH TEMPERATURE COMPONENTS

MATERIALS AND
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“Teflon is Dupont’s registered trademark.
’“Fiberglas is Owen-Coming Fiberglas Corp.’s trade­
mark.
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Continuous operation at 540 C and 100,­
000 feet is assured in this AMP connector. It 
features floating contacts for perfect mechani­
cal alignment.

Continuous flame test at 540 C doesn't 
disturb this Cannon plug.

Mica and Ceramic Materials and Parts—These 
materials range in temperature tolerance from 
200 C for synthetic mica to 1500 for certain 
ceramics. Aero Research (1375 C), Alite (900), 
American Lava (1500), Centralab (1300), Coming 
Glass (980), Electronic Mechanics (600), Mica 
Insulator (200), Mycalex (500), Russell (1100), 
Spruce Pine (540).
Metallized Ceramics and Seals—Advance Vac­
uum (700 C), Alite (900), Consolidated Electro­
dynamics (590), Frenchtown Porcelain (540), 
Mitronics (700).
Self Bonding Tapes and Markers—These can 
take about 260 C. Industrial Accessories, Mystik, 
Permacel-LePage’s, Westline.
Adhesives, Cements, and Metal Joining Alloys— 
Alpha Metals (hard solder to 310 C), American 
Platinum (brazing alloys to 950), Charles Engel­
hard (cements to 540), Goodyear (aluminum 
adhesive to 260), H.A.Wilson (cements to 540). 
Potting Compounds, Coolants, and Varnishes— 
These are good in the 200-260 C range. Carl 
Biggs, Dow Corning, Emerson & Cuming, Furane, 
G.E., Permacel-LePage’s, Monsanto, Union Car­
bide.
Magnetic Materials—AW begin to lose field 
strength at about 200 C. Arnold Engineering, 
G.E.(W’aterford), General Magnetic, Magnetics, 
Perfection Mica, Permanent Magnet.

GREAT strides in high temperature component 
designs often follow on the heels of new 

materials developments. Without the new plas­
tics and ceramics, our electronics industries 
would not be where they are today.

The materials listed here represent the skills of 
many individual manufacturers. The listing is 
intended as a guide—not a catalog.

The maximum temperatures given, (always in 
degrees Centigrade), are for continuous opera-

tion. Often—almost always, materials can be used 
at very much higher temperatures for brief inter­
vals. Many electrical and mechanical properties 
suffer at higher temperatures, so it is advisable 
to check with individual manufacturers for de­
tailed specifications and specific applications. 
Their full names and addresses appear at the end 
of this detachable section.
Teflon0, Fiberglas9*, and Silicone Glass—These 
dielectric materials are useful from —65 C or 
lower up to the 200-260 C range. They are avail­
able in sheets, rods, tapes, lacing cord, tubing, 
and a host of molded and machined products. 
Teflon, in particular, has found wide use in high 
temperature capacitors and wire insulation. Man­
ufacturers of these materials and products in­
clude American Molded Products, American 
Super-Temperature Wires, Bentley-Harris, Con­
necticut Hard Rubber, Continental Diamond 
Fibre, Dodge Fibers, E.I.Du Pont, Enflo, Form-It, 
Gudebrod, Hitemp, Inso, O.J.Maigne, Natvar, 
Pennsylvania Fluorocarbon, Permacel-LePage’s, 
Raybestos-Manhattan, Thermo Materials.
[¿aminates and PC Board Materials—Continental- 
Diamond Fibre (150 C), Corning Glass (300 C), 
Rogers (250 C), Synthane (200 C).

cera 
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forrr 
coat
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Hardware
High Current DC Supplies

Iodol Ml

st Response...High Amps...External Sensing

CONTROLLED POWER FOR RESEARCH AND INDUSTRY

Eichstra
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In Europe, contact Sorensen Ardag, se 29, Zurich, Switzerland, for all products including 50 cycle. 220 volt equipment

SORENSEN & COMPANY, INC.
Richards Avenue, South Norwalk, Connecticut
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Two new high output power-packs—with response time 
ranging from 0.2 second down, and with transistorized 

power reference and magnetic amplifier power control 
circuits for trouble-free performance—that’s just 

part of the story on these Sorensen DC power supplies.
One model supplies an output of 18 to 36 VDC at 125 

amperes; the other provides 5 to 36 VDC at 0 to 30 amps. 
Zener diode reference circuit assures sharper regulation, 

and the external sensing provision puts this precise
control at the load. Silicon power rectifiers and complete 

tubeless design increase* durability with reduction 
in weight—and greater saving in size.

Get the full story from your Sorensen representative. 
Or write for technical data.

Model MA28-125
Output: 28 VDC nominalat 125amps.
Regulation accuracy of ± 0.2%.
Ripple: < 1% RMS
Response time: <01 second.
Choice of input voltage: 208, 230, 

or 460 VAC, 3-phase.
Weight: 225 pounds.
SI 160 in cabinet.

Model MR36-3O
Output current, 0-30 amps, output 

voltage, 5 to 36 VDC continu­
ously adjustable with regulation 
± 0.25% against line or load 
change.

Response time of 0 2 second
Input voltage' 105 to 125 VAC, 

single-phase.
Weight: 175 pounds.
$890 in cabinet.
Also supplied, as Model MR36-15, 
with output current 0-15 amps, 
otherwise similar.
Weight: 100 pounds. 
$495 in cabinet.

Too often, the electronic design engineer takes 
his hardware for granted. In high temperature 
designs—he’d better not. Hot springs can lose 
their spring. Insulation can become leaky and 
lossy. Nuts and bolts loosen, and connectors can 
fail to connect.
Connectors and Terminals— Sometimes, environ­
mental requirements may be so tough that parts 
must be sacrificed after they play their role. For 
example, Cannon Electric’s Carlos Beeck de­
signed a plug to work in an 1100 degree flame 
for five minutes. It wasn’t much good after that, 
but in those five minutes it did its job.

Connectors must be carefully designed if they 
are to take high temperatures. If materials don’t 
have matching coefficients of expansion, connec­
tions will loosen, become noisy, and develop un­
desirable voltage drop or connectors may crack. 
Poorly designed contacts will corrode and de­
velop insulating films. Geometries must be chosen 
to guard against corona and flashover.

Connectoi* and terminal manufacturers include 
Amphenol (to 440 C), AMP (650), Anton (260), 
Cannon (540), Ceramaseal (500), Enflo (260), 
Frenchtown (800), Garde (200), Gulton (260), 
Litton (1000), Nugent (230), Scintilla (200), and 
Wade (480). Other devices falling in this cate­
gory include Airflyte’s collector rings and brush 
block assemblies—to 200 C, H.A.Wilson’s 425 C 
contacts, Mallory’s 260 C phone plugs, and Ray­
theon’s 260 C test jack.
Switches—Control Products (thermal switches to 
950 C), I. T. & T. (10 position rotary to 150 C), 
Licon (subminiature to 200), Metals and Controls 
(thermostats to 230).
Fasteners and Springs—Associated Spring (540), 
Elastic Stop Nut (self locking fasteners to 480), 
Heli Coil (s.l.f. to 290), Nutt-Shel (s.l.f. to 650), 
and Waldes-Kohinoor (retaining rings to 480).
Wire and Cable—As with any other component, 
so with wires and cables, temperature tolerance 
doesn’t tell the whole story. When it gets too hot— 

' ceramic insulated wires may lack flexibility; sili­
cone rubber gets hard and brittle, and Teflon 
forms vapors. At lower temperatures, fibrous 
coatings absorb too much water. Again, we face 

| that old devil—compromise.
Manufacturers who make wires and cables for 

operation up to 260 C include American Super­
Temp., Amphenol, Belden, Gulton, Hitemp, Inso, 
P cific Automation, Plastoid, Sprague, Sequoia. 
1 nsolite, and Warren Wire.

Wires for 540 C operation are usually made 
ol nickel, nickel plated copper, or silver, and are 

I n rmally insulated with ceramic. They are made 
I b Boston Insulated Wire, Secon, and Warren 
I V ire.



MANUFACTURERS

Associates, Inc.,

Mass.

Dra

ci
quality tantalum sheet.

If you are a RESEARCH ENGINEER meet your devel

opment schedule by calling on Fansteel’s stock program.

If you are a METHODS OR PROCESS ENGINEER

talum from the shelf.

WE'LL RUSH YOU PRICE BULLETINIMMEDIATE

Rd.,
Enfi'

Me

Inc.
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NORTH CHICAGO, ILLINOIS, U.S.A.
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Beckman/Helipot Corp., 
Newport Beach, Calif
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Ace Electronics 
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Cannon Electric Co., 
3206 Humboldt St., 
Los Angeles 31, Calif.

End<
161 
Pa

Elee 
451 
Ch

Elas 
23: 
Ur

Dod 
H

Cou 
B

Cor 
C

Belden Manufacturing Co., 
4647 W. Van Buren, 
Chicago 44, III.
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Eme 
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Diai 
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Baleo Research Labs., 
49 Edison Pl., 
Newark, N. J.

Ashland Electric Products 
32-02 Queens Blvd.
Long Island City 1, N. Y.

Boston Insulated Wire & Cable Co.,
63 Bay St., 
Boston 25, Mass.

Fe«d
898

In 
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Associated Spring Corp., 
Bristol, Conn.

Bentley-Harris Manufacturing Co., 
Conshohocken, Pa.

Ceramaseal, Inc., 
New Lebanon Center, N. Y.

Fain
225 
Hi,

Advanced Vacuum Products, Inc., Div., 
General Ceramics Corp., 
430 Fairfield Ave., 
Stamford, Conn.

Aero Research Instrument Co., Inc., 
315 N. Aberdeen St., 
Chicago 7, III.

Aero Electronics Corp., 
1657 W. 134th St.. 
Gardena, Calif.

Barber-Colman Co., 
1400 Rock St., 
Rockford, III.

Fr ?n
Tn

Fc n
•'61 
Ch

Acme Electric Corp. 
Cuba, N. Y.

Fenv 
e 3

Bristol Co., 
Waterbury 20, Conn.

E. I
W

Centralab Div., 
Globe-Union, Inc., 
900 E. Keefe Ave., 
Milwaukee 1, Wis.

Audio Devices, Inc., 
620 E. Dyer Rd., 
Santa Ana, Calif.

Autotronics, Inc., 
Rt. 1, Box 812, 
Florissant, Mo.

Carl H. Biggs Co., 
2255 Barry Ave., 
Los Angeles 63, Calif.

Deh 
R 
E,

Baker Platinum Div., 
Engelhard Industries, Inc., 
113 Astor St., 
Newark 2, N. J.

Chicago Condenser Corp., 
3255 W. Armitage Ave., 
Chicago 47, III.

Arnold Engineering Co., 
P.O. Box G 
Marengo, III.

Bendix Aviation Corp., 
Red Bank Div., 
Eatontown, N. J.

Chemfab Corp., 
40-30 23rd St., 
Long Island City 1, N. Y.

American 
2727 W. 
Chicago

American

Molded Products Co., 
Chicago Ave., 
22, III.
Platinum and Silver Div.,

FROM SToK
Our new stock program makes it easy for you to get Fansteel

speed your pilot or pre-production runs by requisitioning tan

If you are a PRODUCTION ENGINEER.. .broaden your

flexibility by relying on Fansteel’s stock to get production

moving. Keep it rolling by a mill order delivered on schedule

DELIVERY
ON THESE
FIVE

MOST USED
SIZES

002" 
.003* 
.005* 
.007" 
.010"

TANTALUM • M

44

HIGH TEMPERATURE COMPONENTS

Cor
4

Call, wire or write for new 
price bulletin just released. 
Contains complete prices for 
both tantalum stock items 
and special mill runs.

Aerovox Corp., Hi-Q Div. 
Seneca Ave., 
Olean, N. Y.

Airflyte Electronics, 
535 Ave. A, 
Bayonne, N. J.

Air-Marine Motors, Inc., 
369 Bayview Ave., 
Amityville, N. Y.

Airpax Products Co., 
Seminole Div., 
City of Plantation, 
Ft. Lauderdale, Fla.

Aladdin Electronics, 
703 Murfreesboro Rd., 
Nashville, Tenn.

Alite Div., 
U. S. Stoneware Co., 
Akron, Ohio

Alpha Metals, Inc., 
56 Water St., 
Jersey Ctiy 4, N. J.

American Lava Corp., Subs.
Minnesota Mining and Mfg. Co., 
Cherokee Blvd, and Manufacturers 
Chattanooga 5, Tenn.

M • TUNGSTEN

FANSTEEL METALLURGICAL CORPORATION

Engelhard Industries, Inc., 
231 W. Railroad Ave., 
Newark, N. J.

American Super-Temperature Wires, 
West Canal St., 
Winooski, Vt.

Amphenol Electronics Corp., 
1830 S. 54th Ave., 
Chicago 50, III.

AMP, Inc., 
Harrisburg, Pa.

Analogue Controls, Inc., 
39 Roselle St., 
Mineola, N. Y.

Anton Electronic Labs., Inc., 
1226 Flushing Ave., 
Brooklyn 37, N. Y.

ELECTRONIC DESIGN
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Fr “nchtown Porcelain Co., 
renton 9, N. J.

International Telephone and Telegraph 
Corp.,

Components Div., 
P.O. Box 412, 
Clifton, N. J.

wv

r ‘ icago Standard Transformer Corp., 
3501 W. Addison St., 
Chicago 18, III.

Ci'fton Precision Products Co., Inc., 
n014 W. Chester Pike, 
Upper Darby, Pa.

Connecticut Hard Rubber Co., 
407 East St., 
New Haven 9, Conn.

Consolidated Electrodynamics, 
300 N. Sierra Madre Villa, 
Pasadena, Calif.

Continental-Diamond Fibre Corp., 
Newark, Dela.

Control Products, Inc. 
306 Sussex St., 
Harrison, N. J.

Corning Glass Works, 
Corning, N. Y.

Courter Products, 
Boyne City, Mich.

Dale Products, Inc., 
Columbus, Neb.

Daystrom Pacific, 
9320 Lincoln Blvd., 
Los Angeles 45, Calif.

Dearborn Electronics Labs., 
1421 N. Wells St., 
Chicago 10, III.

Delevan Electronics Corp., 
Roycraft Campus, 
East Aurora, N. Y.

Diamond Electronics, 
64 White St., 
New York 13, N. Y.

Dodge Fibers Corp., 
Hoosick Falls. N Y.

Dow Corning Corp., 
Midland, Mich.

Drake Manufacturing Co., 
1713 Hubbard St., 
Chicago 22, III.

E. I. duPont de Nemours & Co., Inc., 
Wilmington 98, Delà.

Eclipse-Pioneer Div., 
Bendix Aviation Corp., 
Teterboro, N. J.

T. A. Edison Industries, 
Instrument Div.. 
West Orange, N. J.

Eitel-McCullough. Inc., 
San Bruno, Calif.

Elastic Stop Nut Corp, of America, 
2330 Vauxhall Rd., 
Union, N. J.

Electro Engineering Works, Inc., 
401 Preda St., 
San Leandro, Calif.

Electronic Mechanics, Inc., 
101 Clifton Blvd., 
Clifton, N. J

Electro Products Labs., 
4501-DN Ravenswood, 
Chicago 40, III.

Emerson & Cuming, Inc., 
869 Washington St., 
Canton, Mass.

Endevco Corp., 
161 E. California St., 
Pasadena, Calif.

Enflo Corp., 
Fellowship Rd. and Rt. 73, 
Maple Shade, N. J.

Fretco, Inc., 
406 N. Craig St., 
Pittsburgh 13, Pa.

Furane Plastics, Inc., 
4516 Brazil St., 
Los Angeles 39, Calif.

Gamewell Co., 
Newton Upper Falls, Mass.

Garde Manufacturing Co., 
588 Eddy St., 
Providence 3, R. I.

GB Components, Inc., 
14621 Arminta St., 
Van Nuys, Calif.

General Electric Co., 
Capacitor Dept., 
Hudson, N. Y.

General Electric Co., 
Receiving Tube Department, 
316 E. 9th St., 
Owensboro, Ky.

General Electric Co., 
Research Lab., 
P.O. Box 1068, 
Schenectady, N. Y.

General Electric Co., 
Semiconductor Products Dept., 
Syracuse, N. Y.

General Electric Co., 
Silicon Products Dept., 
Waterford, N. Y.

General Electric Co.( 
Specialty Electronic Components Dept., 
W. Genessee St., 
Auburn, N. Y.

General Electric Co., 
Specialty Motor Dept., 
Ft. Wayne, Ind.

General Electric Co., 
Specialty Transformer Dept., 
Ft. Wayne, Ind.

General Magnetic Corp., 
10003 Erwin Ave., 
Detroit 34, Mich.

General Transistor Corp., 
91-27 138th PI., 
Jamaica, N. Y.

Goodyear Tire and Rubber Co., 
Chemical Div., 
Akron 16, Ohio

Gudebrod Brothers Silk Co., 
225 W. 34th St., 
New York, N. Y.

Gudeman Co., 
340 W. Huron St., 
Chicago 10, III.

FERRITE
ISOLATOR

Typical Performance Curves

FREQUENCY (K.M.C.)

Guitón Industries, Inc., 
212 Durham Ave., 
Metuchen, N. J.

84 86 88 90 92 94 96 98 100 102 104 106 108 11.0 
FREQUENCY (K.M.C.)Hart Manufacturing Co., 

110 Bartholomew Ave., 
Hartford, Conn.

Heli-Coil Corp., 
Danbury, Conn.

Hitemp Wires, Inc. 
1200 Shames Dr., 
Westbury, N. Y.

112

110

108

>06

104
102

1.00
84 86 88 90 92 94 96 98 100 102 104 106 108 11 0

FREQUENCY (K M.C.)
Hughes Aircraft Co., 

Semiconductor Div., 
International Airport Station 
Los Angeles 45, Calif.

Industrial Accessories, Inc., 
Line Rd., 
Matawan, N. J.

Charles Engelhard, Inc., 
850 Passaic Ave., 
E. Newark, N. J.

Inso Products, Ltd., 
404 Fifth Ave., 
New York 18, N. Y.

Fairchild Controls Corp. 
225 Park Ave., 
Hicksville, N. Y.

Instrument Resistors Co., 
1036 Commerce Ave., 
Union, N. J.

Fe dback Controls, Inc., 
8)9 Main St., 
Waltham 54, Mass.

International Rectifier Corp. 
1521 E. Grand Ave. 
El Segundo, Calif.

Fenwal, Inc., 
f shland, Mass.

Fc m-lt Products, Inc., 
619 W. Walnut St., 

Chicago 12, III.

International Resistance Co., 
401 N. Broad St., 
Philadelphia 8, Pa.

REDUCE INSERTION LOSS!!
INCREASE USABLE POWER!!

NEW
MIDGET

MAXIMUM FREQUENCY STABILITY 
WHERE SPACE IS LIMITED...
A high power unit of exceptionally small size 
and weight, this newest Kearfott product is the 
answer to microwave circuitry applications 
where space is limited.

IMPORTANT FEATURES:
BROAD FREQUENCY RANGE-from 8.5 to 9.6 KMC
HIGH ISOLATION-Minimum of 15 DB
INSERTION LOSS-Only 1.0 DB Maximum 
SMALL SIZE-1.000" deep x 2.100" high x

2.400" high
POWER-Average 200 Watts
TEMPERATURE-AMB —150°C
PRICE—$135.00 each f.o.b., Van Nuys, Calif.

Quantity prices on request
DELIVERY—from stock

OTHER STANDARD Ferrite Isolators and Duplexers 
in a wide range of sizes and band widths are 
available plus facilities to produce special 
configurations if desired. Our sales engineers 
can help you.

KEARFOTT COMPANY, INC.
MICROWAVE DIVISION 

DEPT. 10E, 14844 OXNARD ST. 
VAN NUYS, CALIF.
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SALES OFFICES:

Eastern Office:
1378 Main Avenue 
Clifton N.J.

Midwest Office:
23 W. Calendar Avenue 

. La Grange, III.

South Central Office: 
6211 Denton Drive 
Dallas, Texas

Northwest Area Office: 
530 University Avenue 
Palo Alto, California
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Rogers Corp., 
Rogers, Conn.

Secón Metals Corp., 
7 Intervale St., 
White Plains, N. V.

Russell Manufacturing Co. 
Middletown, Conn.

Arthur C. Ruge Associates, Inc., 
733 Concord Ave., 
Cambridge 38, Mass.

Sangamo Electric Co., 
Springfield, III.

Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., 
P.O. Box 13058, 
Houston 19, Tex.

Schaevitz Engineering, 
P.O. Box 505, 
Camden 1, N. J.

Sarkes Tarzian, Inc., 
415 N. College Ave. 
Bloomington, Ind.

Southern Electronics Corp., 
150 W. Cypress Ave., 
Burbank, Calif.

Sequoia Wire and Cable Co., 
Redwood City, Calif.

Raytheon Manufacturing Co., 
Receiving and Cathode Ray Tube 
55 Chapel St., 
Newton 58, Mass.,

Rho Engineering Co., 
2242 Sepulveda, 
Los Angeles 64, Calif.

Raytheon Manufacturing Co., 
Equipment Div., 
100 River St., 
Waltham, Mass.

Scintilla Div., 
Bendix Aviation Corp., 
Delaware Ave., 
Sidney, N. Y.

San Fernando Electric Manufacturing Co., 
1509 1st St., 
San Fernando, Calif.

Pacific Automation Products, 
1000 Airway, 
Glendale. Calif.

HIGH TEMPERATURE COMPONENTS

This special filament transformer has 400 cycles with 4 secondaries, 
10 volts, 100 Amperes. Each secondary can be mounted in parallel series 

or series parallel. The extremely close tolerance between 
secondary potentials under load is of extreme importance in this design.

The filament transformer, a new member of the well-known family of NWL 
custom-built Transformers, is made to fit the particular needs of the user.

Each Nothelfer transformer is individually tested for core loss, polarity, 
voltage, corona, insulation breakdown and aging characteristics and 

must meet all customer’s requirements before shipment. We shall be 
glad to receive your specifications and quote you accordingly

LNWLl

Jennings Radio Manufacturing Corp., 
970 McLaughlin Ave., 
P. O. Box 1278, 
San Jose 8, Calif.

Kintronic Div., 
Chicago Aerial Industries, Inc., 
10265 Franklin Ave., 
Franklin Park, III.

G. H. Leland. Inc., 
123 Webster St., 
Dayton 2, Ohio

Licon Div., 
Illinois Tool Works, 
2501 N. Keeler, 
Chicago 39, III.

Litton Industries, 
336 N. Foothill Rd., 
Beverly Hills, Calif.

Magnetic Controls Co., 
6405 Cambridge St., 
Minneapolis 26, Minn.

Magnetic Metals Co., 
Hayes Ave. at 21st St., 
Camden 1, N. J.

Magnetics. Inc., 
Butler, Pa.

O. J. Maigne Co., 
321 Pearl St., 
New York 38, N. Y.

P. R. Mallory and Co., Inc., 
3029 E. Washington, 
Indianapolis, Ind.

Maurey Instrument Corp., 
7924 S. Exchange Ave., 
Chicago 17, III.

MB Manufacturing Co., 
P.O. Box 1825, 

New Haven 8, Conn.
Metals and Controls Corp., 

Spencer Thermostat Div., 
43 Forest St., 
Attleboro, Mass.

Mica Insulator, Div., 
Minnesota Mining and Mfg. Co., 
P.O. Box 1076, 
Schenectady 1, N. Y.

Micro-Switch Div., 
Minneapolis-Honeywell Regulator Co., 
Freeport, III.

Microwave Associates, 
Burlington, Mass.

Minneapolis-Honeywell Regulator Co., 
Aeronautical Div., 
2600 Ridgway Rd., 
Minneapolis 13, Minn.

Mitronics, Inc., 
1290 Central Ave., 
Hillside, N. J.

Monsanto Chemical Co., 
St. Louis 24, Mo.

Mycalex Corporation of America, 
Clifton Blvd., 
Clifton, N. J.

New York Transformer Co., Inc., 
Alpha, N. J.

Nugent Electronics Co., 
802 E. 8th St., 
New Albany, Ind.

Nutt-Shel Co., Inc., 
811 Airway, 
Glendale 1, Calif.

ESTABLISHED 1920

SAY: NO-TEL-FER
NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. ED-5, Trenton, N. J 

(Specialists in custom-building)
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NYT Electronics, Inc., 
2979 N. Ontario St., 
Burbank, Calif.

Onondaga Pottery Co., 
1858 W. Fayette St., 
Syracuse 1, N. Y.

John Oster Manufacturing Co., 
1 Main St.( 
Racine, Wis.

Pennsylvania Fluorocarbon Co., Inc., 
1115 N. 38th St., 
Philadelphia 4, Pa.

Perfection Mica Co., 
1322 N. Elston Ave., 
Chicago 22, III.

Permacel-Lepage’s, Inc., 
New Brunswick, N. J.

Permanent Magnet Co., 
Indianapolis 26. Ind.

Plastoid Corp., 
42-61 24th St., 
Long Island City 1, N. Y.

Polarad Electronics Corp., 
43-20 34th St., 
Long Island City 1, N. Y.

Polyphase Instrument Co.
E. Fourth St.
Bridgeport, Pa.

Pyrofilm Resistor Co., 
U. S. Highway 46, 
Parsippany, N. J.

Radio Corporation of America, 
Princeton Labs, 
Princeton, N. J.

Raybestos-Manhattan, Inc., 
Manheim, Pa.



...application problems solved by
ESC custom-built delay lines

Speer Carbon Co., 
Jeffers Electronics Div., 
DuBois, Pa.

Sprague Electric Co., 
North Adams, Mass.

Spruce Pine Mica Co., 
Spruce Pine, N. C.

Statham Instruments, Inc., 
12401 W. Olympic Blvd., 
Los Angeles 64, Calif.

Stoddart Aircraft Radio Co., Inc., 
6644 Santa Monica Blvd., 
Hollywood 38, Calif.

Sylvania Electric Products, Inc., 
Radio Tube Div. 
Emporium, Pa.

Synthane Corp., 
Oaks, Pa.

Taber instrument Corp., 
107 Goundy St., 
North Tonawanda, N. Y.

Te lecomputing Corp., 
915 N. Citrus Ave., 
Los Angeles 38, Calif.

Tensolite Insulated Wire Co., Inc., 
198 Main St., 
Tarrytown, N. Y.

Texas Instruments, Inc., 
P.O. Box 312, 
Dallas, Tex.

Thermo Materials, Inc., 
4040 Campbell Ave., 
Menlo Park, Calif.

H. 1. Thompson Fiber Glass Co., 
1733 Cordova St., 
Los Angeles 7, Calif.

Thompson Products, Inc., 
2196 Clarkwood Rd., 
Cleveland 3, Ohio

Topaz Transformer Products 
Resistor Div.
1337 Marina Vlvd.
San Diego, Calif.

Transitron Electronic Corp., 
168 Albion St., 
Wakefield, Mass.

Trans-Sil Corp., 
55 Honeck St., 
Englewood, Calif.

Trans-Sonics, Inc., 
Burlington, Mass.

Tub-Bo Jet Products Co., Inc., 
424 S San Gabriel Blvd., 
San Gabriel, Calif.

Union Carbide Corp., 
Silicones Div., 
30 E. 42nd St., 
New York, N. Y.

Union Switch and Signal, 
Swissvale, Pa.

United Electronics, 
42 Spring St., 
Newark 4, N. J.

United Transformer Corp., 
150 Varick St., 
New York 13, N. Y.

Victoreen Instrument Co., 
5806 Hough Ave., 
Cleveland 3, Ohio

Vitramon, Inc., 
Box 544, 
Bridgeport 1, Conn.

Wade Electric Products Co., 
Sturgis, Mich.

Waldes Kohinoor, Inc., 
47-16 Austel PI., 
Long Island City 1, N. Y.

Ward Leonard Electric Co., 
Mt Vernon, N. V.

Warren Wire Co., 
Pownal, Vt.

Westinghouse Electric Corp., 
East Pittsburgh, Pa.

Westline Products Div., 
600 E. 2nd St., 
Los Angeles 54, Calif.

H. A. Wilson Div., 
Engelhard Industries, Inc., 
2655 U. S. Rt. 22, 
Union, N. J.

In the past three years alone custom-built ESC delay 
lines have solved 6,704 different military and indus­
trial application problems...so it's a good bet that we 
are already experienced in designing a unit very close 
to what you need. As the first company exclusively 
devoted to the manufacture of delay lines, we pio­
neered in the elimination of costly overspecification 
and brought economical custom-building to the delay 
line field.

To insure strict adherence to your specifications, 
the prototype unit is subjected to comprehensive test­

ing and the results of these tests are submitted to 
you. On this laboratory report are included submitted 
electrical requirements, photo-oscillograms (which in­
dicate input and output pulse shape and output rise­
time), the test equipment used, and an evaluation of 
the electrical characteristics of the prototype.

Whatever the application, the odds are 6,704 to 
1 that ESC can design and build precisely the delay 
line you need—and do it easily, efficiently and exactly 
as specified! Write today for complete technical data.

exceptional employment opportunities for engineers experienced in pulse techniques

534 Bergen Boulevard, Palisades Park, New Jersey
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missile telemetering

COMPONENTS
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MAGNETIC HEADS 
TRANSDUCERS 
PIEZOELECTRIC CRYSTALS, 
CERAMICS AND ELEMENTS

High Resolution 
Magnetic Heads

Clevite "Brush” high resolution magnetic heads permit 
major improvements in tape recording systems:

Greater packing density and/or higher frequency recording 
at your present tape or drum velocity. Less volume of tape 
required.
Up to 10 to 1 reduction in tape or drum velocity at your 
present frequencies or pulse repetition rate. More recording 
time on the same length of tape.
Reduced playback pulse width, allowing extended pulse 
width modulation (pwm) recording; for example, 10 micro­
second pulse width at 120 inches per second tape velocity. 
Special high resolution heads were developed by Clevite to 
meet specific customer applications. They are now commer­
cially available in 2 to 32 channel form in a variety of 
mechanical configurations. These heads, slightly modified, 
may fit your present design requirements. One of our spe­
cialists will be pleased to discuss your application by detailed 
correspondence or personal visit. Write: Product Manager, 
Magnetic Heads, Clevite Electronic Components, 3311 
Perkins Avenue, Cleveland 14, Ohio.

Typical Clevite narrow gap 
multi-channel head records 
more data on an equal 
length of tape.

By providing a barrier between com­
ponents and the atmospheric environment, 
liquid dielectrics reduce the probability 
of insulation failure, one of the prime 
causes of equipment malfunction and 
failure.

Oscilloscope photos of pulse recordings 
on Clevite high resolution head. Pulse 
duration, 1 microsecond; tape speed, 
60 inches/sec.

WAVE LENGTH IN THOUSANDTHS (1O J) INCHES

SILICONE fluids are aiding electronic design 
engineers to miniaturize equipment and in­

crease reliability.
These high temperature liquid dielectrics are 

used in electronic components such as capacitors, 
transformers, and filter networks. They are also 
used as the dielectrics into which complete elec­
tronic assemblies, such as airborne transmitters, 
are immersed.

Clevite 'Brush1 Hicjh Resolution Heads for radar recording • 
Mglt density tape recording • IlVgtl density drum recordin|| •
video recording • VHF instrumentation for

Liquid Dielectric Properties

In designing electronic components and equip­
ment, liquid dielectrics are selected for the fol­
lowing reasons. They:

■ are void-free;
■ have low dielectric losses;
■ are good heat transfer media;
■ assure a constant environment for the com­

ponents in an electronic assembly;
■ have high electric strength
The void-free characteristic of liquid dielec­

trics is particularly important in high voltage 
equipment where corona may be encountered. 
Liquid dielectrics eliminate corona and the re­
sultant electrical interference. Because they are 
highly purified in manufacture, most of them 
have extremely low losses, often so low that loss 
measurements are difficult.

By immersing electronic assemblies in a liquid 
dielectric, they can be subjected to many adverse 
atmospheric conditions including high humidity 
and high altitude. Convection currents within
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Dow Corning Corporation Midland, Michigan

the liquid remove heat from energy dissipating 
components rapidly. This is important in equip­
ment where a large amount of power is used or 
where temperatures of certain components must 
remain within narrow limits for proper per­
formance.

Compared to gaseous dielectrics, particularly 
at elevated temperatures, liquid dielectrics have 
much greater electric strength. Consequently, 
when liquid dielectrics are used to fill electronic 
assemblies, the space between high voltage con­
ductors can be reduced greatly, aiding miniatur­
ization. Frequently, smaller components can be 
specified. For example, smaller high voltage 
terminals may be used when circuitry is im­
mersed in a liquid dielectric.

Because of the high temperatures encountered 
in present day electronic apparatus, due to either 
the energy dissipated by components or to en­
vironmental conditions, liquid dielectrics must 
have excellent thermal stability to be satisfactory. 
Of all of the different liquid dielectrics available, 
only two major types, the silicones and the 
fluorocarbons, are suitable for applications at 
temperatures of 200 C and above. Of these two 
types, silicone fluids are more economical. They 
have excellent dielectric properties over a wide 
range of frequencies.

Characteristics of Silicone Fluids

Many different types of silicone fluids are 
manufactured. Those generally used as liquid 
dielectrics are the dimethyl silicone fluids.® 
These fluids, produced in a high degree of purity, 
are available with viscosities ranging from 0.65 
to 1,000,000 centistokes. Generally, fluids selected 
for dielectric applications have viscosities from 
20 to 1000 centistokes. (continued)

♦These fluids are available as Dow-Corning 200 Fluid, 
General Electric SF-96 Oil, and Union Carbide 
L-45 Oil.
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GEST-LIVING CAPACITORS ever mode!YOUNG

un

vis

EL-MENCO DUR-MICAS GIVE LONGEST
LIFE TO ELECTRONIC EQUIPMENT
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Fig. 3. Effect of gap on breakdown voltage of silicone 
fluids and air at 23 deg C. The curve for air is taken 
from Electrical Breakdown of Gases by Meek and 
Craggs, Oxford Press, 1953, p. 84.

PERFORMANCE
El-Menco Dur-Micas yielded 

V25 »h* number 

that occurred In molded units.

AIR (MEEK, 
CRAGGS. ELEC­
TRICAL BREAK­
DOWN OF 
GASES OXFORD 
PRESS 1953 
P.84)

Arco Electronics. Inc., 64 White St.. New York 13, N. Y.
Exclusive Supplier To Jobbers and Distributors in the U.S- and Canada
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The dielectric properties of all dimethyl sili­
cone fluids are essentially the same and are gen­
erally equal to the best properties of any liquid 
dielectric.

Fig. 1 shows that the dielectric constant of 2.7 
does not change with frequencies up to 5 kmc. 
The dissipation factor and loss factor are ex­
tremely low over most of this range. Because of 
these characteristics, silicone fluids have little 
effect on the performance of immersed electronic 
assemblies.

The effects of temperatures from 25 C to 300 
C on the dielectric constant, dissipation factor, 
loss factor, resistivity, and electric strength of 
Dow Coming 200 Fluid are shown in Fig. 2. 
Although temperature is a factor, all of these 
properties remain above a generally acceptable 
level at temperatures ranging from —55 to 300 C.

One of the major advantages of immersing 
electronic equipment in silicone fluid is further 
miniaturization. Size reduction is possible be­
cause high voltage components may be placed 
much closer to each other without electrical 
breakdown. The effect of spacing on breakdown 
voltage in a uniform electric field is shown in 
Fig. 3. Comparable data for air at atmospheric 
pressure is also shown.

Satisfactory physical properties are also re­
quired of liquid dielectrics. Silicone fluids are 
relatively inert to most environmental conditions 
and materials. But, the physical properties of 
dimethyl silicone fluids vary somewhat with 
viscosity grades. Generally, the low’ viscosity 
grades are better heat transfer media.

Aging at high temperatures has no appreciable 
effect on the dielectric characteristics. The only 
major effect is viscosity change. Even this effect 
is small unless the fluid is exposed to air or

• molded mica a mica trimmer a dipped paper

Approx. 2.8% cumulativo f« 

ure$ or 1 failure per 357,000 

unit-hour*-

El-Menco Mica Capacitors can be debugged to eliminate early fail­
ures, thus insuring the highest dependability and an assured long life.

El-Menco Dur-Micas OUTPERFORM ALL OTHERS under accel­
erated conditions of 1% times rated voltage at ambient temperatures 
of 125* centigrade ... are test-proved to have longer life, most potent 
power, smaller size, excellent stability, peak performance.

DM15, DM20, DM30 . . . perfect for extreme miniaturization; ideal 
for new miniatured designs and printed wiring circuits.

New “hairpin” parallel leads insure easy applications in radios, 
TV, guided missiles, and other printed circuits. El-Menco Dur-Micas 
meet all humidity, temperature, and electronic requirements, includ­
ing military specs. Write for FREE sample and catalog on your 
firm’s letterhead.
Removal of Early Failures by Subjecting Mica Capacitors to a Short 
Life Test at Elevated Voltage and Temperature.

UNIFORM ELECTRIC FIELD ONLY
DOW CORNING 200 FLUID  
100 CSTK. *

THE ELECTRO MOTIVE MFG. CO., INC
Manufacturer» of El-Menco Capacitors

0M30. 10.000 MMf. °“' C”

paciton .. • ... t j5' c with 100% °* ,he

toted DC voltage applied . . _

tubular paper a ceramic a silvered mica films

o6% cumulative failures or

®/ant Electronic Brain»

RUGGED RELIABILITYLONG UFE

EHIlencD

ElUlenco

Approx. 0.6% cumulative 

failures or 1 failure 

per 43,000,000 unit-hrs



oxygen. In general, these fluids, when used in 
oxygen-free hermetically sealed electronic equip­
ment may be expected to retain their initial 
characteristics for at least 15,000 hours at 200 C. 
\t higher temperatures, the useful life will be 
less; at 250 C, however, life well in excess of 500 
hours may be expected.

Most of the materials used in the manufacture 
of electronic components and assemblies are un­
affected by silicone fluids. Conversely, silicone 
fluids are generally unaffected by these materials. 
Information on the few materials that are ex­
ceptions to the above generalization is readily 
available from both silicone fluid and insulating 
materials manufacturers.

When unusual operating conditions cause an 
arc to be struck between high voltage conductors 
immersed in silicone fluid, a gas, primarily a 
mixture of hydrogen and methane, evolves. In 
trace amounts, these gases are readily absorbed 
by the fluid and present no problem. However, 
under certain arc conditions, a gelatinous ma­
terial may be formed between the conductors. 
This material may occlude small amounts of car­
bon and lower the maximum voltage which can 
be applied to conductors. By proper selection of 
viscosity grade, this effect is reduced.

Another environmental condition to which 
some electronic equipment is exposed is nuclear 
radiation. Radiation has no appreciable effect on 
any of the dielectric properties of silicone fluids. 
However, viscosity is affected. This in turn 
directly affects the heat transfer properties.

Here again, the proper choice of viscosity 
grade, will reduce this effect Nuclear radiation, 
like arcing, produces hydrogen and methane gas. 
A dose of 50 megarad will evolve a quantity of 
gas which, at standard temperature and pressure, 
is 150 per cent of the volume of the irradiated 
fluid.

a LOT of Relay
ma

little space
This latest Automatic Electric achievement com­

pacts all the features of the famous Class “B” relay 
in minimum space and weight—with no sacrifice of 
quality or ruggedness.

LOOK AT Th£ IMPORTANT FEATURES 
THIS NEW CLASS “E" OFFERS:

• miniaturized; telephone-style base mounting for rear- 
connected wiring» heavy-thickness armature arms 
prevent loss of stroke with large pileups • heavy-duty 
backstop that won’t break or wear out» adequate terminal 
clearances for easy wiring • long-life, lubricant-retaining 
bearing arranged to provide a visual check of the heel­
piece airline setting without disturbing the adjustment 
• twin contacts standard; all springs bifurcated for maxi­
mum independence » sturdy, strain-relieved heelpiece 
insures stability of adjustment

New Class “E” Relay 
measures only 

2%" x 1/." x 1%* 
minimum (2 springs) to 

(10 springs)

Application Techniques

In the application of silicone fluids to filling 
electronic equipment, some precautions are nec­
essary to insure maximum equipment reliability. 
For example, silicone fluid should not be exposed 
to the atmosphere during storage, particularly 
when the relative humidity is above 50 per cent. 
Trace amounts of moisture in the fluid will 
greatly reduce its electric strength and loss 
characteristics. This also means that most equip­
ment must be sealed in some manner.

Another characteristic to be considered is that 
silicone fluids, like all liquids, expand when 
heated. Since silicone fluids are usually sub­
jected to a much greater temperature range 
than most other liquid dielectrics, this effect is 
more pronounced. This expansion may require 
t ie use of bellows, high temperature elastic 
t )am, or some other device to absorb the increase 
in fluid volume.

In tho following norlo»:
■QA—Quick Acting
■SO—Slow Operate
■SR—Slow Release

■SA—Slow Acting*
■ FA—Alternating Current 
EMS—Snap Action Contacts

*s!ow operate and slow release
Class “E” Relays can be supplied plug-mounted 
(with or without cover) or hermetically sealed (max­
imum A springs per pileup) in enclosure AE-33OO.

For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. In 
Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities.

99% pure isn't pure enough — the relay iron we use at Automatic 
Electric must meet specifications of 99.8% purity, including, for 
example, carbon content limit of .02. To obtain highest magnetic 
permeability, material is treated for periods up to 7 hours in roller 
hearth annealing furnaces. Highest standards of quality control insure 
the well-known dependability of AE Relays and Switches.

AUTOMATIC ELECTRIC <
Northlake, Illinois

Subsidiary of 6ENERAL TELEPHONE
CIRCLE 40 OH READER-SERVICE CARD
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+ HIGH TEMPERATURE S

Now available as a wirewound or film 
type trimmer that is moisture proof, 
subminiature in size and withstands a 
temperature of 225°C., in a higher resist­
ance range.
FEATURES:
Type RTW (wirewound) Resistance Range 
100 ohms to 100,000 ohms
Type RTF (film) Resistance Range 100 ohms 
to 25,000 ohms, providing infinite resolution
25 turn lead-screw adjustment
Unique stop-overide safety mechanism
Housing of High Temperature Molded Plastic
Variety of mountings: Printed Circuit Lugs

Printed Circuit Wires 
Tinned Leads

Virtually hermetic sealed meets Mil std. 202 
Procedure 106 Humidity Test with rated 
power applied
Precious metal take off and end tabs
Dual stainless steel contacts on winding and 
slip ring for extra reliability
Power rating of .83 watts at 80° C., .1 watt 
at 200° C.

Engineered, quality controlled manufac­
ture and environmental tested to meet the 
exacting demands of missile and other 
military applications, make these new low 
cost trimmers a long-sought contribution 
to design and production problems.

Write wire or call for full details and technical data.

TECHNOLOGY INSTRUMENT CORP.
555 Main St., Acton, Mass^COIonial 3-7711

North Hollywood, California 
POplar 5-8620 STanley 7-0286

CIRCLE 41 ON READER-SERVICE CARD

Microwave

and Optical Properties

I N A PREVIOUS article in Electronic various suitable shielding materials. The 
■ Design,1 various methods were indi- accompanying table shows a comparison 
cated as a means to minimize circuit ef- of the microwave properties of various 
fects by radar with particular emphasis transparent shields at three microwave 
on transparent shielding materials. For frequencies representative of present ra- 
use in design work, it is necessary to dars, and the optical properties. The 
know the relative microwave atténua- values of optical transmittance for the 
tion characteristics as compared with the various gold films investigated are rather 
optical attenuation characteristics of low compared to more recently prepared

Microwave and Optical Properties of Materials
Optical 
Trans­

Microwave Transmittance (%) mittance 
Material 5.9kmc 9.7kmc 18.8kmc %
Gold Film about 11 p 
thick on Plastic (300 
ohms/square) 23 10 0.8 49
Gold Film about 30 p 
thick on Plastic (12 
ohms/square) 0.16 0.1 0.01 24
Gold Film about 75 p 
thick on Glass (1.5 
ohms/square) 0.04 0.01 0.004 3.2
Copper Mesh 
(20 per inch) 0.1 0.2 0.2 50
Copper Mesh 
(8 per inch) 1.0 1.3 2.5 60
Lead Glass (x-ray pro­
tective, thick) 30 25 16 85
Lucite (3/16" thick) 80 50 25 92
Libby-Owens-Ford 
Electrapane Glass, 
with conductive coating 
about 150 mp thick (120 
ohms/square) 16 16 16 85
Libby-Owens-Ford 
Electrapane Glass, 
with conductive coating 
about 300 mp thick (70 
ohms/square) 9 10 8 80
Corning Heating 
Panel Glass, with con­
ductive coating about 
1.5 p thick (15 ohms/ 
square) 1.6 1.2 0.08 45
Waveguide Imped­
ance (ohms) 554 448 568 —

ELECTRONIC DESIGN • May 14, 1958
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jf Materials
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Walter G. Egan
Ford Instrument Company 

Long Island City, N. Y.

gold films.2 By proper cleaning of the 
substrate upon which the gold is to be 
deposited and by adequate annealing, 
the optical and electrical properties may 
be considerably improved. Further, by 
depositing the gold on oxides of nickel, 
silver, copper bismuth, or gold, the opti­
cal properties may be improved even 
more. For instance, a gold film 6 to 7 mp 
thick deposited on chalk cleaned glass 
on which a 10 mp. thick layer of bismuth 
oxide had been deposited, followed by a 
final heating has a surface resistivity of 
10 ohms per square and an optical trans­
mittance of 75 per cent.

By using more complicated, and more 
expensive to produce layer combinations, 
the optical and electrical properties can 
be further improved. A typical sand­
wich film set of bismuth oxide-gold-bis- 
muth oxide on glass heat treated at 400 C 
has a surface resistivity of 4-1/2 ohms 
per square and optical transmittance of 
80 per cent.

When an engineer is faced with a 
problem of specifying a transparent mi­
crowave shielding material, he must care­
fully weigh the economic feasibility of 
the various types of transparent shielding 
available commercially against the cost 
of evaporated film preparation. Whether 
it is sub-contracted or done at the plant, 
evaporated films can be very expensive 
compared to commercially available ma­
terials. If one embarks upon a program 
of vacuum evaporation, a word of cau­
tion is in order; vacuum technique is 
quite an art, and the initial capital ex­
penditure for vacuum equipment is high. 
A person trained in vacuum technique 
would be necessary to operate the equip­
ment.

References

1. How to Minimize Radar Effects on Electronic 
Circuitry, W. G. Egan, Electronic Design, 
March 19, 1958.
2. Vacuum Deposition of Thin Films, L. Hol­
land, John Wiley and Sons, 1956, pp. 491-509.
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HIGH TEMPERATURE COMPONENTS

Design Tips For Using High Temperature Precision

ELECTRONIC DESIGN • May 14, 1958

Fit The Design To The Application
The potentiometer design specification must

■ , .

Knowing a few basic qualities and limita­
tions of high temperature potentiometers can 
help equipment designers insure best system 
performance. Included here are the important 
factors he should know.

When To Use Wirewound Types
For higher resistance values and applications 

requiring non-linear or multitum types, the de­
signer should look to the wirewound units. Also, 
where linearity tolerances are tight, wirewound 
varieties offer a wider selection. Single turn pots 
are available to better than 0.05 per cent linear­
ity, and multitums to 0.025 per cent. Rotary film 
types, on the other hand, are available to 0.5 
per cent linearity, with values down to 0.25 per 
cent by selection. Wirewounds are normally de­
rated to five per cent at 200 C.

THE SYSTEM designer should know the limi­
tations of the two basic types of high tem­

perature potentiometers, the wirewound and 
film types. The film potentiometer is the logical 
choice for extremely high ambient temperatures 
since it can be made almost entirely from com­
binations of glass, metals, ceramic, or ceramic­
like materials.

This type is best where exposure to nuclear 
radiation is a requirement, since it has no plas­
tics which rapidly deteriorate near sources of 
nuclear radiation. However, film potentiometers 
are limited in maximum resistance due to the 
extremely thin films required. This can be over­
come, to a certain extent, with larger diameter 
pots, but with today’s emphasis on minimum 
size or volume, particularly in airborne applica­
tions, this choice is not always permissible.

Types of Film Pols Available
Film potentiometers are available in rotary 

and ganged single turn precision linear types, and 
in rotary’ and rectilinear trimmer types. Recent 
advances in evaporated films have indicated 
their capabilities as motor driven precision recti­
linear potentiometers for actuators. Derated to 
five per cent dissipation, their range is from 150 C 
to 400 C with a 225 C standard.

Robert J. Sullivan
Fairchild Controls Corporation

Hicksville, I. I., N. Y.



Potentiometers ± SIX MICROVOLT INPUT DRIFT 
OVER AN EIGHT HOUR PERIOD

be fitted to the application, not only in terms of 
temperature, but life, shock and vibration re­
sistance, low temperature operation, and humid­
ity exposure. Unfortunately, performance stand­
ards for high temperature pots have not been 
clearly established by military specifications.

Potentiometer users have many interpretations 
in their specifications for high temperature envi­
ronmental performance and allowable degrada­
tions in these values. In some instances, the high 
temperature ability of the potentiometer is judged 
by its load-life characteristic, or sometimes by 
its ability to operate after a specified number of 
temperature cycles. Recently the trend has been 
towards specifying rotational life at elevated 
temperature, and to a certain extent, during 
temperature cycling. In other instances, a brief 
reference to the wattage dissipation require­
ments at a specified ambient is made.

Where Do You Compromise?
The potentiometer designer must select a 

proper combination of materials. This selection

FOR COMPLETE SPECIFICATIONS AND ENGINEERING DATA ON THE 
REL-120 d-c AMPLIFIER... CONTACT RHEEM ELECTRONICS DIVI­
SION MARKETING DEPT. DIRECT AT THE ADDRESS SHOWN BELOW

REL-120 d-c amplifier 
physical characteristics: 
2-15/16'x 6-15/16"x 10"

The Rheem REL-120 is a completely transistorized direct-coupled 
instrumentation d-c amplifier. The latest circuit techniques are em­
ployed to realize all the advantages of such an amplifier, while 
maintaining high input impedance and extremely low drift 
characteristics.
Some of the outstanding features are:
1. Long life due to inert components (transistors and diodes)
2. Low heat generation due to an average required input power 

of only 10 watts
3. Self-contained power supply —works directly from either 60 

or 400 cycles .

$
90

Actual Drift Recording

RHEEM MAHUFACTURIHG COMPANY / ELECTRONICS DIVISION
Phone number-. RAymond 3-8971 ...7777 Industry Ave., Rivera, California

A 

B

C

Normal Wattage Rating
Increased Rating at Lowei 
Ambient Temperatures
Region available in 
special cases of reduced load­
life rating in optimum resistance range.

90
AMBIENT TEMPERATURE, DEGREES C

I2O 150

Potentiometer power rating curves. CIRCLE 43 ON READER-SERVICE CARD



New precision in glass:

precision glass component plays vital part 
in new traveling-wave tube design

Glass tubing made to near-perfect concentricity with diameter tolerances of ±0.0001 
in.!... that’s the kind of tolerance required by a new traveling-wave tube 
design ... the kind of tolerance F&P can and does meet everyday for a variety 
of glass applications.

The two-section glass tube shown above must be formed to near-perfect 
concentricity in order to precisely locate the electron gun in relation to the helix. 
A pencil beam of electrons—shot from the gun and traveling through the 
tube—must interact continuously with the electromagnetic wave produced by 
the helix. The relative position of the beam with respect to the helix is extremely 
critical... any deviation from set tolerances, any scratches or imperfections 
in the glass would result in faulty amplification.

Mighty tough specs to meet! But F&P handles them with ease ... with pro­
duction techniques backed by more than 20 years’ experience in the field of 
precision glass forming and fabricating. Other glass products made by F&P for 
the electronic industry include special types of glass tube enclosures, glass 
switch components, miniature glass battery enclosures, and precision molds.

If you would like to explore the possibilities of using precision glass in your 
designs, contact the Glass Products Division, Fischer & Porter Company, 
5758 County Line Road, Hatboro, Pennsylvania.

FISCHER & PORTER CO.
Glass Products Division

CIRCLE 44 ON READER-SERVICE CARD

is based almost entirely on the specific interpre­
tation of high temperature performance. For 
example, where extended high temperature op­
eration is called for, but operating speeds are 
relatively low, the designer may sacrifice some 
of the life characteristics to get better perform­
ance at the elevated temperature. He might use 
higher wiper and brush pressure to insure a 
minimum noise level.

On the other hand, if extremely long rotational 
life is required, together with extended high 
temperature operation, as in many servo appli­
cations, the pot designer has to maintain more 
normal wiper and brush pressure. In some in­
stances, he may reduce these values, though the 
noise level may increase. If the allowable tem­
perature coefficient is reasonably high, a pre­
cious metal alloy wire can be used.

The system designer and the potentiometer 
designer must agree on a specific interpretation 
of high temperature performance. Perhaps, for 
example, high temperatures are encountered 
only occasionally. This may result from a cooling 
system failure during jet aircraft takeoff. Per­
haps a general safety feature is designed to pro­
tect against system failures overloading the pot 
temporarily. This sort of application requires a 
minimum design change to convert low tempera­
ture potentiometers to high temperature units, 
and it costs less than a new design to the most 
severe requirements.

Reliability

Many system manufacturers are now specify­
ing higher temperature potentiometers for lower 
temperature applications merely to gain higher 
reliability. The failure rate is then inherently 
lower. Many manufacturers of electronic equip­
ment for missile applications specify only high 
temperature potentiometers for this reason. They 
feel the added cost is more than paid for if the 
possibility of missile failure is reduced by even 
a fraction of one percent.

Derating Curves

The figure shows a typical wattage vs tem­
perature curve for a standard high temperature 
potentiometer. Though the temperature ratings 
are somewhat arbitrary the curve helps the sys­
tem designer select a pot size to fit his applica­
tion. But it doesn’t completely represent its abil­
ity to conform to a particular temperature char­
acteristic.

For example, area B of the figure shows that 
one can obtain added wattage dissipation at 
lower temperatures. Furthermore, at maximum 
temperature, many specific values of resistance 
yield even higher dissipations. In unusual appli­
cations, the designer should consult the manu-
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Noise

from standard parts

Other Considerations

'Manufactured under License from G. H. Leland, Ine.
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facturer before he rejects the possibility of 
specific unit meeting his requirements.

Type 185: New lever­
operated version of the

WRITE FOR your copy of the OAK Switch Catalog which 
covers the most popular of OAK's standard switches.

standard 
switches.

For Printed Circuits:
Special lug design for in­
sertion into printed circuit 
boards.

Type 130 Pushbutton: 
Available with from one 
to 24 buttons, 32 contacts 
each button.

Type 160 Rotary Slid­
er: 7/8" height allows 
shallow chassis; leads are 
readily accessible.

Type MF: 24-position 
switch may be mounted 
in 2-5/16" circle, in 
phenolic insulation.

Types J,K,N: 1-17/32" 
diameter; provides for 
flexibility of layout; inter­
changeable sections, 
phenolic or steatite.

Type H: Standard 12-po­
sition; 1-7/8" diameter; 
15-30-60’ throw; pheno­
lic, Mycalex or steatite.

Series 20: Simple switch 
for tone controls, band 
switching, and talk-listen 
circuits.

Type 80 Pushbutton: 
Very adaptable. Used in 
communication equip­
ment; economical for less 
complex applications.

LECTRONIC DESIGN • May 14, 1958

Multiple Shafts com­
bined to operate snap 
switches and potentiome­
ters; many different sec­
tion types.

Type L or 0L: Using dual 
eyelet fastening; 18-posi- 
tion; mounts in 2-9/32" 
circle, phenolic, Mycalex.

1260 Clybourn Ave., Dept. D, Chicago 10, Illinois 
Phone: MOhawk 4-2222

• No matter what you need in low-current switches, 
you are most sure to find it in an OAK switch design. In the 
last 25 years, OAK has produced over a quarter billion 
switches—rotary, slider, pushbutton, plug, and door switches— 
in thousands of variations. Why not take advantage of 
OAK’s unmatched, switch engineering background . . . 
production facilities . . . and huge inventory of tooling?

Resistance values from 5000 to 20,000 ohms 
have superior temperature characteristics. The 
manufacturer can wind them with precious 
metal wires, with their lower resistivity, and he 
can wind w ith larger diameter wire of base metal 
alloy. These will withstand exposure and abra­
sion for much longer periods.

Torque is another vital characteristic. Manu­
facturers can use a high torque sealing device 
or can increase wiper and brush pressures to 
insure improved performance.

Wider tolerances on linearity or conformity 
allow the manufacturer to select larger ware.

Potentiometer manufacturers have made great 
trides in improving their products and in creat- 
ng high temperature varieties. By proper de­
ign, and particularly by working with the pot 
nanufacturer in the early stages of development 
>r spec writing, the system designer can make 
t easier to insure superior system performance.

SWITCHES • ROTARY SOLENOIDS • CHOPPERS 
VIBRATORS • TUNERS 

SUBASSEMBLIES

Type F: Miniature 1 2-po- 
sition, 30-60 throw, can 
be mounted in 1-5/16" 
circle; phenolic, Mycalex 
or steatite.

Another important point to consider in choos­
ing the electrical values for the pot is the noise 
specification. In general, as temperature in­
creases, noise levels increase. By the same token, 
extended rotational life at elevated temperatures 
may result in a faster increase in noise. While in 
many instances it’s hard to define the allowable 
noise in a system, it is important to do a more 
complete analysis with a high temperature unit 
than with a low temperature type. Requirements 
should be realistic, and should be inclined 
towards the maximum allowable noise level in 
the system rather than building the maximum 
safety factor in the noise spec for the pot.

A statistical approach to noise at high tem­
perature is also worthwhile. By considering the 
frequency characteristics of allow able noise, one 
may specify several allowable levels rather than 
one maximum value, or possibly consider the 
design of an appropriate filter. Proper attention 
to other electrical and mechanical values can 
improve the noise characteristics.

If the manufacturer can use precious metal 
alloy resistance wires, he can effect a drastic 
improvement in the noise level and its degrada­
tion. Temperature coefficients for precious metal 
wire potentiometers are generally high, from 250 
to 600 parts per million. But one wire manufac­
turer recently announced a precious metal alloy 
which may permit values as low’ as 50 parts per 
million, possibly with a slight sacrifice in total 
life, since the wire is slightly less abrasion re­
sistant.

Special 
^witches



• • from Victoreen HIGH TEMPERATURE COMPONENTS

CORONA TYPE HIGH VOLTAGE
HOT WIRESREGULATORS WITH CURRENT

CAPABILITIES AND SLOPES
NEVER BEFORE OBTAINABLE

1800
1000

It’s hot in there!
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Make Victoreen your headquarter* for 
high voltage regulation. Send for Form 2022A and 

Form 2023A describing the GV6A and GV9A 
line of corona type voltage regulators.

John Mallinson
AMP Inc.

Harrisburg, Pa.

2000 3000
CURRENT (UA)

The Victoreen Instrument Company 
Componente División

5806 Hough Avenue • Cleveland 3. Ohio
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CARRY MORE CURRENT THAN YOU THINK

2200

2100

200e

1900

4000 5000

Startling as it may seem, you can often push more current 
through wire in a 500 C environment than you can at 25 C.

If you don’t have to worry about changes in resistivity, as you 
do if you're building a transformer, but are merely concerned 
with ampere ratings, this article may save you wire weight and 
money.

Maximum currents to 4 ma 
Peak currents to 9 ma 
Regulation to 1.5%/ma 
Voltages from 400 to 3000 
9 pin and octal base tubes 
In use by the military



AMPS AMPS AMPS

300 700100

<a) 16 gauge oxidized nickel wire (above)

(b) 16 gauge silver wire (right) 700 *C

temperatures. Conductor temperature is 675 C

Fig. IB shows the

for curves A, and C; and 400 C for curves D, E and F. The colored section shows how much more cur­
rent the hotter wire can carry. (A and D are at sea level, 8 and E at 50,000 ft, and C and F are in vacuum.)

have a 250 F rise; C and D 
C are at sea level, B and D

Fig. 2. This is essentially the same data as in Fig. la, 
but plotted differently. The current rating is assigned 
on the basis of a fixed conductor temperature rise

same conditions for bare
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250 500 750 1000 1250
AMBIENT TEMPERATURE

250 500, 750 1000 1250
AMBIENT TEMPERATURE

Handbooks See Only Half the Picture

Current ratings in available handbooks are in­
variably based on free convective heat disposal 
only. This is acceptable below 100 C ambient 
where the convective heat disposal is far greater 
than the radiative. But it is not even approxi­
mately correct at higher temperature.

Above 200 C ambient, convection plays a very 
minor role in comparison with radiation, so the 
current rating is considerably higher than would 
be anticipated. For instance, a #16 awg bare 
oxidized nickel wire can carry more than 20 
amperes at 300 C ambient if the conductor tem­
perature is 650 C.

The magnitude of convection depends only 
on the wire to ambient temperature difference 
and the air density. It does not depend on am­
bient temperature.

Hence for a constant temperature difference 
the radiative current rating increases rapidly 
with ambient temperature while the convective 
rating falls slowly, (as the wire resistance in­
creases). With changes in altitude the convective 
rating falls as the 4th root of the air density. The 
total current rating is the square root of the sum 
of the two ratings squared, so, if the convective 
rating is small compared to the radiative rating, 
its effect on the total rating is almost negligible.

A THE operating temperature requirements 
** of airborne electrical equipment increase, 
careful consideration must be given to the cur­
rent carrying capacity of the associated wiring. 
It is well known that with increasing tempera­
ture the resistivity of a conductor increases, but 
there is, unfortunately, a widespread belief that 
this increase must lead to a considerable reduc­
tion in the current rating.

This article shows that derating only occurs 
when the temperature difference between the 
conductor and ambient is reduced. If this differ­
ence is held constant, uprating occurs at higher 
temperatures, rather than derating.

above ambient. A and B 
have a 50 F rise. A and 
at 100,000 ft.

Current Ratings
Current ratings of wires usually give the cur­

rent required, at various ambient temperatures 
to heat the conductor to a fixed temperature. 
Obviously for a particular conductor temperature 
the temperature coefficient of resistivity cannot 
be a factor since the conductor resistance is 
constant. When we compare current ratings at 
two different conductor temperatures in the 
same ambient, the rating for the hotter conduc­
tor will be greater because of the larger tem­
perature difference. Even if this temperature 
difference is constant, however, the higher tem­
perature rating is still greater because of the in­
creased radiation efficiency.

Fig. 1A shows the current ratings of bare 
oxidized nickel wire at various ambients with 
conductor temperatures of 675 C. (A, B and C), 
and 400 C (D, E and F). Lines A and D refer to 
sea level, B and E to 50,000 feet altitude and C 
and F to a vacuum.

silver wire which is, of course, a very poor ra­
diator. Despite its very much lower resistance 
than nickel (16 per cent at 40 and 11 per cent 
at 550 C) the current ratings are not even 
doubled. Notice also how altitude dependent the 
ratings are. With low radiation, convection is 
still significant. It should be mentioned, how­
ever, that this is an extreme case. All practical 
wires have radiative efficiencies (emissivities) of 
the same order as the oxidized nickel.

Fig. 2 shows essentially the same data as Fig. 
1A but it is plotted in a different manner. A cur­
rent rating has been assigned on the basis of a 
fixed conductor temperature rise above ambient. 
Lines A and B refer to a 250 F rise, C and D to 
a 50 F rise where A and C are at sea level, with 
B and D at 100,000 feet.

Notice, comparing line A with line B, the large 
convection effect at low temperatures and how 
it decreases as temperature and resistivity in­
crease. The large increase in radiation which 
offsets this convective decrease is obvious.

250 500 750 1000 I25O*F 
AMBIENT TEMP.

Effect of Insulation
With insulated wires these observations are 

essentially unchanged. The insulation, depending 
on its thickness and thermal conductivity alters 
the shapes of the graphs somewhat. Insulation 
can be chosen that not only increases the current 
ratings but also makes them nearly constant 
over a wide ambient temperature range.

With the advent of higher temperature flexible 
insulating media, the current rating picture will 
be excellent. This is indeed an unusual case in 
high temperature technology.

Radiation and Convection
The magnitude of radiation depends on two 

temperature factors, the temperature difference 
between wire and ambient, and, where this dif­
ference is small, the ambient temperature cubed. 
It is independent of air density.

Fig. 1. Current ratings for bare wire at various ambient
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7 SR, Capacitor C,
and Linear Reactor L

(A)

Fig.
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Herbert F. Storm 
General Engineering Laboratory 

General Electric Co.
Schenectady, N. Y.
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Line Voltage Stabilizer, Frequency Sensor
As long as the SR saturates twice each cycle 

(Sec. 3) the average gate voltage across the SR 
will remain fairly constant (eq. 3-5). In Fig. 7-1 
the load resistance R is connected in parallel 
with the SR, so the average value of the load

A-C

? RSR

A-C

Fig. 7-1. Basic circuit for line voltage stabilizer. (Volt­
ages are rms).

60

This is the concluding part 
of Dr. Storm’s article on appli­
cations of the saturable reac­
tor in combination with other 
circuit elements. Many of the 
unusual effects described can­
not normally be achieved with 
linear circuitry. It is hoped 
that this article will stimulate 
further study, development 
and use of non-linear magnetic 
circuitry.

voltage Er will also remain fairly constant. To 
take up the difference between the variable sup­
ply voltage E and average load voltage ER, a 
linear inductor L is provided (Ref. 7-1).

As indicated, the load voltage ER is not per­
fectly constant, but will change slightly in the 
same direction as the supply voltage changes. To 
counteract this variation, a voltage is added to 
the load circuit, which will decrease the load 
voltage when the supply voltage increases, and 
vice versa. Such a voltage can be introduced by 
connecting the load to tap 2 of the linear induc­
tor L, instead of the tap 1. The capacitor C im­
proves the regulation properties of the circuit, 
and affects the wave shape of the output voltage.

Line voltage stabilizers, using this principle, 
are commercially available for output powers 
from a few watts up to many kilowatts. The out­
put usually is held within ±15 per cent. In most 
commercial stabilizers the output circuit is iso­
lated from the supply circuit. The speed of re­
sponse of the circuit is usually such as to correct 
for line voltage fluctuation in less than two cycles. 
Another important feature of this circuit is the 
inherent limitations of line currents in case of 
short circuits in the load.

As the supply frequency changes, the number 
of pulses of fixed volt-seconds as controlled by 
the SR, also changes. Hence the load voltage 
becomes frequency sensitive (eq. 3-5). In cases 
where this sensitivity is undesirable, frequency 
compensators can be supplied.

However, there are applications where the 
object is to indicate or control the supply fre­
quency. In such a case the load current of the 
voltage stabilizer is compared with a current 
derived directly from the same voltage via a 
fixed impedance, the difference between these 
currents being the error signal. A circuit similar 
to that shown in Fig. 6-2 would be useful. For a 
fixed supply voltage, the output voltage of the 
stabilizer will increase by about 1.5 per cent for 
an increase of 1 per cent of the rated supply 
frequency.

Square Wave, Constant Voltage Power Supply
The designer of a voltage stabilizer has several 

means for affecting the output wave shape. In 
most cases, one will attempt to obtain a sine 
shape. There are, however, cases where a square 
voltage is more desirable, the case in point being 
a power supply for magnetic amplifiers, whose 
control characteristics should be inherently linear 
(Ref. 7-2).

The output voltage ER (Fig. 7-1) can be made 
fairly square by using a square loop core mate­
rial and toroidal construction for the SR. (Refs. 
7-3,7-4).

The core material of the SR (Fig. 7-2A) is 
represented by the flux-current relationship 
shown in Fig. 7-2B. The load resistance R is as­
sumed to be infinitely large; the switch S is open, 
and capacitor C has been charged to a potential 
of Em volts. The core of the SR has been set to 
point 1 of Fig. 7-2B. At t = O, the switch is 
closed The voltage Em is now applied to the SR,

Fig. 7-2. Square Wave, constant power supply: (A) 
simplified circuit part; (B) flux-current relation; (C) core 
flux; (D) output voltage; (E) current between C and SR.
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(7-1)Em fit
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RES

a I its core flux $ increases according to Microwave engineers
By assuming zero width of the flux-current 

loop of the core, and infinite resistance for the 
load, no current is drained from the capacitor C, 
so the output voltage Co — Em. The flux $ in­
creases linearly as shown in Fig. 7-2C. At t = 
T 2, saturation is reached. The only impedance 
in the discharge path of the capacitor C is as- 

| sinned to be derived frm the air flux of the SR.
A sinusoidal current i of very short duration 

will flow (Fig. 7-2E), transferring the electro­
static energy of the capacitor into electromag­
netic energy of the air field of the reactor, and 

| then returning this air field energy to the capaci­
tor C, resulting in a voltage reversal of the ca­
pacitor. Under the influence of — Em the core of 
the SR will now decrease its flux linearly until 
t = T, where another reversal, similar to the one 
described above, takes place. Since the losses are 
assumed zero, this oscillation will continue, re­
sulting in an output voltage e0, of nearly square 
wave shape.

By connecting the circuit of Fig. 7-2 by means 
of a linear inductor L to an ac supply voltage (re­
sulting in the circuit previously shown in Fig. 
7-1), continuous generation of square waves is 
assured. At the same time, the constant voltage 
properties of this circuit are retained. It should 
be pointed out, however, that the flow of output 
current into the load spoils the squareness of the 
output voltage (Refs. 7-3, 7-4).

MODEL 372 SLIDING COAXIAL TERMINATIONS
This equipment, available only from Narda, provides the 
most convenient means for evaluating the residual VSWR of 
coaxial slotted lines. VSWR of the element is 1.05 or less; 
covers range from 2000 to 12,400 me.

N Connectof, male er female $110 C Connect«, male or female $116

MODEL 371 FIXED COAXIAL TERMINATION
This Narda coaxial termination Is the first and only to cover 
the entire frequency range from S to X band. Same range and 
element VSWR as above.

N Connector, male or female $55 C Connector, male or female $58

3. 6.10 and 20 DB

40 OB HIGH POWER

HIGH DIRECTIVITY COUPLERS
The 40 db High Power Coupler is another exclusive Narda 
product. Similar to standard types, except that coupling irises 
are in the narrow wall, it may be used at full rated power 
of the waveguide size. Nominal coupling value is 40 db; 
directivity 40 db. Directivity for 3, 6, 10 and 20 db couplers 
is also 40 db. Standard cover flanges on primary line; low 
VSWR termination and standard cover flange on secondary. 
All bands covering frequencies from 2600 to 18,000 me.

STANDARD REFLECTIONS
Narda offers five values of reflections for each of six dif­
ferent waveguide sizes the most complete choice we 
know of! Provides calibrated reflections or VSWR’s for use 
in standardizing reflectometers or calibrating slotted line 
impedance meters.

A-C

A-C
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Pulse Transformer T
Ignitrons

Fig. 7-3. Pulse former circuit for firing of ignitrons.

Pt lse-F ormer Circuit, Firing of Ignitrons
!t has been shown in Fig. 7-2E that a sharp 

ci rrent pulse flows between capacitor C and SR.
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SPECIFICATIONS
Reflection 

Coefficient 0.00 0.05 0.10 0.15 0.20

Accuracy 0.002 0.0025 0.0035 0.0045 0.007
vSwft 

Equivalent 1.00 1.105 1.222 1.353 1.50

Models for 2.60 to 18.0 kmc, from $125 to $300

Where can you use 
these exclusive features 
offered by narda?

Waveguide and Coaxial IMPEDANCE METERS
Exclusively in Narda Waveguide and Coaxial Impedance Meters, the 
carriage mounting and drive mechanism are integral with the precisely 
machined transmission line casting. This insures permanent accuracy 
and freedom from slope errors—no more tedious adjustment or possi­
bility of misalignment.
Other features include angle-mounted scale and vernier for optimum 
visibility; readily removable supporting pedestal; and smooth carriage 
travel action. Waveguide models, accurate for VSWR’s of 1.01, are 
available for complete coverage from 2600 to 18,000 me; N or C Con­
nector coaxial models, from 1500 to 12,400 me.

ATTENUATORS 

STANDARD REFLECTIONS 

HOLOMETERS 

THERMISTORS

WAVEGUIDE IMPEDANCE METERS
Frequency 

(kmc)
Narda
Model

Residual 
VSWR Price

2.6 — 3.95 224

1.01

$425

3.95— 5.85 223 350

5.3 — 8.2 222 325

7.05—10.0 221 270

8.2 —12.4 220 250

12.4 —18.0 219 270

COAXIAL IMPEDANCE METERS

Frequency 
(kmc)

Connectors 
(One Male, 

One Female)
Narda 
Model Price

1.5 to 12.4 Series N 231 $360

1.5 to 12.4 Serles C 232 390

Complete Coaxial and Waveguide Instrumentation for Microwaves and UHF—including:
DIRECTIONAL COUPLERS 

TERMINATIONS 

FREQUENCY METERS 

HORNS

TUNERS 

ECHO BOXES 

SLOTTED LINES 

BENDS

the narda
microwave corporation

160 HERRICKS ROAD, MINEOLA, N.Y. • PIONEER 6-4650

MAIL COUPON TODAY FOR 
FREE CATALOG AND NAME OF 
NEAREST REPRESENTATIVE
The Narda Microwave Corporation 
160 Herricks Road 
Mineola, N. Y.
Dept. ED-1

NAME.

COMPANY

ADDRESS.

CITY ZONE_______ STATE
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2-1

Fig. 8-1. Self saturated, half-wave magnetic 
amplifier.

This pulse can be used for firing ignitrons as 
shown in Fig. 7-3. The circuit is derived from 
Fig. 7-1 by connecting the primary TP, of a pulse 
transformer in series with SR. Thé secondary TS, 
of the pulse transformer energizes the ignitors 
via rectifiers and resistors (Ref. 7-5). Rectifiers 
are used to avoid damaging the ignitors with re­
verse current.

ihe circuit shown in Fig. 7-1 also serves as the 
starting point for so-called “pulse sharpening cir­
cuits which are used, among other things for 
radar circuitry control (Ref. 7-5).

8 SR and Rectifier Rec
Self-Saturating, Half-Wave Magnetic Amplifier

By replacing the symmetrical, non-linear re­
sistor of Section 5, Fig. 5-1, by a rectifier, the 
self-saturating, half-wave magnetic amplifier re­
sults (Fig. 8-1). This circuit is the basic building 
block of the vast majority of magnetic amplifier 
applications (Refs. 8-1 to 8-5).

Recently, the application of magnetic ampli­
fiers to static switching applications has been re­
vived. Since the operation of many of these 
switching applications is analogous to typical 
magnetic amplifier operation, references to static 
switching applications are listed here. Refs. 6-2, 
6-11, 8-8 to 8-14.

Cores and rectifiers are also used in increasing 
numbers in computers and in digital information

----- —o

i T°SR Ç Control
v-g Source

0 
A 
D

D-C(+)

e0 REC

D-C(-)
handling equipment. These circuits usually use a 
plurality of cores and rectifiers and hence fall 
outside the scope of this paper. For readers inter­
ested in this field, Refs. 8-15 to 8-19 have been 
prepared.

9 SR and Transistor T
Oscillator, Frequency Modulator

An SR is connected in series with a transistor T 
as shown in Fig. 9-1. Winding 2 of the SR is con­
nected to the load resistor by means of the closed 
switch S (Ref. 9-1).

Assume that the core of the SR is unsaturated. 
If the dc supply voltage is now applied to the 
circuit, the transistor will pass some current, and 
part of the dc supply voltage will appear as a 
positive voltage across winding 1 of the SR. This 
voltage is transformed into winding 3 which pro­
vides positive feedback and makes the transistor 
fully conducting. A positive ouput voltage eo is 
induced simultaneously in winding 2. This sup­
plies power to load resistor R, and also charges 
the1 distributed winding capacitance C, of the SR.

When the core flux reaches the positive knee 
of the flux-current loop, the voltage induced in 
winding 3 becomes smaller, so the emitter-col­
lector resistance of the transistor goes up. This 
process is cumulative to the point where the volt­
age across winding 1 will even reverse (that is, it 
becomes negative) in order to maintain its state 
of magnetization according to Lenz’s law*.

The voltage on winding 3 also becomes nega­
tive and current flow7 in the transistor is blocked. 
However, a negative voltage also appears on 
winding 2, which is able to carry a current to 
satisfy Lenz’s law. Thus, the capacitance C is 
rapidly discharged and recharged in the opposite 
direction.

As a result, the core flux returns from positive 
saturation to the unsaturated part of the flux-cur­
rent loop. The ouput voltage eo, which is now 
negative, decreases the flux in the cores accord­
ing to Eq. 2-2. The transistor is blocked from 
conduction by winding 3. The core flux finally

? R
D

Fig. 9-1. Basic oscillator circuit.

reaches negative saturation, whereupon Lenz’s 
law causes a positive voltage to appear across 
all windings of the SR. As a result, the transistor 
again turns full on, and completes the cycle of 
operation, producing ac in the load resistor R.

If one desires to obtain a series of unidirec­
tional pulses in the load resistor, switch S is 
opened and rectifier Rec becomes effective.

The oscillator frequency can be controlled 
over a range of 3 to 1 by varying the dc supply 
voltage E (Ref. 9-1). A different manner of vary­
ing the frequency consists in introducing a de­
control signal to the fourth winding of the SR

An SR can be combined with two transistors 
to form a square wave oscillator, which, among 
many applications, can be used to energize mag­
netic amplifiers (Ref. 9-2 to 9-7).

Combinations of transistors and magnetic cores 
are used in computer engineering as indicated 
by Refs. 9-8 to 9-10.
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7-1 Anordnung zur Entnahme Konstanter Verbraucher­
spannung aus einem Netz veränderlicher Spannung, 
M. Osnos, Germ. Pat. No. 578,321. Oct. 21, 1925.
7-2 A Magnetic Trip Amplifier, R. B. Hodson, E. W. 
Manteuffel, AIEE Conf. Paper No. 56-292, 1956.
7-3 A Magnetic Voltage Reference, E. W. Manteuffel, 
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Honeywell’s new Transistor family

actions, Paper No. 57-5, 1957.
8-! Magnetic Amplifiers in Industrial Control Ssystems, 
S J. Campbell, Electrical Manufacturing, Nov., Dec. 
1955.
8-, Applying Magnetic Amplifiers, W. J. Dornhoefer 
and V. H. Krummenacher, Electrical Manufacturing, vol. 
47. No. 3, Mar. 1951, p. 94; vol. 47, No. 4, April, 1951, 
p. 112; vol. 48, No. 2, August 1951, p. 106; vol. 48, 
No. 3, Sept. 1951, p. 92.
8-8 Cypak Systems and Applications of Logic Func­
tions, J. P. Baker, Westinghouse Engineer, July 1956, 
pp. 107-113. .
8-9 Magnetic Logic Circuits for Industrial Control Sys­
tems, W. G. Evans, W. G. Hall, R. I. Van Nice, AIEE 
Transactions, pt. 2, vol. 75, 1956, pp. 166-71.
8-10 Magnetic Amplifier Seqential Circuits for the Asym­
metrical Type, A. S. FitzGerald, AIEE Transactions, vol. 
74, pt. 1, 1956, pp. 685-91.
8-11 A New Static Magnetic Switching Circuit, Using 
Combined “And” and “Or” Functions, R. E. Morgan, 
AIEE Conf. Paper No. CP 57-101, 1957.
8-12 Static Control with Magnetic Amplifier Logic Ele­
ments, J. Sheets, AIEE Conf. Paper No. CP 57-102, 1957. 
8-13 Static Control in Automatic Warehousing, L. L. 
Bosch, A. J. Fanthorp, J. W. Stuart, AIEE Conf. Paper 
No. CP-57-189, 1957.
8-14 Static Switching Devices, R. A. Mathias, Control 
Engineering, May 1957, pp. 67-94.
8-15 Ferromagnetic Core Logic Circuitry and Its Appli­
cation to Digital Computers, A. J. Lincoln, U. S. Dept. 
Commerce, Office of Technical Services, Memorandum 
Report No. 911, PB 111954, Army 1955.
8-16 Magnetic , and Ferro-electric Computing Compo­
nents, V. L. Newhouse, Electronic Engineering, (Brit.) 
May 1954, pp. 192-99.
8-17 Transcendental Function Analog Computation with 
Magnetic Cores, D. H. Schaefer, R. L. Van Allen, AIEE 
Transactions, vol. 75, pt. 1, May 1956, pp. 160-165, Also 
NRL Report No. 4681.
8-18 An Application of Magnetic-Amplifier Circuits to 
Perform Multiplication and Other Analytical Operations, 
L. A. Finzi and R. A. Mathias, AIEE Transactions, vol. 
72, pt. 1, 1953, pp. 455-61.
8-19 A Magnetic Amplifier Switching Matrix, D. Katz, 
AIEE Transactions, vol. 75, pt. 1, 1956, pp. 236-41.

9-1 A Single Transistor Magnetic-Coupled Oscillator, 
K. Chen, A. J. Schiewe, AIEE Transactions, vol. 75, pt. 1, 
1956, pp. 396-400.
9-2 A New Self-Excited Square-Wave Transistor Power 
Oscillator, A. C. Uchrin, W. O. Taylor, Proceedings IRE, 
Jan. 1955, p. 99.
9-3 A Switching Transistor D-C to A-C Converter hav­
ing an Output Frequency Proportional to the D-C Input 
Voltage, G. H. Royer, AIEE Transactions, vol. 74, pt. 1, 
1955, pp. 322-26.
9-4 Operational Magnetic Amplifier with Audio-Fre­
quency Transistor Power Supply, R. O. Decker, F. Gou­
rash, AIEE Transactions, vol. 74, pt. 1, 1955, pp. 490-96. 
9-6 Magnetic Amplifier Control of Switching Transis­
tors, H. W. Collins, AIEE Transactions, vol. 75, pt. 1, 
1956, pp. 585-89.
9-7 Transistor Power Amplifiers with Switched Mode of 
Operation, A. G. Milnes, AIEE Transactions, vol. 75, 
Pt. 1, 1956, pp. 368-72.
9-8 A Variable Frequency Magnetic-Coupled Multi­
vibrator, R. L. Van Allen, AIEE Transactions, vol. 74, 
Pt. 1, 1955, pp. 356-61.
9-9 A Static Magnetic Transistor Analog Divider, D. H. 
Schaefer, AIEE Transactions, vol. 74, nt. 1, 1955 nn. 
652-55.

• Transcendental Function Analog Computation with 
Magnetic Cores, D. H. Schaefer, R. L. Van Allen, AIEE 
Tr< nsactions, vol. 75, pt. 1, 1956, pp. 160-65.

From a paper presented at the Winter General 
M eting of the AIEE in New York Citu, Feb. 
2-', 1958.

Here’s a new family of High Power Honeywell Transistors 
designed for applications requiring low thermal resistance, 
low saturation voltage and high current handling capabilities.

• Highest current carrying capacity — 2N575 and 
2N575A are capable of carrying collector currents in 
excess of 20 amperes.
• Lowest thermal resistance — 0.7°C/watt maximum, 
O.35°C/watt typical.

These characteristics of the new Honeywell High Power 
Transistors make them particularly suitable to high ambient 
temperature applications.
For example, with a mounting base temperature of 85°C, 
this transistor is capable of dissipating 14 watts without 
exceeding the 95°C junction temperature limit. Assuming 
a circuit with a 75% efficiency, 42 watts of useful output 
power would be attainable.

The low saturation voltage makes the high power tran­
sistors ideal high current switches. With 15 amps passing 
through the device, a typical voltage of only 0.3 volts will 
be lost across it.

For information on these new Honeywell High Power 
Transistors contact the Honeywell office nearest you.

Now available with both 60 and 80 volt 
ratings.

2N574 2N574A 2N575 2N575A
Collector-to-base 

voltage rating 60 80 60 80

Typical current gain 
at lc=10 amps 14 14 25 25

LOS ANGELES 
RAmond 3-6611 or 
PArkview 8-7311 
6620 Telegraph Rd.

UNION, N.J. CHICAGO
MUrdock 8-9000 IRving 8-9266
P. O. Box 161 7350 N. Lincoln Ave.

BOSTON MINNEAPOLIS
ALgonquin 4-8730 FEderal 2-5225
1230 Soldier Field Rd. 2749 4th Ave., So.

Honeywell
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beckman frequency meters read right on the 
button: on the run, on the fly, at an angle, at a 
distance. It’s the expanded scale that does it.

how? The jammed-up, useless divisions at the end of the 
scale are ruthlessly pruned.

what’s left? The vital part of the scale, fanned out for 
highest possible readability, resolution and accuracy.

just how accurate? ±0.5% at 400 cps, 
±0.75% at scale extremities.

Beckman'/ Newport Beach, California
HelipOt j division of
Corporation Beckman Instruments, Inc.

Engineering representatives 
in principal cities

When the tension's terrific and a life hangs 
on the balance, Beckman Frequency Meters read

applications? For panel mounting on the ground, in the 
air, and test equipment anywhere. Wherever accurate 
and readable monitoring of frequency is a must.

other features? Beckman Frequency Meters are small. 
Meter, transformer and expansion network are 
entirely self-contained in a ruggedized case.

more? Lots ! Presented in detail in data file 54C.

Billionth Second Timer

makes nanosecond measurements routine

Measurement of time in the 
nanosecond (10~9) range can be 

made on a routine basis. Called the 
Nanosec, this new instrument can resolve 
time intervals as short as 3 nanoseconds 
and covers time intervals to 3 psec.

Shock tube studies, neutron time-of- 
flight measurements, delay line, and 
radar range calibrations are among the 
general categories of time measurements 
that can be made. Made by Eldorado 
Electronics, 2821 Tenth St., Berkeley, 
Calif., the instrument derives its input 
from scintillation counters, photocells or 
other appropriate transducers.

Nanosec consists of two basic ele­
ments: a time-to-pulse height converter 
and a 20-channel pulse height analyzer. 
The time interval between two pulses is 
converted into a pulse whose amplitude 
is proportional to the interval measured. 
This occurs in the time-to-pulse height 
converter in three operational stages 
(Fig- 1).

First, a start pulse is fed into a fast­
acting discriminator. Output of the dis­
criminator triggers a delay-line controlled 
multivibrator. A square gate pulse is pro­
duced whose width is determined by a 
delay line. Then a time-to-voltage con-

TIME TO PULSE HEIGHT CONVERTER 
Fig. 1. Block diagram of Nanosec.
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How would YOU measure RF power accurately
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AAanufacturers of radar and othei high frequency pulse equip­

ment have long felt the need for a primary standard laboratory 
instrument to measure RF power in the microwave region The 
Cubic Calorimetric Wattmeter, Model MC-1B. was designed 
particularly to provide you with a highly precise instrument of 
this type, and one with simple and fundamental instrumentation 
methods to establish long calibration life

For example, precision thermometers are used, since they are 
far more stable and reliable than thermocouple or thermistor 
temperature-indicating circuits. The high accuracy of the 
MC-1B is maintained without frequent calibration

Our Calorimetric Wattmeter consists of two units—a liquid 
circulator and a water load termination The circulator unit 
controls the flow of metered amounts of distilled water through 
the termination, where RF output is converted to heat by means 
of a water load. Heat absorbed by the distilled watei calorimetric 
fluid is measured on precision thermometers. A power scale on 
the teimination permits direct, precise power readings in watts.

Distilled water is used as calorimetric fluid because of its

proper indicator 
in the top panel.

verier generates a negative linear ramp 
pulse. Maximum amplitude of the ramp 
is determined by the width of the gate 
pulse.

With the arrival of a “stop" pulse, the 
converter is turned off. The ouput ramp 
is terminated, and there exists a linear 
relation between the time interval and 
the final amplitude of the ramp.

From the converter, the pulse is fed to 
the analyzer which consists of 20 digital 
counters. Each responds to a pulse of 
only one amplitude. Thus, there are 20 
discreet time intervals which can be 
measured. The total count in a channel 
represents the number of times a time in­
terval corresponding to that channel was 
measured.

With external delay lines, it is possible 
to measure time intervals as long as 5 mi­
croseconds with a resolution of 0.003 
microseconds. If desired, the amplitude 
analyzer may be operated separately as 
a multi-channel pulse height analyzer.

Most sensitive of the three time ranges 
measures from zero to 300 nanoseconds 
in five subranges, each of 20 intervals. 
Resolution is 3 nanoseconds. Accuracy 
over the three ranges is 2 per cent of full 
st de of each range using regulated line 
v< Itage. Highest repetition rate is 600 
measurements per second.

For more information on Nanosec turn 
t< the Reader-Service card and circle 50.

Fig. 2. Measured 
time interval is 
shown on the

high dielectric loss characteristics above 1000 mcs. The circu­
lator permits visual monitoring of the fluid flow rate at all 
times All parts of the circulator are designed and fabricated 
to prevent fluid contamination

Through the use of RF adapters, a match better than 1.15 
in VSWR from 2600 to 26.500 mcs is achieved without prob­
lems associated wuth the excitation and propagation of higher 
order waveguide modes

Metered fluid flow, precision temperature readings and well 
designed control of heat transfer permit extreme accuracies of 
power measurement

Cubic Calorimetric Wattmeters are being used extensively 
by industrial and government laboratories. For example, RCA 
has over 30 of these instruments in use to check out and cali­
brate magnatrons and radar systems Hughes Aircraft Company 
uses the Calorimetric Wattmeter in its laboratories.

Cubic's Calorimetric Wattmeter will prove its accuracy —as 
no other wattmeter can —in your laboratories, in your plant, 
or in the field.

CUBIC CORPORATION
5575 Kearny Villa Road, San Diego 11, California

For a prove-it-yourself demonstration of how you can obtain consistent, repetitive results in RF measurement 

telephone or write...

... Lou G. Dameson, 
Chief Design Engineer, Cubic Corporation

CUBIC
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HIGH TEMPERATURE COMPONENTS

HE SEARCH for high temperature

followed

Technical Products Company
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The curves represent the relative current 
which would be drawn by various high tem­

perature relays when operating at low tem­
peratures. For comparison purposes, the coil 
current at maximum design temperature is 

considered to be unity.

■ reliability’ 
unfortunate 
closely upon

environmental testing tool 
offers first-time features 

for analysis of

TRACKS AUTOMATICALLY

Auxiliary equipment — TP-628 Servo 
Drive — allows automatic tracking to 
frequency set by speed of equipment being 
analyzed... follows RPM, multiples of 
RPM, or shake-table drive... 
throughout an operating range. 
Uses and applications are limitless. 
Other auxiliary equipment includes a 
TP-633 Power Integrator, which provides a 
power spectral density analysis of 
random waves. Get full details on this 
important design and environmental 
testing tool. Write for new bulletin on the 
TP-625 Wave Analyzer System.
Developed, improved and manufactured by

important design

S. M. DePuy
General Electric Company 

Specialty Control Department 
Waynesboro, Va.

VIBRATION — STRAIN — PRESSURE

High Temperature | 
Relay Designs

100 300 300 400
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time, since

Increasingly important to environmental 
testing, the TP-625 Wave Analyzer System 
offers performance features never 
before available. Determines frequency 
and amplitude of vibration... 
strain ... pressure — any mechanical, 
chemical, optical or other variable which 
can be converted to an electrical signal 
ranging from 2 to 25,000 cycles.
Individual wave components are measured 
in decibels, in percent of total signal, 
or both. Results are indicated on a 
calibrated attenuator and meter, and 
on a recorder if desired.

pected that such relays will be available 
for use in the near future. The principal 
considerations in the design of such a 
relay will concern the increase in operat­
ing voltage and watts at higher tempera­
tures, and the problem of making reli­
able connections.

Since magnetic relays are operated by 
coils which increase in resistance as coil 
temperature rises, it follows that as the 
temperature is increased, coil voltage and 
watts must be increased to provide the 
necessary coil current to operate the re­
lay. Some designs depend on a reduction 
in spring forces and changes in adjust­
ment resulting from thermal expansion. 
Changes such as these may adversely 
affect operation at extremes of tempera-

on miniaturization. With a product al­
ready reduced to the barest minimum in 
size and weight, the relay designer had 
no alternative but to find new dielectric 
materials and heat resisting metals. In 
this search the designer was partially 
successful. New techniques with Formex, 
and the use of Teflon where possible, car­
ried dielectric problems toward a solu­
tion providing the 200 C relay.

At present, the 300 C relay does not 
seem impossible. By the use of inorganic 
insulation and high temperature springs 
and contacts, it can reasonably be ex-

... PULLS OUT” AND MEASURES HAku 

TO ANALYZE WAVE COMPONENTS. SELECTS 

FREQUENCIES AS CLOSE AS 2 CYCLES APART
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SYNTHANE CORPORATION, 42 RIVER RD., OAKS, PA.

Dependable operation of a school 
bus, a truck, or your own car involves 
the functioning of many parts. One 
breakdown can wipe out the memory 
of ten thousand trouble-free miles.

Some of these parts are made of 
laminated plastics. They’re usually 
unseen, unsung, small in size yet effi­
ciently performing their job.

Their cost is relatively insignificant 
when compared with the cost of 
equipment in which they work, but 
it should be sufficient to insure de­
pendability.

Actually, what you pay for Syn­
thane laminated plastics is little or 
no more than you’d pay for any

ELECTRONIC DESIGN • May 14, 1958

Synthane plastic laminated bush­
ings and breaker arms for auto 
motive ignition.

ture and should be minimized or com­
pensated for in the design.

In most designs, a coil operating at 
400 C will require nearly twice the power 
and release twice the heat as one operat­
ing at 100 C. To reduce this coil heat 
and power, requirement, a larger coil 
size will be required. However, a relay 
designed for high temperature operation 
will draw considerably higher currents 
when operated at low temperature. The 
graph indicates the current drawn by a 
relay which has been designed for high 
temperature operation and is operating 
at lower temperatures with the same ap­
plied voltage. While these higher coil 
currents will not cause undue heating at 
the lower temperatures, trouble may be 
experienced in associated equipment 
where close regulation of power supply 
is required or false operation of protec­
tive equipment may occur. Also, the mag­
netic forces of the relay wall be increased 
and relay life may be shortened.

The type of termination used must be 
either high temperature solder, welding, 
or mechanical means capable of main­
taining low contact resistance after long 
exposure to high temperature. Such con­
nection must be protected by either fin­
ishes or inert atmosphere protection. An­
other problem is the loss in dielectric 
strength of air at elevated temperature, 
particularly at high altitude. As an ex­
ample, the breakdown voltage of a gap at 
3( ) C would approximate the breakdown 
v< tage at one-half that gap at room 
t< nperature at the same pressure. To 
m et these conditions, either additional 
sj icing and barriers may be required, or 
dielectric coatings may be applied to in­
ci ase breakdown voltage at terminals.

other plastic laminate. But the Syn­
thane price includes top quality ma 
terials, product control, excellent 
facilities and workmanship, an as­
surance of continuous supply, and 
a long reputation for fair dealing.

If you are interested in a reliable 
source of laminated plastics—sheets, 
rods, tubes, or completely fabricated 
parts, write for an interesting catalog 
or call our representative nearest you.



KEEP UP-TO-DATE ON MAGNETICS

Now—guaranteed practical inductance limits for regular
and frequency-stabilized permalloy powder cores

Call them frequency-stabilized or temperature stabilized, the 
important thing about these new molybdenum permalloy 
powder cores made by Magnetics, Inc., is our guarantee of 
core inductance within realistic limits. You can write—right 
now—for these guaranteed limits.

Filter circuit designers will take note that these guaranteed 
limits for permalloy powder cores are far tighter than those 
published before. Note also that they are guarantees on in­
ductance which is the parameter of chief concern to the core 
user rather than on permeability.

This can save you dollars on your production line—by cut­
ting down on adjustment of number of windings on coils.

CIRCLE 54 ON

And you know, too, that temperature stabilization eliminates 
difficult compensation problems.

But did you know that we guarantee these new inductance 
limits for all of our permalloy cores, whether stabilized or 
not? Fora// the facts, write us at Magnetics, Inc.,Dept. ED-47, 
Butler, Pennsylvania.

mHBnETICS Inc

Sealed 

Rotary 

Switch

SOME unusual constructional details, such as 
free-floating wipers and a completely water­

tight 1/2-in. shell, make this switch notable. 
The switch has such ratings as: 100,000 cycle 
life; 125 C temperature; contacts 1 amp 250 
v de resistive, and 350 ma 100 v de inductive; 
contact resistance less than 0.008 ohms; dielec­
tric strength 1000 v rms between terminals or to 
ground; low capacity between all parts; and 
several environmental qualities, including good 
resistance to corrosion, shock and vibration.

Sixteen shorting and seven non-shorting switch­
ing arrangements are currently being produced 
by the Daven Co., Livingston, N.J. A typical ar­
rangement of the series G switch might be one 
pole, with up to ten positions shorting. The mate­
rials used are of a corrosion resistant type or are 
suitably treated or plated to resist corrosion. All 
plastics used are heavily filled with glass or orlon 
fibres. The O rings are neoprene or silicone 
rubber. No ferrous material is used for current 
carrying parts, and the use of dissimilar metals

The design of the wiper assembly is generalized 
in this drawing. Circular in shape, the free-floating 
wipers are dropped into apertures in the rotor during 
assembly. The detent mechanism, consisting of two balls 
on either end of a spring, is near the shaft-end of the 
switch.

ELECTRONIC DESIGN • May 14, 1958
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straighthe assembly of the switch

Truly sub-miniature, these capacitors were devised especially for printed circuits and automatic assembly 

Since they retain ail the properties of larger, pig-tail capacitors, they are well suited to general circuitry as well.

b-miniature size
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Rugged • These capacitors, when 
mounted, successfully withstand a 
standard five-hour vibration cycling 
test at 10 to 55 cycles, 15G Max.

Known as WL-4 capacitors, these 
units are in mass production. Your in­
quiries concerning data and prices are 
welcome.

1. to MIL C-11272A except smaller
2. 1 to 1,000 uuf
3. 300 volts
4. 125°C. full rating
5. .010 cubic inches

These new capacitors measure only 
%2 x 1%4 x .115, yet have capacitances 
up to 1000 uuf at a full 300 V. rating 
at 125°C. Such exceptional thinness 
makes these capacitors particularly well 
suited for vertical mounting in small, 
high-rated units.

I he capacitors have high tempera­
ture soldered leads which allow direct 
connection to circuit boards. The leads 
are .100 inches long, fitting most cir­
cuit board thicknesses and eliminating 
any trimming.
Reliable • Since the new construction 
is extremely simple, reliability is cor­
respondingly high.

ating 
jring 
balls 
f the

was avoided to prevent electrolytic corrosion.
Both the shell and the switch shaft are made 

of type 303 non-magnetic stainless steel. Two 
grooves for O rings are provided on the portion 
of the shaft'inside the bushing. The end of the 
shaft inside the switch is terminated by a short

Packing up to 1,000 uuf at 300 V. 
and 125°C. into 0.010 cubic inches, 
these new capacitors are designed 
for use on printed circuit boards 
and all applications requiring high- 
quality components. Advantages in­
clude fixed temperature coefficient, 
high insulation resistance, low die­
lectric absorption, the ability to op­
erate under high humidity and high 
temperature conditions, plus the 
added advantage of increased min­
iaturization.

You can now up-grade your specs 
for miniature capacitors used on 
printed circuits.

drilled through the center of this cylinder at 
right angles to the shaft, and a helical spring w ith 
a ball at each end (see drawing) is inserted to 
provide the moveable part of the detent mecha­
nism. During assembly, a phenolic rotor is secured 
to the shaft by spinning over a hollow rivet on 
the flat end of the cylinder.

The rotor assembly, which is heavily filled 
with glass or orlon fibres, is provided with aper­
tures which make it possible to drop in the wipers 
during final assembly. The wipers are in fact free 
floating due to the arrangement between the 
rotor and the contacts, and as a result they can­
not be unduly stressed during assembly. The 
wiper material, which is rhodium-plated beryl­
lium copper, is also not subject to the corrosion 
which might occur if they were fastened by a 
dissimilar material. The combination contact­
terminals and pole pieces are precision formed 
out of silver alloy. The contact portion is curved 
slightly, so that the entire array of contacts is a 
discontinuous circle, which provides smooth 
wiper action and eliminates the possibility of 
the wiper hanging up on contact edges.

CORNING GLASS WORKS, 97-5 Crystal St., Corning, N.Y 
Electronic Components Department 
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forward procedure which does not require bend­
ing. fitting or filing. After the switch parts have 
bet n assembled and tested, the shell is spun 
ov< r the contact-terminal panel. Heavily fillec 
ep< xy resin is then applied to the contact-termi- 
nai panel to seal this panel to the shell.

or more information on the series G switch, 
tuin to the Readers-Service card and circle 55.



Cool Canned Power Resistor

Fafnir presents a

MINIATURE BALL BEARINGS

? 151

mo

Fig. 2. New resistor construction
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DISSIPATING 25 w, this power resistor gets no 
hotter than 175 cleg C. With a stability on the 

order of 0.1 per cent change in 1000 hours at full 
load, and a temperature coefficient of less than 
20 ohms per megohm per deg C, the resistor can 
be used for precision power attenuators, ultra­
stable loads, precision power dividers, high re­
liability applications, and in corrosive or humid 
atmospheres. It is useful in places where heat 
might damage nearby components or where small 
size is important.

The new power resistor, manufactured by the 
Resistor Division of Topaz Transformer Products, 
Inc., 1337 Morena Blvd., San Diego, Cal., contains 
no moving mechanical parts. It can operate in 
any position and has a lower operating wire tem­
perature than any other resistor of its size and 
wattage. The basic unit consists of a precision re­
sistance wire wound on an extruded ceramic core. 
Connections to the leads and terminals are silver- 
soldered to eliminate failures which might be pro­
duced by spot welds or soft solder. The wire­
wound core is mounted in two chemically inert 
and physically resilient end holders which pro­
vide for differential expansion of the other parts 
of the resistor. The wire itself is cemented to the 
ceramic core, to prevent slippage or shorting out 
between turns. Virtually all the resistance wire is 
surrounded by a chemically-inert. high-dielectric 
strength liquid. The entire unit is then enclosed 
in a copper housing which makes physical con­
tact with a standard chassis.

When current is passed through the wire, the 
liquid boils and, so doing, absorbs heat. Conduc­
tion and convection occur; the heat is given up by 
the liquid to the thermally efficient copper case. 
A high insulation resistance—approximately 10,­
000 meg—is maintained while the wire is cooled 
at a high rate. The wire temperature is over 300 
per cent cooler than that of other types of similar­
wattage heat-dissipating resistors. A short thermal 
time constant from load variations is valuable in 
applications where adjusted load drift cannot be 
tolerated.

A test group of units has been run for over 
3000 hours without a single failure, boding well 
for the unit’s reliability.

At the time of writing, the resistor is available 
in only one physical configuration, shown in the 
photograph. Other variations will be available as 
soon as the necessary tests are conducted. Over­
all length of the resistor is 1-1/2 in., and diameter 
is 3/4 in. Power rating is 25 w, resistance is from 
1 to 16,000 ohms, with tolerances of from 0.05 to 
5 per cent. Hi-pot rating is 1500 vdc. Winding is 
inductive; the unit is designed to be chassis-

Fafnir now offers a series of miniature 
ball bearings, developed expressly for 
precision instrument applications, 
where performance and long 
life are vital.
Bearings in this new series are 
manufactured entirely of extra clean, 
vacuum melt, 440C stainless steel, to 
eliminate the chances of pits and 
imperfections in the races. Superior 
race finishes make supersensitivc 
bearings with low torque values.
They are made to ABEC-5 
tolerances or better, and offer a 
“balanced design” because each 
bearing is equipped with a separately 
designed retainer. Thus the pitch circle 
of the balls is centered between the 
bore and outside diameter.
Write for bulletin listing sizes and 
dimensions, available in Fafnir’s new 
precision miniature series. The Fafnir 
Bearing Company, New Britain, Conn.

Four design variations in each size 
Open Type • Twc Shields 

Flanged Type • Flanged Two Shields

NEW
series of

1, Vacuum melt i^OG 
stainless steel

2. Balanced design
3. Precision tolerances
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(0
Fig. 1. Typical operating conditions of the can­
ned resistor on a 12 x 12 x.059 in. aluminum 
panel. Notice that the wire is kept much cooler 
than the wire in other power resistor types.

mounted. Fig. 1 (a), (b) and (c) show the typical 
operating conditions on a 12 x 12 x 0.059 in. 
aluminum panel.

This power resistor compares with power re­
sistors typically operated at high wire tempera­
tures—often higher than 500 deg C. In other units 
the wire is often exposed to the air which oxidizes 
it and prematurely causes “opens,’’ or are en­
closed in glass and vitreous enamel which, while 
good electrical insulators, are also excellent heat 
insulators.

Similar canning of the type used in this power 
resistor can be applied to silicon power diodes 
an 1 other high powered components.

or further information please turn to the 
R* tder Service card and circle 58.

.. .with
the new
Genisco-

high-output 
amplifiers!

Seven models—rugged enough 
for production line testing; 
versatile enough for almost 
all laboratory needs.

Here’s the new line of quality, high- 
output amplifiers you’ve been waiting for! 
All seven models feature high power out­
put, low distortion, exceptionally high relia­
bility and stability, and excellent output 
voltage waveform.

The Model KLF, shown at left, is par­
ticularly useful as an exciter for vibration 
testing equipment and as a variable fre­
quency power supply for a multitude of 
production and laboratory needs. It will 
operate continuously with an output of 
1,000 watts from 6 to 2,000 cps.

Components of all Genisco-Savage 
Amplifiers are mounted on 19" vertical 
panels to facilitate easy inspection and 
maintenance. Quick-release grill covers 
make all tubes readily accessible from the 
front. Numerous built-in safety features 
protect the equipment from operator errors.

Two New Shake Tables Available The 
new Model VI000 Genisco-Savage Shaker 
features a very light moving coil assembly, 
high thrust-to-weight ratio, automatic 
impedance matching, and an excellent out­
put waveform. A continuous alternating 
thrust of ±600 lbs. is produced at 1,000 
watts control power. Thrust can be 
increased to ±750 lbs. peak by use of a 
blower (Model V1000B). Both models have 
been stress-tested to withstand continuous 
operation at accelerations of 100 G’s.

The Genisco-Savage
Model V1OOO Shaker

□ >

*>■
Ml

BRIEF 
SPECIFICATIONS

MODELS

BM2 DM2 KM2 1OK KM2S KLF KRF

Output 250 w at 
50 or 100 v

500 wat 
50 or 100 v

1000 w at 
50 or 100 v

10,000 w 
maximum

1000 w at 
50 or 100 v

1000 w at 50, 
100, or 200 v

1000 w at 25, 
50 or 100 v

Frequency 
Ringe

50 to 10,000 
cps at 250 w

50 to 10,000 
cps at 500 w

50 to 10,000 
cps at 1000 w

40 to 10,000 
cps at 10,000 w

50 to 10,000 
cps at 1000 w

6 to 2000 cps 
at 1000 w

5 to 100 kc 
at 1000 w

Sensitivity
0.036 v at 
600 Ohms

0.04 v at 
600 ohms

0.1 v at 600 
ohms

0.16 v rms at 
600 ohms for 

10,000 w output

1 o.i v at 600 

ohms
0.05 v at 600 

ohms
0.5 v at 600 

ohms

Distortion
1% at 250 w, 

1000 cps
0.75% at 500 w, 

1000 cps
Less chan 0.75% 
at 1 kw, 1000 cps

Less than 3% 
at 10 kw, 
1000 cps

Lesi than 0.75% 
at 1 kw, 1000 cps

Less than 5% 
at 1 kw, 10 to 

1000 cps

Price and delivery of both amplifiers 
and shakers are exceptionally good. 

For complete specifications and prices 
send for the new four-page 

illustrated brochure.
- I

2233 Federal Avenue 
Los Angeles 64, California

!

I

CIRCLE 59 ON READER-SERVICE CARD

958 ELECTRONIC DESIGN • May 14, 1958 71



NEW PRODUCTS

WAVEFORM ANALYZER

SILICON RESISTOR

To provide a complete coverage of ALL new products gen­
erally specified when designing electronic original equipment, 
the New Product section has been extended. To include the 
larger number of items, products which are best suited to a 
brief description have been noted at the end of the section.

ECTRONIC DESIGN • May 14, 1958

100 120 140 1*0

Called the Sensistor, this silicon transistor is noteworthy due to a stable positive temperature 
coefficient of resistance of 0.7 per cent per deg C. Because of this large positive coefficient, 
the Sensistor can be used as a temperature compensating device for a silicon transistor by simply 
connecting it in series. Two configurations are available: the TM 1/4 is an axial lead molded 
device which is linearily derated at full load from 100 to 150 C; the TC 1/8 is encased in a TO-5 
round-welded package and is derated linearily at full load from 125 to 200 C. Both have standard 
resistance ratings ranging from 100 to 1000 ohm at 25 C.

Texas Instruments Inc., Dept. ED, P.O. Box 312, Dallas, Texas
CIRCLE 61 ON READER-SERVICE CARD

An electrostatic coupling probe minimizes load­
ing of the circuit when using this waveform an­
alyzer. Model EA-1 has applications in the testing 
or trouble-shooting of any type of electronic 
equipment having periodic or recurrent wave­
forms. A twelve-position rotary tuner, with an 
assortment of interchangeable tuner clips, makes 
it possible to tune to frequencies in a range from 
3 me to 240 me. The use of tuned circuits achieves 
a high degree of sensitivity, and makes possible 
the viewing of rf waveforms without the use of an 
external demodulator.

Kingston Electronic Corp., Dept. ED, Med­
field, Mass.
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AMBIENT TEMPERATURE—*C \
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AT 25*C WIU GIVE THE NO LOAD RESISTANCE
AT THE DESIRED AMBONI



The

And Inso gives you so much more

transistorized 
applications

supplied with 
rimdom lengths” 
108 ft, etc.) you

Let us send you a sample and complete technical data. 
Write today to Section ED-5

Here’s a 
typical 

problem in 
tele-meter, 

strain gage, 
miniaturized

in Teflon® multi-conductor cable... 
random lengths

Stop paying for cable you can't use. Reduce costs on your next 
Cable P.O Specify INSO Teflon Multi Conductor Cable in continuous lengths up to 
1,000 feet and save money. Cut it to your exact production requirements with no 
scrap, no waste, no leftovers.

Your Production Spec calls out 27 foot cable. rotOAwjl 
cable in “random lengths.” When you cut 27 foot 
which are not exact multiples of 27 feet (i.e. 27 ft., 54 ft., 81 ft 
end up with waste pieces you can’t use.

IN CONTINUOUS, UNSPLICED, UNBROKEN, 
PINHOLE FREE LENGTHS UP TO 1,000 FEET!

REDUCE WASTE, 
SAVE MONEY...USE

ELECTRONIC DESIGN • May 14, 1958

WAVEGUIDE SWITCH
double-ridged model H14A2AA provides

INSO Products, Ltd. A Subsidiary of Adam Consolidated Industries, Inc.

Manufacturers of fused film Teflon wire and cable
404 Fifth Avenue, New York 18, N. Y. Wisconsin 7-4700 
TWX: NY 1-4621 Cable address: INSULATION, N. Y.

CIRCLE 64 ON READER-SERVICE CARD

• Maximum space savings—O.D. reductions as much as 53%
• Maximum weight savings—As much as 36%
• Maximum flexibility—“Dress” it once and it stays put

DIRECT VIEW STORAGE TUBE
The black background of this direct view storage 
tube permits viewing of an image for over five 
minutes in virtually any ambient light environ­
ment. The 5-inch tube is one of a line of stand­
ard DVST’s with screen sizes of 5, 10, 15 and 21 
in. The tubes have applications in airport sur­
veillance, transient studies, data transmission in­
cluding half-tones, and visual communications 
requiring bandwidth transmission over telephone 
lines. The tubes are equipped with writing, 
viewing, and erasing guns. The erasing gun allows 
elimination of local areas from the display.

Allen B. DuMont Labs., Inc., Dept. ED, 750 
Bloomfield Ave., Clifton, N.J.
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16| c Teflon®I fl j MULTI-CONDUCTOR CABLE

. MEES

broad frequency characteristics for DR19 or 
equivalent waveguide. The actuator is noise free 
and equipped with interlock circuitry. Frequency 
range is 4.7 to 11 kmc. VSWR is under 1.15 to 1; 
insertion loss is 0.5 db.

Thompson Products Inc., Electronics Div., 
Dept. ED, 2196 Clarkwood Rd., Cleveland 3, 
Ohio.
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NEW PRODUCTS
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Potentiometer
Dissipates 3 w at 60 C

ets, anmissiles, roe

Model Cl 110 potentiometer fea­
tures high resolution and linearity. 
The ten turn unit measures 1-1/16 
in. x 1-7/8 in. The potentiometer 
dissipates 3 w at 60 C, standard 
linearities are 0.5, 0.1 and 0.05 per 
cent, and the best linearity is 0.03 
per cent above 5 K.

Analogue Controls, Inc., Dept. 
ED, 39 Roselle St., Mineola St., 
Mineola, N.Y.
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invites you to utilize its

Crossbar Scanne
High scanning speed

........... . ■
Model SC2 is capable of scanning 

500 pairs of input connections at a 
rate of 50 pairs per second, bringing 
the selected pair to a set of output 
terminals.

The applications of this crossbar 
scanner are scanning thermocouple 
voltages, strain gage voltages, and 
analog computer outputs. The scan­
ner is designed around the Type F 
crossbar switch which is operated 
from Burroughs magnetic-beam­
switching commutators buffered 
with RCA 2N301 transistors.

To satisfy the speed requirement, 
a novel type of logic combining the 
advantages of electronic circuitry 
with those of the crossbar switch 
has been incorporated.

James Cunningham, Son & Co., 
Inc., Dept. ED, Rochester 8, N.Y.
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Data Recorder
Utilizes Magnetic film

&

ih
er

:

■
I -

This multi-channel data record­
ing and reproducing equipment 
employs perforated 35 mm mag­
netic film as the recording media. 
The film is driven by a 32-tooth 
precision sprocket and synchronous 
drive motor to insure high timing 
accuracy. Audio components are 
plug-in assemblies.

Magnasync Mfg. Co., Ltd., Dept. 
ED, 5546 Satsuma Ave., N. Holly­
wood, Calif.
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Trimmer
100 ppm temperature coefficient
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Model A10-W trimming poten­
tiometer incorporates an internal 
design making possible such per­
formance as 100 ppm temperature 
coefficient, dependable continuity, 
reduced end resistance, and zero 
end shake. The wirewound resist­
ance element is available in 40 
standard values, ranging from 10 
ohms to 100 K. Standard tolerance 
is ±5 per cent but 1 per cent toler­
ance can be ordered. The unit is 
rated at 1 watt to 70 C, derating to 
0 at 175 C. Trimmer adjustment is 
achieved with a 25 turn screw. The 
wiper blade of this trimming unit 
has a safety clutch to prevent in- 
te nal damage.

Dale Products, Inc., Dept. ED, 
C lumbus, Neb.
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BRUBAKER ELECTRONICS ENGINEERING SERVICE

WHITTAKER GYRO NUCLÉAR INSTRUM1NT

WHITTAKER CONTROLS

DIVISIONS AND SUBSIDIARIES OF TELECOMPUTING CORPORATION
Production line electronic components manufactured by IC include magnetic amplifiers • capacitors • microminiature relays



NEW PRODUCTS
Plug-In Circuits

Utilizing germanium transistors

20

• TIME

The T-series of 250-kc plug-in 
circuits using germanium transis­
tors are for application in timing, 
•control, and computer systems. The 
'‘circuits are totally enclosed in a 
metal case of 7/8 in. diam with a 
seated height of 2-3/16 in. Cases 
may contain more than one circuit 
and are not potted. Standard hard­
ware and sockets are used. ,

Engineered Electronics Co., Dept. 
ED, 506 E. 1st St., Santa Ana, Calif.
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Line Voltage Adjuster
Steps voltage from 95 to 135 v

these nuts 
can be replaced 

in

Model 920B line voltage adjuster 
and stepper is designed to vary the 
input voltage for testing the per­
formance of electrical and elec- 

.tronic equipment. The unit pro­
vides for adjusting and stepping the 
line voltage from 95 to 135 v ac 
for any fixed input voltage in the 
range of 95 to 135 v ac. The output 
capacity of this unit is 3.5 kva for 
input line voltage above 114 v. This 
output capacity decreases linearly 
to 3 kva at an input line voltage of 
95 v. The output step voltage can 
be adjusted from 0 to 40 v.

Kepco Labs., Inc., Dept. ED, 
131-38 Sanford Ave., Flushing 55, 
N.Y.
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HERE’S THE

Insert removal tool, with 
downward pressure, be­
tween nut and shell, as 
shown. Lean tool against 
nut barrel to insure en­
gagement.

Maintain downward pres­
sure. Nut will snap out 
easily with a simple pry­
ing motion.

Install new nut by insert­
ing one lug in shell and 
striking opposite lug with 
screwdriver. This lug 
snaps into place.

MAKE THIS SIMPLE TEST YOURSELF
If you haven’t tested the TIMESAVER nut, write today for demonstration plate and 
tool. Convince yourself how fast and easy it is to replace a Nutt-Shel TIMESAVER 
nut. Write today on your letterhead.

il
J
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manufacturers of aircraft h 
ANO INDUSTRIAL. FASTENERS |

METHOD
Low Cost No more than the nuts you 

are now using.
Light Weight As light or lighter than 

anything available.
Accepted Meets latest military re­

quirements.
Available Available in all popular 

thread sizes, we ship from 
stock.

Only One Inexpensive Removal 
Tool Is Needed

Only one inexpensive removal tool, (in 
two sizes) is needed, to handle the five 
most used thread sizes in the nine styles 
of self-locking nuts in the TIMESAVER 
line. This procedure may be repeated as 
often as necessary without impairing per­
formance. The same nut element is used, 
and may be replaced, in all standard 
styles. Even the spacer nuts are inter­
changeable. This is not only a convenience 
for you; it means a reduction in your 
stock problems.

811 AIRWAY 
□ LENOALE 1. CALIFORNIA

An $ps Company

Silicon Rectifier
12 amp, 500 piv

Type 304 silicon power rectifier 
can be used to provide forward di- 
rect current up to 12 amp with a 
maximum piv of up to 500 v. The ( I 
rectifier is capable of operation at a 
junction temperature of 190 C with| I 
no detectable change of character­
istics due to aging. Reverse leakage 
of the cell is a maximum of 10 ma 
at rated piv and temperature.

Westinghouse Electric Corp., ( 
Dept. ED, P.O. Box 2099, Pitts­
burgh 30, Pa. | j j
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I ( 
X-Band Ferrite Isolator

Insertion loss less than 0.3 db

Model X103/S165 ferrite load 
isolation is designed for use in X- 
band radars where insertion loss 
must be held to a minimum. Oper­
ating at 100 kw power, the unit 
gives a minimum of 8 db isolation 
with a maximum of 0.3 db inser­
tion loss between 8500 and 9600 
me. Units produced so far have 
shown only 0.2 db insertion loss 
over this bandwidth. With choke 
flanges, length is 2.07 in. With 
cover flanges, length is 1.6 in. 
Weight is less than one pound.

Litton Industries, Components 
Div., Dept. ED, 5873 Rodeo Rd., 
Los Angeles 16, Calif.
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circuit applicationssilver in electronic
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This process, of plating low-cost, 
high conductivity copper on a 
ceramic disc (or any other sur-
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100 times less MIGRATION
the new KEMETAL electro-less

process of copperplating

ceramic

as compared to

SWEDGE LEADS 
held to accurate dimensions 

for printed circuit insertion. 

Samples on request.

78

NEW PRODUCTS
Pulse Timer

Utilizes stepper motor

Original use for this automatic pulse timer 
was on test aircraft for timing the pulses from a 
fuel flow transducer and thus determining spe­
cific fuel consumption. The timer incorporates an 
uni-directional (rather than bi-directional) step­
per motor along with complimentary gears, cams, 
solenoids, switches, an indicator light, and—for a 
better than 1 per cent independent time base—a 
stop watch. The pulse timer can count pre­
selected quantity of 2 to 60 pulses, having a uni­
form or variable rate up to 25 pulses per second.

Stepper Motors Corp., Dept. ED, 7444 W. 
Wilson Ave., Chicago 31, Ill.
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With migration activity reduced 
to a negligible minimum in nor­
mal Radio and TV applications, 
electronic components, such as 
capacitors and feed-thrus manu­
factured by the KEMETAL proc­
ess, are assured a longer life of 
high dielectric effectiveness.

face). . . DIRECTLY OUT OF SO­
LUTION ... in large quantities, 
assures low-cost manufacturing. 
The process deposits copper 
uniformly on ALL surfaces of the 
body, regardless of how complex 
or irregular, and forms a tight 
chemical bond. This tight bond 
is not lost in soldering, hence 
solder time and temperature are 
not critical as in the application 
of silver coated parts.

Clutches
Torque of 40 in. oz

the KEMETAL process is now used in the manufacture of 
Rl«caps... CERAMIC DISC CAPACITORS and FEED-THRUS.

RADIO INDUSTRIES, INC
5225 n. ravenswood ave. • Chicago 40, ill.

Model C-125 is an electro-magnetic clutch de­
signed for commercial applications featuring 
small size, high performance, servo or face 
mounting, and zero backlash.

These units have 1.125 pilot mounting diam­
eter, clutching torque of 40 in. oz, no slip rings, 
and are completely self contained. When ener­
gized the output and input shafts are coupled 
together; de-energized, both shafts are free 
running. Standard voltage is 24 to 28 v dc.

Autotronics Inc., Dept. ED, Rt. 1, Florissant, 
Mo.
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SILICON, GERMANIUM AND OTHER METALLIC RECTIFIERS?

CALL ON HEINEMANN

ice

ree
156 Plum Street
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ELECTRONIC DESIGN • May 14, 1958

Circuit Breakers Overload Relays

Heinemann protection has been an important factor in extending the practical 
application of metallic rectifiers.

Now in use by a number of leading electrical equipment manufacturers, Heine­
mann Circuit Breakers and Silic-O-Netic Overload Relays are providing effective 
protection for “sensitive” metallic power rectifiers.

But each particular situation requires treatment on its own terms. If you are 
concerned with the protection of silicon, germanium or other metallic rectifiers, 
chances are Heinemann engineers can help you. Your inquiries are invited.

Two new vhf admittance bridges, types B-801 
and B-901, have been designed primarily for the 
measurement of aerials, cables, feeders, and 
transmission lines.

The transformer ratio arm design incorporated 
in these bridges provides outstanding advantages 
over bridges of conventional design. The low 
impedance to ground and between the terminals 
ensures extreme stability. The difficulties arising 
from parasitic elements associated with large 
standards are eliminated by using the tapped 
transformer to obtain large ratios, thereby en­
abling the use of small standards. Utilizing the 
three-terminal facilities offered by a bridge of 
this design, enables transistor characteristics to 
be easily determined under working conditions.

Also, both balanced and unbalanced imped­
ances can be measured with equal facility.

Wayne Kerr Instruments, Dept. ED, P.O. Box 
801, Philadelphia 5, Pa.
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Packaged in moisture resistant epoxy resin, 
series 70-1400 pulse transformers has a 7 pin 
miniature plug-in base or leads for soldering to 
printed circuit boards. Stock transformers offer 
a wide variety of electrical characteristics. The 
units are designed for use in blocking oscillators, 
impedance matching, phase inversion, interstage 
coupling, triggering, and counting circuits.

International Resistance Co., Computer Com­
ponents Div., Dept. ED, 401 N. Broad St., Phila­
delphia 8, Pa.
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VHF Admittance Bridges
Frequency ranges of 1 to 250 me

However, generalizations are difficult to make. This is a demanding applica­
tion. We at Heinemann must honestly admit we don't have all the answers. But 
we have found — through extensive testing and customer evaluation — that the 
Heinemann hydraulic-magnetic actuating element can provide the close-tolerance, 
fast-acting response necessary to keep overload amperage within the required 
limits and, at the same time, eliminate nuisance tripping. Circuit breakers and 
relays can be produced with an instantaneous trip point low enough to prevent 
overcurrent heating and resultant rapid damage to rectifier barrier layers.

Pulse Transformers
Plug-in and solder types

HEINEMANN



NEW PRODUCTS
AC Motor

Low-cost version

HESE HIGH-PERFORMANCE 60-CPS LINE VOLTAGE REGULATORS
RE SPECIFICALLY DESIGNED TO MEET MILITARY SPECIFICATIONS!

62 cps Check factory for details

CONSTRUCTION:
Tubeless. No moving parts. Quiet opera­
tion. Advanced form of proven resonant­
saturation principle.

WAVEFORMS:
Available in two modes of waveform be­
havior: type CAV holds “constant average" 
for choke-input rectifier power supplies; 
type CRM holds "constant RMS" for heater 
and lamp loads.

FREQUENCY:
Designed for constant-frequency use, but 
will operate reasonably well over 58 to

MODEL CAV 5-AA-1M
Designed to conform to MIL T 27A. Grade 1, Class T, 
Life Expectancy X. Capacitor to JAN-C 25A.
Input 100-130V, 60 cps, output 115V ±1%, 60 cps.
* constant average*' at 500VA.

MODEL CRM-20-AA-3M
Designed to conform to MIL-T-27A, Grade 3. Class T, 
Life Expectancy X Capacitor to JAN C-25A.
Input 100 130V, 60 cps, output 115V ±1%, 60 cps, 
"constant RMS”, at 2000VA

Write For Engineering Manual LR-101 

Full data, prices

Computing Resolvers
Accuracies of 0.1 per cent

TRANSIENT RESPONSE:
Recovery time to the ± 1% region (after 
10% line "step" or 25% load "step") is 
less than 35 milliseconds.

POWER FACTOR:
(Wattmeter method) Approx. 85%, full 
load, nominal input.

EFFICIENCY:
Approx.85% .full load, nominal input.

OUTPUT POWER:
Available in integral multiples of 500VA, 
up to 10KVA, single phase.

Some of the features of this low­
cost, precision-made ac motor in­
clude long-life alignable bearings, 
large oil reservoirs with optional 
auxiliary oil cups to quadruple oil 
capacity, high starting torque, and 
low noise level.

Stack thicknesses of 9/16 in. and 
5/32 in. are available. Horsepower 
ratings are up to 1/150 hp.

Barber-Colman Co., Dept. ED, 
Rockford, Ill.
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Size 15 and size 11 precision re­
solvers offer functional accuracies 
of 0.1 per cent, perpendicularity of 
axes of ±5 min, high Q and low 
phase shifts. A stainless steel size 
15 series is also offered with func­
tional accuracies of 0.05 per cent. 
Size 11 precision resolvers, with 
either terminals or leads, have the 
same accuracies as the size 15 units.

Clifton Precision Products Co., 
Inc., Dept. ED, 9014 West Chester 
Pike, Upper Darby, Pa.
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INPUT VOLTAGE:
Standard ranges 100-130V
(180-240V and 190-250V, 60 cps on spe­
cial order.)

OUTPUT VOLTAGE:
Standard (nominal) values 115V.
(208 and 230V, 60 cps on special order.)

TOTAL REGULATION:
Output voltage held within ±1% for worst 
possible combination of rated input 
changes and 0100% load variations.

" Electronic Development & Manufacturing

343 CARNEGIE AVENUE, KENILWORTH, NEW JERSEY
Competent Engineering Representation Everywhere
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YOUR REQUIREMENTSGENERAL ELECTRIC HAS PROVEN ABILITY TO MEET

successful

ELECTRICGENERAL
STATE

Here’s important news for you if 
your systems project dictates the 
need for temperature and radiation 
tolerant electronic equipment. The 
General Electric Company stands 
ready to undertake the design, de­
velopment, manufacture and evalua­
tion of your equipment where your

operation up to 750°F, without re­
frigerants. And General Electric’s 
ability to meet your high-tempera­
ture requirements is backed by

The MA-6229 
tunable pulsed

NAME .......
TITLE .........  
COMPANY 
ADDRESS.. 
CITY...........

ment problems, contact your G-E 
Missile and Ordnance Systems De­
partment Field Sales Office or mail 
the coupon below.

Current Converter
Provides de proportional to ac input

This General Electric designed and developed amplifier operates without the use of refrigerants at ambient 
temperatures from — 67eF to 750°F.

fress /s Our Most Important Product

Magnetron 
1 kw X-band unit weighing

Supplying a direct current output 
proportional to an alternating cur­
rent input, this transformer-recti­
fier assembly has been designated 
as model 9886 current converter. 
The unit is available in three types 
for 60 cps use in circuits up to 5 
amp. The three types have outputs 
of 1 ma into 100 ohms, 5 ma into 
100 ohms, and 50 mv open circuit.

Weston. Instruments, Div. of 
Daystrom, Inc., Dept. ED, 614 
Frelinghuysen Ave., Newark, N.J.

CIRCLE 85 ON READER-SERVICE CARD

notable successes.
FOR EXAMPLE General Electric has 
already developed airborne amplifiers 
which have been successfully operat­
ed over an ambient temperature range 
from — 67°F to 750°F. Special cir­
cuit designs and packaging tech­
niques permitted this without the 
use of heavy, complex refrigerating 
equipment.
FOR INFORMATION on how General 
Electric can help you solve your 
high-temperature electronic equip-

GB4ERAL ELECTRIC COMPANY
Section C 222-6
Lakeside Avenue
Burlington, Vt.
□ PlaaM sand me bulletin MPB 32, "High-Temperature 

Electronic Equipment "
C I would appreciate a discussion of my equipment re­

quirements with General Electric High-Temperature 
Engineering Specialists.

with integral magnet for the fre­
quency range of 8900 to 9600 me. 
Weight is 1.5 lbs. Nominal peak 
power output is 1 kw; however, the 
tube may be operated with good 
spectrum characteristics over the 
range from 400 w to 1000 w. Typi­
cal electrical operating character­
istics include a pulse voltage of 
4000 to 4500 v, peak anode current 
0 5 to 1 amp, pulling factor of 15 
nie.

Microwave Associates, Inc., Dept. 
I D, Burlington, Mass.
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High-temperature, Radiation Tolerant 
Electronic Equipment—Without Refrigerants

is a mechanically 
type magnetron

FOR MORE INFORMATION 
ON HOW TO MEET YOUR 
HIGH-TEMPERATURE REQUIREMENTS



EDDINGTON. 
EPISTEMOLOGY and the 
ATOMICHRON’

Creative imagination, as Sir Arthur Eddington 
pointed out. is what takes knowledge and the knowl­
edge of how we know it and projects further discov­
eries of the physical universe.
At National Company creative imagination has taken 
the known unvarying resonance of the Cesium atom 
and translated it into a frequency-producing instru­
ment with a stability of frequency of 5 parts in 10"’ 
throughout its entire operating life—This is the 
Atomichron. man's most accurate measurement of 
time.
The applications and adaptations of the basic 
Atomichron are many-fold and. as yet largely un­
touched.
Here is a known tool which properly applied can 
lead to tremendous further discovery and develop­
ment.

You. who enjoy such creative challenges to scien­
tific and technical development, should talk to 
National.
National Co. right now affords engineers and physi­
cists the opportunity to grow and establish prestige 
in such advanced fields as multipath transmission, 
noise reduction and correlation techniques. Tropo­
spheric scatter systems. Ionospheric scatter systems, 
molecular beam techniques, signal processing, and 
long range microwave transmission
At National Co. in the heart of New England elec­
tronics. you can associate with a company in which 
creativity is required, recognized and rewarded.

. Write or phone

National
National Company. Inc.. Malden. Mass.

NEW PRODUCTS
Cam Switch

Six and ten position types

Type 8A cam switch is available 
in both six and ten position models 
for use as a decimal-to-binary con­
verter switch, a control switch or a 
decade switch. The switch has been 
life tested in excess of 40 million 
breaks with no evidence of failure. 
Type 8A is rated at 1 amp, 110 v 
ac, and has a breakdown rating of 
1500 v. Available in single and 
double-ended designs for clock­
wise and counter-clockwise opera­
tions.

Tech Labs., Inc., E. Edsall Blvd., 
Palisades Pk., N.J.
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Carrier Preamplifier
Wide band pass, high linearity

Second of the series 450 instru­
ments, model 450-1100 is a carrier 
amplifier-demodulator with zero 
suppression, which will excite and 
accept outputs of various resistance 
bridge, variable reluctance, differ­
ential transformer, or other types of 
transducers. Front panel controls 
include attenuator, calibration fac­
tor dial, calibration signal pushbut­
ton, zero suppression, smooth gain,
< CIRCLE 88 ON READER-SERVICE CARD
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NEW PRODUCTS
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Microwave Oscillators
From 2500 to 17,500 me

RACON

the absolute minimum in capac­
itance change with temperature 
is a must and relatively large ca­
pacitance values are used. These 
capacitors typically will be within 
.05% of their 25°C value from 
-10°C to+85°C. They may be 
used up to 125°C where greater 
capacitance excursion is tolerable.

general-purpose capacitors for use 
up to 150°C where capacitance 
stability with temperature is of 
secondary importance. They are 
also used at lower temperatures 
where very high insulation resist­
ance is a prime requirement.

Filmite “F” Capacitors are in­
tended for use in circuits where

Capacitors are

Capacitance vs. Temperature 
Characteristics of all four types 
of film capacitors are compared in 
the chart above for the benefit of 
the circuit designer.
All Sprague Film Capacitors 
are designed to have positive 
electrical contact between leads 
and electrodes, even at low oper­
ating voltages.
Write For Engineering Bul­
letins on the Sprague plastic-film 
capacitors in which you’re inter­
ested. Address your letter to 
Sprague Electric Co., Technical 
Literature Section, 347 Marshall 
Street, North Adams, Mass.

Here are four plastic-film dielec­
tric capacitors now in regular pro­
duction at Sprague:

Styracon Capacitors find wide 
application in laboratory equip­
ment and in industrial controls 
where their low dielectric hyster­
esis (low “soak”), high insula­
tion resistance, high “Q”, low and 
linear temperature coefficient of 
capacitance are of great value.

Connectors
Features removable contacts

the highest temperature rating of 
any organic dielectric. They may 
be used up to 200°C! All units are 
nickel-plated to withstand high 
temperature corrosion. They also 
have the highest insulation resist­
ance, the lowest dielectric hys­
teresis, and the lowest dissipa­
tion factor of any capacitor made 
so that they are often used at 
lower temperatures which are 
above the 85°C limit of the lower- 
cost Styracon Capacitors.

ELECTRONIC DESIGN • May 14, 1958

Power outputs of series 814 microwave oscilla­
tors range from 20 mw to 1.5 w. Short-term 
frequency stability averages one part per million. 
The tuning dial is direct-reading and is a wave­
meter with an accuracy of 0.1 per cent of read­
ing. When the frequency is selected, a built-in 
stability circuit immediately takes over. This 
circuit locks the oscillator to the reference cavity 
until a different frequency is selected.

Laboratory for Electronics, Inc., Dept. ED, 
75 Pitts St., Boston, Mass.
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These rack and panel connectors have insert 
arrangements of 34, 42, and 50 removable poke 
home contacts. Connectors are rated at 7.5 amp 
500 v de at sea level, and 7.5 amp 125 v de at 
70,000 ft. Temperature range is —65 to —1-200 I

Amphenol Electronics Corp., Dept. ED, 183U 
S. 54th Ave., Chicago 50, Ill.
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Microwave Attenuator
Features remote indication and actuation

The attenuation range of this waveguide mi­
crowave attenuator ranges from 0-70 db. It has an 
accuracy of ±0.2 db over its range with the use 
of calibration curves. Two attenuators will give 
a D-130 db range with a ±1.5 db accuracy over 
its frequency range, 5.4-5.9 kmc. The unit can be 
operated remotely or directly, and has adjustable 
attenuation end points.

Progression Corp., Dept. ED, 14-25 128th St , 
College Point 56, N.Y .
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SPRAGUE COMPONENTS: 

CAPACITORS • RESISTORS • 
FILTERS • PULSE NETWORKS

MAGNETIC COMPONENTS • TRANSISTORS • INTERFERENCE 
• HIGH TEMPERATURE MAGNET WIRE • PRINTED CIRCUITS 
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SPRAGUE 
the mark of reliability

+100 +125 +150 +175 +200

- FILMITE

STYRACON (85 C) FILMITE “E" (150 C) FILMITE “F” (125 C) FILMITE “G” (200 C)

RATINGS .001 to 1.00 mF 
50 to 600 WVDC

.001 to 1.00 mF 
200 to 2500 WVDC

.001 to 1.00 ^F 
200 to 600 WVDC

.001 to 1.00 pF
200 to 600 WVDC

STYLES tubular metal cases 
screw-neck cases 
drawn metal cases

tubular metal cases 
screw-neck cases

tubular metal cases 
screw-neck cases 
“bathtub” cases

tubular metal cases 
screw-neck cases 
drawn oval cases

WRITE FOR 
TECHNICAL DATA

Engineering Bulletin 
No. 2510_______

Engineering Bulletin 
No. 2410

Engineering Bulletin 
No. 2560

Engineering Bulletin 
No. 2610



ARNOLD offers you the widest selection

microwave amplifie]

facturée! in the new type of wide range stabilized

insert
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Attenuator
To 101 db in 1 db steps

of Temperature Stabilized 
MO-PERMALLOY POWDER CORES

ELECTRONIC DESIGN • May 14, 1958

The four models, HMA-1, 2, 3, and 4, cover 
the frequency range between 1000 and 11.000 
me and have wide application where a high gain

cores whose temperature coefficient of inductance does not

Microwave Amplifiers
Features periodically focused traveling wave tubes

For more Information write for 
Bulletin PC-104B

Lists complete line of Mo-Permalloy Powder 
cores . . . available in 25 sizes from O.26O" O.D. 
to 5.218" O.D. Furnished also with various types 
of temperature stability from Type "A” un­
stabilized t • Type “W” stabilized over the tem­
perature range of —65° F to 4-185° F
. ADDRESS DEPT. ED-85

Arnold Molybdenum Permalloy powder cores are available 
with the temperature coefficient of inductance controlled 
within certain limits over specific temperature ranges. Most 
core sizes and permeability combinations can be supplied 
in at least one of the four different types of temperature 
stabilization available.

For example, most of the popular core sizes are manu-

Model 101 Attenuator has an attenuation range 
of 0 to 101 db in 1 db steps, with an accuracy of 
0.5 db over a frequency range of 0 to beyond 
100 me. The basic circuitry consists of symmetri­
cal pi networks which may be selected by oper­
ating the appropriate switches. The maximum 
power handling capacity is 500 mw. A selector 
switch provides input and output impedances of 
both 50 ohms and 75 ohms. Other impedances 
can be furnished. The chassis and cover are 
fabricated from brass which is then silver plated. 
UG 290,ZU receptacles are employed for both 
input and output connections.

General Antronics Corp., Dept. ED, 9036 Cul­
ver Blvd., Culver City, Calif.
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equipment sensitivity. All operate from a 105­
125 v ac, 60 or 380-1000 cps, single phase power 
source.

Special features include a self-contained video 
detector, separate rf input, rf output, detector 
input, video output, receptacles for greater oper­
ational versatility, regulated power supplies for 
increased stabilization, and parallel input jacks 
which permit the blanking or gating of the 
traveling wave tube grid from external sources. 
These amplifiers provide protection against 
crystal burn-out of wide band crystal video re- 
cei\ ers.

The Hallicrafters Co., Dept. ED, 4401 W. Fifth 
Ave., Chicago 24, Ill.
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The Aknou* ENG1NEER1NG Company
Main Office & Plant: Marengo, Illinois 

Re path Pacific Dlvhlan Plant: 641 East 61st Str«*», Las Angele«, CaW.

District Sales Offices:
Boston: 49 Wolthom St., Lexington Los Angeles: 3450 Wilshire Blvd. 

New York: 350 Fifth Ave. Washington, D.C»: 1OO1-15th St., N.W.

exceed 0.5% over the temperature range covered by the 
MIL-T-27 specification of -55° C to +85° C.

This type of guaranteed maximum change of inductance 
with temperature, as well as the constancy of permeability 
with time and flux level, are of particular importance to 
apparatus and circuit engineers. Many precision military 
and industrial applications demand the uniform performance 
and the excellent physical properties found only in Arnold 
Mo-Permalloy powder cores.

For design flexibility they are furnished in a full range of 
sizes, up to 5.218" O.D., in four standard permeabilities: 
125, 60, 26 and 14. You will find them dependable and easy 
to use. You will find most sizes and types in stock now 
for immediate shipment.
• Let us furnish your requirements for temperature sta­
bilized Mo-Permalloy powder cores, or any magnetic mate­
rials you need, from the most complete line in the industry.

WSW «»V»
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NEW PRODUCTSAi
Encapsulated power transformersGREATERRELIABILITY *PLUSREDUCED SIZE

Ruggedized Grade 5 construction in 
a really minified transformer for 

the first time! Epseal units are proving their 
reliability in missile and airborne 

applications...qualifying to MIL-T-27A 
Grade 5 Class T Life X specifications.

Exclusive moisture barrier* eliminates bulky outer 
encapsulation, helps cut temperature 

rise as much as 50%.
--------Special high temperature insulations permit 

thinner layers for better cooling and higher I 
conductor space factor...permit reliable operation 

in 125°C to 175°C ambients!
---- Unique encapsulation process saturates and fuses 

coil insulations into one mass
...eliminates heat-retaining microscopic 

boundaries usually found in high temperature 
coils...permits additional size reductions. 

Result is a solid, rugged unit that combines 
extreme reliability with extreme miniaturization! 

Epseal transformers are designed to meet 
your requirements. Write today for the whole story.

*Patent Pending

LOOK TO ELECTRO

Precision transformers for electronics...miniature to 300 kva

ELECTRO ENGINEERING WORKS Inc./401 PREDA STREET, SAN LEANDRO, CALIF.

Ceramic Capacitors
Designed for transistor applications

Electronic instrumentation 
and components

Called Ultra-Kaps, high capacity ceramic ca­
pacitors have been designed in four standard 
values, 0.22, 0.47, 1.0 and 2.2 pf. These units are 
all rated at 3 wvdc and range in diam from 1/4 
to 3/4 in. Engineered specifically for by-pass and 
coupling applications, the Ultra-Kap is suited 
for only low voltage use requiring extremely high 
capacities and low power factors. The units will 
withstand extremes of temperature, humidity, 
and vibration.

Centralab, Div. of Globe-Union, Inc., Dept. 
ED, 900 E. Keefe Ave., Milwaukee 1, Wis.
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Rectifier Stacks
150 C operation

Application Engineering 
Procurement 

Service
Since 1936, we have been consulted 
regularly by electronic engineers 
throughout the Midwest.
Today, we can save your time with 
these important facilities:

4 well-staffed offices
12 factory-trained 

field engineers 
3 service laboratories 
4 maintenance technicians

This line of diffused silicon rectifier stacks is 
for operation at an ambient temperature of 150 
C with normal convection cooling. Shown is a 
single phase bridge assembly rated to deliver 
10 amp with an rms input of 420 v, with convec­
tion cooling in an ambient of 150 C. The overall 
dimensions of this stack are 3 x 3 x 3 in.

Diffused silicon stacks are now available in 
circuit configuration to deliver up to 75 amp with 
convection cooling. Volume of a 20 kw silicon 
diffused stack is less than 150 cu in.

Trans-Sil Corp., Dept. ED, 55 Honeck St., 
Englewood, N.J.
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We represent 
these top manufacturers

Acton Laboratories, Inc.
fronton Radio Corporation 

Baldwin-Lima-Hamilton Corporation 
dynac, Inc.

Electro Products Laboratories 
Hewlett-Packard Company 

Kin Tel 
Magnetic Research Corporation 

F. L. Moseley Company 
Sanborn Company 

Technology Instrument Corporation 
Varian Associates

8004

CROSSLEY 
ASSOCIATES, Inc.

‘CHICAGO 45
2713 W. Howard St. 

SHeldrake 3-8500

j Branch Offices
I ‘DAYTON 9 • 53 Park Ave.
I INDIANAPOLIS 20 • 5420 N. College Ave. I 

‘ST. PAUL 14 • 842 Raymond Ave.
‘Maintenance and Repair Laboratories
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Differential
a new 4PDT relay toFor miniature servo applications

meet all requirements
of MIL-R-25018!

Broadband

GENERAL SPECIFICATIONS
Size

Name

Position

Address

State2.000 cps at 25 g

UNION SWITCH & SIGNAL

1958

Weight 

Nominal Operating Voltage 

Contact Metal

26 5 volts 

gold alloy

Contact Bounce 

Temperature Rating 

Shock

Vibration .............

Designed for miniature servo 
and computer applications, this 
differential weighs only 0.2 oz, and 
is the smallest unit available for an 
1/8 in. shaft. A max load rating of 
5-6 in.-oz and a 500 rpm max oper­
ating speed are recommended.

Waldorf Instrument Co., Dept. 
ED, Huntington Station, Long Is­
land, N.Y.

CIRCLE 103 ON READER-SERVICE CARD

City ...................................
□ Also put mo on your technical mailing list

............ 1.79’ long (maximum)
1.063' in diameter (maximum)

....................................3.0 ounces

less than 250 microseconds 

...........—65° C to 4- 200° C

Model HFW broadband rf am­
plifiers provide broadband band­
pass amplification covering an oc­
tave or greater of frequency in the 
40 to 600 mcs spectrum. Low noise, 
high gain, and low power drain are 
featured.

GE type GL-6299 co-planar tri­
odes are combined with multi-pole 
networks to provide amplifiers with 
power gains of 5.5 db or greater 
pei stage, with a 300 mcs band- 
wic!th. A number of these stages are 
cascaded to provide gain of 20 or 
30 db. The frequency spectrum of 
40 to 600 mcs is covered by six 
basic octave rf amplifiers.

Applied Research Inc., Dept. 
ED, 76 S. Bayles Ave., Port Wash­
ington, N.Y.
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Don’t compromise with the Class C, Type II, Grade 3 re­
quirements of MS 24114-9, MIL-R-25018. You don’t have 
to any more. Now Union Switch & Signal has a 4PDT, 
rotary-armature relay designed to meet these specifications 
completely. It is the first of its type to do so. In fact, it 
exceeds some of the rugged requirements.

Here is the kind of performance you can expect from this 
new relay:
High operating temperature. Even at an amhient temperature 
of 200 C, this relay gives optimum performance. The use of 
ceramic material provides consistently high insulation re­
sistance. As a result, you can install this relay closer to 
engines. You often can use it without temperature con­
trolled boxes. Always, you will find it supremely rugged 
and reliable.
High in shock resistance. This new UNION Relay with­
stands shock greater than 55 g for 11 milliseconds—and con­
t inues to operate. In vibration tests, it shows no contact 
chatter up to 2.000 cycles at an acceleration of 25 g.
New high in contact reliability. Contact reliability of this 
relay is sir times that of comparable devices because of its 
new 2-hutton, bifurcated contacts. Bifurcation also increases 
current carrying capacity (each button easily handles a 
full 2-ampere load) . . . and makes gold alloy contacts prac­
tical for both low- and high-level loads.

Contact reliability is enhanced, too, by the ceramic insula­
tion which contains no volatile material to contaminate 
contacts and by separate hermetic sealing of the magnet coil. 
New torsion-type rotary-armature suspension improves re­
sistance to thermal shock . . . increases reliability over the 
entire temperature range . . . and greatly extends the op­
erating life of this new 4PDT relay. Call or send the coupon 
for complete information about this and other miniature 
relays manufactured by Union Switch & Signal.

DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY hhhmhmh 

PITTSBURGH 18, PENNSYLVANIA

----------------------------- COMPLETE FACTS----------------------------------

Union Switch & Signal
Division of Westinghouse Air Brake Co.
Pittsburgh 18, Pennsylvania

Please send the following:
f ) Complete descript» m ot your new 4PDT relay which meets every requirement 

ct MIL-R-25018 CJ Catalog of other miniature de and ac relays which you manu­

facture to MIL R-25018, MIL-R-6106C, and MIL-R-5757C requirements. ,~| De­

scription uf your Digital and Alpha-Numerical Indicators fur data display
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NEW PRODUCTS
Sapphire Seal

High-temperature, high-vacuum applications

These sapphire-to-metal seals are hermetic as 
tested by a mass spectrometer. Sapphire parts in 
the form of discs up to 3 in. in diam and 1/4 in. 
thick, and tubes up to 1/2 in. in diam, 2 in. long, 
with a bore of 1/4 in. have been sealed to tubu­
lar-type metal members of kovar, nickel-iron, 
and platinum. Some of the current applications 
of these sapphire seal assemblies include: wave­
guide windows for radar equipment; high-tem­
perature windows for high-vacuum apparatus and 
fire-detection equipment; and ultra-violet studies 
in the nuclear energy field.

Ceramaseal, Inc., Dept. ED, Box 25, New 
Lebanon Center, N.Y.
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TR Switch
Rated at 4000 w peak power

The new TR switch provides instantaneous 
high efficiency electronic antenna switching.

Double-gated cascode circuitry insures good 
receiver isolation and improved noise figure in 
addition to signal amplification up to 6 db, with 
frequency range continuous from 3.5 through 
30 me. Design technique permits handling the 
high peak power capabilities of new linear am­
plifiers. Instantaneous break-in on ssb, dsb, cw 
or am will not affect transmission line swr.

E. F. Johnson Co., Dept. ED, Waseca, Minn.
CIRCLE 107 ON READER-SERVICE CARD
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DIRECTIONS A.T ONCE

Ttiey add new dimension to defense

Three dimensional radar... it is a positioning of radar 
beams in space by electronic rather than mechanical means. 
It provides three-dimensional target data from a single 
antenna, transmitter, and receiving channel. It is a radical 
new weapon for national defense.

Engineers at the Hughes Ground Systems Division in 
Fullerton are responsible for pioneering this advancement 
(see antenna at left). But even more importantly, these 
same engineers are working on an elaborate radar warning 
system whith will not only provide this complete radar 
data, but also translate it into meaningful information and 
relay it to central communications centers.

Other Hughes activities offer similar engineering chal­
lenge. The Research and Development Laboratories in 
Culver City, for example, are probing into the effects of 
nuclear radiation on electronics equipment, studying ad­
vanced microwave theory and applications, examining 
communications on a global scale, and developing new 
methods for insuring product reliability.

The Hughes Products engineering team makes electronics 
useful in solving industrial problems. For example, this 
group has just unveiled an industrial electronics system 
which will automate a complete and integrated line of 
machine tools.

The diversity of Hughes activity offers prospective em­
ployees opportunity to build a rewarding career in a highly 
progressive and expanding environment.

Ultrasonic Cleaner
Large capacity

A capacity of 150 gallons is featured in this 
system. Model DR-2000 AH has a cleaning tank 
measuring 3 ft sq x 2.5 ft deep which is fitted 
with an array of 20 bottom-mounted transducers. 
These are driven by a simplified pulsed genera­
tor delivering 8000 w peak power. Either solvent 
or water detergent solutions can be used.

Acoustica Associates, Inc., Dept. ED, 26 Wind­
sor Ave., Mineola, N.Y.
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Power Beam Pentode
Provides higher output as linear amplifier

Advanced research on the Maser (Microwave Amplification by Sim­
ulated Emission of Radiation) performed by the R&D Laboratories 
is directed towards applications of a portable, airborne Maser for 
missiles and aircraft.

«ir «

Falcon missiles have been an important factor in establishing Hughes 
as a leader in advanced airborne electronics. Manufactured in 
Tucson, Arizona, the Falcon missiles have both infrared and radar 
guidance systems.

The 400-watt PL-175 power pentode provides 
25 to 30 per cent more output as a low voltage 
class-ABi linear amplifier than screen grid tubes 
of similar ratings previously available. The sup­
pressor grid terminates in the metal base shell, 
which may be grounded for the majority of ap- 

• plications. Base pin connections are arranged to 
allow direct substitution of the PL-175 in equip­
ment designed for old-type screen grid tubes. 
The PL-175 brings to the 500 to 1000-w output 
range the advantages of the exclusive vane-type 
suppressor grid introduced by Penta in 1956 in 
the 100-w PL-172.

Penta Laboratories, Inc., Dept. ED, Santa 
Barbara, Calif.
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New commercial and military contracts have created an immediate 

need for engineers in the following areas:
Creating a new world with ELECTRONICS

Communications 
Reliability 
Circuit Design 
Systems Analysis 
Vacuum Tubes

Microwaves
Crystal Filters
Computer Engineering
Field Engineering 
Semiconductors

Write, briefly outlining your experience, to Mr. Phil N. Scheid, 

Hughes General Offices, Bldg. 17G-I, Culver City, California.

3 lose, HUGHES AIRCRAFT COMPANY

HUGHES
I_________________________
HUGHES AIRCRAFT COMPANY
Culver City, El Segundo, 

Fullerton and Los Angeles, California 

Tucson, Arizona

FHP Motor
Variable speed

The RBD-25 variable speed sub-fractional hp 
de motor is available in two standard models: 
RBD-2505; rating 0.5 oz in., 115 de v, 1800 rpm, 
10 w; model RBD-2510, rating 1.0 oz in., 115 de v, 
1800 rpm, 15 w, as well as in voltage ranges from 
24 v to 115 v with speeds from 900 to 3600 rpm. 
Variable speed drive can be obtained by varying 
the armature voltage on the RBD-25 shunt 
wound de motor.

Holtzer-Cabot Motor Div., National Pneuma-
tic Co., Inc., Dept. ED, 125 Amory St., Boston
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NEW PRODUCTS
High Voltage Connector

Carries 7500 v WK
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Designed to carry 7500 v, this unit has an in­
sert with two high-voltage contacts and three 
low-voltage carriers. The receptacle is 2-in. 
square-flange type. Solder pot ends can be potted 
to make the unit completely environmental if de­
sired.

The Deutsch Co., Dept. ED, 700 Avalon Blvd., 
Los Angeles 3, Calif.
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Frequency Converter
Linearity of 0.1 per cent

This frequency converter provides a voltage 
directly proportional to the frequency level of 
the input. Linearity is 0.1 per cent, and output 
is up to 1 ma per 1000 cps of input.

George L. Nankervis Co., Cox Instruments 
Div., Dept. ED, 15300 Fullerton Ave., Detroit 
27, Mich.
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External Coil Chopper
Results in low residual noise levels

This chopper is useful in chopper stabilized 
dc amplifiers where thermal stability and ex­
tremely low noise are of prime importance. As

90 ELECTRONIC DESIGN • May 14, 1958 ELE



Translation

but that’s the onlyspace

SPECIAL MFG. CO.
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1958

Company 
Street___ 
City____

there’s no premium 
for precision

Please send your new 20-page 
CATALOG FS-1000 containing com 
plete specifications on brass and 
aluminum nuts.
Nome__________________________

FISCHER SPECIAL MFG. CO.
422 Morgan St., Cincinnati 6, Ohio

We really don't sell brass and 
aluminum turned nuts in “outer

Power Supply
Delivers 70 ma at 270 v dc

* FISCHER’S 
REPUTATION FOR 

“SPECIALS" 
IS UNIVERSAL!

ELECTRONIC DESIGN • May 14, 1958

Low Approach Indicator
Features rectilinear localizer and glide slope display

The picture suggests the answer.

In the new world of missiles and space 
systems to come, its the total complex of 
control, guidance and communication— the 
whole interrelated nervous system correlat­
ing the eye, the hand, the head and the heart 
of the missile to that of man himself.
And m the company producing that missile, 

it’s the total electronics capability neces­
sary to specify, design, create and test this 

central nervous system as an integral part 
of the whole machine—from its conception, 
through delivery to the customer, to the final 

I completion of its mission.

In the period of a dozen years since the 

word “electronics” first gained common 
currency in our industry, Martin has been 
systematically building toward just such a 

total electronics capability.

As a result of the rapid evolution in advanced 
electronics development, today one-third of 

I all Martin engineering manpower is devoted 
Ito the electronics requirements of our cus- 
Itomers’ present and future products. And a 

I major part of Martin s investment is in the 

■ special facilities necessary to this new con­

I cept of total electronics.
I We believe that this capability is essential to 

I our increasingly important function as a prime 

■ contractor to all branches of the military.

FSCHRS 
RPTTN FR SPCLS 

S NVRSL!*

territory we can't supply! Manu­
facturers of all types of equip­
ment are realizing substantial cost 
saving* with dependable Fischer 
“special” nuts. Reason: FISCHER 
NUTS HAVE NO EQUAL FOR 
PRECISION, PRICE AND DE­
LIVERY. And that applies to 
standards as well as specials!

If you use brass or aluminum nuts 
in production quantities, specify 
the finest . . . specify FISCHER!

The rectilinear display design of the model 
ID-525 low approach indicator for aircraft results 
in improved readability. Two model MEP-1 end- 
pivoted high torque mechanisms are used for lo­
calizer and glide slope indications and two model 
MEP-7 short angle mechanisms are used for 
warning flags. All mechanisms employ self­
shielding internal magnets making compass in­
terference negligible. The model ID-525 weighs 
24 oz.

Marion Electrical Instrument Co., Dept. ED, 
Grenier Field, Manchester, N.H.
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a result ot the modular construction of this unit, 
interchangeable coils are available which are 
optimized for minimum power drive and thermal 
dissipation at preselected frequencies within the 
operating frequency range of 0-700 cps. Thermal 
stability of this unit is less than ±2 pv. Un­
affected by shock and vibration, the unit mates 
with a standard 4 pin miniature socket.

Bristol Co., Dept. ED. Waterbury 20, Conn.
CIRCLE 114 ON READER-SERVICE CARD

This power supply has a regulation of 1 per 
cent, no load to full load. The output is con­
tinuously variable from 150-270 v dc. Filament 
voltage is also available.

Building Blocks Electronic Co., Dept. ED, 2172 
E. 36th St., Brooklyn 34, N.Y.
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Sperry C-11 Gyrosyn® Compass with Rotorace bearings 
will give ultra-precise navigation to the new jetliners.

Lr

Symbo/ of a rapufatfon for integrity, quality and 
torvico—for advancedcroativo onginooring achiovod 
by Now Doparturo in ovtr half a contury of 
procition ball boaring manufactero.

1200% GAIN IN
GYRO ACCURACY

WITH

NEW DEPARTURE
BALL BEARINGS!

A major advance in gyroscope con­
struction by Sperry Gyroscope Com­
pany results in a remarkable reduction 
of random drift rate. Involving a spe­
cial design of gimbal bearings, rates 
of 2 to 3 deg. per hour, recently con­
sidered very good, are now cut to as 
little as 0.25 deg. per hour with still 
lower rates in sight.
New Departure created the special 
manufacturing techniques for the high-

i9oa-i9sa

The Sperry Rotorace (TM) Gyroscope 
employs two bearings, one concentric 
within the other. One outer race is 
fixed to the gimbal frame, while the 
other carries a light gear by which 
it is rotated in periodically alter­
nating directions.
In addition to reducing random drift 
due to any microscopic irregularities 
or possible foreign particles, rotation 
of the bearing race also reduces 
bearing static or break-away friction.

GENERAL MOTORS, BRISTOL, CONN.
NOTH/NS HOLLS L!KS A J 
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NEW PRODUCTS

Wirewound Resistors
Stacked for close assembly

I10/

20 i 
! at 1 
l! of 1 
I lea<

10P 
nut 
unit

C 
St.,

Series 300 multi-stacks, encapsulated wire-1 
wound resistors, is provided with a pair of radial J 
holes through the body for secure mounting am I 
stacking. The mounting hardware is insulated] 
and tends to equalize temperature differences 
between respective resistors.

Consolidated Resistance Co. of America, Inc., 
Dept. ED, 44 Prospect St., Yonkers, N.Y.
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precision production of unique ball 
bearings—another indication of New 
Departure’s ability to meet exacting 
instrument bearing requirements thru 
wide engineering experience and pre-

It Dials
For a variety of applications

Disc type dials range in sizes from 2 to 6 in. 
diam. Drum type dials range in diameters from 
1-1/2 to 3 in. having 0.375 id to accommodate 
hubs in 4 basic shaft sizes 1/8, 5/32, 3/16, and 
1/4 in. These are supplied in wide selections of 
graduations, with accuracy of 6 min. Verniers al­
low close readings of 6 min, 15 min, and 1/1000 
rev.

Ackerman Engravers, Dept. ED, 458 Broad­
way, New York 13, N.Y.
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Trimming Potentiometers
Rated 1/2 w at 100 C for 1000 hrs

These two trimmer potentiometers are avail­
able in 15 standard resistance values from 47 to

T 
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Pulse Generator
Repetition rates to 2 me

10 «X) ohms. All values are manufactured with 
20 resistance wire and can dissipate 1/2 w 

* at 100 C, derated to zero at 150 C, for a period 
of 1000 hours. Type 101F may be mounted by its 
leads alone, in a fuse clip or a 0.29 in. hole. Type 
101G is supplied with a nut for mounting and a 
nut for locking the shaft against rotation. Both 
units employ humidity-proof construction.

Carter Mfg. Corp., Dept. ED, 23 Washington 
St., Hudson, Mass.
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Digital Voltmeter 
0.5 per cent accuracy

6 in. 
from 

iodate 
1, and 
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ers al- 
/1O00

The DVM-1 digital voltmeter may be set for 
full scale reading of plus or minus 10, 100, or 
1000 v and measures voltages to a full-scale ac­
curacy of better than 0.5 per cent. The unit 
operates from a 117 v ac source, 20 w, and con­
sists of transistorized computer elements includ­
ing a precision digital-to-analog converter, com­
parator, logic and a reference power supply, 
which is held to an accuracy of better than 0.1 
per cent.

Ranson Research, Dept. ED, 323 W. 7th St., 
San Pedro, Calif.
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Model 3450B megacycle pulse generator is
improved version of the model 3450A. Repetition 
rates continuously variable from 200 cps to 2 me 
are provided in 5 calibrated decade ranges. 
Secondary emission tubes and extremely fast 
recovery time circuitry provide 0.1 to 100 tisec 
continuously variable control of pulse delay and 
duration, even at megacycle repetition rates.

Electro-Pulse, Inc., Dept. ED, 11861 Teale St., 
Culver City, Calif.
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NEW PRODUCTS

Com

com

Dept. ED, 92
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ance
GENERATOR

Oslar Type Excif.

33/16.5

Model BL-1015 audio signal generator and
0,70

16 0

’These units designed for 85°C ambient but same characteristics can be designed for 125°C. tAdditional 21 4 watts foi heater, the values given are independent of ambient temperature.

ODt

Terminals

Engineers For Advanced Projects:
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1.850

2.157

2.100

2.100

2.100

2104

2.531

2.531

2.200

3.281

3.875

3 680

3.680

20.0

20.0

40/20

115/57 5

52/26

6,500

9,500

9,500

10,500

10,500

6,500

6,500

6.500

6.500

5,000

8.500

9,000

4,800

0.16 

0.26

0.28 

0 26 

0 26

0 26 

0.63 

0.63 

0.63

025

0 45

0 45

0 30

0.55

0.55

0 55

Computer Control Co., 
Broad St., Wellesley, Mass

KMTG-6201-01 

‘10MTG-6228-02 

10MTG-6229-12 

•10MTG-6229-03 

10MTG-6229-15 

•10MTG-6232-05

11MTG-6251-13 

11MTG-6251-00 

11MTG-6254-01 

15MTG-6280-01 

t*15MTG-6276-03

18MTG-6302 02 

18MTG-63O2-04

Ne load 
speed 
RPM

Stall 
foroue 
02 IN.

Output 
Volts per 

1000 RPM

Watts 
per phase 
@ Stall

Lio.% 
Io 

3600 RPM

Signal Generator
For low frequency work

36/18

115/57.5

40/20

115/57 5

115/57.5

57.5

115/57,5

115/57.5

Interesting, varied work on dssigning transistor circuits and 
servo mechanisms. Contact Mr. Robert Burns, Personnel 
Manager, in confidence.

System Plugboard
Permits fast prototype desig

wan 
pen 
moc

source for electricalcontrol system is a
and electro-mechanical measurements. The in­
strument, working on the heterodyne principle, 
has a frequency range from 2 to 4000 cps. An 
accuracy better than 2 per cent is provided by 
a built-in vtvm. Other unique features include: 
accurate reading at low frequencies; automatic 
output regulator; accurate output attenuator in 
10 db steps; and automatic frequency scanning.

Clevite Corp., Brush Instruments Div., Dept. 
ED, 3405 Perkins Ave., Cleveland 14, Ohio.
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The M-PAC plugboard is designed to afford a 
quick and easy means for implementing a system 1 
in the prototype stage without resorting to ex­
pensive labors. Model PB101 provides standards 
12-pin printed circuit connectors with guide pirn I 
for 24 transistorized 3C-PAC's series M. Any 
package of the series M family may be mounted 
in any connector. All twelve terminals per con­
nector are wired to the corresponding vertical 
column of paired jacks on the front panel of the 
plugboard to provide usage flexibility.

ELECTRONIC DESIGN • May 14, 1958

MOTOR

Rated Valtap

For printed circuits

Printed circuit terminals, no. 2228 and no. 
2420, are precision-machined in brass and fin­
ished with copper flash and a 0.003 in. tin-leac

Phase 
Shift 

(g 25 C

± 5'

±10”

±10°

±10c

±10°

±10'

±10°

±10°

±10°

Holo­
Inertia 
g«cm3

0.77

0.72

1.09

/
 5333 So Sepulveda Blvd 

Culver City, California 
Phones EXmont 1-5742 TExa» 0-1194 
TWX S. Mon 7671/

237 North Main Street 
Hempstwd, L l„ New York 
Phone: IVanho» 3-4653 
TWX Hemostead N. Y. 705

COMPLETE LINE 125’ C

SERVO MOTOR TACH GENERATORS

Assembled under closely controlled environmental conditions

MANUFACTURING CO.

Your Rotating Equipment Specialist
Avionic Division

Racine, Wisconsin

400 CPS SERVO MOTOR TACHOMETER GENERATORS

Both Damping and Integrating types available with parameters to your requirement 
- • Complete size range: 8, 10, 11, 15, 18. Can be designed with gear tram.
— • —54 C to f-125 C ambient temperature range.
- • Designed to MIL E 5272.

Other products include servos, synchros 
resolvers, motor-gear trains. AC drivt 
motors, I )< ’ motors, servo mechanism as 
semblies, reference and tachometer gener



ENERGIZER withNEW
exclusive CATHODIC ENVELOPE construction

For new transistorized
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For complete information write for our fully illustrated brochure. Manager, Battery Engineering Dept 
National Carbon Company, Division of Union Carbide Corporation, 30 East 42nd-Street, New York, N. Y

battery­
; that of

Electronic Equipment, any transistorized 
operated device whose drain approximates 
transistor radios.

id no. 
id fin-
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• Standard Portables with longer service, fewer 
battery changes, trouble-free listening.,

ENERGY IN A SANDWICH — a new concept in battery design . . . doubles the 
active anode surface ... gives high current, lower voltage required by transistor circuits 
. . . provides volume efficiency unknown to other carbon-zinc cells. And there are no 
side penalties for peak performance. You actually get more hours of power in one-third 
the space at thé lowest possible cost!

sob let plating. No. 2228, with a split end, is 3/32 
in. ‘ong when mounted. No. 2420 is 3 z64 in. long 
when mounted. Both are push fit with over 
kn :rl and fine straight knurl.

(Jambridge Thermionic Corp., Dept. ED, 445 
Concord Ave., Cambridge 38, Mass.
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• Cordless Radios with up to a year s service on 
normal listening schedules.

• Pocket Portables use leakproof “Eveready” Ener­
gizer No. 2713 for these handy radios, easy battery 
snap-on connection.

This, and other "Eveready" Energizers in this series, 
take one-third less volume than round O-size cells for same service life!

ed by 
elude: 
imatic 
tor in 
nning. 
Dept.

The termi "Ei eready" and "Union Carbide” are registered trade-marks of Union < arbide Corporation

NATIONAL CARBON COMPANY • Division of Union Carbide Corporation • 30 East 42nd Street, New York 17, N.Y.

stem 
3 ex-1 
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rtical 
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This heated reference junction replaces the 
conventional ice bath as reference temperature 
for thermocouples. It offers regulation to 0.5 F 
or better by multiple temperature control. The 
warm-up time is 0.5 hour at —65 F. The unit 
permits the User to record several types of ther­
mocouples. The reference temperature is field 
adjusted and monitored with a precision resist­
ance element.

Aero Research Instrument Co., Dept. ED, 315 
No. Aberdeen St., Chicago 7, Ill.
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Moving Coil Forms 
Tight tolerances

ator
work

Thermocouple Reference Junction
Provides 0.5 F regulation

Precisely dimensioned, moving coil forms for 
d’Arsonval galvanometers are produced in a va­
riety of sizes and shapes, weighing as little as 
one grain (1/480 oz). Tolerances as close as 
±0.0002 in. can be obtained on wall thicknesses 
which range in size from 0.003 to 0.01 in. Toler­
ances on other dimensions can be within ±0.001 
in. The anodized forms meet 250 or 500 v di­
electric strength tests.

H&H Machine Co., Inc., Dept. ED, Noble and 
Ja. kson Sts., Norristown, Pa.

CIRCLE 130 ON READER-SERVICE CARD

PLASTIC FILM WRAPPER

ZINC ANODE

SEPARATOR

DEPOLARIZER MIX CAKE

POSITIVE CONTACT 
WITH METAL FOIL

UNION 
CARBIDE

___- NEGATIVE 
COLLECTOR LEAD

METAL FOIl
/ CONDUCTIVE FILM

EVEREADY
TRADE MARK



NEW PRODUCTS

i«

REGOHM REGULATOR GIVES EMPIRE NOISE METER
OliPRECISE AC INPUT-FROM LINE OR BATTERY <¡r

ELECTRIC REGULATOR CORPORATION
CONNECTICUTNORWALK

Ba
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EL96

1 ele 

rec 
W( 
pul 
de^ 
me 
rel<

ments with this meter under severe field
conditions and aboard aircraft as well. Fre-

sources are not available, the instrument is

unregulated inverter.

mercial circles around the world. The remark-

3/64 in. movement differential. The switch is
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Preamplifier
Plug-m servo types

Digitrol servo preamplifier, Model DLA-10, is
mounted on a printed circuit chassis 4-1/2 x 6
in., and provides an adjustable voltage gain up
to 10,000, including rate network losses. The unit
has less than 0.02 per cent servo nulling error
with the proper output stage and actuator.

Electro Precision Corp., Dept. ED, Arkadel-
phia, Ark.

Snap-action Switch
Mounting and terminals combined

Panel mounting flexibility is offered by
snap-action switch, S25-24B. Using the mounting
stud as a terminal connector, it permits installa-

des 
fur 
mil 
sin 
the 
sec

Empire Devices Products Corp, uses the com­
pact Regohm regulator as the heart of the 
voltage control system in its Noise and Field
Intensity Meter, Model NF-105. This meter 
is a precision instrument, covering the fre­
quency ranges from 14 to 1000 MC, and is 
noted for its outstanding reliability and cali­
bration stability.

The essential requirement of a closely 
controlled power supply is met by a unique 
regulator system that was developed by
Empire and Electric Regulator engineers 
jointly. This control circuit, with elements 
shown in the accompanying schematic, holds 
the instrument s supply at the pre-set charac- 
tenstics, although the external power supply 
may vary from 50 to 400 cycles, and poten­
tial from 100 to 135 volts. The wide range 
of regulated inputs permits precise measure- 

quently, when utility lines or other AC 

powered with batteries working through an

Empire Devices regards the dependable
Regohm circuit as a main factor in the Meter’s 
unparalleled performance which has such 
high acceptance in both military and com­

able record of nine years in top-night service 
proves both the excellence of the Empire
Devices’ design and the Regohm’s durability 
and capacity for sustained performance.

Manufacturers of control and many other 
types of electronic equipment are finding 
answers in the Regohm’s exclusive combina­
tion of: Sensitivity, Stability, Wide Range of 
( ontrol Resistance, Long Life, Light Weight,
Permanent Adjustment, Freedom from Main­
tenance, Rugged Design, and Lou> Cost. Our 
engineers will gladly discuss with you how
Regohm may simplify your design, perform­
ance, and cost problems. Please call, wire, or
write: Electric Regulator Corporation
Norwalk, Connecticut.

tion on one side of the panel and wiring from
the other. Characteristics are: 5 oz max operating
force; 3 oz max release force; 3/16 in. pretravel;

rated 10 amp 125 v ac, 5 amp 250 v ac.
Cherry Electrical Products Corp., Dept. ED,

1650 Deerfield Rd., Highland Pk., Ill.

Please write for design, data and perform­
ance specs on REGOHM multi-stage regu­
lators in applications similar to this.

Relay Analyzer
Tests relays quickly

REGOHM tio 
evi 
th<

in. 
rai 
wi

This generalized relay analyzer, model RA-2,
is designed to test subminiature, general purpose,
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1 pol ized, and time-delay relays. When connected 
to an oscilloscope the analyzer will perform the 

hi elec deal tests described in MIL-R-5757C and 
reci mmended by the Guided Missile Relay 
Wo king Group. The analyzer also serves as a 
pul>? generator for life testing electromechanical 
devices, supplanting motor and cam switch 
mechanisms. An accessory fixture to fit typical 
relax headers or terminal configurations is sup­
plied with the analyzer.

Pacific Technical Developments, Dept. ED, 
1632 Pico Blvd., Santa Monica, Calif.
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Textolite 11572 circuit board, made for Emerson Radio & Phonograph Corp, by Methode Mfg. Co.

idel-

I

ED,
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Paper-base laminate offers electrical properties surpassing NEMA 
XXX-P standards. It cold-punches precisely . . .

resists degreasing solvents . . . does not vary from part to part.

Programmer
Uses accurately punched tape

Textolite

The LPR-6 is an electro-mechanical device

' the 
ating 
talla- 
from 
ating 
•avel; 
ch is

designed to control a number of precisely timed 
functions at pre-set intervals. Current trans­
mitted through the sensing device actuates six 
single pole double throw relays. A punch locates 
the holes in the Mylar tape within ±1/1000 of a 
second.

Beattie-Coleman, Inc., Dept. ED, 1000 North 
Olive St., Anaheim, Calif.
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Eyelets
Twelve standard sizes

Used for terminal and feed-through connec­
tions on printed circuits, the flared flange of these 
eyelets provides a good fillet of solder between 
the eyelet and the circuit pattern. The smallest 
eyelet in this line is less than 1/32 in. diam, 1/16 
in- long and, has a 1/16 in. head diam. Sizes 
range upward to 3/32 in. diam, 5/32 in. long, 
"nth a 0.150 head diam.

Circon Component Corp., Dept. ED, Santa 
Barbara Municipal Airport, Goleta, Calif.
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Why exacting circuit engineers specify low-cost 
General Electric Textolite 11572 for TV wiring boards

For higher IR (250,000 megohms in humidity) in 
structural insulation, specify Textolite 11570. Like 
11572, it cold-punches cleanly in intricate shapes.

Design engineers find inexpensive General Electric Textolite 11572 
ideal for TV and radio printed circuits. Here’s why:

General Electric Textolite 11572 combines superior machinability 
with high insulation resistance and low water absorption. It’s not 
harmed by the solvents used in the printing process. Also, Textolite’s 
properties never vary; you get uniformity in piece after piece.

Select General Electric Textolite whenever you need reliable structural 
insulation. Sweet’s Product Design File, Catalog 2b/Gen, gives full, 
concise technical data. Independent local fabricators (listed in the 
Yellow Pages under “Plastics”) assure quick, local delivery of parts. 
And our experienced Technical Service Department will help with 
special problems. For fast action, write: Laminated Products Dept., 
Section ED-85, General Electric Company, Coshocton, Ohio.

GENERAL^ ELECTRIC
CARD
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NEW PRODUCTS
me

MILLIAMPERES

These silicon rectifiers have peak inverse

ACTUAL SIZE

me

diam, 500-lb
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D.C. 
VOLTS

100 300

provides for mounting a 32 ii 
spherical platform.

Although the rotating element

MHIIS I. f.

ACTUAL SIZE

Silicon Rectifiers
Delivers 30 a de

weighs approxi-

Equatorial Platform
Tests navigation systems weighing up to 500 Ib

voltage ratings ranging from 50 to 600 v and 
can deliver 30 a of rectified current. The op­
erating temperature extends from —65 to 
+175 C.

Bendix Aviation Corp., Marketing Dept., Red 
Bank Div., Dept. ED, Long Branch, N.J.
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These guarantee superior quality in all TRIPLETT meters:
• High torque to weight ratio for extra rugged movement. 

Specially developed bearings withstand severe vibration 
and reduce friction to a minimum.

• Bearings are microscopically graded not only for depth and 
radius, but also for polish. Only best quality jewels are used.

• Unique hardening method assures uniformly hard pivots.
• High flux scientifically aged alnico magnets for greatest 

permeability. Micrometrically balanced all metal frame 
construction protects bearings against vibration from any 
direction.

Simplicity of frame construction assures easy, accurate 
alignment in servicing.
Dials are all metal—no paper dials are ever used—will not 
become abrasive, warp, crack or discolor under normal 
conditions. (Printing presses in Triplett's own plant allow 
fast, inexpensive service on special dial requirements.) 
Extra strong ribbed pointers precisely balanced with triple 
"slide and lock” adjusting weights.
Insulations prov ide extra allowance for breakdown voltages. 
All metal parts processed, all molded parts pre-cured to 
eliminate distortions from stresses and strains.

ELECTRONIC DESIGN • May 14, 1958

The T818 system test turntable is a precise tilt­
able earth axis suitable for mounting complete 
navigation system platforms. The unit checks 
alignment of inertial components and allows ob­
servation of gyro and platform drift characteris­
tics. The table is tiltable to ±90 deg with inbuilt 
leveling and full azimuth adjustment for accurate 
polar axis alignment. The 36 in. diam table top 
is a precise flat with tapped mounting holes. zk de­
mountable cradle with micrometer adjustments

mately 3000 lb, the table turns smoothly on pres­
surized fluid bearings. Rotational and alignment 
accuracies of ± 2 sec of arc are attained undei 
tilted conditions. Turntable drive is by means o

Clear plastic (PL) meters feature;

• Longer scale length
• Visibility unlimited
• Light unobstructed—no shadows 
• Interchangeability—universal 
• Appearance revolutionized

TRIPLETT ELECTRICAL INSTRUMENT COMPANY • 52 years of experience • BLUFFTON, OHIO
Triplett design and development facilities are available for your special requirements for meters and test equipment.



Provision is made for incorporating a direct 
drive servo motor for closed loop operation. Unit 
measures 50-in. diam, 63 in. high (from floor to 
table top) and weighs 7000 lbs.

Sterling Precision Corp., Instrument Div., 
Dept. ED, 17 Matinecock Ave., Port Washing­
ton, N.Y.
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high hysteres

Programmed Testing
Selects according to resistance values

Red
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This tape-programmed resistance measuring 
instrument can select any two of 240 points and 
measure the resistance between them, in a range 
from 1 ohm to 9.99 meg. In addition to selecting 
either a 1, 5,10, or 20 per cent nominal tolerance, 
the Robotester may be programmed to pass any 
value below or above a selected median resist­
ance.

Lavoie Labs., Inc., Dept. ED, Matawan-Free­
hold Rd., Morganville, N.J.
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Temperature Test Chamber
From —65 to +500 F range

e tilt- 
iplete 
hecks 
vs ob- 
cteris- 
nbuilt 
curate 
le top 
A de­
ments 
500-lb

This portable temperature testing oven utilizes 
dry ice in maintaining minimum temperatures 
and heating coils for the development of maxi­
mum temperatures. The unit operates on 110 v ac 
current. Temperatures to —90 F are available 
when the unit being tested is not a heat source. 
Overall dimensions are 24 x 10-1/2 x 14-1/2 in., 
and the interior test chamber dimensions are 
10 x 7 x 7 in.

Delta Design Engineers, Inc., Dept. ED, 3039 
Ad rms Ave., San Diego 16, Calif.
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P-6 — a cobalt-nickel-vanadium-iron 
alloy developed by G-E research 
engineers — possesses a unique com­
bination of high residual induction 
and low coercive force.

These properties make it ideal for 
applications where high residual in­
duction is required without the ex­
cessive magnetizing forces necessary 
with other magnetic materials such 
as the high cobalt steels, the cobalt­
nickel-iron alloys, the cobalt-vana­
dium-iron alloys, and the alnicos.

The residual induction of P-6 is 
14,000 gausses . . . over 30% greater 
than either 17% cobalt-steel alloy 
or 6% tungsten-steel alloy. The 
maximum energy product of P-6 
is 410,000 gauss-oersteds. Figure 1 
shows the magnetization, hysteresis 
loop, and energy product curves for 
P-6 alloy.

The P-6 alloy is also useful where 
ease of workability of the magnetic 
material is desired. Because it is 
aged at a high temperature, it can 
withstand greater operating tem­
peratures than tungsten-steels and 
cobalt-steels without undergoing 
subsequent aging.

One of the major uses for P-6 is 
in rotors* for hysteresis motors (fig. 
2). These motors exhibit high start­
ing torques and can synchronize high 
inertia loads without auxiliary start­
ing equipment. Most important, the



ind developments 
electrical products . . .

General Electric magnetic alloy with 
is loss and torque characteristics

RETURN PATH SOFT 
MAGNETIC MATERIAL

FIG. 2—Rotor for gyroscope motor 
uses laminated P-6 hysteresis ring.

torque produced is constant and 
doesn’t fluctuate with rotational 
speed.

In this type of motor, there is a 
hysteresis loss in the rotor material 
caused by the revolving magnetic 
field. This loss produces torque be­
tween the permanent magnet rotor 
and the spatially revolving magnetic 
field.

Because the theoretical torque pro­
duced is directly proportional to the 
hysteresis loss in the rotor, it is ad­
vantageous to obtain the highest 
possible value of hysteresis loss in 
the rotor material.

To do this, a material must possess 
a high hysteresis loss for a given 
applied magnetizing force. Figure 3 
shows a comparison between P-6 
and other magnetic materials. Of the 

materials tested, P-6 best fulfills the 
desired characteristics.

Another use for P-6 is in hysteresis 
clutches. This type of clutch is formed 
when the wound field in the hyster­
esis motor is replaced by a rotating 
permanent magnet member to pro­
vide field excitation.

Although hysteresis clutches are 
larger than friction or magnetic 
particle clutches of the same torque 
rating, they have many advantages 
such as high degree of reliability, 
repeatability, linearity, and freedom 
from excessive drag torque.

General Electric P-6 alloy is avail­
able in strips from .010" to .100" 
thick, and in widths up to four inches. 
In wire form, it is available in .0201" 
to .102" diameters. P-6 should be 
capable of being swaged, welded, ex­
truded and drawn. General Electric 
Engineers currently are experiment­
ing with these forming operations.

The development of P-6 alloy by 
General Electric is one of the many 
examples of how G.E.’s research in 
magnetic materials is paying off. The 
same experience, skill and facilities 
that made this development possible 
can be put to work solving your 
magnet problems.

To get the expert design assist­
ance of G-E Magnet Engineers, or 
your copy of the new G-E Magnet 
Design Manual, simply write: Mag­
netic Materials Section, General 
Electric Company, 7820 N. Neff 
Blvd., Edmore, Michigan.

FIG. 3—Comparison of P-6 and throe typical magnetic alloys.

Miterial Peak H 
Oersteds

Peak B 
Gaussas

Coercive Force 
He—Oersteds

Residual Induction 
Br—Gausses

Loop Area 
Gauss Oersteds

P 6 Alloy
70.0
65.0
60.0
55.0

15,500 
15,000 
14,500 
10,900

51.7
51.0
50.8
45.2

13,400 
12,900 
12,200

8,500

2,860,000
2,720,000
2,540,000
1,610,000

50.0 4,100 25.0 2,100 290,000
5.75% Chrome Steel 70.0 6,900 38.0 4,600 1,210,000

90.0 8,700 44.0 6,100 1,700,000
118.0 1 2,500 68.7 9,250 2,872,500

17% Cobalt Steel 91.4
79.2

10,000 
7,500

61.9
52.1

6,950 
4,540

1,885,000 
1,005,000

69.6 5,000 35.0 2,315 446,000
100.0 12,450 28.0 9,150 1,297,000

6% Tungsten 61.5 10,000 23.2 7,200 774,000
Magnet Steel 50.0 8,500 20.5 6,050 624,000

45.5 8,000 18.0 5,650 499,000

‘Gyro spin motor rotor courtesy of Minneapolis-Honeywell Regulator Company

Progress ts Our Most Important Product

GENERAL^ ELECTRIC
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NEW Compactness

100

NEW Versatility in

ROTARY SWITCH DESIGN
SHALLCROSS Miniature ROTARY 
SELECTOR SWITCHES give the 
long-lasting dependability of multi-leaf 
wiper, button-contact design . . . and 
the added advantages of compactness 
and new versatility. The sketches below 
detail some of the many unusual fea­
tures of this new switch series ...

ELECTRICAL SPECIFICATIONS: Operating Voltage—to 

2000 volts; Breakdown Voltage—to 3000 volts; 

Breaking Current—5 amp @ 125 V. ac.; Carrying 

Current—15 amp.

Write for complete specifications on the new 
Shallcross “Miniature Series".

Shallcross
SHALLCROSS MANUFACTURING COMPANY, 526 Pusey Avenue, Collingdale, Pa.
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NEW PRODUCTS
Vibration Camera

Provides detailed vibration studies

Based upon the Slip-Sync technique of contin­
uous visual slow7 motion observation, this equip­
ment takes slow motion movies of vibration tests 
with the film running at normal speeds. In appli­
cation, the vibration test is illuminated by Strobe 
lights synchronized with a pulse-type motion pic­
ture camera so that only one exposure is made 
per frame. When the film is run through a stand­
ard projector at normal speeds, a slow motion 
movie of the test is displayed.

Chadwick-Helmuth Co., Dept. ED, Monrovia, 
Calif.
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Transistors
Features new method of mounting

MINIATURE 
THERMAL 
RELAYS 

with
99.99% Plus 
Reliability 
SERVICE-FITTED 
SERVICE-TESTED 
SERVICE-APPROVED
Our complete 
environmental 
testing laboratory 
samples and certifies 
daily production.

NORMALLY OPEN

EXACT SIZE

NORMALLY CLOSED

EXACT SIZE

Transistors have been designed to be rugged 
enough to still work after being shot from a 
12-gauge shotgun into a telephone book. Instead 
of suspending the minute piece of germanium or 
silicon between two upright posts within the tran­
sistor, the newly-developed technique mounts the 
semiconductor bar on a flat, circular, ceramic 
wafer. The ceramic wafer in turn rests solidly on 
the floor of the transistor housing. The fixed-bed 
mounting technique protects against expansion 
and contraction of metal parts caused by hot and 
cold temperatures, direct impact, and vibration 
which tends to separate the internal transistor 
parts.

General Electric Co., Semiconductor Products 
Dept., Dept. ED, Syracuse, N.Y.
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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 metal 
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 Charactaristics
Temperature: —100°F. to +450°F.
Vibration: 20-3000 CPS at 40 G’s
Shock: 250 G’s

Brochure containing complete char­
acteristics and specifications available 
upon request.

NETWORKS ELECTRONIC 
CORPORATION

14806 OXNARD ST., VAN NUYS, CALIF.
Original designs for highest reliability in glass 

housed miniature Relays and Resistors for all purposes
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Weighs 12 oz

MEMOS

ohm and a 10 ohm output impedance.

Dept. ED, Huntington Station, NA
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Series 101 silicon transistor amplifier weighs

uib” or
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that may give you an 
these units, Erie dips

them in a Durez phenolic resin compound. 
Dried and baked, the compound hardens 
to a tough, heat-resistant, moisture-resist­
ant coating that doesn’t melt or peel when 
a unit is soldered, and is hard enough to 
permit stamping or color coding.

Do you need a resin compound for 
electronic coating? For more information, 
check the coupon.

temperature. And it takes on a lustrous 
metallized finish, in copper or brass, to 
match the trim on the appliance and add 
sales appeal.

You’re on sure ground when you base 
bright ideas like these on phenolics. They 
give you a bigger choice of controlled 
properties than any other material in their

class. You can select the right balance 
from more than 150 Durez compounds.

To take a fresh look at today’s phenol­
ics, just check the coupon for a new four- 
page bulletin describing some typical 
Durez molding compounds and what you 
can do with them.

tion of phenolics 
idea To insulate

2205 Walck Road • North Tonawanda, N. Y

Waldorf Instrument Co., Electronics Div.

Clip and mail to us with your name, title, company address, t When requesting 
sumpies, please use business letterhead.)
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less than 5 oz and occupies 5 cu in. The unit

char- 
álable

glass-reinforced laminates that keep prac­
tically all their flexural strength, even 
when heated within the 300-350°F range.

You can make potting resins that re­
tain room-temperature electrical proper­
ties at high humidities and at temperatures 
above 300' F—and won’t feed a fire.

If you’d like complete information on 
HET Anhydride, methods of use, and 
properties of cured resins, check the cou­
pon for Bulletins 19 and 43.

For more information on Durez materials mentioned above, check here 
□ Phenolic molding compounds—descriptive bulletin 
□ Phenolic resin compounds for dip coating 
□ HET Anhydride—Bulletins 19 and 43

. . . or good looks More often, perhaps, 
you’d use metallizing for the sake of ap­
pearance. An example is this handle for a 
combination coffee-and-tea maker and 
carafe.

Molded of Durez phenolic, the handle 
stays cool regardless of the appliance’s

ALIF.
flats 
purposes

ARD

Making epoxies 
flame-resistant

Bright idea
Next time you want to put a bright reflec­
tive surface on a part, think of metallized 
phenolic. It may save you a costly pro­
duction step.
Object: economy For instance, this hous­
ing for a microscope lamp requires a mir­
ror to focus the light.

To sidestep the cost of a custom-made 
mirror, the housing is molded of Durez 
phenolic. Then an aluminum mirror is 
deposited right on the plastic by vacuum 
evaporation.

This is easy to do with the Durez com­
pound chosen for this part. It provides a 
good hard surface for metallizing. It in­
corporates other wanted properties: high 
impact strength and low thermal conduc­
tivity.

Metallized phenolics 
Dip coating compounds

Components in a 
package
These preassembled components can be 
great timesavers if you’re producing 
printed circuits.

A package combines capacitors and re­
sistors in one compact module, easily and 
quickly installed in a printed circuit.

You can have as many as 21 or more 
components in one subassembly, with 
complete choice of design. Known as 
“PAC” units, they’re made by Erie Re­
sistor Corp.

Their n.at design points up an applica-

Weighing 12 oz, and measuring about 2-1/2 x 
1-1/2 x 2-1/2 in., model W1806 offers a low power 
consumption of 50 ma drain at 45 v. Phase shift 
is less than 1 deg 20 cps to 1 kc, and the unit has 
a signal frequency of 20 cps to 2 kc (within 1 db 
at 250 mw output), an input impedance of 3000

How to make epoxies 
resist flame
Your epoxy laminates and castings will 
shrug off heat, moisture—even fire—if you 
cure them with a new Durez product 
called HET® Anhydride.

In the picture, the laminate cured with 
a conventional hardener (left) ignites in 
less than 30 seconds and burns to destruc­
tion in about 3 minutes. Exposed to a 
similar flame source for the same time, a 
HET-cured laminate snuffs itself out as 
soon as the flame source is removed.

This leads to some interesting possibili­
ties. For instance, you can now make

AVAIL- 
snts for 
ear. 
t metal 
t glass

Input signal may be either a square wave or sine 
wave. Power requirements are 115 v at 400 cps 
and power gain may be externally controlled 
from 50 to 75 db.

Depending upon the model desired, the unit 
will produce either 500 mw of phase sensitive 
direct current into a three-terminal center tapped 
load, or 500 mw of phase sensitive alternating 
current output across a three-terminal load. 
Power output is constant throughout the entire 
temperature range of —55 to -f-125 C. Input 
impedance is greater than 100 K.

Precision Inc., Dept. ED, 730 Lyndale Ave. 
North, Minneapolis, Minn.

consists of a voltage and current amplifier fol­
lowed by a phase discriminator stage, designed 
to operate from a single external power source.

hooker



Cool Magnetrons and Power Tubes 

with Model D Blowers

400 CPS

60 CPS]

4’/4"

WOODSTOCK NEW YORK

JiUlnUn MANUFACTURING CO., INC.

INVERTED TYPE 505

OPTIONAL AIR INLET & OUTLET ADAPTORS & MOUNTING SURFACES

0 50 100 150 200
AIR VOLUME-CFM

Shown is one of a family of high-pressure 

blowers designed for turbulent cooling in 

Commercial and Military Electronic 

applications where space is at a premium and 

long trouble free life is mandatory.

SEE Catalog Sheets: 
40102-31 
40102-32 

30102-3
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newNEW PRODUCTS

Coil Lead and Hookup Wire
Miniature type for 90 C

and full of

advantages

I whi 
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and

I the
I

fell

Called Milac, this hookup wire is furnished in 
sizes #26 thru #20 with stranded or solid tinned 
copper conductors. The 90 C thin wall extruded 
plastic is covered with a durable lacquered cot­
ton braid. One foot immersed in mercury with­
stood 6000 v ac and the insulation resistance is 
approximately 200,000 megohms. Milac is fur­
nished in all solid colors and tracer combinations.

BENDIX GEAR HEAD
MOTORS ANDNo.

MOTOR GENERATORS

kv

as a

de

EL

*You Can't Beat The 
Bendix Supermarket.

Potentiometer
Miniature size

Lenz Electric Mfg. Co., Dept. ED, 1751 
Western Ave., Chicago 47, 111.
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Teterboro, N. J.
District Offices: Burbank and San Francisco, Calif.! 
Seattle, Wash.; Dayton, Ohio; and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N Y.
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Electrostatic Voltmeter
Measures peaks or rms

Measurements of either positive peaks, nega­
tive peaks or true rms values can be easily se­
lected by a switch on this instrument. Basic range 
is 0-1 kv with multipliers to 100 kv supplied. 
Accuracy of the basic instrument is 1 per cent of 
full scale.

Sensitive Research Instrument Corp., Dept. 
ED, 310 Main St., New Rochelle, N.Y.
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One-source engineering of complete 
package • Volume-production prices • 
Wide range of frame sizes with immediate 
delivery on size 8s • 18 standard size 8 
gear ratios from 10:1 to 5250:1—lower, 
higher, and intermediate ratios available 
on special order • High operating torque 
capacities • Compact, lightweight pack­
age • Corrosion-resistant gears • Ball 
bearings—ABEC 5, or better • AGMA 
precision 2 gears, or better.

Another reason why . . .

For complete details on new Bendix Geai 
Head Motors and Motor Generators, and 
other precision components, write—

This potentiometer, when manufactured
single gang has an overall length, excluding 
shaft, of 0.780 in. Multi-gang potentiometers of 
up to three gangs are considered standard; the 
overall length, excluding shaft, being increased 
by 0.281 in. per gang. The resistance range is 1 
to 50 K ohms and in general resolutions of be­
tween 2 and 6 turns per deg can be achieved,

ELECTRONIC DESIGN • May 14, 1958
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Null Indicator
Linear Rate MeterGMA

Range of 30 to 300,000 cpm

SPECIFICATIONS

Gear

Honeywellover 2^8 * radius

HONtrwtu
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Null Indicator wins preference test 
at IRC. At International Resistance 
Company, where hundreds of stock 
resistors are daily subjected to rigid 
MIL performance tests, an ElectroniK 
Null Indicator was recently matched 
against a spotlight galvanometer for 
speed, sensitivity and ease of use. 
The Null Indicator proved superior on 
each count, and operators indicated 
a strong preference for it.

ELECTRONIC DESIGN • May 14, 1958

Dimensions—17%" long x " wide
x 7% * high
Weight—15 lbs*.

Scale Markings— 
—1 to +1 in mm.
—4 to +4 in cm.

, Calif.; 
shingt >n 
rna’ional

Period—less than H second
Current Sensitivity—.001 microamp/mm.
Voltage Sensitivity—1 microvolt/mm.
Input Impedance—1000 ohms at max. 
sensitivity
Overload Rating—1 volt at max. 
sensitivity
Stability—less than 1 mm. zero shift/hour
Damping—critically damped; inde­
pendent of external resistance
Terminals—input and ground; for 
spade, pin or banana plugs
Power—115 volts, 60 cycles

while the independent deviation is better than 
0.5 per cent. This single unit can be supplied 
with a starting torque of less than 0.5 gm/cm 
and reliable noise-free operation is ensured by 
the use of double wiping contacts.

Ferranti Electric, Inc., Dept. ED, 30 Rocke­
feller Plaza, New York 20, N.Y.
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The model RM-7 presents an average count 
rate per minute on a large panel meter in one of 
7 different linear ranges or in a logarithmic scale 
circuit permits initial counts to be made over a 
full range and thus helps to avoid trial and error 
scale shifting. The instrument is equipped with a 
separate panel meter for the high voltage supply. 
This enables the technician to use the coarse and 
fine adjustments and read the voltage continually, 
as contrasted to spot checks when both voltage 
and cpm are shown on one meter.

Technical Associates, Dept. ED, 140 W. Provi­
dencia Ave., Burbank, Calif.
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With 105-125 v de. 60 cps input, model RS 
410A modular de power supply delivers 400-550 
vdc at 0-100'ma output. Filament output is 6.3 
v unregulated. Ripple and noise is less than 7 
mv peak to peak, with a recovery time less than 
25 psec. The unit measures 7-1/4 x 5-1/2 x 6-1/2 
in., and designed for chassis as well as sub­
chassis use.

Trans Electronics, Inc., Dept. ED, 7349 Canoga 
Ave., Canoga Pk., Calif.
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Power Supply
Employs silicon rectifiers

The big, clearly legible dial on this all-electronic instrument 
is easy to read, reduces the chance of error. Even in bright 
light, there’s no need to shade the meter. The needle comes to 

rest in less than half a second. And there’s never "loss of spot" 
when excessive signal is applied—you always know which direc­
tion to go for bridge correction.
The ElectroniK Null Indicator goes to work quickly . . . without 
need for leveling or special mounting. Zeroing is simple, with 
just a turn of the front-of-panel bar knob. The unit withstands 
shock and vibration.
The Null Indicator is sensitive enough for all your d-c bridge 
measurements, and rugged enough for production line work. 
Order this modern successor to the galvanometer today. Price: 
$175, f.o.b. Philadelphia.
Minneapolis-Honeywell Regulator Co., Industrial Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa.



Three diameter enlargement

Introducing General Electric's NE-2E Glow Lamp

NEW "SNUB-NOSE” DESIGN
PERMITS LONG ELECTRODES 

IN SMALLER BULBS
FOR BETTER PERFORMANCE
The new General Electric NE-2E is as small in length as the 
KE-2B—yet has electrodes fully as long as those in the 
Mrger NE-2. The exclusive molded tip permits use where 
space is restricted—performs better and provides better 
indicator viewing—especially end-on.

Only glow lamps offer small size, low wattage, long life, 
wide voltage tolerances, rugged construction. And they 
don’t fail suddenly—so there’s almost no chance of false 
indications.

Any G-E Glow Lamp can be used in many ways. A single 
lamp may serve as a relaxation oscillator, a leakage indica­
tor, a switch, a voltage regulator, or a voltage indicator. 
Send for the folder, ”G-E Glow Lamps As Circuit Control 
Components”. Write: General Electric Co., Miniature Lamp 
Dept. ED-58, Nela Park, Cleveland 12, Ohio.

T^ogress k Our Most Important Product

GENERAL^ ELECTRIC
104
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NEW PRODUCTS

Quartz Crystals
Low frequency types withstand high vibration

These low frequency crystals have been fully 
tested from 2 to 2000 cps vibration, with acceler­
ation of 15 to 30 g. Frequency range is 16 to 100 
kc. Typical tolerance is ±0.012 per cent from 
—40 to +70 C. Lower frequencies down to 400 
cps are also available.

Monitor Products Co., Dept. ED, 815 Fremont 
Ave., South Pasadena, Calif.
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Static Inverter
Operates from 28 v de

A transistorized unit specifically designed to 
supply de and ac power in target drones. Model 
M-977 operates from a 28-29 v de input to pro­
vide outputs of 150 v de, 6.5 v, 400 cps, and 
—22-1/2 v de. The inverter has a load regulation 
of ±3 per cent and a ripple of 0.1 per cent rms. 
The efficiency at full load is 85 per cent.

Perkin Eng. Corp., Dept. ED, 345 Kansas St., 
El Segundo, Calif.

CIRCLE 161 ON READER-SERVICE CARD

Model TR-10 is a hybrid unit incorporating 
both transistors and vacuum tubes. The unit ac-

1000 N. Olive St., Anaheim, California 
CIRCLE 162 ON READER-SERVICE CARD

F-M Telemetering Transmitter
2 w power output

in ONE loading
with the newest
BEATTIE
OSCILLOTRON!

LABORATORY recording of 
oscilloscope traces is far more 
efficient with this new camera.

Moc 
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of 10,(

The 
St., Ei

Key to the versatility of the new Beattie 
Oscillotron with a Polaroid back is the 
feather-touch Multiple Exposure Posi­
tioning Bar. Now you can get one-to-one 
presentation or up to 10 exposures on a 

single frame—by a 
simple adjustment. 
Other features: f/1.9 
lens, shutter speeds 
from 1 sec. to 1/100 
sec., time, and bulb.

This new Oscillotron 
camera fits the same 
periscope to which 
all other Beattie 
Oscillotron cameras 
are attached.

Multiple Exposure Positioning Bar

for more information write to

The 

heatei 
use o: 
spheri 
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bine i
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EPOXY RESINSÏFICATIONS
334332331 178-186179 Max6400 Max1 Max
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These three-dimensional electric, flexible 
heaters are made of silicone rubber without the 
use of expensive tooling. A 14 in. diam hemi­
spherical heater used to heat a peroxide storage 
tank on a rocket engine is shown. The unit fea­
tures cut-outs for brackets and an attached ther­
mostat which senses tank, not heater, tempera-

Model SB-12 measures the angular position of 
ac servo systems as well as the electrical error 
of synchros and resolvers. During three million 
revolutions of the dial, its basic error is guaran­
teed not to exceed eight seconds. One fifth the 
volume of previous models, the model SB-12 
measures 3-1/4 x 4-1/4 in., with 4 in. dial diam. 
It has a 360 deg range and line-to-line resistance 
of 10,000 ohms.

Theta Instrument Corp., Dept. ED, 48 Pine 
St., East Paterson, N.J.
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jepts inputs from standard IRIG subcarrier os- 
;illatoi*s.

Power output is 2 w in the 215-245 me tele­
metering band. The transmitter measures 4-1/4 
o. long and weighs 16 oz.

United Electrodynamics, Dept. ED, 1200 S. 
Marengo Ave., Pasadena, Calif.
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specifications. It will also enable Dow to introduce, in the 
near future, a complete line of solid epoxy resins and a new 
line of polyfunctional liquid epoxy resins outstanding in 
high temperature service.
Prompt delivery of these three Dow Liquid Epoxy Resins 
can be made in drums, truck or tank car lots. For more in­
formation contact your nearest 
Dow sales office or write the 
DOW CHEMICAL COMPANY, Mid- 
land, Michigan, Coatings Sales
Dept. 2259P-1.

Heating Elements
Flexible in any direction

E ectro-Flex Heat, Inc., Dept. ED, 83 Wood 
bine St., Hartford 6, Conn.

CIRCLE 165 ON READER-SERVICE CARD

Synchro Bridge
Measures servo error

Dramatic evidence of the striking clarity and purity of Dow 
Epoxy Resin 332—unique member of Dow’s new line of 
liquid epoxy resins—is shown in the illustration above. The 
magnifying lens was actually cast from this new water­
clear resin. In addition to improved clarity and uniformity, 
DER 332 has very low viscosity, longer pot life and greater 
heat resistance than conventional epoxies.
Also available, for formulations where absolute purity is not 
so important, are Dow Liquid Epoxy Resins 331 and 334. 
Dow’s position as a basic producer of all epoxy raw ma­
terials assures top quality control and a narrower range of

EPOXY^
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COMPLETE 
FINISHED 

ASSEMBLY
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CUT COSTS FOR 
ENCLOSURES

1 OR 1,000 UNITS 
WITH LINDSAY STRUCTURE

CHECK THESE ADVANTAGES:

a» P’'*' 
mod«'*

\ Shipped K/D for savings in storage 
and shipping . . . material readily 
available as needed for assembly. 
Shipments can be scheduled to meet 
production runs.

\ Production possible right away 
without "tooling-up” first.

Easy to alter design or make revisions 
with no loss to you for costly dies 
or special tools.

LINDSAY PREFABRICATED ASSEMBLIES 
aie available 3 ways

SHELL 
ASSEMBLY

K/D KIT

Write for descriptive folder ... or send single-line drawing for 
prompt cost estimate.

LINDSAY STRUCTURE DIVISION
INTERNATIONAL STEEL COMPANY

1427 Edgar Street |s Evansville 7, Indiana

Canadian Affiliate; Lindsay International, Ltd., Port Credit, Ontario

CIRCLE 167 ON READER-SERVICE CARD



NEW PRODUCTS CALL ON LINK’S MEM 
EXPERIENCE FOR... MS 

SOU
Rotary Switches

Band change and tap switch applications

The double eyelet series 275 H-type rotary 
switches are designed to insure rigidity, and are 
available in switches containing up to 12 sections. 
The double eyelet sections have 1-9/16 in. 
mounting centers and are interchangeable with 
units presently designed for this dimension 
mounting centers.

Centralab, Div. of Globe-Union. Inc., Dept. 
ED, 900 E. Keefe Ave., Milwaukee 1, Wis.
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DESIGN and PRODUCTION of

ELECTROMECHANICAL

ASSEMBLIES..

PRECISION SERVOS...

GEAR HEADS.

For loads to 60 a

Time Delay Relays

These spst, 2pst and 3pst time delay relays 
rated at 20, 35 and 60 a or up to 5 hp at 115 
v ac, offer high load capacities in the non­
mechanical timer field and feature hermetically 
sealed, positive, mercury-mercury snap section. 
Adjustable make delay periods are pre-set in 
several ranges covering delays of from 3 to 120 
sec. The delay timer settings may be shifted at 
any time with a standard hex key applied to an 
accessible set screw. These time delay relays may 
be compensated for ambient temperatures of 
from —65 to -f-85 C or ambient adjusted to suit 
application requirements. The timer has a repeat 
accuracy of ±5 per cent.

Ebert Electronics Corp., Dept. ED, 212-26 
Jamaica Ave., Queens Village 28, N.Y.
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Link Aviation can provide expert 
assistance in the design and manu­
facture of precision electromechan­
ical assemblies, because:

Link has years of experience 
designing computer assemblies
Fabrication and assembly are 
performed under environment­
ally controlled conditions

eludes too % inspection of preci­
sion gears with graphical record

Call Link at Binghamton 3-6311 
today—or send your specifications 
or drawings directly to Industrial 
Sales, Department ED.

Link’s #026 precision Gear Re­
duction Kit, with 16 interchange­
able gear and pinion clusters for 
making 23 different ratio setups, 
is available for your experi­
mental and development needs.
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LINK AVIATION. INC.
BINGHAMTON. NBW YORK
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Magnetic Tape Recorder
Designed for flight tests

Type 5-702 magnetic tape recorder operates 
at altitudes up to 100,000 ft and at temperatures 
from —55 to +100 C. Other features include 6 
tape speeds from 1-7/8 to 60 ips, elimination of 
belts and pulleys, and grouping of all controls 
on top of instrument. The instrument is available 
in 7 or 14 track models, using 1/2 or 1 in. tape 
respectively. Power supplies are contained within 
the 12-7/8 x 25 x 7 in. case.

Consolidated Electrodynamics Corp., Dept. 
ED, 300 N. Sierra Madre Villa, Pasadena, Calif.
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DESIGNED FOR MODERN MATERIALS 
MOVEMENT, FITS ALL PRODUCTION 
LINES. WHETHER LARGE OR SMALL

Southern Screw's new bulk packing answers 
your long-time need for a conveniently sized 
industrial package that can be handled 
easily by one man without the use of power 
equipment, yet is ideal for mechanized mass 
handling with or without palletizing.
Here's how Southern's NEW BULK PACK­
AGE can save you handling time, production 
time, storage space and paperwork.

EASIER TO STORE • EASIER TO OPEN 
and CLOSE • EASIER TO USE • EASIER 
TO IDENTIFY • HEAVY DUTY COR­
RUGATED CARTONS • DISPOSABLE 
PALLETS AT NO EXTRA COST!
Based on the new pallet and carton system, 
standard packing quantities for each item 
have been established. For complete infor­
mation, write for chart BP-1, to Southern 
Screw Company, Box 1360, Statesville, N C. 
Wood Screws • Stove Bolts • Machine

Screws & Nuts • A, B, C & F Tapping 
Screws • Wood Drive Screws •

Wvfhoum: New York • Chicago • Dallas * Loe Angelos
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Vibration Pickups
15 to 2000 cps range

Known as the types 4-121, 4-122, and 4-123, 
these pickups are operable over the temperature 
range of —65 to +500 F. The 4-121 and 4-122 
will monitor vibrations in the range of 15 to 
2000 cps. The 4-123 has a 45 to 2000 cps operating 
range, ideal for jet-engine monitoring where the 
lowest frequency encountered is about 50 cps.

Consolidated Electrodynamics Corp., Dept. 
ED, 300 N. Sierra Madre Villa, Pasadena, Calif.
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AC Outlet
Overload protected and grounded

This ac outlet assembly provides five overload- 
protected and safety-grounded outlets. Each of 
the five outlet sockets has a 15 amp on-off switch 
and accepts both three-prong grounding plugs 
and conventional two-blade plugs. An instant re­
set circuit-breaker trips at 15 amp to protect 
equipment.

Arthur S. LaPine and Co., Dept. ED, 6001 S. 
Knox Ave., Chicago 29, Ill.
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ELIMINATE MULTI-SPEED SERVOS 
AND COMPLEX ELECTRONIC DEVICES

NEW ULTRA-PRECISE SIZE 25 SYNCHROS
Extremely precise data transmission is possible through the use 
of Kearfott’s Size 25 synchro resolvers. The inherent precision 
of these units provides a three sigma accuracy of approximately 
35 seconds in a typical 3 unit string without the use of auxiliary 
equipment. Ruggedly constructed of corrosion resistant mate­
rials, they possess the required reliability for all missile applica­
tions. Available as transmitters, differentials and control trans­
formers with a maximum error from E.Z. of 20 seconds arc.

SIZE 11 SYNCHROS
Size 11-2 phase 4 wire synchro resolvers for 
data transmission combine the advantages of 
small size with high accuracy. Corrosion re­
sistant materials are used in the construction 
of these units. Available as 60X transmitters, 
differentials and control transformers with a 
maximum error from electrical zero of 3 min­
uten arc. Standard 3 wire synchros are avail­
able from production with 5, 7 and 10 minute 
maximum error from E.Z.

INQINIIRS
Challenging opportunities at Kearfott in advanced 
component and system developments.

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J.
Sales and Engineering Offices: 1378 Main Avenue, Clifton, New Jersey 

Midwest Office: 23 W. Calendar Ave., La Grange, Illinois 
South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, California

CIRCLE 452 ON READER-SERVICE CARD



equipment can inflict, and won’t

.800" x .400 x .900" high, max.

108

more vibration than most test 
break your bank roll.

Relays of both types are 
bring complete specifications.

In the inexorable March of Progress, many are in step —some 
having picked up the cadence and who are stoutly maintaining it, 
others clinging to it and moving more by induction than by skill. 
Still others, however, aren’t in step at all, and it is in this group 
that Sigma has (again) found itself. It is doubtful, indeed, if Sigma 
is even in line.

Relays the size of sugar lumps aren’t news. Nor is there any 
point in designing relays which control only a little more power 
than their own coils consume. So —

The Sigma Series 32 (pictured) needs no power except for a 
trifle at the instant of switching. It is as modern as a flip flop, 
because it operates like a flip flop. The principle of a magnetic 
latching relay is old, but a truly practical and low cost embodi­
ment is new.

For those whose present problem is too well grounded in 
existing circuitry to take advantage of such watt wilting concepts, 
we have the 33, which while requiring something like 100 milli­
watts to hold it energized, still switches real power, withstands

now available. Your inquiry will

ACTUAL 
SIZE

-2OQ--

SIGMA INSTRUMENTS, INC., 
91 Pearl Street, So. Braintree 85, Mass.
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NEW PRODUCTS

Servo Kit
Contains 262 items

Servo kit BP-101 conveniently packages 262 
standard parts for high-precision servo-system 
breadboarding. Among the parts in the kit are 
two grid plates, grid plate hardware, component 
and shaft hangers, electric limit stops, selected 
precision class 2 gears, couplings, hand crank, 
dial assemblies, terminal blocks and brackets, 
various lengths of shafting, a differential and 
mounting screws and washers.

Beckman/Helipot Corp., Dept. ED, Newport 
Beach, Calif.
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RF Attenuators
Operate above 250 me

Single rotating units are available at 0.1, 1 or 
10 db per step. Standing wave ratio at 100 me is 
less than 1.01. The maximum change in loss from 
0 to 100 me is 0.1 db. Multiple unit assemblies 
are available in various combinations and are 
supplied mounted on a standard 3-1/2 x 19 in. 
panel with front or rear access connections.

Ortho Filter Corp., Dept. ED, 196 Albion Ave., 
Paterson 2, N.J.
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Transistors
Power and medium frequency switching types

Rated from 1 w to 1.2 w maximum power dis­
sipation, this series of power transistors consists 
of general purpose audio transistors, a 1 me tran­
sistor for communication or switching applica­
tions and a pulse amplifier. Relays requiring 3 
amp at 40 v may be operated by the transistor.

Also a new family of five medium-frequency, 
medium power germanium pnp alloy junction

intolerance 
about 

TOLERANCES
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I Twenty years of experience 
I in producing tubing for the 
I indicating pointers in sen- 
I sitive measuring instru- 
I ments, some tubing so fine 
I it is hardly visible to the 
I naked eye—and supplying 
I tubular components for 
I electronic and precision 
I mechanisms — have made 
I us very intolerant about 
I tolerances. For when a 

thousandth of an inch may 
represent the entire wall 
thickness of a tube, you 
can’t afford to be otherwise.
This daily habit of preci­
sion and small tubing 
“know-how” has won wide­
spread preference for Uni­
form’s products.
Uniform offers a complete 
“tailor-made” small tub­
ing service to industry.
SIZES: O.D. from .625” 
down to .010”. Wall thick­
ness down to .0010”. Every 
order is “made to order”— 
to exact specifications.
METALS: Nickel, Monel, 
phosphor bronze, alumi­
num, copper, brass, low 
carbon and stainless steels, 
precious metals and many 
other analyses.
DELIVERY: Three to four 
weeks. Less for emergency 
requirements.
TUBULAR COMPONENTS: 
Uniform offers extensive 
facilities for forming and 
machining, large or small 
quantities. Close tolerance, 
burr-free cutting, flaring, 
bending, flanging, flatten- ( 
ing, expanding, beading, । 
grooving, threading, tap- I 
ping, drilling, milling, etc. 
Concentrate responsibility, 
cut sub-contracting costs, 
save scrap losses, get better 
delivery of finished com­
ponents.
Write for literature or send 
specifications for quo­
tations.

UNIFORM TUBES,
INC. 1200 Level Rd.. Collegeville 2, Pa>

HUxley 9-7276
Chicago, III., DEIaware 7-7644■iiEI^^B powdena, Cal., Ryan 1-9534
St. Paul, Minn., Midway 5-4637
Wellesley, Mass., CEdar 5-5450
Buffalo, N.Y., SPring 8431
Ramsey, NJ., DAvis 7-5527
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high maximum collector rating (30

MASS-PRODUCEDCIRCLE 179 ON READER-SERVICE CARD

COMPUTER-TYPE
H-F TRANSISTORSBrake

CIRCLE 180 ON READER-SERVICE CARD

Tube Shield
Increases tube life

CBS! semiconductors

CIRCLE 236 ON READER-SERVICE CARD
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Reliable products 
through Advanced-Engineering

For high-speed switching
For high-frequency amplification

...2.5 to 5 me. 
... 5 to 10 me.
10 me and up. 

. up to 30 volts, 
below 0.2 Msec. 
......up to 100. 
up to 100 mw. 

... Opamps av. 
............. 10 «rf.
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Production of CBS high-frequency transistors 
has been stepped up for a growing variety of 
applications. The 2N438, 2N439 and 2N440 are 
now available in quantity for multivibrator and 
blocking oscillators ... gate and flip-flop circuits 
. . . and r-f, i-f, and high-fidelity a-f amplifiers.

CHICK THESE FEATURE*
JL High frequency response:

This shunt wound direct current brake offers 
maximum flexibility in mounting on motors util­
izing the familiar stub shaft, a standard double 
shaft extension, or it can be easily modified for 
thru shaft applications.

Steams Electric Corp., Dept. ED, 120 N. 
Broadway, Milwaukee 2, Wis.

beta, and low saturation resistance. Depending 
on t>pe, these transistors can be used at switch­
ing rates ranging from 300 kc to 1 me.

Philco Corp., Dept. ED, Church Rd., Lansdale,

transistors has been designed primarily for use 
in switching circuits. This transistor family fea­
ture good beta linearity, high maximum col­
lector current ratings (400 ma for most types),

This shield meets applications where equip­
ment design layout requires vertical mounting 
of subminiature tubes. Beryllium copper spring 
finger liner making multipoint contact with the 
tube bulb, provide anti-vibration control and 
maximum transfer of tube heat which is dissi­
pated by radiation, convection and conduction. 
The shield reduces the bare bulb temperature of 
122 C on a sub-miniature tube to 75 C in room 
ambient conditions. Shields are available for 
round button and flat press tubes.

International Electronic Research Corp., Dept. 
ED 145 W. Magnolia Blvd., Burbank, Calif.

CB8-HYTRON
Semiconductor Operations, Lowell, Mass.
A Division of Columbia Broadcasting System, Inc

CIRCLE 181 ON READER-SERVICE CARD

2N438...................
2N439.................................
2N440. . .

2. High operating voltage.
3. High switching speed....
4. High current amp. factor.
5. High dissipation rating..
8. Low leakage current.........
7. Low collector capacitance

All three types are alloy-junction for greater 
uniformity, higher voltage and current, flatter 
gain and lower saturation resistance. They em­
ploy the standard JETEC TO-9 package welded 
to achieve reliability never before approached 
with NPN transistors.
Note the many desirable features. You may be 
able to use these CBS transistors. Write for 
Bulletin E-268 giving complete data and helpful 
application notes.
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110 elec

ductor devices.

SILICON DEVICES NOW IN PRODUCTION

power
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t*

SEMICONDUCTOR DIVISION
Sperry Rand Corporation

South Norwalk, Connecticut

Semiconductor Devices

VTVM

to 90 F.

CIRCLE 184 ON READER-SERVICE CARD

ANNOUNCING Sperry Silicon

High-»temperature diodes and transistors now in production

The Sperry Semiconductor Division of Sperry Rand Corporation is now
making available to military and commercial manufacturers a new line of
silicon devices. Performance proven, these high-quality diodes and tran-
sistors have been employed in many Sperry Rand systems which had to
meet stringent military and commercial specifications.

■ High-conductance diodes for general purpose applications. 100,
200 and 400 ma types (rated current at 1.0 v). Working voltage
up to 300 volts. Subminiature glass package.

■ High-current switching diodes. Switches H amp. in less than 0.8
¿isec. Reverse voltage up to 200 volts. Subminiature glass package.

4 Ultra-fast computer diodes for ail computer requirements. Work-
ing voltage up to 200 volts. Subminiature glass package.

G High-speed computer transistors. Total switching time typically
less than Vi piec. Very low saturation resistance. JETEC-30 case.

Write for data sheets on all these new produc-
tion items. We also welcome inquiries on any
applications calling for special silicon semicon-

SPRRY
Department, Great Neck, N. Y., or Sperry
Gyroscope offices In Brooklyn, Cleveland,
Seattle, San Francisco, Los Angeles, New
Orleans, Boston, Baltimore, Philadelphia.

Has built in memory feature

The REL-500 contains a built in memory
abling a measurement to be taken and retained
for several hours. Erasure is done manually, or
by a new input which automatically removes the
recorded reading. Basic measurements are: volt-
ages from 10 mv to 20 kv; currents from 1 pa to 2
ua; resistances (with resist multiplier) from 1000
ohms to 100 meg.

Rheem Mfg. Co., Electronic Div., Dept. ED,
7777 Industry Ave., Rivera, Calif.

Power Supply
For stable, low level

Model PT 111, a transistorized power supply,
has high current output with low heat genera-
tion and six nominal voltages, ranging from 2.5
to 15 v dc and varied by means of a high résolu-
tion, 10 turn potentiometer. It operates on 117 v
( 95 to 125 v), 50-60 cps input with output current
of 200 ma. Output voltage change is less than
0.4 per cent over a temperature range of 60 F

Computer Engineering Associates, Inc., Dept.
ED, 350 N. Halstead Ave., Pasadena, Calif.

Servoamplifier
Drives servovalves in pneumatic systems

Model 34 transistorized servoamplifier is
signed with both ac and dc summing networks

ELECTRONIC DESIGN • May 14, 1958
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Subcarrier Oscillator

Sylvania fR F -1F fTransistors

DC Instrument Motor
Permanent magnet rotor

2N247 2N37# 2N37I 2N372

050 me;

(VCB- ”

and operates at a current

CHEMISTRY-METALLURGY

Call your Sylvania Sales Representative 
or write direct for information on new 
Sylvania PNP drift transistors, types 
2N247, 2N370, 2N371, 2N372 and 2N544.

ELECTRONIC DESIGN • May 14, 1958

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

In Canuda Sylvania Electric (Canada) Ltd 
Shell Tower Bldg., Montreal

Sylvania’s new PNP Germanium Drift 
transistors feature high output resistance 
for increased gain at 1.5 me to 20 me, 
low feedback capacitance and high alpha 
cutoff frequency.

Designed for RF-IF circuits, they open 
the door to more transistorized electronic 
equipment operating from the broadcast 
band to the higher frequencies.

The new Sylvania drift transistors in­
corporate a diffused base on an intrinsic 
germanium layer for improved control 
over base thickness, more uniform base 
region, lower base resistance and reduced 
collector capacitance. The end result is su­
perior performance at higher frequencies.

The new PNP drift transistors feature 
Sylvania welded hermetic seal construc­
tion for maximum protection in rugged 
environments. They are encased in a 
modified JETEC class 30 case with four 
flexible in-line leads. The additional cen-

ter lead is connected to the metal case 
providing a complete unit shield and 
interlead shield. Coupling to adjacent cir­
cuit components is reduced to a minimum.

LIGHTING • TELEVISION • RADIO • ELECTRONICS • PHOTOGRAPHY 
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to allow the amplifier to accommodate a wide 
Lange of feedback and control signals. Quiescent 
0Utput current is 150 ma per coil in push-pull 
into approximately 50 ohm coils. Maximum coil 
resistance is 75 ohm, and differential current is 
0 to 300 ma. Ac sensitivity is approximately 200 
ma differential current per 0.05 v rms input into 
100,000 ohm impedance.

Raymond Atchley, Inc., Dept. ED, 2340 Saw- 
telle Blvd., Los Angeles 54, Calif.
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31.5 
(vCE--9 

req » 1.5 met

This oscillator is designed for use with ther­
mocouples and other low output transducers. 
The unit achieves a ±7-1/2 per cent deviation 
from a ±5 mv (less than 1 pw) input signal and 
is available in standard RDB bands. The unit 
features good stability and high output with low 
distortion.

Invar Electronics Co., Dept. ED, 1749 N. 
Eastern Ave., Los Angeles 32, Calif.
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input of 12 ma at 4.5-6 v de.
Brailsford & Co., Inc., Dept. ED, 670 Milton 

Rd., Rye, N.Y.
CIRCLE 444 ON READER-SERVICE CARD

Powor Gain, Pg
Vce“ -8. Ie”1 'M, Freq -20.0 me

Minimum
Typical
Maximum

2N544 Unit 
db

Reverse Biased Collector Veltage. Vcb
VEB- -0.5, lc-50 ua 

Minimum 
Typical 
MaximumType B subfractional-watt de instrument 

motor, has a stainless steel shaft supported in 
instrument-type ball bearings. The rotor is a 
permanent magnet disc actuated by a stationary 
field coil. Commutation of periodic field flux re­
versal is attained by a nylon roller cam, actuating 
a spring contact assembly. The motor weighs

Colli*, tor Baso Capacitance Cob 
Vcb“ -12, Ie “0, Freq. -14» me 

Minimum 
Typical 
Maximum

Five new PNP Drift transistors, types 2N247, 2N37O, 2N371, 2N372 
and 2N544, for radio frequency amplifier service

30.5

37 J
(Vcc- 

(Freq - 15 me) 
(RE -750 ohms) 

(Neutralized)



NEW PRODUCTS
BURROUGHS Electronic Tachometers

Transistorized

Gene

BEAM SWITCHING TUBES
Potentiometer

Power

place

Proh

Pern

Write for further information on all tube types

Burroughs Corporation 200-a,i

cest« r

range, 
elimini

28-v de power supply for missile support appli­
cations. Voltage regulation of this fan-cooled 
unit is less than two volts from no-load to full-

less than 17 lb.
Also included in the new line

Shock 
Temperature 
Vibration 
Speed

hoad 
0.5 v pí 
Lt temF 
[The ’ini 
type inj

resonat 
400-cps 
to be ir 
from 5( 
and ste 
perfora 
tween

like a i 
"Vie 
M n
1 ’I t 
kidth.

Tubes to 
E - 1/1058 

Available

APPLICATIONS
Wherever there is 

electronic oistribution or switching - i.e 
Counting, Telemetering, Frequency 

Dividing, Timing, Sampling, 
Coding, Matrixing, 

or Controlling

This transistorized tachometer, for monitoring 
speed of rotating equipment, operates from sig­
nals obtained from a variable reluctance trans­
ducer or an existing tachometer generator. One I 
per cent or, better accuracy is obtained from the 
frequency to de converter circuit. It is insensitive 
to amplitude changes in input signal above mini­
mum sensitivity.

Atlas Electro-Mechanical Labs., Dept. ED, 
14734 Arminta Ave., Panorama City, Calif.

CIRCLE 189 ON READER-SERVICE CARD

28-Volt Power Supplies
Single and three-phase, 400-cycle inputs

Three of these units utilize three-phase, 40( | 
cycle input. Smallest of the units is the one-a,| 
28-v convection-cooled airborne transformer] 
rectifier which weighs only 14 oz and operates 
from single-phase, 400-cycle power input.

The 100-a silicon transformer-rectifier has 
efficiency of 83 per cent and power factor of 90 
per cent. The unit operates at 500 per cent over-| 
load for 15 sec. The company has also designed 
a 200-a airborne power supply which weighs

Only 3/4 in. in diameter, this potentiometer b 
designed for high heat dissipation. At 145 C am 
bient, the control is rated at 5 w dissipation. The' 
unit is available in linear resistance tapers from 
10 to 10,000 ohms. Standard tolerance is ±5 per 
cent. The unit has a 1/8 in. diameter shaft, with 
a 1/4 in. 32 threaded bushing 3/8 in. long.

P. R. Mallory & Co., Inc., Dept. ED, 28 S. 
Gray St., Indianapolis, Ind.
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RELIABILITY
375 g 

-60c to + 150°C 
to 20 g 

to 20 me 
to 50,000 hours 

min. input • useful output

VERSATILITY
Compatable with tubes, transistors, 

cores, thyratrons, relays, Nixie numerical 
indicator 6844, and other devices.

.... z......4 / /.. ... z.......z Z I 
CROSS-SECTION OF BEAM SWITCHING TUBE 

SHOWING BEAM FORMED

COST
Beam Switching Tube may re­
as many as 4-6-10-20-or more 

tubes, transistors, and their 
associated components.

Plainfield. Neiu Jersey
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CUSTOMERS
Over 750 manufacturers have 

purchased Beam Switching 
Tubes.

CONSTANT CURRENT OUTPUT

CATHODE

rrougi

NOW AVAILABLE 7 TUBE TYPES

HIGH IMPEDANCE
SWITCHING GRID

automatic beam forming
AND LOCKING SPADE

,ahB corporati" 
ßurt,°uS‘'s -<
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load with a constant input. Ripple is less than 
q 5 v peak-to-peak under all load conditions and 
at temperatures ranging from —65 to 4-160 F. 
The unit weighs less than 65 lb and has plug-in 
type input-output connections. The built-in filter 
is protected by fast-acting fuses.

General Electric Co., Dept. ED, Schenectady

—Truarc I
r, 50% H
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400 CPS Frequency 
Standard

Stable to 0.001 per cent

The 400-cps Vibra-Time consists of a 1600-cps 
resonator and transistorized flip-flop circuits. This 
400-cps frequency standard has been designed 
to be insensitive to changes in position, vibration 
from 50 to 2000 cps up to 18 g, shock up to 50 g, 
and steady-state accelerations to 20 g. The unit 
performs to specifications at temperatures be­
tween —20 and 4-70 C.

The Gyrex Corp., Dept. ED, 1654 Lincoln 
[Blvd., Santa Monica, Calif.

CIRCLE 192 ON READER-SERVICE CARD

Signal Limiter
Protects galvanometers from signal overloads 

The new Waldes Truarc Series 5144 is a radially-installed rein­
forced “E-ring.” It is designed for use in assemblies where 
the ring is subject to strong push-out forces resulting from 
heavy vibration and shock loads, high rotational speeds or 
relative rotation between the retained parts.

Series 5144 provides the following application advantages 
over conventional E-type fasteners:

I. greater gripping strength—approximately five times 
greater than conventional “E-rings” of the same metal and 
thickness.
2. higher rpm limits—approximately 50% higher in most sizes.

3. positive locking in the groove —large corner radii or 
chamfers can be accommodated without separator washers.

4. lower groove costs —because recommended groove toler­
ances have been increased, machining grooves for the series 
5144 is less expensive.

5. wider application —because series 5144 rings made of 
aluminum are stronger than conventional “E-rings” made of 
steel, the fastener may be used in applications where corro­
sion resistance or weight are factors.

Truarc Series 5144 Reinforced “E-rings” are available for 
shaft diameters from %2—% in. in carbon spring steel, stainless 
steel, beryllium copper, aluminum, and phosphor bronze. They 
are available stacked on rods for high speed installation with 
Truarc applicating and dispensing equipment.

As in all Truarc rings, you get statistically controlled quality 
from engineering and raw materials to the finished product. 
Complete selections are available from leading OEM distribu­
tors in 90 stocking points throughout the U. S. and Canada. 
Design Engineering Service is available to you. Send us your 
blueprints. Let our Truarc engineers help you solve design, 
assembly and production problems... without obligation.

SEND FOR FREE SAMPLES AND ENGINEERING DATA

ie-a,i
ner-

ver-

Permitting the amplifier to run with linearity 
through the entire galvanometer pen-recording 
range, the automatic electronic signal limiter 
eliminates excessive amplifier output signals 
pich would cause galvanometer burn-out. Un­
like a fuse, the automatic signal limiter activates 
Whenever needed, without stopping normal pen 
Movement. Pens can be safely adjusted for full 
Reflection over the entire usable chart paper 
bidth.
I Edin Co., Inc., Dept. ED, 207 Main St., Wor- 
Icestt'r 8, Mass.
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WALDES

TRUARC
RETAINING RINGS

WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N. Y.

Waldea Kohinoor, Inc., 47-16 Austel Place, L.I.C. 1, N.Y.
□ Please send me sample Reinforced "E-rings." 

(please specify shaft «ire)
□ Please send me Engineering Data Sheet

Title____________

Company________

Business Address.

City____________ Zone. State.

Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Rep­
resentative and Authorized Distributor. Look under “Retaining Rings” or “Rings, Retaining.”
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WHV COMPROMISE RELIABILITY?

arnoux

ELECTRONIC 
COMMUTATORS

GREATLY INCREASED RELIABILITY & 
LIFE... LESS POWER REQUIRED

COMPLETELY QUALIFIED TO MIL E-5272A 
QUALIFICATION TEST DATA AVAILABLE

Model: PAM30xl0S-10
Weight: 2.5 pounds 
Size: 2.50 in. x 3.87 in 

x 4.75 in.

NEW PRODUCTS
Bi-Directional Couplers

Three types cover frequencies from 2.6 to 12.4 kmJ

Three broadband waveguide directional 
couplers have been designed for continuous vswi 
and power comparison measurements in micro­
wave systems, each with approximately 20 per 
cent bandwidth. Coupling ratio measures 10 db 
with no more than 0.5 db variation over the 
entire frequency range. Minimum directivity is 
40 db. The units are bi-directional couplers which 
take accurate percentage samples of the powei 
flow in a waveguide transmission line. Two op 
posing coupler units on the single main wave 
guide unit provide separate outputs for forward 
and reflected power in the line. Each output 
samples power flow in only one direction.

Sperry Gyroscope Co., Microwave Electronic; 
Div., Dept. ED, Great Neck, N.Y.
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Rotary Solenoid
Eliminates Mechanical Linkage

Now in production...New rectangular case “DASH 10” series' 
Available in 30, 45, 90 Channels PDM and PAM

THESE ADVANTAGES moke Arnoux electronic 
commutators a must: long life, reliability, low noise 
level, and low power requirements.

The ETC commutator has a guaranteed service- 
free life of 5000 hours. Without vacuum tubes — 
built of all solid-state elements—the ETC has no 
moving parts. There are no switching transients. 
The frequency variation does not exceed ± 5 per­
cent throughout the operating temperature and 
voltage ranges.

There is no radio interference; the ETC meets 
MIL-I-6181C specification. Signal noise (less than 
0.05 percent) and crosstalk (less than 0.01 per­

Sales Offices: Los Angeles, Seattle, Dallas, Bryn Mawr (Pa.), Arnprior, Ontario (Canada)

ARNOUX CORPORATION

1 1 924 WEST WASHINGTON BLVD • LOS ANGELES 66, CALIFORNIA

CIRCLE 194 ON READER-SERVICE CARD

114

cent) values are guaranteed; by actual test, these 
values are so low they cannot be measured.

Power requirement is only 2 watts (150 vdc at 
12 ma) for the 30-channel unit.

The small, lightweight ETC can be used as a 
direct replacement for mechanical commutators in 
0-3 v and 0-5 v airborne telemeter applications. It 
meets all IRIG requirements, exceeds MIL-E-5272A 
specification, and is available in all PAM and 
PDM sampling rates. A signal limiting feature, with 
the ETC, makes limiters unnecessary elsewhere in 
the telemetry system.

Write for Arnoux Bulletin 700

This rotary solenoid, called the Motoroid, pro 
vides true rotary motion from an ac or de inpu 
without linkages. The output torque and angl( 
of rotation are easily selected and adjusted. Thej 
are changed by shifting two stops that limit rotoi 
travel. These stops allow selection of any portior 
of the overall Motoroid torque curve and rotation

Series 100, the first of this line, provides out 
puts of up to 4 inch pounds. Models are availabh 
in closed or open-frame type and in continuou: 
or intermittent duty models with either left oi 
right hand rotation standard. They have an oper 
ating temperature range of —65 to 4-300 F wit! 
special models up to 500 F. Standard operating 
voltage is 110 v, 60 cps. Other voltages and d< 
are available on special orders. The standan 
angle of rotation is 60 deg, with longer travel 
designed upon request.

Leetronics, Inc., Dept. ED, 30 Main St., Brook 
lyn, N.Y.
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COOLING SYSTEM
HiW, exclusive features 3 to 30 times
greater evaporating heat transfer coefficients!

>wei

•me«

Schematic: AQUEOUS AMMONIA-TO-OIL EVAPORATIVE COOLING SYSTEM
CIRCLE 197 ON READER-SERVICE CARD

Semi-flexible, air dielectric
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UNITED AIRCRAFT PRODUCTS, INC

More specific information in Engineering Report form can be made available 
to qualified inquirers by contacting UAP Contractual Engineering Offices.

1EC TRONIC DESIGN • May 14, 1958

CALIFORNIA 
NEW YORK 
OHIO . . 
CANADA .

This new UAP cooling system for electronic equipment, fluid systems and struc­
tural component seals includes UAP's latest exclusive Hi-D developments in the 
heat exchanger arts, and associated UAP devices. Unique Hi-D configuration 
develops heat transfer coefficients 3 to 30 times greater than any previous 
development. 95% to 98% boil-off of evaporative fluid has been obtained.

UAP heat transfer devices are tubular and plate types of stainless steel or 
aluminum and can be applied to various evaporative fluids including water, 
water-alcohol, water-glycol, and aqueous ammonia mixtures for pool boiling 
or forced circulation systems.

HEAT EXCHANGER 
107s" LONG x 2’A" DIA. 

WT. 1.1 LBS

onal 
/SWl 
icro

ave- 
vard

I Called Spir-O-line, this transmission line has a 
dielectric supporting structure between the 
aluminum outer conductor and the copper inner 
i inductor. It employs high density 100 C low- 
loss polyethylene tubing (Teflon for higher tem­
peratures) under uniform radial compression to 
provide maximum air space with no direct air 
[ ith between conductors. This construction per­
hits a voltage rating increase of approximately 20 
per cent over equivalent size semi-flexible lines, 

be lower attenuation of Spir-O-line permits 
■higher average power ratings.
I Avoidance of dielectric discontinuities pro- 
I des high efficiency and low vswr. The trans- 
Imission lines terminate in standard EI A flanges 
fend other specified dimensions. The cables have 
[broadband characteristics.
I Piodelin Inc., Dept. ED, 307 Bergen Ave., 
heainy, N.J.

ASSOCIATED DEVICES:

PRESSURE AND TEMPERATURE CONTROL VALVES 
POSITIVE EXPULSION TANK 
SYSTEM CHARGING PROVISIONS

primary and supplemental 

EVAPORATIVE

1101 Chestnut St., Burbank, Calif., VI 9-4236 

50 E. 42nd St., New York 17, N.Y., MU 7-1283 

. 1116 Bolander Ave., Dayton, Ohio, BA 4-3841 

. . United Aircraft Products, Ltd., 5257 Queen
Mary Road, Montreal, Canada. Elwood 4131

Identified as model P7P6TFRP80, this minia- 
urized 27 v dc permanent magnet gearmotor has 
been designed with thermal protection and radio 
frequency filter. Designed for use in an airborne 
pre control system, the motor has an extended 
haft with special bearings to compensate for an 
erhung load. It develops 180 in.-oz maximum 

kail torque and 16 in.-oz running torque. The 
gear reduction provides an output speed of 1000 
[pm at full load.and 1400 rpm at no load.

Western Gear Corp., Dept. ED, P.O. Box 182, 
Lynwood, Calif.

DC Gearmotor
Withstands locked 

rotor for 20 min



NEW PRODUCTS
How the man

Teflon”
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INSULATED WIRE CO., INC

ELECT"FLEXOLON" It a trademark oi Tentollte Insulated Wire Co., Inc. "TEFLON" I* a registered trademark oi the DuPont Company
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CIRCLE ?00 ON READER-SERVICE CARD

from Tensolite can widen your safety margins on 250 C. hook-up wire

New FLEXOLON hook-up wire with
tape proves highest in dielectric strength

Superiority of Tensolite's new FLEXOLON wire, manufactured to exceed the requirements 
of MIL-W-168788, Types E and EE, gives designers

Selenium Rectifiers
Primarily for arc suppression

The hermetically sealed SP3 se­
ries and phenolic housed SP7 series
are selenium rectifiers designed
specifically for use as arc suppres-
sors. Units are suitable for ac cir-
cuits which draw up to 600 ma op­
erating current at 150 v and for de
circuits drawing up to 750 ma op­
erating current at 147 v.

Bradley Labs., Inc., Dept. ED,
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Thermal Switch
For very high temperatures

If you want to widen the safety margins in your product or merely 
maintain the present margins with smaller wire, Tensolite s new
Flexolon high temperature hook-up wire can solve your problem.
Rugged tests —In a series of extensive tests, Flexolon wires 
dielectric strength was charted against the strength of extruded wire.
Ten-foot samples, selected at random, were immersed in a water bath 
containing a suitable wetting agent for 4 hours. Each piece was then 
subjected to a high-potential test with voltage increasing from 0 at 
the rate of 3 kv per 10-second interval until breakdown was observed.
Results conclusive — In the type E category, extruded wire fell 45 
per cent below Flexolon wire s minimum dielectric strength. In the 
type EE category, the extruded samples were 88 per cent lower than 
the minimum dielectric strength of Flexolon wire.
Extra advantages—Tensolite’s unique process which permits appli-
cation of 2% times more layers of Raybestos-Manhattan R/M 
“Teflon” tape to Flexolon wire assures full insulation protection and 
far superior performance. The new technique also gives Flexolon 
wire perfect concentricity which provides easier stripping, faster and 
cleaner cuts, and added protection against strand damage.
Complete information — Ask the man from Tensolite for full details 
on the many advantages of Flexolon high temperature hook-up wire. 
Or write to Tensolite for informative Flexolon wire bulletin.

greater safety factor than ever before

88 per cent extra margin of safety — This high 
potential test proved that Type EE extruded wire 
fell 88 per cent below Flexolon wire's minimum 
dielectric strength.

West Main Straat, Tarrytown, N. V. • Pacific Division; 1516 N. Gardner st., Loe Angelas, Calif.

A high temperature therma
switch for jet engines, gas turbines
rocket motors, after burner control
and other high temperature appli
cations has been developed. Th 
switch is easily installed and will
operate in temperatures as low as 
—20 F with safe momentary over­
shoots to 2200 F. Constructed oi 
special stainless steel alloys, singk 
or two wire leads, with either 
standard thread or plate type 
mounting. Resistive rating is 1 1/2 
amp at 28 v de.

Control Products, Inc., Dept. ED, 
306 Sussex St., Harrison, N.J.
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Servo Couplings
Use flexible disc
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HIGH 
VOLTAGE

Designed for the coupling of shafts which are 
fn angular misalignment, these units consist of a 
3 xible disc riveted to a pair of precision hubs. 
The unit is entirely free of backlash. The cou­
plings are designed to accept 1/4-in. shafting, 

pad are available for either clamp or pin fasten-

These hermetically sealed, compact units are 
designed for high voltage commercial electronic 
applications.

High volume resistivity, low power factor, and 
high dielectric strength are assured by impreg­
nation with Sangamo Diaclor, a specially com­
pounded chlorinated dielectric that is non­
inflammable and non-explosive. Type 71 
capacitors can be operated at temperatures up 
to 85°C with proper voltage de-rating.

WEATHER-PROOFED CASE
Tin-plated steel case is metalized with pure 
aluminum and finished with two coats of baked 
vinyl resin base paint. Rust and corrosion won’t 
attack this case even if the finish is scratched 
through to the steel.

Type 71 High Voltage Capacitors are available 
in standard case sizes in ratings up to 25,000 
WVDC.

Shafts having an angular misalignment of up 
to 2 deg can be coupled and operated at speeds 
to 5000 rpm with maximum torque of 50 oz in. 
Reeves Instrument Corp., Dept. ED, Roose­

velt Field, Garden City, N.Y.
CIRCLE 204 ON READER-SERVICE CARD

Model WA-600 amplifier is designed to allow 
complete coverage of the 6 to 60 me range with- 
jut adjustments or change in i-f strips. Perform­
ince under any conditions of pulsed operation 
s exceptional due to a 20 usee recovery time 
md a full wave detector. The amplifier is a 
special video type using both shunt and series 
peaking coils. A full wave detector follows these 
with a conventional two-stage 10 me wide video 
amplifier for pulse work, or a narrower band de 
one for cw.
I Specifications include an input frequency of 
6-60 me to 3 db points, gain 80-90 db, video band 
kidth 10 me, input impedance 93 ohm, output 
Lipedance provided by cathode follower ter­
minated externally, output voltage +10 v max, 
and noise figure of 11-13 db.

Arenberg Ultrasonic Lab. Inc., Dept. ED, 94 
Green Street, Jamaica Plain 30, Mass.
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CRYSTAL FILTERS
NOW YOU CAN REPLACE ALL OF THESE COMPONENTS

Shown approx, '/j size

WITH A SINGLE HYCON EASTERN CRYSTAL FILTER

Shown approx. */j size

AND REDUCE WEIGHT, SAVE SPACE, 

IMPROVE PERFORMANCE AND RELIABILITY

It will pay you to investigate how this unique component can 
improve performance and reduce costs of your communications 
equipment. Hycon Crystal Filters make possible single conver­
sions in AM and FM receivers while retaining the important 
advantages of double and triple conversions. These units permit 
excellent reception in the presence of strong jamming or in­
terfering signals. Center frequencies are accurate to .001%. 
Insertion loss is 1/10 of other filtering methods. Aircraft and 
guided missile environmental requirements are exceeded. Write 
for Crystal Filter Bulletin.

ffjT\ H Y CON EASTERN , INC .

75 Cambridge Parkway Dept. F, Cambridge 42, Mass.

CIRCLE 207 ON READER-SERVICE CARD
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NEW PRODUCTS
Voltmeter

Accurate from —55 to +65 C

Expanded scale construction provides good 
readability and 0.5 per cent accuracy. Meter is 
time-stable. No thermal elements are used, thus 
eliminating thermal aging. The unit maintains 
frequency accuracy from 50 to 2000 cps. Power 
consumption is less than 1 w at any temperature 
within a —55 to +65 C range. The line comprises 
ac and dc types: military types are supplied in 
2-1/2, 3-1/2, and 4-1/2 in. round sizes; industrial 
types in 2-1/2 and 3-1/2 in. round or square, or 
4 x 6 in. rectangular sizes.

Voltron Products, Dept. ED, 1010 Mission St., 
S. Pasadena, Calif.
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Stepping Relay
Printed circuit switching board

This stepping relay uses a printed circuit board 
for switching currents up to 250 ma. Designated 
the SA, the relay can be furnished for ac or dc 
voltage operation. It operates on 3 w dc or 20 va 
ac. It is normally a pulse operated relay but the 
dc coil will withstand 3 w continuously. The ac 
relay must be pulse operated. An armature- 
driven pawl operates a ratchet to drive a movable 
arm in steps of 30 deg over the 12 non-shorting 
printed circuit strips.

Potter & Brumfield, Inc., Dept. ED, Princeton, 
Ind.
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In Electronic Design, engineers find 

not only more new products, but all 
the new products normally encoun­

tered in the design of electronic 
original equipment. 26-time publish­

ing frequency brings this information 

quickly to the engineer’s attention, 
timed to a fast-moving industry. 

Electronic Design is more up-to-the- 
minute, more complete, more helpful, 

and easier to read than any other 
electronic publication. No wonder 

more and more engineers read 
Electronic Design first!

ELECTRONIC DESIGN
a HAYDEN publication

830 THIRD AVENUE, NEW YORK 22, N. Y. 
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Zener Diodes

Connector
Universal joints allow misalignment

Orders for DRIVER-HARRIS Nickel and
Nickel Alloy Wire FILLED IN 24 HOURS

Baluns and RF Transformers

119

25 wire sizes from .0021 to .091 
12 wire sizes from .0025 to .091 
9 wire sizes from .005 to .015 
3 wire sizes from .0253 to .050

wire sizes from .001 to .1875 
wire sizes from .001 to .1875 
wire sizes from .001 to .1875 
wire sizes from .0285 to .204

24 wire sizes from .0016 to .164
6 wire sizes from .007 to .0135 

25 wire sizes from .0063 to .144 
65 wire sizes from .0007 to .289 
62 wire sizes from .00045 to .289 
35 wire si-zes from .0031 to .258 
36 wire sizes from .0005 to .036 
.49 wire sizes from .0008 to .258 
.37 wire sizes from .001" to .1285 
.29 wire sizes from .001 to .182 
.28 wire sizes from .00475 to .182 
.28 wire sizes from .0015 to .182

As low as 10 days for 
COLD DRAWN MONEL ... 

GRADE “A” NICKEL......  
COLD DRAWN INCONEL 

R MONEL........................
As low as 7 days for

STAINLESS STEEL wire and ribbon 
Types: T-302, T-304, T-305, T-316, T-430, T-446

ELECTRONIC DESIGN • May 14, 1958

If we receive your order in the morning, it will be shipped 
out before evening ... this is the new service policy of Driver- 
Harris in the manufacture and distribution of 18 most fre­
quently purchased Nickel and Nickel Alloys in wire form. 
In addition to this new warehouse stocking program, is the 
improved delivery schedule for Monel, Grade “A” Nickel, 
Inconel, R Monel and some Stainless Steels with lead time 
reduced to only 7 days in certain cases. The following list 
covers immediate availabilities. For complete detailed current 
listing showing all sizes and specifications, contact the nearest 
Driver-Harris branch — or call HUmboldt 3-4800 (New 
Jersey), REctor 2-9579, 80, 81, 82 (New York City).

Axial leads for pc assembly

Axial leads on these low power silicon Zener 
diodes makes possible automatic machine as­
sembly on printed circuit boards. The diodes are 
not position-sensitive, and may be inserted by 
automatic machines on an assembly line basis. 
\ heat-dissipating path from the diode junction is 
built-in, making possible a conservative power 
rating of up to 200 mw at 25 C.

U.S. Semiconductor Products, Inc., Dept. ED, 
3536 W. Osborn Rd., Phoenix, Ariz.
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STAINLESS STEEL 
Type 304 ...  
Type 316 ...  
Type 330 ...

NICHROME* ........  
NICHROME* V ....  
CHR0MAX* ........... 
KARMA* ...............  
ADVANCE* ...........  
MANGANIN ........... 
L0HM* .................  
MIDOHM* .............  
30 ALLOY .............

1.5 to 30 me and 14 to 60 me range

In the full kilowatt size, transmitting baluns 
and rf transformers are designed for matching 
50 ohms coax to balanced impedances ranging 
Hrom 50 to 470 ohms, and matching 75 ohms coax 
to balanced impedances ranging from 75 to 600 

lohms. Appropriate similar models are available in 
h 150 w junior series. Baluns are useful in en- 
hbling transmitters of the single ended type to 
ped a balanced transmission line without the use 
If switches or complicated circuitry.
I Lynmar Engineers, Inc., Dept. ED, 1432 N. 
parisle St., Philadelphia 21, Pa.
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Developed to overcome the problems encoun­
tered where rigid connectors are subject to high 
shock and vibration, this sealed connector em­
ploys a ball and socket principle for its contact 
pins. Two ball-type pins are connected by a split 
sleeve held together by two garter springs. The 
action of the ball-contacts in the sleeve is that of 
a universal joint action. The location of the pins 
does not have to be held to a close tolerance and 

I allows for further misalignment due to shock and 
[vibration as well as temperature changes.
I Cole Electric Co., Dept. ED, 8439 Steller Dr., 
kulver City, Calif.
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MONEL ...................  
GRADE “A” NICKEL 
GRADE “0” NICKEL 
INCONEL ...............

X HARRISON, NEW JERSEY • BRANCHES: Chicago. Detroit, Cleveland, Louisville

Distributor: ANGUS CAMPBELL. INC., Los Angeles, San Francisco • In Canada: The B. GREENING*WIRE COMPANY, Ltd., Hamilton, Ontario

MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES
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NEW PRODUCTS
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HAYDEN publication • 830 Third Avenue, New York 22, N.Y, Telephone Plaza 1-5530
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TRANSISTORS
COMPONENTS FOR 
TRANSISTORIZED CIRCUITS 
TRANSISTOR ASSEMBLIES 
TRANSISTOR TEST EQUIPMENT 
DESIGN FOR TRANSISTORS 
MATERIALS FOR TRANSISTORS

This 5-amp de 4 pole relay, 
meets the requirements of Mil-B- 
5757C and Mil-R-25018. Life tests 
indicates a minimum life of 100,000 
operations at 5 amp 26.5 volts de, 
with a non-inductive load on the 
contacts. Better construction mini­
mizes contact contamination.

Radio Corporation of America, 
Commercial Electronic Products, 
Dept. ED, Camden 2, N.J.
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Chassis
Universal type featuring rigidity

Relay
5-amp 4 pole de unit

The 6th annual Transistor Data Issue of Electronic 
Design will be published July 9th—complete with 
TRANSISTOR DATA CHART, the first and only 
complete transistor data source of its kind in the 
industry. The chart is bound in each copy of the 
magazine—can be removed for permanent reference. 
Extra editorial, extra readership, extra reader action! 
Schedule this issue of greatest value NOW ... forms 
close June 9th..

JULY 23rd—DIODES
Also in July: an Electronic Design feature report on 
Semiconductor Diodes. Special editorial, characteristics 
charts, performance data, will make this issue in 
extra demand by design engineers throughout the 
industry. Forms close June 23rd.

This series of universal chassis 
emphasizes rigidity and versatility. 
Single-panel models are readily 
punched or drilled for fore-and-aft 
or cross mounting of assemblies and 
provide unrestricted front panel 
mounting area. Modular models 
shown are available with multiple 
subchassis units to facilitate fore- 
and-aft or cross mounting and good 
cooling of assemblies.

Maximum-height side frames 
with Heli-arced comers give rigid 
equipment-protection in any posi­
tion. Materials used are steel or| 
aluminum.

Western Devices, Inc., Dept. ED, 
600 W. Florence Ave., Inglewood,

Standa
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Duplexer-Switch
Handles 300 kw peak HIGH TEMPERATURE

POTENTIOMETERS
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ROTARY 
TRIMMERS
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sel oi

Microwave 
Termination Epoxy Encapsulated 

Ceramic Sleeve

Epoxy Encapsulated 
Rat Bottom with Leads

Epoxy Encapsulated 
Round Molded

Epoxy Caso 
Leads Single Ended

Write for the new potenti 
ometer catalog.

New rugged ceramic coil forms. Ribbed con­
struction permits leads to be brought under 
windings to lugs, eliminates loose leads. 
Retractable typo bushing allows core to 
enter bushing providing more effective 
winding area. Unique internal permanent­
tension device eliminates loose parts. New 
design permits forms to bo stocked, or have 
bushings on each end for double tuned 
coils. Special windings can be supplied to 
meet your specifications. Wide choice of 
slugs available for various frequency ranges.

Write for the new coil form cstelog

The Waters' complete line 
of rotary trimmer and min­
iature precision potentiom­
eters is derated to 125° C 
standard and is NOW 
AVAILABLE TO 
150° C.

Epoxy Encapsulated 
Rat Bottom

pn be moved by means of a micrometer drive, 
phis is a non-contacting short of the two-section 
haxial-filter type.

Polytechnic Research & Development Co., Inc., 
Pep . ED, 202 Tillary St., Bklyn, N.Y.

CPD — Epoxy Encapsulated

EPOXY ENCAPSULATED 
CHOKES & COILS

MINIATURE PRECI­
SION POTENTIOM­
ETERS are built, tested 
and certified* to such rug­
ged specifications as: AIA, 
RETMA, JAN-R-19, MIL-E- 
5272A, and other applicable 
military specifications. This 
new line of single-turn pots 
packs Waters quality, per­
formance and reliability into 
smaller-than-ever size.

ROTARY TRIMMER 
POTENTIOMETERS 
are built, tested and certi­
fied* to rigid military en­
vironmental specifications 
and are available in a wide 
variety of mechanical con­
figurations : ganged, tapped, 
with various electrical and 
mechanical angles, locking 
bushings, anti-rotation pins, 
"0" ring seals, custom 
shafts, nr with the new 
Waters concentric shaft con­
struction that provides two 
pots on a single mounting 
with two separate controls.

Epoxy 
Encapsulated Slug 
tuned coil form

Accurately adjusted 
any reactance

CPA — Epoxy Encapsulated — Aluminum Can

Write for the new encapsulated 
catalog.

For handling 300 kw peak power and 300 w 
average power in the frequency range of 8.5 to 
9.6 k me, model XL447 ferrite duplexer-switch 
performs the function of switching between two 
waveguide outputs from a single input.

In its use as a duplexer switch, the unit directs 
microwave energy to one or another of two an­
tennas when current is reversed in the coil of the 
[electromagnet. The need for a power-absorbing 
[isolator is eliminated because antenna reflections 
Lre always directed to the receiver t-r tube.
| Giving a 20 db isolation between outputs, the 
IXL447 has an .insertion loss of 0.5 db, and an 
■input vswr of 1.2. Switching time is 4 msec. 
■Standard coil specifications are 1 amp at 28 v dc, 
Ibut coil parameters can be established to meet 
Individual requirements.
I Monogram Precision Industries, Inc., Cascade 
■Research Div., Dept. ED, Los Gatos, Calif.

AVAILABLE TO 125v C
The new Water» family of epoxy encapsulated 
evokes offer» a w:de range of inductance* 
from n.luh to 200.0MH. Amonu the wide 
variety of physical configuration» ii a flat 
tide type with axial leads for use In printed 
circuits. It also provides an Index surface for 
automated production With heavier compo­
nents, printed circuit mechanical mounting 
leads are provided for extreme shock and 
vibration Isolation.

A tubular model Is provided with leads at 
one end for use in printed circuit or conven­
tional high temperature applications.

Included in the new encapsulated choke 
family is a complete lino conforming to MIL- 
C-153O5A, Grado 1, Class B.

Shielded encapsulated ehokes, which mount 
with two 6-32 spade bolts are also available.

Five different types of sliding shorts are avail­
able in frequency ranges from 12.4 to 75 kmc. 
pith short-circuit vswr’s of up to 100:1, they are

—-------- -------- ootenfiometer
•HOT POT"

1 *“'** “ n?t is now available ’°' 
This new hi*«^

COMPONENTS-

New/New!

MANUFACTURING INC.
Wayland, Massachusetts
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IERC 
HEAT-DISSIPATING

ELECTRON

PREVENT 
teSTLY

“BIG TUBE”
FAILURES

AND EQUI IME” LOSSES
CAUSED BY HEAT, SHOCK AND VIBRATION!

Investigate the extraordinary tube-saving, cost saving 
potentials of IERC Heat-dissipating Tube Shields-the 
only complete, commerctally-available line of effective 
heat-dissipating electron tube shields for miniature, 
subminiature and octal/power size tubes. lERC’s ex­
panded line of heat-dissipating tube shields for the 
larger size power tubes offer, for the first time, 
a practical method to retain these tubes in severe 
shock and vibration environments!
The most complete electron tube heat-dissipation infor­
mation is yours for the asking! Technical data com­
prised of IERC and independent laboratory test reports 
will be sent upon request on your company letterhead.

CROSS-LICENSED WITH NORTH AMERICAN AVIATION, INC

PATENTED CR PATS PEND

electronic research corporation
145 West Magnolia Boulevard, Burbank, California

LATEST addition to lERC’s product line is the IERC HEAT DISSIPATOR for POWER TRAN­
SISTORS. Effective reduction of temperatures, elimination of heavy, large or finned 
surfaces plus adaptability for use in confined spaces are prime features. Technical 
Bulletin PPI 12 is included with general IERC information sent on request.

Heat-dissipating electron tube shields for miniature, subminiature octal and power tubes 
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STROMBERG-CARLSON
Rotary Switch

Up to 6 levels, 30 points each

The high speed RVF rotary switch can be 
furnished with 2, 4, or 6 levels, 30 points each, 
with single wiper. With double wipers, the same 
switches become 4, 8, or 12 level units, respec­
tively, with 15 points per level. Any combination 
up to 30 inputs and/or outputs per bank level. 
Bank terminals are designed for use with either 
soldered connections or solderless connectors. 
Bank contact ratings: 1 a at rest; 0.2 a resistive 
when stepping. Gold plated bank contacts and 
wipers are available for low level switching. 
Available with 12, 24, 48, 110 v de coils. Built-in 
spark suppression on 24 and 48 v switches.

North Electric Co., Dept. ED, Galion, Ohio.
CIRCLE 220 ON READER-SERVICE CARD

Calibrator
For instruments used with resistance type pressure 
cells

The model 104 calibrator is used by substitut­
ing it for the sensing element in a measuring sys­
tem. Defective components are easily isolated by 
substitution. The 104 is made in three standard 
versions supplying a maximum output voltage of 
.002, .004, and .008 volt/volt. Output voltage from 
the calibrator can be selected in ten equal steps 
from zero to the rated output of the unit. Volt­
ages are guaranteed to be within 1/10 per cent of 
the rating over an operating temperature of 40 to 
100 F. The unit can be used on frequencies up to 
1000 cps.

Gilmore Industries, Inc., Dept. ED, 13015 
Woodland Ave., Cleveland 20, Ohio.
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PUSH-KEYS 
now available with 
automatic interlock

In such precision operations as auto* 
mation programming, you can now 
eliminate the risk of pushing more 
than a single button at a time.

This new interlock feature is based 
on a simple arrangement of sliding 
cams. Only one button at a time can 
be depressed. This feature is available 
in all multiple-pushbutton assemblies 
(7, 10, 12 and 20 button arrange­
ments) .

All “telephone-quality” advantages 
of Stromberg-Carlson keys continue 
as before. You may apply “make,” 
“break,” “break-make” and “make- 
before-break” combinations as re­
quired. You get standard spring com­
binations with Form A, C or D con­
tacts—or you may order special strips 
of keys with intermixed contacts.

Buttons are available in white or 
colors—blank or with letter or number 
designations.

For complete techni­
cal data on Stromberg- 
Carlson Key Switches 
send for our illustrated 
Bulletin T-5002R.

5 ?

STROMBERG-CARLSON
A DIVISION OF GENERAL DYNAMICS CORPORATION 

Telecommunication Industrial Sales 
11< Carlson Road, Rochester 3, N. Y.

Electronic and communication products for 
home, industry and defense
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CHECK WHAT VITREOSIL OFFERS:

Please send technical data on

__ .Zone--------State-------------

Absolute Chemical Purity

Extreme Heat Resistance

Thermal Shuck Resistance

Chemical Inertness

Outstanding Electrical Properties

Full-Range Radiant Energy 
Transmission

C impany____  

N ime & Title 

Street_________

C.ty- - - - - - - - - - - -

ITREOSIP Phase Sequence Indicators
Indicates the proper phase rotation

' FUSED QUARTZ 

MEETS YOUR 
CRITICAL 

REQUIREMENTS

Type PSI-AC phase sequence indicators con­
tain an electrical network designed to sense the 
phase rotation and provide a voltage greater 
than, or less than, that required to light a neon 
lamp. Standard dimmer-type lenses are available 
for 60 or 400 cps operation at voltages from 110 
to 440 v.

Brunswick Instruments, Dept. ED. P.O. Box 
813, New Brunswick, N.J.
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VITREOSIL fused quartz prod­
ucts can be supplied in an un­
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con­
ductor requirements.

TRANSPARENT VITREOSIL
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec­
troscopy and physical, optical 
and electrical research and pro­
duction operations. Send specifi­
cations for your requirements. 
Please use coupon below.

See our ad in
Chemical Engineering Catalog

AC Voltage Regulator
Regulates average peak and rms

Model APR1010, a tubeless multi-purpose ac 
voltage regulator, can be used to regulate average 
and peak voltages as well as rms, independent 
and input waveform. By turning a switch, the 
regulator output can be matched to the special 
requirements of the load.

The regulator also has five different sensing ar­
rangements: internal (normal ac regulation); ex­
ternal ac (any ac voltage); remote (115 v ac at a 
remote location); constant current; and de.

Sorensen & Co., Inc., Dept. ED, Richards Ave., 
South Norwalk, Conn.
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Power Supplies
1 to 25 v de

THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 

18-20 Salem Street, Dover, New Jersey

CIFCLE 223 ON READER-SERVICE CARD

The TPC-5 power supplies can be furnished 
for any desired output between 1 and 25 v de. 
Rated output current is 350 ma and the regula­
tion over the entire input voltage and output 
current ranges is 1 per cent.

Southwestern Industrial Electronics Co., Dept. 
ED, 2831 Post Oak Rd., Houston, Texas.

CIRCLE 454 ON READER-SERVICE CTRD
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PRECISION F R E Q U E N C Y

STAT/C L/VVERTE/i SUPPLY
INPUT 28V D.C ± J0%

OUTPUT Nom. 115V ± 2% 400 CPS ± 0.01% 
1 sl (2- ©» 3-phase output available)

RATINGS 30VA 50VA 100VA 
Higher ratings available.

APPLICATION:
For gyro wheel supplies and where 

precise 400 cycle voltages are re­
quired In aircraft, radar and missile 

computers.
FEATURES:

PRECISION OUTPUT FREQUENCY 
RUGGED 

EXCELLENT WAVEFORM 
SIMPLICITY OF CIRCUITRY 

FAST STARTING TIME 
GOOD VOLTAGE REGULATION 

throughout an adjustable range 
ISOLATED CASE DESIGN 

HIGH RELIABILITY 
VIBRATION ISOLATED 

COMPACT 
LIGHTWEIGHT

MILITARY SPECIFICATIONS
(Send for Bulletin 5-864)

MODEL 
NUMBERS

- .017. CPS SIS 40311 SIS 40511 SIS 410011
± .05% CPS SIS 40315 SIS 40515 SIS 410015

INPUT VOLTAGE 21V DC - 107.
MAX. OUTPUT POWER 30VA SOVA IOOVA

OUTPUT VOLTAGE 115V AC (Adjustable - 10%)

OUTPUT FREQUENCY 400 CPS - .01 %
400 CPS -.05 %

VOLTAGE REGULATION ±1% For Lino Variations 2% For 1 cadi Variations
FREQUENCY DISTORTION 3% Moximom At Foil Load

LOAD POWER FACTOR 4- 0.5 to - 0.5 Moximom
MILITARY SPECS. MILE-S400A t MIL-E-5272A

AMBIENT TEMPERATURE 55°C to + 71 °C when 
mounted to heat sink

VIBRATION 20G 10 to 2000 CPS

UNIT DIMENSIONS 15” D 2 7/1" 
N 2 13/16"

LB" 0 2 7/0” 
H 2 13/16"

no’ d 4 i/r 
H 2 13/16"

_______ WEIGHT (Approx.) 2Jbs.______ 3 5 lbs. 5 lbs.

MAGNETIC AMPLIFIERS INC
j 632 TINTOH AVENUE • MEW* YORK 55, ML • CYPRESS 2-6610
’ West Coast Division

136 WASHINGTON SÎ. • EC SEGUNDO, CAL • OREGON 8-2665

CIRCLE 226 ON READER-SERVICE CARD
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Engineered Economy* Iron Cores 
originated by 

Radio Cores, Inc*

trademark

* the leader in volume ★ the leader in design

inventory through guaranteed immediate delivery service this has been

Just a few short years ago, Iron Cores cost over 100% more than at the present 
time. This has been achieved by the creation of our line of ENGINEERED ECON­
OMY* IRON CORES which enables us to reduce the amount of your minimum

achieved by the new use of automation which enables us to cut costs 
and pass these savings on to you .... this has been achieved by 

more efficient production methods, which reduce processing 
and material costs which again means savings to you.

* the leader in quality
* the leader in price * the leader in engineering

rm

Copyright 1956

always 
the leader

all ways

Now, you can select from over 
19 types of ENGINEERED ECONOMY’ 

IRON CORES which do the job of over 100 types 
custom made cores at stock prices We invite your inquiry.

Also, custom iron cores to your specifications.

9540 Tulley Avenue Oak Lawn, Illinois

I iitKiatiM
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Magnetic Clutches
Feature 5 msec engagement
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NEW PRODUCTS

This line of miniature magnetic clutch, brake, 
clutch-brakes is available in 32 models of frame 
sizes 8, 11, and 18, and feature 5 msec engage­
ment. Temperature range is from —65 to 4-350
F. Complete range of operating 
available with 24-28 v as standard.

FAE Instrument Corp., Dept.
Hunter St., Long Island City, N.Y.
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Program Timer
Intermediate switching in 1-sec increments

Altimeter: A hypsometer, an ex­
tremely sensitive altimeter, is a 
thermistor placed at a liquid’s sur­
face (Fig. 2); thermistor resistance is 
a function of the liquid’s boiling 
point, which depends on the altitude. 
A hypsometer of this type can meas­
ure altitude from sea level to over 
125,000 feet with precision better 
than 1% of the measured pressure.

This adjustable program timer can be furnished 
for any time cycle up to a maximum of 4000 sec 
(66-2/3 min). Range brackets are specified in 
100-sec increments. The overall time cycle is ad­
justable in one-second increments from zero to 
one-half of the maximum range, and in two-sec­
ond increments from one-half to full range. Inter­
mediate switcliing events can be pre-set at any 
points throughout the full range of the unit in 
one-second increments. The number of interme­
diate switching events is limited only by the 
length of the time cycle setting. The maximum 
would be one per second. Any selected switch­
ing program is recycled automatically, and will 
continue indefinitely until shut off. When oper­
ated on a line having a controlled frequency of 
60 cycles per second, switching accuracy of the
adjustable program timer can be held 
±1/10 second.

The Cramer-Krasselt Co., Dept. ED.
Van Buren St., Milwaukee 2, Wis.
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Design — Engineering — Production 
of Precision Thermistors

CIRCLE 230 ON READER-SERVICE CARD
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Using 
Thermistors

Edited by
FENWAL ELECTRONICS

Thermistors are “thermal resistí >rs” 
with a high negative temperature co­
efficient of resistance — semi- on- 
ductors with amazing sensitivity

Thermistors discussed here — for 
liquid level measurement and 
altimeters.

Liquid level measurement: When a 
thermistor is suspended in air in 
series with a light bulb and battery, 
the bulb lights, because the thermis­
tor heats and resistance drops, per­
mitting current to flow to the bulb. 
Reversing this process, a thermistor 
submerged in a liquid (Fig. 1) cools, 
extinguishing the light. This is a 
liquid level indicator. A liquid level 
control substitutes a relay for the 
light bulb.
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Designers: If you are considering 
thermistors, write for more informa­
tion about their tremendous possibil­
ities to Fenwal Electronics, Inc., 
35 Mellen St., Framingham, Mass.
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Encoder
Has 1024 positions

Volt-Ohm Meter

RF Filter

ED

State.

CIRCLE 231 ON READER-SERVICE CARD
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OFF THE SHELF!

1HG400* 
1F400* 
IHCT400

1HG 
IF 
1HCT

Component Sales Division

FORD INSTRUMENT CO.
DIVISION OF SPERRY RAND CORP.

31-10 Thomson Ave., Long Island City 1, N. Y.

(subject to prior sale)

1HDG 3HCT 5F
3HG 3HDG 50
3F 5HG 5HDG

NOW YOU CAN BUY

in 
transmitting signals . . .

SHIPMENT GUARANTEED 
WITHIN 10 DAYS FOR 
COMMERCIAL UNITS 

... and within 30 days 
for MH Spec units.

THtSE UNITS 
ARE NOW ON THE SHELF

The C-711 series encoders are available with 
discs coded in Gray code (reflected binary) or a 
cyclic binary coded decimal. Accuracy is better 
than ±one bit and the transistion points of each 
bit are held to within ±0.05 deg. Torque is less 
than 0.4 in.-oz and inertia is less than 150 gm-cm2. 
Dimensions of the unit are three inches in diam­
eter by 1.250 in. in depth. Two versions are 
presently available: a 1/4 and 3/8 in. diam shaft.

G. M. Giannini & Co., Inc., Datex Div., Dept. 
ED, 918 E. Green St., Pasadena 1, Calif.

CIRCLE 232 ON READER-SERVICE CARD

• 400cy units are available to commercial specs 
only. All others are available to both military 
and commercial specs.

In addition to above units, Ford 
Instrument currently has many sizes 
and types of synchros in production 
and approaching shelf status — also 
specials. Call or wire F. Robertson, 
Component Sales Division (STillwell 
4-9000) for prices, or check and mail 
coupon below stating quantity. Check 
coupon space indicated if you wish 
FREE booklet on Ford’s complete 
synchro line.

Transistorized digital type

This transistorized digital volt-ohm meter has 
4 switchable bipolar voltage ranges, 5 switchable 
resistance ranges, automatic polarity indication, 
automatic decimal point indication, less than 10 
msec reading time.

Epsco, Inc., Dept. ED, 588 Commonwealth 
Ave., Boston 15, Mass:

CIRCLE 233 ON READER-SERVICE CARD

’ Please send me prices and characteristics
of the units checked below:

□ 1HG □ 3F
□ IF □ 3HCT
□ 1HCT □ 3HDG
□ 1HDG □ 5HG
□ 3HG □ 5F

'Available to
commercial specs only.

[ ] Units should meet 
military specs.

[ ] Please send me 
FREE booklet.

Kim»

Petition

C jmpany_________________
St eet_____________________

□ 5D
□ 5HDG 
□ 1HG400* 
□ 1F400* 
□ 1HCT400

Weighs 5 oz

This lightweight low-pass filter is designed fol­
low insertion loss in the 225 to 400 me band with 
attenuation in the 950 to 1200 me band of 80 db. 
The size of the rf filter is 4-3/4 x 3/4 x 1-1/4 in. 
and it weighs less than 5 oz.

Bird Electronic Corp., Dept. ED, 1800 E. 38 
St., Cleveland 14, Ohio.

CIRCLE 455 ON READER-SERVICE CARD
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AVIATION CORPORATION

SPECIALLY BUILT TO WITHSTAND
SEVERE OPERATING CONDITIONS

300

HARD GLASS TUBES

6094 
BEAM POWER AMPLIFIER

6384 
BEAM POWER AMPLIFIER

6754, _ 
FULL-WAVE RECTIFIER

• Ideal for modern high- 
performance aircraft and 
missiles.

• Processing at higher 
vacuum and under the 
higher heat permitted by 
the hard glass reduces gas 
and contamination and 
provides greater operat­
ing stability at higher 
temperatures.

• Ceramic element sep­
arators prevent emission 
loss from high heat and 
vibration.

• Solid aluminum oxide 
heater-cathode insulator 
eliminates shorts, reduces 
leakage.

For complete line of tubes, 
write RED BANK DIVISION,
BENDIX 
TION, 
JERSEY.

AVIATION CORPORA-
EATONTOWN, NEW

♦For greatest life expectancy, avoid designs which apply all maximums 
simultaneously.

♦♦Voltage should not fluctuate more than =*=5%.

ELECTRICAL RATINGS*
6094 

Beam Power 
Amplifier

6384 
Beam Power 

Amplifier

6754 
Full Wave 
Rectifier

Heater Voltage (AC or DC)** 6.3 volts 6.3 volts 6.3 volts
Heater Current 0.6 amp. 1.2 amp. 1.0 amp.
Plate Voltage (Maximum DC) 300 volts 750 volts 350 volts
Screen Voltage (Maximum DC) 
Peak Plate Voltage

275 volts 325 volts —

(Max. Instantaneous) 
Plate Dissipation

550 volts 750 volts •

(Absolute Max.) 
Screen Dissipation

14.0 watts 30 watts •

(Absolute Max.) 2.0 watts 3.5 watts —
Heater-Cathode Voltage (Max.) *450 volts *450 volts *500 volts
Grid Resistance (Maximum) 0.1 Megohm .1 Megohm —
Grid Voltage (Maximum) 5.0 volts 0 volts —

(Minimum) -200 volts -200 volts ——
Cathode Warm-up Time 45 sec. 45 sec. 45 sec.

MECHANICAL DATA 6094 6384 6754

Base
Miniature 

9-Pin Octal
Miniature 

9-Pin
Bulb T-6W T-ll T-6Ü
Maximum Over-all Length 2W 3«%,' 2M'
Maximum Seated Height 2*4' 211/«' 24'
Maximum Diameter 4' 1’4.' 4'
Mounting Position 
Maximum Altitude

Any 
80,000 ft.

Any 
80,000 ft.

00

Maximum Bulb Temperature 300°C 300°C
Maximum Impact Shock 500G 500G 500G
Maximum Vibrational 

Acceleration 50G 50G 50G

West Coast Sales A Service: 117 E Providentia Ave., Burbank, Calif 
Export Sales ft Service:

Bendix International Division, 205 E. 42nd St., New York 17, N.Y.
Canadian Distributor: Computing Devices of Canada, Ltd., P.O. Box 508, Ottawa 4, Ontario

Red Bank Division
CIRCLE 234 ON READER-SERVICE CARD
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The new Bulova 1E1 Bandpass Filters give 
today’s radar microscopic eyes. Shaving the 
broad frequency range of returning signals 
into tiny segments, they help reconstruct sig­
nals faithfully for maximum information, for 
accurate measurement of Doppler effect... 
all at greatly reduced noise levels.
With characteristic Bulova precision, band­
widths and insertion losses are closely con­
trolled, so that many filters may be paralleled 
to cover an almost unlimited frequency 
spectrum.
Now in production for virtually all leading 
manufacturers in the radar field are filter 
packages of 200 cps bandwidth with cross­
overs at the 1/2 db. point, and with insertion 
losses equal to within 0.3 db. from filter to 
filter.

Typical specification of a single filter in 1U K.C. spectrum: 
Center frequency: 144 400 KC 
Lower 1/2 db. point: 144.330 KC 
Upper 1/2 db. point: 144.470 KC 
Lower 3 db. point: 144.300 KC 
Upper 3 db. point: 144.500 KC 
40 db. bandwidth: less then 2 KC 
Insertion loss: less than 1 db.
Ripple in pass band: less than 1/2 db
Frequency variation of pass band: less than 10 cps 

over temperature range of 0°C. to +70°C.
Size. 2-9/32"W x 2"D x l-3/8"H 
Weight: less than 7 oz.

Write today for full information on Bulova’s 
standard and custom design filters.

LOVA
RECISION SINCE 1875

ELECTRONICS DIVISION
CIRCLE 235 ON READER-SERVICE CARD



NEW PRODUCTS
Filament Transformer

Close tolerance between secondary potentials under 
load

NOW...ANY MICROWAVE 
COMPONENT CAN Bl 

BUILT AND ENGINEERED 
TO YOUR PARTICULAR 

APPLICATION

This filament transformer has 400 cps with 4 
secondaries, 10 v, 100 amp. Each secondary can 
be mounted in parallel series, or series parallel. A 
close tolerance between secondary potentials 
under load is maintained. Each transformer is in­
dividually tested for core loss, polarity, voltage, 
corona, insulation breakdown, and aging charac­
teristics.

Nothelfer Winding Labs., Inc., Dept. ED, 
P.O. Box 455, Trenton, N.J.

Regardless of complexity, di 
sign or tolerance problems—yoa 
can get UHF or microwave com - 
ponents that are job-engineered 
to your application. All units 
are delivered, electrically tested 
and proven, ready for immediate 
operation.

Components can be built from 
your prints or can be designed 
and built to integrate with the 
application. Close and confi­
dential coordination is main­
tained from drawing board stage 
to installation.

Range of assemblies is prac­
tically unlimited —from dc. to 
over 40,000 me., military or in­
dustrial. Typical examples are 
these components, delivered 
ready for field use:

Telemetering

READER-SERVICE CARDCIRCLE 456 ON

Wave Analyzer
Has range to 10,000 cps

Tuneable 
S-Band 
Transmitter Cavity- 
re-entrant type, pulsi* out­
put 150 w .operates at extreme altitudes
and under extreme conditions of tem­
perature, humidity and salt spray.

Improving signal-to-noise ratio . . . 
selectivity...

Tuneable 
UHF 
Pre-Selector— 
relatively low frequency 
coaxial resonator with very low inser­
tion loss, extreme selectivity and very 
high signal-to-noise ratio. Especially 
adapted to use in aircraft or in crowded 
communication bands.

This analyzer produces accurate analysis in 
permanent record of any repetitive complex wave 
form. The analyses are plotted as either ampli­
tude vs frequency, power vs frequency, or am­
plitude of a specific frequency vs time. Cross 
spectral or transfer function data is provided 
when two channels are used. Frequency accuracy 
is within 1 cps from 3 to 50 cps and 2 per cent 
from 50 to 10,000 cps. Amplitude accuracy is ±5 
per cent of reading or ±0.2 per cent of full scale, 
whichever is larger.

Minneapolis-Honeywell, Davies Laboratories 
Div., Dept. ED, 10721 Hanna St., Beltsville, Md.

CIRCLE 457 ON READER-SERVICE CARD

Calibrating... designing 
S-Band 
components...

S-Ba nd 
Signal 
Generator 
Cavity - 
re-entrant type, —
complete with thermistor mount and 
calibrated variable attenuator. Fre­
quency range 2700 to 3400 me.

Get the facts on our com- 
iplete design, engineering 

and mechanical fabrication 
facilities. Have us quote 
on your needs —cavities, 

13 mixers, duplexers, multi- 
pliers, rotary joints, twists, 

gl bends and other com- 
—I El ponents or assemblies.

Contact u. today. Request catalog'

J-V-M MICROWAVE 
COMPANY

4635 LAWNDALE AVENUE, LYONS, ILLINOIS 
Phono; Lyons 3-7990—TWX: Lyons, III. 2796 
CIRCLE 458 ON READER-SERVICE CARD
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Adjustable Coils
Cover 2 to 200 me range

Designed for low power transmitter use, these 
high Q coils cover a frequency range from 2 to 
200 me. Illustrated is the 1300-B, for use from 
50 me to 100 me. The 1300 Series has ceramic 
coil forms, and Permatune core ranges.

North Hills Electric Co., Inc., Dept. ED, 402 
Sagamore Ave., Mineola, N.Y.

CIRCLE 239 ON READER-SERVICE CARD

AMCO B-350 BLOWER 
DELIVERS 350 CFM • TAKES UP 
ONLY 3Y2" OF PANEL SPACE!
Another one of the outstanding com­
ponents of Amco’s complete modular 
system for instrument enclosure. The 
B-350 blower, as tested and certified 
by Inland Testing Laboratories, de­
livers 350 cubic feet of filtered air per 
minute. Yet this compact blower takes 
up only 3Vi" of panel space when 
mounted in the base of an Amco en­
closure.

This and other integrated acces­
sories of the Amco system greatly 
simplify cooling and mounting prob­
lems in housing equipment. Blowers, 
chassis roller slides & guides, small 
instrument cabinets, everything down 
to the smallest hardware is an in­
cluded, integral part of the Amco 
system. 19", 38" and 57" wide stand- 
ard, stock cowlings, panels, and 
writing surfaces provide custom ap­
pearance in Amco modular console 
assemblies.

Write today for full information. 
Take advantage of an instrument en­
closure system that gives you
STRENGTH • VERSATILITY • CUSTOM
APPEARANCE • REASONABLE COST

SHIPMENT WITHIN 3 WEEKS

ENGINEERING CO.
7333 W. Ainslie St. • Chicago 31

Butl-Roberts Advertising 
Ad No. 3202 May 1958 
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Digital Data Handling Devices
Combined functions performed

Digitalizers, digital code converters, digital 
comparators, and digital to analog converters 
have been modularized so that by assembly of a 
series of modules, combined functions can be 
performed: arabic to digital conversion; conver­
sion of any binary code to any other binary code; 
digital comparison of voltage tolerance, and digi­
tal to arabic conversion. Use of this equipment 
makes analog to digital converter compatible 
with existing types of readout and computing 
equipment devices and allows assembly of a digi­
tal system from off-the-shelf components.

Aeronca Manufacturing Corp., Dept. ED, Hill­
top & Frederick Rds., Baltimore 28, Md.
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DC Power Supply
Ranges from 105 to 450 v

Using transformer type, steel ventilated hous­
ings, these supplies provide an economical source 
of constant de power. A terminal is provided for 
adding external filtering when ripple less than 
10 mv is required. They are available in ranges 
from 105 to 450 v.

Datascan, Inc., Dept. ED. 48 Notch Rd., Little 
Falls, N.J.

CIRCLE 459 ON READER-SERVICE CARD
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Component Density
221,000 per cubic foot

Centralab
PEC

vs. 55.000 per cu. ft. 
with conventional

components

ACTUAL SIZE

This complex circuit is produced in its entirety in the unit 
shown here actual size. This almost unbelievable component 
density is achieved routinely by Centralab. The same basic com- 
ponent/cu. ft. ratio can be maintained where larger or smaller 
numbers of resistors and capacitors are involved. Centralab 
<PEC>’ circuits are your most sensible way to achieve ultra­
miniaturization with superior reliability. You gain many other 
advantages by using <TEC> circuits in your equipment design.

• Reduces assembly costs and weight

• Eliminates wiring errors and testing

e Simplifies inventory and purchasing procedures

• Frequently costs less than individual components

A <PEC> circuit can be designed to incorporate capacitors 
(printed or attached), resistors (fixed or variable) plus inductors, 
sockets and other components. They are supplied with plug-in 
terminals for printed wiring or wire leads for metal chassis.
For the best solution to your miniaturization and assembly 
problems, contact Centralab’s packaged circuit engineers now 
. . . or write for Bulletin 42-227 containing detailed design 
information.



JENNINGS PRESENTS

ACUUM RELAYS
j

2PDT RB3

New SPDT RBI
Only 2^" High

2PDT RB2

4PDT RB4

An all new series of vacuum relays 
designed for use where space is 
critical and voltages high.

Jennings vacuum transfer relays have 
long been unsurpassed in difficult rf 
and de switching situations involving 
aircraft antennae, antennae tuning 
coils, and radar pulse forming 
networks. The minimum space 
requirements of these new miniature 
relays make them even more effective 
than previous vacuum relays for 
airborne applications.

High voltage in a vacuum requires only 
1/64 inch contact separation. This 
fractional movement permits 
construction of very small, efficient 
actuating mechanisms. The compact 
design of these miniature relays has 
resulted in much higher shock and 
vibration characteristics. Voltage and 
current ratings are increased over 
previous vacuum relays through new 
design use of ceramics and improved 
processing techniques.

These new RB relays employ unique 
self-aligning roller contacts to 
achieve positive, reliable operation. 
Available contact arrangements 
include SPDT, 2PDT or 4PDT relays.

VACUUM ElECTRONIC COMPONENTS

Write for further information 
on this new series.

JENNINGS RADIO MANUFACTURING CORP.- 970 McLAUGHLIN AVE. P.O.BOX 1278 • SAN JOSE 8. CALIF.
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NEW PRODUCTS
GERMANIUM DIODES.-Gold bonded diodes 
suited to computer industrial and military applica­
tions are in full production.

General Transistor Corp., Dept. ED, 9127 138th 
Place, Jamaica, N.Y.
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NEW RIDER BOOKS
with modern concepts P

TRANSFORMERS.—The company’s line of tran­
sistor driver and transistor output transformers in 
molded construction is available.

Microtran Co., Inc., Dept. ED, 145 E. Mineola 
Ave., Valley Stream, N. Y.

CIRCLE 244 ON READER-SERVICE CARD

IADIATION COUNTER.—Features a response rate 
of the order of 10 msec or better. The present model 
uses a 2 in. diam by 2 in. long sodium iodide crystal.

Stanley Aviation Corp., Dept. ED, 2500 Dallas 
St., Denver, Colo.

CIRCLE 245 ON READER-SERVICE CARD

Ph,sus. malhematics and their relationship to electric 
co" cun<cc.11ons made crystal clear in this brilliant wr

A 'tool' for all who design vacuum tube cira
CONDUCTANCE CURVE DESIGN MANUAL, by r

T- DL rs rk mi  a. v _ * a<

approximation. A vitally important contrite 
to engineering progress.

Circuit reliability can be improved »nd Jia 
reduced at the same time by using the tabla 
curves in the manual. Engineers, engi 
students, and laboratory technicians can now 
the proper tubes and their associated com 
to suit the needs of almost any type of circuit 
greater reliability than ever before. The _ 
contains conductance curves for more than 70 
the most representative vacuum tubes used hi 
services. #210, 8%* x 11*, stiff cover. d 
binding, $4.25. ”

VINYL INSULATION.—Formerly offered only in 
black, Resinite 125 C vinyl insulation sleeving is 
now available in four additional colors.

Borden Chemcal Co., Dept. ED, 350 Madison 
Ave., New York 17, N. Y.
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PRESSURE STANDARD.—A piston-cylinder com­
bination available for the Type 6-201 primary pres­
sure standard extends the range of this instrument 
to 500 psi.

Consolidated Electrodynamics Corp., Dept. ED, 
300 North Sierra Madre Villa, Pasadena, Calif.
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PHYSICS AND MATHEMATICS IN ELECTRICAL CO 
MUNICATION« by Jam»» Owen Perinne, Ph 
This is a profound and probing explanation 
what happens in electrical circuits that cont 
resistance, inductance and capacitance. While it 
a penetrating analysis, it is presented in an i 
usually lucid manner. The author demonstrate 
talent for selecting that avenue of approach 
analysis which leads to utmost clarity. The t 
contains numerous explanatory diagrams, ma 
conceived by the author, that point out and si 
plify concepts that normally are considered co 
plicated. Each graph, complete with point-by-po 
identifying nomenclature, illuminates the text, 
a foundation of associated mathematics made co 
pletely understandable and replete with numeri 
examples, the author brilliantly ties togetl 
physical concepts and electrical communicate 
An entirely new approach is used in analyzi 
hyperbolic functions, exponential equations i 
related functions. Of special significance is I 
content of the graphical demonstrations of el 
trical behavior. #219, 8%* x 11*. cloth bou 
$7.50.
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L-BAND ANTENNA.—Type DM NI 13 has been 
designed to replace type AT-234. The antenna is 
an annular slot backed by a high strength aluminum 
alloy cavity.

Dome & Margolin, Inc., Dept. ED, 29 New York 
Ave., Westbury, N. Y.
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TRANSISTOR ENGINEERING REFERENCE HANDBOt 
by H. E. Marrow». Covering transistor perfoi 
ance characteristics, operating specificatio 
manufacturing processes, applications, testi 
sources, etc. Related components—electrical ch 
acteristics, physical dimensions, sources, etc. 1 
most complete handbook for use in engineer! 
scientific research and manufacturing of transis 
devices. #193, cloth bound, 288 pp., $9.95.
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DC TO AC INVERTERS.—Transistorized static 
types measuring 2/3 cu in. per va, with efficiency 
up to 98 per cent. Units are available that operate 
from 6, 12, 28, or 64 v dc.

Universal Transistor Products Corp., Dept. ED, 
17 Brooklyn Ave., Westbury, N. Y.
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TIMER.—Model No. 5 repeat cycle timer is now 
available with calibrated off and on cycle controls.

G. C. Wilson & Co., Dept. ED, Huntington, 
W. Va.
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CLOSED CIRCUIT TV SYSTEM PLANNING, by M. 
Mayer* & R. D. Chipp, P.E. Closed circuit t 
vision is science and industry’s newest means 
visual communication. This book is devoted to 
applications of equipment and the planning 
closed circuit TV systems for use in factor 
schools, hospitals, railroads, department stoi 
banks, advertising agencies, airports, transpol 
tion terminals and in numerous other areas. S 
tem layout, available equipment, composition o 
complete system are covered. Fully illustrst 
#203, cloth bound, 8%* x 11* $10.00.

FUNDAMENTALS OF TRANSISTORS, by Lew 
Krugman. Written by one of the pioneers 
transistor development, this book deals with bt 
operation, characteristics, performance, and 
plication. Soft cover, 144 pp., illus. #160, 0 
$2.70.

Buy these Rider books at your electronic pa
jobber or book store. If your favorite store dc
not sell these bocks order direct. Add state, c 
tax where applicable. Canadian prices 5% h'0^

400 CPS MOTORS.—A line of three-phase induction 
motors with full load speeds comparable to 60 cps 
motors have been designed for 40 C continuous duty.

B. A. Wesche Electric Co., Dept. ED, 9027 Shell 
Rd., Cincinnati 42, Ohio.
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DECIMAL KEYBOARD.—Model 410 provides rapid 
manual digital input to a variety of devices. The unit 
contains 10 decimal and three optional-assignment 
keys.

ElectroData, Dept. ED, 460 Sierra Madre Villa, 
Pasadena, Calif.

GEAR HEADS.—Measuring about 1-in. long, units 
supply ratios from 15:1 to 4300:1. Operational loads 
to 50 oz-in. can be handled.

Daco Instrument Co., Dept. ED, Tillary and 
Prince Sts., Brooklyn 1, N.Y.
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LACING TAPES.—Made of Teflon and glass, these 
cabling and wire-harnessing tapes have high-tem­
perature, chemically resistant, fungus resistant prop­
erties.

Bentley, Harris Mfg. Co., Dept. ED, Consho­
hocken, Pa.
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Duck, Smedley I 
Here comes that 
crazy coffee pot!

As a designer of space ships, 
Smedley, you should have stood 
in bed. You forgot—there’s no 
gravity in outer space . . . and 
you didn’t provide any means to 
contain loose equipment like 
pots and pans.

Thomas & Skinner could have 
solved your problem with T&S 
permanent magnets .

Thomas & Skinner offers other 
services, too . . . such as quoting 
realistic delivery dates and then 
shipping on schedule with per­
manent magnets (as well as all 
T&S products) meeting cus­
tomer specifications in every re­
spect. T&S’s entire staff is con­
stantly aware of the importance 
of handling customer orders, no 
matter how large or small the 
order, no matter how large or 
small the customer. All T&S 
customers are VIP’s to the T&S 
staff.

RECEIVERS.—Two range extension units will ex­
tend the operating range of the company’s receivers 
as high as 900 me. The REU-100 and REU-200 have 
noise figures of approximately 12 to 14 db.

Nems Clarke Co., Dept. ED, 919 Jesup-Blair Dr., 
Silver Spring, Md.
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TEFLON TERMINALS.—Addition of new stand­
offs, feed-thrus, jacks, plugs, reverse, and double 
constructions have been announced.

Tri-Point Plastics Inc., Trinseel Inc. Div., Dept.
ED, 175-177 LU. Willets Rd., Albertson, N.Y.
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PRESSURE PICKUP.—Type 4-322, with unbonded 
strain-gage sensing, operates on line pressures to 350 
psi, while measuring pressures in ranges of ±7.5, 
±12.5, ±25, and ±50 psid.

Consolidated Electrodynamics Corp., Dept. ED, 
300 N. Sierra Madre Villa, Pasadena, Calif.
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Specify T&S permanent mag­
nets for your next project. Write 
for brand new Bulletin No. 158 
on Permanent Magnet Design.

SPECIALISTS IN
MAGNETIC MATERIALS

émanent Magnets Magnetic Tapes

FUSES.—Miniature hermetically sealed fuses are 
available in two sizes, in an amperage range of 1/20 
to 1/2 a rated at 125 v; and in a range of 1 to 5 
a rated at 32 v.

McGraw-Edison Co., Bussman Manufacturing Div., 
Dept. ED, University at Jefferson, St. Louis 7, Mo.
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OSCILLOSCOPE.—Model 535, 5-in. oscilloscope kit 
has a 10 mv rms/cm sensitivity from de to 5 me, 
(differential vertical inputs) four electronically regu­
lated power supplies, and push-pull circuitry 
throughout.

Electronic Industries, Dept. ED, State Rd., Pat-
East 23rd St. Indianapolis 7, Indiana
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New

Your Load Capacity.

with

COAXIAL TRANSMISSION LINES and COMPONENTS
Here is a new high in rigid coaxial transmission line ef­
ficiency and performance! Now Prodelin has applied its field- 
proved, reactance-compensated teflon pin insulator support 
within aluminum outer conductors.

This service-tested construction technique provides con­
stant broadband impedance characteristics consistent with 
high power handling capability and low VSWR . . . and 
aluminum offers strength, corrosion-resistance, lightweight, 
and handling ease.

Diagramatic of reactance 
compensated insulator

VHF SERIES "700" teflon pin supported inner conductor 

UHF SERIES "900" service tested reactance compensated 
inner conductor support

Both series lines are available in the J%", 3^4", 6’4" and 10" sizes, 
50 and 75 ohm impedances. EIA (RETMA) flanges are available.

FOR MILITARY AND COMMERCIAL SERVICES
FEATURES

Corrosion Resistant 
High Tensile Strength 
Lightweight, Easy to Handle 
Little Maintenance Required

o Highest Power Handling
o Low VSWR
e Performs up to 250°C
• Constant 50 or 75 ohm Impedance

WRITE TODAY 
FOR TECHNICAL BULLETIN

NEW JERSEY

ZAPPER » tt0PW 
WHEN COPPtK

drfm '*" ‘"’^itb'copp«' •“**' 

conducts-
. ccrIES "600" ^.r condv««

'"ÍÂ^-****
1 "Ä*

Dept. ED-5 
307 Bergen Ave., Kearny, N. J,

I

Manufacturer of the World's Finest Air Dielectric Transmission
Lines, Connectors, and Associated Components
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OUTLINE DRAWING MODEL 575N DOUBLE COUPLER

WHEN YOU OUUD MicroMatch 
Directiona'l Couplers into your trans­
mitters, you add an invaluable feature 
at extremely low cost — positive con­
firmation of transmitter performance. 
Your customers stay sold by the cou­
pler’s continuous RF Power indication. 

Its VSWR monitor, in addition, stands watch over your 
customer’s transmission line and antenna.

Now incorporated in most modern Government and 
commercial transmitters, MicroMatch Directional Couplers 
produce an output essentially independent of frequency. 
Units are available for use within the range of 20 to 4000 
megacycles. Couplers are adjusted to produce full scale 
meter deflection at power levels of 1.2 watts to 120 KW. 
Accuracy of power measurements is plus or minus 5% of 
full scale.

For complete details on the MicroMatch line of monitor­
ing equipment, write for our 68-page catalog.

WHtN MICROMATCH IS OUUT IN

YOU KNOW WHAT'S GOIHG OUT

NNEQICUT
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Best Insurance
!
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PRODUCTION PRODUCTS

Ultrasonic Comparator
Tests Material Fatigue

Knowledge of the fatigue strengths of mate­
rials can be developed through the use of a 
laboratory instrument, an ultrasonic attenuation 
comparator. The instrument has been used for 
widely varied laboratory materials investigations, 
including hydrogen embrittlement in metals, in­
ternal oxidation, nuclear radiation damage, mag­
netic properties, plastic deformation and disloca­
tion damping. A linear circuit presents multiple 
and comparable echo patterns on an oscilloscope 
viewing screen. These multiple echoes are com­
pared with a calibrated exponential decay curve 
which permits direct reading in decibels per 
microsecond.

Sperry Products, Inc., Dept. ED, Danbury, 
Conn.
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GHS
ELECTRONICS FOR 

LAND, SEA AND SPACE

Quickly, efficiently tests your components, msu 
lation. Features 10 million megohms, 100, 200 
or 500V DC, automatic "charge” and safety con 
trois, non-destructive (as high as 5000V AC) 
high-potential test set with current limiting and 
automatic shut-off circuit. Portable.
Write for Specific Information ... and 
use the GHS Advisory Services without 
obligation.

Toroidal Coil Winding
And taping machines

a

D

DE

411

Amerà

A new series of automatic dual-purpose toroida 
winding and taping machines features simultane­
ous, separate, or equential 360 deg continuous

True 
Hermetic 
Sealing^

grees F., high 
res and altitudes. 

For any sealing 
configuration

for Component 
and Systems 
Reliability!

Corrosion.. .dust.. .fungus.. .altitude... 
humidity...pressures. True hermetic 
sealing completely eliminates their 
usually disastrous effects on electronic 
and mechanical apparatus.
GHS offers uniquely qualified tech­
niques and specially developed facilities 
in the field of hermetic sealing. They 
are guaranteed to add a permanent 
plus to your product reliability.
For inert gas filling, 100% mass spec­
trometer leak testing of any assembly, 
and every phase of true hermetic seal­
ing to meet military or industrial specs. 
GHS in-plant services are unequalled.

DIS 
for 
eng

AC1 
(pr< 

spe

The GHS Megpot®

GENERAL 
HERMETIC 
SEALING 
CORPORATION

Ou 
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ACTUAL SIZE
(produced in one operation on high­
speed multi-slide equipment)

winding of wire and/or tape in one operation, 
and can be operated by one unskilled operator. 
Series UT machines are designed for medium, 
large, and super-size toroidal coils, where pre­
cision w inding and taping are required.

They are equipped with core-turning table, 
automatic forward and reverse feed, stepless 
variable pitch control, calibrated adjustable twin 
tension brakes, quick-locking shuttle-gear and 
magazine, automatic predetermining counter, 
tape footage indicator, and automatic cut-off. An 
adjustable coil clamp fixture, for sector winding 
up to 270 degrees, is available as optional.

Universal Mfg. Co., Inc., Dept. ED, 410 Hill­
side Ave., Hillside, N.J.
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Press For Circuit Printing
Automatic silk screen

insu 
200 
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; and

and 
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Our customer list always 
includes world leaders 
in electrical and 
electronic products.
They depend on us year-in 
and year-out for stamped 
parts to match the 
quality they build into 
their products.
They refuse to gamble!. . • 
Can you afford to do so?

DETROIT STAMPING 
COMPANY

Eilablithed 1915

411 Midland Ave. • Detroit 3, Mich.
America’s Leading Job Stamping Manufacturer

depend on Detroit!

Production of electronics silk screen work is 
improved and increased by an automatic press 
designed specially for printing etched circuit 
blanks. It serves as well for printing decals and 
instrument panels. The unit improves circuit 
printing by allowing ink of ideal consistency to 
be used. Ink flow is controlled by fountain set-
tings and squeegee pressure controls rather than 
doctoring the ink itself. These features permit 
high speed with excellent uniformity. Waste, 
starting time, and cleanup are reduced.

The automatic printing cycle can be set up 
to 1000 impressions per hour. Register is 
achieved by micrometer dials graduated in one- 
thousandths of an inch. Any flat material up to 
6 in. thick may be printed. Two models of the 
new press provide printing areas of 12 x 15 1/2 
in. and 12 x 18-1/2 in.

Masterscreen Printing Equipment Corp., P. O. 
Box 707, Stockton, Calif, for additional informa­
tion.

0 N

6363
CIRCLE 266 ON READER-SERVICE CARD CIRCLE 268 ON READER-SERVICE CARDRD

195 LECTRONIC DESIGN • May 14, 1958



RIGHTLEFT

CLIMB DESCEND

STEPPER

Motor

7445 West Wilson Avenue • Chicago 31, Illinois
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SYNCHRO 
POSITIONER

COMMAND 
SIGNAL 

RECEIVER

AUTO PILOT 
CONTROL

COMMAND 
SIGNAL 

GENERATOR

into accurate, bi-directional, incremental shaft dis­
placements.

The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com­
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function.

SYNCHRO I
Accuracy: Within 6 min. of arc 
when driven by either motor.

Incremental shaft rotation: 2 
degrees.

Subsidiary of California Eastern Aviation

WEST COAST 1 1879 W FLORENCE AVE CULVER CITY, CALIF



PRINTED
CIRCUIT AMPLIFIER 

USES AIRPAX CHOPPER

rsal Chopper-Stabilized Amplifier

CHARACTERISTICS 
OF TYPE 175 CHOPPER

Airpax 60-CPS chopper Type 175 
is a miniature unit with permanently 
adjusted SPOT BBM contacts.

DRIVE
Frequency .. 60 ±3 CPS
Voltage .... 6.3 ±0.6 RMS volts

en-loop gain of this opera­
tional amplifier drops at 6 db/octave 

over entire working range. This feature 
enables the user to shape the response from 
DC to well above 100 KC by means of 
feedback to meet nearly any application.

Grid current at the input is completely 
eliminated. Drift and noise are held under 
100 microvolt referred to the input by a 
stabilized preamplifier stage using an 
Airpax Type 175 chopper.

The amplifier is manufactured by 
George A. Philbrick Researches, Inc., 
Boston 10, Massachusetts.
The chopper, naturally, is by Airpax.

CONTACTS
Dwell Time . 167 ±10 electrical deg.
Balance .... within 15 electrical deg.
Phase Angle 20 ±5 electrical deg.
Voltage .... up to 100 DC volts
Current .... up to 2 MA
Noise ...... 50 microvolts average

Hermetically sealed for trouble-free 
operation in any atmosphere; 
internal mechanism rigidly mounted 
to withstand shock and vibration 
encountered in portable equipment.

Airpax Products Co., Cambridge Division, Jacktown Rd., Cambridge, Maryland

DESIGNERS ENGINEERS
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NEW MATERIALS

Silicone Oil

n

Printed Circuit Ink

Offices & Warehouses in All Principal Cities
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of conductors.

7. Sizes from %" ID —continuous

8. New metal laminations for shielded
or co-axial cable construction.

technical literature.

Insulated Metal Foils
Replaces magnet wire in some applications

The processing and coating of aluminum, 
copper, and lead foils with either organic or 
inorganic dielectric chemicals results in the 
production of foils capable of replacing magnet 
wire. Features include weight reduction, space 
savings, and high temperature operation without 
size increase.

Foil gauges ranging from 0.00025 to 0.025 in. 
with formulations of organic, inorganic, and 
combination systems of coatings from 0.000175 
to 0.001 in. depending on the gauge and charac­
teristics of the metal, are available. Dielectric 
strength up to 400 v per mil of insulation is pro­
vided. Coating operating temperatures are 
available in various formulations for continuous 
duty from 105 through 200 C.

Modern Adhesives & Electronics, Inc., c/o 
Herbach & Rademan, Inc., Dept. ED, 1204 Arch 
St., Philadelphia 7, Pa.
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THIS IS

ZIPPERTUBIN 
j

... a method of making custom : 
p electronic cables in secondsi 

at a fraction of the cost! 1

High dielectric strength

Type L-45 electrical grade Silicone Oil is a 
clear dimethyl silicone polymer for use as an 
insulating and cooling medium in capacitors, 
small transformers, circuit breakers, and similar 
devices. The oil is available in viscosities of 50, 
100, and 1000 centistokes, with other viscosities 
available upon request. The liquid is specially 
dried, packaged, and control-tested in order to 
insure maximum dielectric strength and volume 
resistivity.

Union Carbide Corp., Silicones Div., Dept. 
ED, 30 E. 42nd St, New York 17, N.Y.
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For etching and plating

Called C-992, this ink has high resistance to 
both ferric chloride, chromic acid and cyanide 
solutions, making it suitable for etching and 
plating processes. The ink prints smoothly with­
out pinholes. It air dries in 20 to 30 min. or can 
be force dried in 30-60 sec. Immediately upon 
air-drying, C-992 resists etching with no further 
cure necessary. For plating, a baking schedule of 
20 to 45 min at 200-250 F is necessary.

Union Ink Co., Inc., Dept. ED, Ridgefield, 
New Jersey.
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Now available in Vinyl. New Stretch
Vinyl, Teflon, Nylon, Mylar, Neoprene.

Major Advantages
1. Cables are made by you, on the spot,

as needed, without machinery. Pro­
duction delays eliminated.

2. New stretch compound provides
tighter jacketing.

3. Highly abrasion-resistant. Tempera-
ture range, —90°F to 450°F.

4. Eliminates expensive lacing or tying

5. Provides re-accessibility to conduc
tors, or can be permanently sealed.

6. New method permits cable termina-
tion with any type of connector.

lengths to 1000 ft.

9. Perforated type or molded “Ys and
Ts simplify branchouts.

Important
If you design or work with electronic
cables, it will pay you to try ZIPPER­
TUBING. Field representatives are
nearby — or send for free sample and

THE ZIPPERTUBING CO.

752 So San Pedro St • Los Angeles 14. CaM

TWX LA 840 À
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STIFF DOSE

Copper-Nickel Resistance Alloys
Offer extremely low temperature coefficients

A series of copper-nickel resistance alloys for 
standard and precision resistor and instrument 
applications has been developed. Supplied in 
five different specific resistances, 294, 180, 90, 
60, and 30 ohms per circular mil foot, the Cup- 
rothal alloys provide designers a wide working 
range of materials. Cuprothal 294 for one, is 
available in three different temperature coeffi­
cient classifications of ±0.00002, 0.00004 and 
0.00006 per deg C. The low thermal emf to 
copper of approximately 50 mv per C of this 
material makes it particularly suitable for pre­
cision applications.

The Kanthal Corp., Dept. ED, Amelia Pl., 
Stamford, Conn.

CIRCLE 276 ON READER-SERVICE CARD

SALT

Motor Insulation

«RD

195

4284 N. Knox Avenu» « Chicago 41

Ml Servo Motors
G-M LABORATORIES INC

Exposure ... to the equivalent of 
a stiff sea spray ... on a hot, humid 
day—one more test the G-M Servos 
take in stride.

Not just a promise—but a tested fact.
G-M Servo Motors are built to de­

liver the ultimate in performance. 
The salt spray test shown above is 
just one of a battery of tortures de­
signed to prove G-M Servos under all 
extremes of humidity, temperature, 
altitude, vibration and salt spray.

At G-M “Designed to Meet Mil. En­
vironmental Specifications'” is backed 
by production testing that does just 
that!

GOOD REASONS WHY 
G-M SERVO MOTORS 
SERVE YOU BEST!

G-M Servo Motors are available in 
standard sizes.

Standard G-M Servo Motors can also 
be modified to meet specific require­
ments.
Creative engineering in designing spe­
cial servo motors with special charac­
teristics.

Fast production—better service.

Write Now for information, or 
send for complete G-M charts 
ond specifications. No 
obligation, of course.]-------- ।
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A rugged material used for motor slot cells

This thin insulation, called Spauldo, is made 
from pure rag stock, on wet machines, and 
glazed to a smooth finish. The material is tough, 
flexible, and highly resistant to edge-tearing. Its 
high dielectric strength and absorption of in­
sulating varnish make it useful for motor slot cell 
insulation. Furnished in sheets, rolls, coils, and 
fabricated parts.

Spaulding Fibre Co., Inc., Dept. ED, 310 
Wheeler St., Tonawanda, N.Y.
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High Permeability Alloys
In thin gauge strip

Four high permeability alloys are available 
in thicknesses from 0.002 to 0.006 in. and in 
widths between 1/4 and 3-1/4 in. Called HyMu 
80, Hy-Ra 80, High Permeability 49, and Hy-Ra 
49, the alloys are used in components where 
high flux densities are required in response to 
low magnetizing forces. HyMu 80 is an unor­
iented 79 per cent nickel-iron-molybdenum alloy 
which offers high initial permeability and maxi­
mum permeability at low magnetizing forces. 
Hy-Ra 80 is a similar material processed to ex­
hibit square hysteresis loop properties. High 
Permeability 49 has a saturation flux density of 
approximately 16,000 gauss after hydrogen an­
nealing. Hysteresis loss is very low in either dc 
or ac circuits in which the frequency is less than 
400 cps. Hy-Ra 49 is similar but processed to 
exhibit square hysteresis loop properties.

The Carpenter Steel Co., Dept. ED, Reading, 
Pa.
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flight without wings

The 2886 Mars-Lumograph drawing pencil, 19 de-
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grees, EXEXB to 9H. The 1001 Mars-Technico

the efficient Mars lead sharpener and “Draftsman” 
pencil sharpener with the adjustable point-length fea­
ture; Mars Lumochrom, the color-drafting pencils and 
leads that make color-coding possible; the new Mars 
Non-Print pencils and leads that “drop out” your 
notes and sketches when drawings arc reproduced.

Getting over, rather than around, traffic jams is 
easy, with this flying motorcycle, says its designer Dr. 
Manfred Mannheimer, of Newark, N. J. Encounter­
ing heavy traffic, it quits the ground. An auxiliary 
motor rapidly rotates four cylindrical “wings.” By the 
action of the “Magnus effect” these lift the vehicle 
into the air at 15 mph with 70 hp. The aerodynamic 
principle involved was discovered by Gustav Magnus 
m 1858. The cycle’s tail-end has a rudder and elevator 
fin for steering during flight; the rotary wings arc 
telescoped for surface travel.

Whether or not this design will be the answer 
to traffic congestion, it certainly is an ingenious solu­
tion. Aloft or aground, all engineering solutions must 
originate on the drafting board. And only professionals 
know how the best in drafting tools smooths the way 
from drcam to practical project.

In pencils, of course, that means Mars, long the 
standard of professionals. Some outstanding new prod­
ucts have recently been added to the famous line of 
Mars-Technico push-button holders and leads, Lumo- 
graph pencils, and Tradition-Aquarell painting pencils. 
These include the Mars Pockct-Tcchnico for field use;

TAEDTLER.INC
HACKENSACK, NEW JERSEY

push-butfon lead holder, 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom color-drafting pencil, 24 colors.



NEW MATERIALS
Impregnated Glass Cloth

For high temperature laminates

Stanpreg A-Ph heat resistant phenolic resin 
pre-impregnated glass cloth is available for high 
temperature applications requiring high physical 
strengths. Typical properties of laminates made 
from this material would include 59,000 psi flex­
ural strength at 500 F after 100 hr exposure at 
500 F and 80,000 psi flexural strengths at room 
temperature. Certification for use under MIL-R. 
9299 can be supplied. The material retains its 
flexibility and tack for periods in excess of one 
year. It is supplied in various degrees of resin 
content, drape and tack for low and high pres­
sure molding.

Standard Insulation Co., Dept. ED, East 
Rutherford, N.J.
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Miniature 300-V Wire
Insulation thickness as thin as 0.004 in.

Called Mini-Thin, this thin wall, extruded 
Teflon insulated wire is rated for 300 v rms with 
an insulation wall thickness of 0.004 to 0.007 in. 
The high temperature wire is available color 
coded with stranded or solid conductor in sizes 
36 through 22 awg. The wire is supplied in con­
tinuous lengths on non-returnable reels or cut 
and stripped to specifications.

Thermax Wire Corp., Dept. ED, 304 E. 45th 
St., New York 17, N.Y.
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ENGINEERING REVIEW 
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DESIGN FEATURE 
NEW LITERATURE 
WASHINGTON REPORT 
ABSTRACTS

MOST HELPFUL
Again and again readers report that Electronic Design is 
the publication most helpful in their work. One project 
engineer in California writes:

“It may interest you to know that in answering a poll 
conducted by an advertising agency, I was able to place 
your magazine at the top of the list, in my own personal 
preference. This in spite of the fact that I subscribe to 
and pay for one of the other magazines listed in the 
poll! Keep up the good work.”

Electronic Design is more timely, more complete, and 
of more practical use to engineers than any other elec­
tronic magazine. Engineers now rely on Electronic Design 
alone to keep them posted on complete developments 
in the design field.

a HAYDEN Publication
830 Third Avenue, New York 22, New York PLaza 1-5530

Silicone Rubber Compound
A dielectric that cushions

A room temperature vulcanizing silicone rub­
ber compound, type 81726 has such uses as a 
dielectric compound for components and assem­
blies, for filling voids, for sealing and cushioning. 
Typical electric properties, as determined on a 
0.08 in. ASTM slab at 77 F and 50 per cent rela­
tive humidity, include: volume resistivity, 1 x 1013 
ohms cm; dielectric strength of 490 v/mil; and 
power factor of 1.1 per cent at 60 cps.

Typical physical properties, after a cure of 72 
hr at 80 F, include: tensile strength, 600 psi; 
durometer hardness, 60; elongation, 100 per cent; 
and die B tear strength of 30 pi. This compound 
may be used over the temperature range of —70 
to -j-500 F. Cure time may be varied from 2 min 
to 6 hr.

General Electric, Silicone Products Dept., 
Dept. ED, Waterford, N.Y.
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SERVICES FOR DESIGNERS

IN 
DELAY 
LINE 
DELIVERIES

?
CUSTOM MADE 

TO THE 
MOST DIFFICULT 
SPECIFICATIONS

Ito 3
WEEKS 

COMPLETION

Within 1 week we will supply you with 
an electronically suitable model, to 
enable your engineering to continue, 
while waiting for completed deliveries 
(within 3 weeks), of delay lines made 
to your specific configurations.

Designers, menufecturers end 
mess-producers of Standard and 
custom made Lumped Constant, 
Distributed Constent, Verieble, 
miniature Variable and Complete 
Delay Lino Systems.

IANTED: Sales Reps. — Key areas 
K Contact E. Wendolkowski.

1NTR0L ELECTRONICS SALES CO., INC.
I 1925 New York Avenue
* Huntington Station, New York
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Wire and Cable Processing
To further assist development and prototype 

work in electronic wire and cable, Alpha Wire 
Corporation has instituted an exclusive short-run 
department specifically geared to process wire 
and cable. Delivery is immediate and no mini­
mum order is required for cutting, stripping and 
tinning, striping, braiding, cabling, jacketing, 
shielding, marking, numbering, and special color 
coding. These “short run” services apply to any 
of 200 Alpha in-stock item and to special con­
struction wire and cable.

Alpha Wire Corp., Dept. ED, 200 Varick St., 
New York 14, N.Y.
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Fabricated coil forms to customer specifica­
tions are available from Peerless Products Indus­
tries, 812 N. Pulaski Rd., Chicago, Ill. Special 
tooling has been developed to enable the manu­
facturer to hold close tolerances on both large 
and small quantity runs. Coil forms can be fabri­
cated from Nylon, Teflon, Kel-F, Rexolite, Plexi­
glas, Class Base Laminates and other Phenolic 
materials with little difficulty.

Peerless Products Industries, Dept. ED, 812 
N. Pulaski Rd., Chicago, Ill.
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Custom Terminal Boards
A new terminal board section offers to the in­

dustry a source of precision, high quality terminal 
boards to custom designs meeting all applicable 
military specifications. The efficiency of this serv­
ice has been geared so quick requirements can be 
met in prototype and production quantities.

Facilities are available to fabricate all plausible 
configurations. All standard terminals are avail­
able and special terminal designs can be incorpo­
rated as well as miscellaneous hardware.

Pilgrim Products, Inc., Dept. ED, 271 Central 
St., P. O. Box 1178, West Acton, Mass.
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NEW

DIEHL
SERVOPOT

...solves your servo packaging problems I

The DIEHL SERVOPOT is an integral combination of a 
two-phase instrument servomotor, gear reduction, slip clutch, 
and precision potentiometer.

Conceived with the idea of offering precision servo perform­
ance in a modular construction, the SERVOPOT eliminates the 
present burden of mounting, testing and aligning separate units.

The SERVOPOT finds wide application in balancing, posi­
tioning and computing servos. Addition of an integrally-mounted 
DIEHL 0.5% A.C. tachometer makes the SERVOPOT a com­
plete integrating servo.

The built-in slip clutch is factory adjusted to permit servo 
operation into potentiometer stops without damage. Standard 
pots featuring 0.5% linearity can be obtained in a wide range of 
resistances. Single, multi-turn, and non-linear models are available.

Consult DIEHL for further information, including integral 
mountings for resolvers and variacs.

DIEHL MANUFACTURING COMPANY
Electrical Division of THE SINGER MANUFACTURING COMPANY

Finderne Plant, SOMERVILLE, N. J.
Other available component»:

A.C. SERVOMOTORS • A.C. SERVOMOTORS WITH A.C. TACHOMETERS 
A.C. SERVOMOTORS WITH D.C. TACHOMETERS • A.C. AND D.C. TACHOMETERS

D.C. SERVO SETS • RESOLVERS
•A Trademark of DIEHL MANUFACTURING COMPANY
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Electronic Designers

OF JOY FANS
your applications

LIGHTWEIGHT because they are made of 
aluminum or magnesium castings pro­
duced in Joy’s own foundries.
COMPACT design—with motor mounted 
inside the fan—permits installation any­
where .even inside a duct.
EFHCI vaneaxial design provides more 
air per given size than any other type fan.

AV MLABH on a production line basis ... 
Joy has over 250 standard models with 
1300 designs available to your specs ... 
from 1/5 00th horsepower up.

because of simple design. . . the 
outer casing, the vanes and motor mounts 
are cast in one piece . . . vibration free.
Get more information from the world’s 
largest manufacturer and supplier of 
vaneaxial fans to companies like G.E., 
Hallicrafters, Lear, R.C. A., Motorola, Ray­
theon, Sylvania.
Write to Joy Manufacturing Company, 
Oliver Building, Pittsburgh 22, Pa. In Canada: 
Joy Manufacturing Company {Canada) 
Limited, Galt, Ontario.

Write for FREE 
Bulletin 135-57

WORLD'S LARGEST MANUFACTURER 
OF VANEAXIAL-TYPE FANS

jaaa



Stabilized Amplifier 291 ADF System 293

Copper Tape 294

Miniature Connectors 292
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NEW LITERATURE

A 2-page bulletin is now available. 
The bulletin includes application dia­
grams, descriptions, specifications, block 
and circuit diagrams, photographs and 
outline drawings on model USA 3 am­
plifier, a highly stable amplifier for in­
strument, computer, and control applica­
tions. The amplifier features negligible 
drift, noise and distortion. George A. 
Philbrick Researches, Inc., 230 Congress 
St., Boston 10, Mass.

A four page, four color illustrated tech­
nical brochure gives specifications, di­
agrams,, and general information on a 
line of micro-miniature connectors. These 
connectors meet MIL-C-8384 specifica­
tions and are ruggedized to withstand 
shock and vibration extremes. Ordering 
instructions are also included in the bro­
chure. Dejur-Amsco Corp., Electronic 
Sales Div., 45-01 Northern Blvd., Long 
Island City 1, N. Y.

simplicity

structure

CIRCLE 295 ON READER-SERVICE CARD

A Subsidiary of S. H. Couch Co., Inc.

3 Arlington Street North Quincy, Mass.
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RUGGED 
RELAY

Couch balanced-armature rotary relays 
withstand 20G vibration, 75G shock. 
Answers your dry-circuit switching 
problems too. Our bulletin #132 tells 
you more. Write to-day.

A complete automatic direction fi >der 
system is described in this 16-page bul­
letin. It is illustrated and gives a om- 
plete detailed explanation of the various 
parts making up the system. Collins 
Radio Co., 315 Second Ave. S.E., C dar 
Rapids, Iowa.

A type data sheet which not only de­
scribes a metal but actually contains a 
sample strip is now available with per­
tinent engineering information on its line 
of ultra-thin and high-precision tolerance 
metal strip for coil winding. This just- 
published data sheet supplies engineers 
with physical and chemical characteris­
tics, hardness factors, and mill limits. It 
also contains a unique chart simplifying 
the task of converting copper wire di­
mensions into equivalent copper strip. 
American Silver Co., Inc., 36-07 Prince 
St., Flushing 54, N.Y.
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Ajylon Parts 296
¡ Nylon rollers, roller bearings, slide 
learii gs and gears, are featured in the 

*93 Aew parts catalog, Bulletin No. 501. Spe- 
[ificat ions, sizes and colors and given. 

^erlipco International Corp., 1731 Stanford
Santa Monica, Calif.

ous I
lins ¡Current Pulse Amplifiers 297 
^ar| Bulletin 57-A describes current pulse

A iplifiers, model 1070 (2 amp output 
A nn a moderately high source imped- 

•94 Ace) an<^ m°del 10^0A (1 amp output 
¡from a high source impedance). These 

de-Amplifiers receive a low-level voltage 
1S a A Ise input and deliver a shaped high- 
Pei'Aurrent pulse output, for designing and 
^Aesting of digital computer components. 
laecAjgic circuits, magnetic cores, memory 
¡ust-Jystems, and transistors. The 2-page il- 
eers Austrated bulletin describes the basic cir- 
shs-Auit groups and points out that both 
s. k Ancar and exponential rise time, and ex- 
yingAonential fall time are fully controlled, 

di-Application suggestions and detailed 
trip. Apecifications are also included. Rese En- 
inceAjneering, Inc., 731 Arch St., Philadel-

Am 6, Pa.

Sample Counting 298
A concise summary of the essentials of 

selecting nuclear equipment for sample 
counting is covered in this bulletin. The 
basic considerations common to the se­
lection of all sample counting equipment 
are included, with particular emphasis 
being placed on the choice of the de­
tector, its shielding, and the sample po­
sitioner or changing mechanism. Tracer­
lab Inc., 1601 Trapelo Rd., Waltham 54, 
Mass.

Rotary Accelerators 299
The history, development, design, and 

application of these machines is reviewed 
in a booklet both from the standpoint of 
environmental tests and from that of 
instrument calibration. The fundamental 
considerations involved in applying a 
precisely controlled radial acceleration 
to a test object are explained. Speed con­
trol, speed measurement, construction, 
balancing, optical systems, programming, 
and electrical, pneumatic, and hydraulic 
connections are covered. Schaevitz Ma­
chine Works, P. O. Box 505, Camden, 
N.J.

BEEDE
TRIM I

CLEAR
PLASTIC 

IN 3 '

SIZES I
2PL-2%x2l 
14-3%xS 
23 - 4%x4$

NOW!
•9

0. C. MILLIAMPERES

Iq Electrical Inst. Co.t Inc.S. Fen acock, 'N. H.

AVAILABLE 
IN COLOR 
OF YOUR 

CHOICE

ALL-WAYS ACCURATE TO THE DOT — •
FOR POWER-UNIT PANELS, INDUSTRIAL TEST UNITS, 

COMMUNICATION EQUIPMENT CATALOG ON REQUEST

BEEDE ELECTRICAL INSTRUMENT CO., INC.
PENACOOK, NEW HAMPSHIRE
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Write for illustrated literature.
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Products of Precision 
Craftsmanship
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New concept... High reliability 
Rugged construction

A completely new and original concept in relay design. Unique 
’'Wedge Action” contacts have solved the problem of reliability 
under rugged environmental conditions.
The high reliability and exacting performance demanded by 
developers of complex electronic systems is offered ’'off-the- 
shelf” in the Electro Tec Mark II Relay.
This exceptional relay is the result of advanced engineering, 
careful selection of component materials, sound structural de­
sign, and absolute quality control during manufacture.
"Wedge Action” effectively burnishes contact surfaces during 
every operating cycle, reducing resistance to micro-level currents. 
It renders the relay extremely shock and vibration resistant.

Pat No. 2,696.570

ELECTRO TEC CORP
P.O. Box 37B, SOUTH HACKENSACK, N.J.
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NEW CTS BOBBINLESS
PRECISION WIRE FIXED RESISTORS

Featuring Unique CTS "Floating" Element 
Small Space Factor • More Stable

New CTS patented winding process 
now permits resistance elements and con­
tacts to be firmly embedded in epoxy 
resin, forming a monolithic mass. No 
bobbin or winding form—no wire strain. 
Exceptional Stability — permanent 
change m resistance less than 0.2% un­
der most environmental conditions.

Guaranteed Close Tolerance—resistors 
guaranteed to be in tolerance under nor­
mal conditions of measurement. Toler­
ances down to ± 0.05% available in 
standard sizes depending upon resist­
ance value. Closer tolerances or matched 
multiples available.

Low Inductance and Low Capacitance Characteristics with reproducible uni­
form frequency response made possible by new CTS patented winding technique. 
Less than 0.2% resistance change with humidity (MIL-R-93). Less than 0.2% 
resistance change with temperature cycling (MIL-R-93). Withstands extreme 
vibration and shock due to unique construction and encapsulation method. Ex­
tremely stable—resistance change with load life or 100% overload (MIL-R-93) 
less than 0.3%. Low temperature coefficient wire available. Offered in rectangular 
or tubular shapes in a wide variety of standard sizes with wattages ranging from 
0.25 to 2.0 and resistances from 0.1 ohms. Special dimensions, tolerances, wattage 
ratings, etc. can be made to your exact specification.

CHICAGO TELEPHONE SUPPLY CORPORATION 
Elkhart, Indiana • Founded 1896
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BLUE M

NO MOTORS I 
NO STIRRERS I 

100% WORKING
(WIDE RANGE OF TEMPERATURES

NEW!
NEW!

MAGNI-WHIRL Baths OBSOLETE con-
ventional baths using 
allow only o partial 
ind partial agitation

MAGNI WHIRL Baths

motors which 
working space

have built-in
automatic stirring ond circulating sys­
tems for maximum uniformity and 
superior results. Magnetic pumping

action gives automatic gentle agitation in all areas of 
both—irrespective o< work load D C power supply ond 
magnet fully protected

COMPETITIVELY PRICED
MAGNI WHIRL BATHS AVAILABLE FOR ALL NEEDS

• Utility Water Baths (100 C.)
• Visibility Jar Baths (70° and IOOCC.)
• Utility Oil Baths (180° and 260°C.)
• Refrigerated Baths (0° to -j- IOO°C-|
• Super-sensitive Baths (lOO’C.)
• Hydrometer Jar Baths (70°C.)

MORE CONVENIENT • SAVES COST AND TIME • MORE EFFICIENT

BLUE M ELECTRIC CO• BLUE ISLAND, ILL.
MANUFACTURERS AND DESIGNERS OE COMPLETE TEMPERATURE CONTROLLED EQUIPMENT

CIRCLE 303 ON READER-SERVICE CARD
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NEW LITERATURE Laminated Plastics

Crystal Filters 304
A two-color, four-page brochure out­

lining a product line of stock and special 
miniaturized quartz crystal filters is now 
available.

The brochure includes technical data, 
typical and representative curves of 
crystal filters. Symmetrical band pass 
filters, asymmetrical or single side band 
filters, narrow band filters, and wide 
band filters are described. Burnell & Co., 
Inc., 10 Pelham Pkwy., Pelham Manor, 
N.Y.

A summary of application and en­
gineering data on laminated plastics and 
vulcanized fibre is furnished in thi ca­
talog. Containing eight pages, the cat dog 
provides photos, descriptions, dati ta­
bles, and a selector chart to aid engiieers 
in selecting and applying more than 50 
grades of laminated plastics, coi per-
clad laminates, and vulcanized 
Taylor Fibre Co., Norristown, Pa.

Temperature Controls
Bulletin MC-157 is a 4-page

f’bre.

307
folder

Components 305
A microwave relay components bro­

chure containing ten specification sheets 
giving diagrams, photographs, descrip­
tions, physical, and electrical character­
istics of the various microwave relay 
components in the WR-137 waveguide 
size is now available. The brochure is 
designed to be a working tool for the 
communications engineer with difficult 
application assignments to solve. Airtron, 
Inc., 1096 West Elizabeth Ave., Linden, 
N.J.

about a line of thermostats and their 
uses. Complete construction details of 
the control are given along with six basic 
design configurations. Fenwal, Inc., Ash­
land, Mass.

Communications Receiver
An 8-page bulletin gives a complete 

description of this HF Fixed-Tuned AM, 
CW, MCW air-to-ground or point-to- 
point communication receiver. The bul­
letin is well illustrated and includes spe­
cifications. Collins Radio Co., Cedar 
Rapids, Iowa.

CUTLER'H AMMER

circuits
• Positive-break action insures safe, 

reliable switching with high 
energy circuits

• Direct toggle-to-contact 
mechanism guarantees switching 
action

• First totally enclosed, environment 
proof toggle switch

• 1° lever throw opens circuit
• Positive detent action prevents 

switch teasing
• New insulating material gives 3 

times greater arc tracking 
resistance

• Greater terminal clearance for

a

I

Cutler-Hammer single, dou­
ble, and four pole Positive 
Action Switches are available 
In unlimited circuit arrange­
ments ... single throw, dou­
ble throw, momentarles, etc. 
For detailed information, 
write for Publication EA-168.
CUTLER-HAMMER Inc., | 
1227 St. Paul Avenue, Mil- £ 
waukee 1, Wisconsin. a

Now POSITIVE ACTION SWITCHES
another first from

Cutler-Hammer

MOTOR CONTROL

• Wiping contacts insure perfect 
switching for very low energy

easier wiring
Improved bushing seal is molded 
in place.

Seidel
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Sold ?rless Wiring Devices 310 Transistor Specs 313
Ti. ie saving solderless terminals and 

conn* ctors are described in this revised 
[catalog. Valuable data and sizes of vari­
ous devices are included to facilitate se­
lection for every wiring job requirement. 
Electrix Terminals and Connectors Inc., 
990 E. 67th St., Cleveland 3, Ohio.

Oscillographs
This is a 16-page catalog containing 

descriptions, specifications, and prices of 
the “150” Oscillographic Recording Sys­
tems. The full line of unit instruments 
and accessories such as recorders, gal­
vanometers, and permapaper chart paper
is fully described in the catalog, 
born Company, Industrial Div., 
Wyman St., Waltham 54, Mass.

San-
175

¡Electronic Densitometer 312
With technical detail, a bulletin de­

scribes an electronic densitometer that 
is accurate to ±0.02 density units and 
responds instantaneously. The literature 
is illustrated with step-by-step photo­
graphs. Macbeth Daylighting Corp., 
Subsidiary of Macbeth Corp., P.O. Box 
950, Newburgh, N.Y.

A revised transistor specification chart 
which covers pnp germanium alloy- 
junction transistors is available. The 
chart also contains an interchangeability 
guide showing transistors of all manu­
facturers for computer, entertainment, 
and industrial applications. Industro 
Transistor Corp., 35-10 36th Ave., Long 
Island City 6, N.Y.

Digitometry 314
“Digitometry, A Concept of Digital 

Control and Indication” is the title of 
this four-page technical bulletin. It de­
scribes five components for use as digital 
actuators and feedback devices in servo 
and instrumentation systems. Block dia­
grams are presented of servo and meas­
urement systems with accuracies of 1 
part in 1000 parts. Illustrations feature 
these digital devices in rotary or linear 
positioning with bi-directional pulse mo­
tors, for telemetry of shaft or pulse input 
data and as preset controllers. Digital 
feedback elements are specified which 
produce systems with inproved feedback 
accuracy. Anatran, 165 E. California St., 
Pasadena, Calif.
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for all your
clip, block and
HARNESS STRAP
needs!
ADEL offers the widest variety of LINE 
SUPPORTS in the World... 19,000 different 
types and sizes for safe, vibration-free, 
positive support in all types of aircraft, 
missiles, rockets, ordnance, automotive and 
original equipment of all kinds.
SAFETY... FLEXIBILITY ... DURABILITY ... 
ECONOMY... SERVICE FITTED ... SERVICE 
TESTED ... SERVICE APPROVED
Illustrated are but a few of the World’s most 
complete line of Line Supports that meet 
or exceed all applicable specifications and/ 
or requirements. Whatever the application — 
STANDARDIZE ON ADEL-the leader in 
completeness of line, service and reliability.

L PRECISION 
PRODUCTS

M * tmuu tt «HIUI BITAlt CMMUTIH

—SPECIFICATIONS ARE AVAILABLE TO AIRCRAFT, 

missile and original equipment manufac-
, _ TURERS . . . WHAT ARE YOUR REQUIREMENTS ?

I Direct inquiries to Huntingtor DivisionI 1444 Washington Ave Huntington 4. W V tg'n a
DISTRICT OFFICES: Burbank • Mineola

' Dayton • Wichita • Dallas . Toronto

CIRCLE 315 ON READER-SERVICE CARD
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HIGH VACUUM

Name.

Company.

Address.

Zone-------State.

There are many questions 
in the selection of THE 
Pump for the individual 
need ... questions that have 
a direct bearing on produc­
tion, reject rate, operating 
and maintenance cost, and 
cost per unit. KINNEY, with 
the most comprehensive 
line in the world, provides 
a selectivity in clean, dry 
High Vacuum that brackets 
your requirements in pump­
ing speed, displacement 
and ultimate pressure. KIN­
NEY solid dependability as­
sures you the economic 
advantage you seek.

Among many new KINNEY develop­
ments in complete High Vacuum 
equipment is the KINNEY HIGH 
VACUUM FLOATING ZONE REFIN­
ER and CRYSTAL PULLER. This unit 
answers the demand for increas­
ingly higher standards of purity in 
single crystals of Germanium and 
Silicon for Transistors and Semi- 
Conductors. This equipment makes 
possible the reduction and control 
of contaminants in the refined crys­
tal to degrees of precision hereto­
fore unattainable. Ask for full infor­
mation on this and other KINNEY 
High Vacuum developments for 
Electronics manufacture.

3561E WASHINGTON STREET » BOSTON 30 • MASS

Kindly send me Bulletin entitled KINNEY HIGH VACUUM in 
ELECTRONICS and Bulletin V-54, describing KINNEY High 
Vacuum Pumps.

WRITE V 
FOR NEW 
BULLETINS 
ON KINNEY 
PUMPS AND 
SYSTEMS 
TODAY

CIRCLE 316 ON READER-SERVICE CARD



WATCH FOR THIS LABEL NEW LITERATURE
Marking Machines

Twenty-five standard machines for marking 
items ranging from transistors and 110 deg TV 
tubes to instrument scales and spaghetti tubing 
are described in this 8-page catalog. All major 
specifications are included. Markem Machine 
Co., Keene, N.H.

Frequency Meter
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A data sheet covering complete details of a 
self-contained 400-cycle expanded scale, fre­
quency meter is now available. Applications, di­
mensional drawings of five basic models, product 
photos that clearly illustrate readability, complete 
specifications and a discussion of circuitry are 
featured. Beckman/Helipot Corp., Newport 
Beach, Calif.

Cable Systematics
Facilities and capabilities of a custom elec­

tronic cable manufacturing center for missile and 
aircraft requirements is explained in Technical

R-F F
Per

i ''

scribe 
hvo-c 
photo 
japh 
use ol 
under 
in a j 
ation

Bulletin RF-582. Cable systematics, a unique
method of cable engineering is explained in the 
bulletin. Robertshaw-Fulton Controls Co., 401N. 
Manchester, Anaheim, Calif.

etin 1
ill Stc

Thomas J. Whiteside
Senior Project Engineer 
Wilson Electronic Enterprises 
4th Avenue 
Canfield, New Jersey

POSTMASTER: This parcel may be opened for postal inspection if necessary. Return postage guaranteed. 
--- - --------------- ---------------

A NEW, FASTER, ONE DAY SERVICE TO SPEED THE
INFORMATION YOU REQUEST

Look for this label on your incoming mail ... it 
signals the material you have inquired about . . . and 
helps to bring it to you faster.

On May 1st, Electronic Design adopted a com­
pletely new system to speed and simplify communi­
cation between reader and advertiser.

When you make an inquiry on your reader service 
card, your name and address is typed directly on this 
label (a separate label for each item you have in­
quired about). As a result we are now able to process 
your card The Same Day That It Is Received. 
Your inquiries will be separated, recorded, labels 

ANOTHER SERVICE 
NEW IN '58...ONLY IN ELECTRONIC DESIGN

a HAYDEN publication, 830 THIRD AVE., NEW YORK 22, N. Y. • PLaza 1.5530

typed, and on their way to each manufacturer by 
Air Mail (1st class within one day delivery zone) 
within eight hours of receipt. No delay for batch 
mailing or complicated tabulation.

Although the new system involves considerable 
extra clerical effort and expense for Electronic Design, 
it means that there is less work for the advertiser, 
saves typing and the cost of a transmittal letter, 
enables him to answer your request quickly and easily.

New faster reader inquiry handling is one more 
step in Electronic Design's continuous program to 
improve its services for both reader and advertiser.

Mounting Systems
A four-page bulletin, describing engineerec 

vibration and shock mounting systems for air 
borne electronic equipment and other applica 
tions is available. Designated Bulletin Fl A, th« 
publication cites the several different types ol 
damage to sensitive instruments caused by vibra 
tion and shock. Descriptions and illustrations art 
given of variable-damped engineered mounting 
systems, along with a detailed discussion of the 
design and selection of the component parts o 
these systems. Federal Shock Mount Corp., 106( 
Washington Ave., New York, N.Y.

Control System
Complete information about current-adjusting 

type control system for use with magnetic ampli 
fiers and saturable core reactors is now available 
Illustrated sheets describe how this control sys 
tern will regulate power input to a variety o 
electric furnaces—either continuous or batch. Ir 
addition, these sheets list specifications for in 
dividual components which can be supplied in J 
complete package or tailored to an individua 
need. Leeds & Northrup Co., 4934 Stenton Ave. 
Philadelphia 44, Penna.
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This electronic parts and equipment 
catalog contains 188 pages and is de­
nned primarily for industrial electronics 
aSers In addition to the listings of prod- 
QCts for industrial applications, it also 
includes service parts and equipment 
listings. The catalog also has an industrial 
vacuum tube cross reference guide list­
ing existing tubes with industrial applica­
tions. Gifford-Brown, Inc., 140 Walnut, 
Des Moines, Iowa.

|-F Filters 323
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Performance features and design in­
novations of a line of miniaturized radio 
frequency filters and capacitors are de- 

. ribed in this bulletin. The four-page, 
two-color bulletin, No. 57B, provides 
Lhotos, schematic drawings, charts, and 
pphs to illustrate the line. Data on the 
Le of Mylar film are also given. Stability 
L ider temperature extremes is illustrated 
t a graph showing a capacitance vari­
ation of only 12 per cent over a range

• —75 F through +300 F. Another bul- 
letin table b’sts diameters and lengths of 
fall standard-design capacitors which are

available in capacities from 0.25 pf 
through 18.0 pf. Airborne Accessories 
Corp., Hillside, N J.

Telemetering Thermometers 324
The first compilation of information on 

platinum resistance thermometers is 
given in a 15-page booklet called “How 
To Use Platinum Resistance Thermome­
ters in Temperature Measurement, Tele­
metry, and Control.” Various types and 
characteristics of specific resistance 
thermometers and the use of these trans­
ducers in a variety of bridge circuits and 
control systems are described. Trans­
Sonics, Inc., Burlington, Mass.

Supervisory Control 325
A 16-page bulletin, GEA-6603, pro­

vides information on supervisory’ control 
equipment. The bulletin describes func­
tions ranging from opening and closing 
of switches and valves, to adjustments 
of speed, voltage or load. The literature 
is designed to show how versatile super­
visory control can help solve control 
problems economically. General Electric 
Co., Schenectady 5, N. Y.
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SINCE 1901

Continuous electroplating methods permit 
coating of many metals on to wire (or rib­
bon) in specified thicknesses of plate ... This 
very flexible operation makes it possible 
to designate a desirable base or precious 
metal with a coating of another metal for 
its own particular characteristics. In our 
laboratory Tungsten wire as small as 
.00015" has been electroplated with Gold. 
... New combinations of plating on wire are 
being developed by our research 
staff from time to time.

^fOU^

SIGMUND COHN MFG. CO., INC.
171 SOUTH COLUMBUS AVENUE • MOUNT VERNON NEW YORK

Consult us, without obligation, 

about your specific wire problems.

Write for list of products.

CIRCLE 326 ON READER-SERVICE CARD
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Hid
KAY

Kada-Sweep Sr.
CAT. NO. 386

Broadband, All-Electronic Oscillator 
for Sweeping Radar IFs to 350 me Center

• Single Unit Sweeping Oscillator 
with Ten Wide Bands

• Single Switch Provides Sweep 
and Markers Simultaneously

• 30 Crystal-Controlled Markers 
Set to Customer Specification

6 Highly Stable Low Harmonic 
Content—No Spurious Signals

SPECIFICATIONS
Freq Range: 1-350 me center. Aty 10 twitched 
bands with freq sei to your specifications. Funda­
mental frequency. All-electronic sweep.
Sweep Width: 70% of cen. freq from 1-100 me; 
60 to 70 me from 100-350 me.
Sweep Rate: Variable around 60 cps. Locks to 
line freq.
RF Output: 0.5 V rms into nom 70 nr 50 ehms. 
Higher for lower freq units. AGC'd constant to 
±0.5 db.
Zero Reference: True zero base line produced on 
'scope during retrace time.
Attenuators: Switched 20. 20, 10, 6 & 3 db plus 
cont variable 6 db.
Markers: Up to 30 crystal-controlled pulse marks

set to your specs. Accuracy, ±0.05%. Up to 3 
marks per bana (more at lower frequencies); no 
individual switches on marks.
Marker Amplitude: Cont variable. 0 10 V approx.
Sweep Output- Reg. sawtooth in sync with sweep­
ing oscillator.
Power Supply: Input approx 150 watls, 117-V 
(±10%) 50-60 cps ac. B± electronically regu­
lated.
Dimensions; 8%" x 19* rack panel, 13* deep.
Weight: 34 lbs
Price: $795.00. f.o.b. factory. $15.00 extra per 
marker ordered.

Write for 1958 Kay Catalog

Dept. ED-5 Maple Avenue Pine Brook, N. J. CApital 6-4000

CIRCLE 327 ON READER-SERVICE CARD

PRECISION POTENTIOMETERS
designed and built to your exact needs

When your specifications call for reduced volume... 
less weight, less torque, unusual configuration, higher 
resolution, better compliance with environmental re­
quirements—call Helco. We’ll furnish an integrated 
design, and produce it to schedule. Often, too, we can cut 

gm costs. Write for literature.

fkico-
z HELCO PRODUCTS CORR

7832 Balboa Boulevard, Van Nuys, California • Tol: STanley 3-2766 

CIRCLE 328 ON READER-SERVICE CARD



INSTRUMENTS, INC.

142

YOKE
specialists

COMPLETE LINE lor every Military and Special 
purpose ... in PRODUCT ION QUANTITIES ... or 
CUSTOM DESIGNED to your specific requirement.

syntromc
100 Industrial Road, Addison, III., Phono Klngswood 3-6444 

CIRCLE 329 ON READER-SERVICE CARD

power 
supply
— has 2 independent outputs, 
each closely regulated, 
plus a variable filament supply

(Model 5-300F )

Output Voltages:
1. 0-500 V.D.C. continuously variable without 

switching . . . current 300 MA. max.
2. 0-300 V.D.C. continuously variable without 

switching . . . current 150 MA. max.
3. 4 to 8 V.A.C. unregulated @ 10 amps max. 

(varied by tapped switch).
Regulation
For output voltages: 500 V/300 MA=100 MV. 
change N.L. to F.L.; 300 V/150 MA=60 MV 
change N.L. to F.L. For line voltage 115 
V.A.C. — 10%, the voltage change is .1% for 
500 V. output, .16% for 300 V.
Ripple — both high voltage outputs less than 

2 MV. R.M.S.
Grounding - either pos. or neg. of either 

high voltage outputs may be 
grounded.

All 3 on a chassis only 
8 % "x 19"x 16", for rack or 
bench use. Here is a real work­
horse for general laboratory 
use. You get this widely 
versatile, compact power supply 
at a saving over separately 
supplied units. Request 
literature on Model 5-300F.

DRESSEN BARNES CORP 250 N Vinedo Ave., Pasadena 3, Calif.

CIRCLE 330 ON READER-SERVICE CARD



NEW LITERATURE High Vacuum Valves

Semiconductor Materials 331
The 4-page brochure contains facts for 

ordering and purchasing ultra high 
purity material for semiconductors and 
custom formed high purity semicon­
ductor soft solder preforms for auto­
matic soldering. Standard die sizes and 
standard alloy combinations are avail­
able in the brochure, as well as a de­
scription of the company’s facilities. 
Alpha Metals, Inc., 56 Water St., Jersey 
City, N.J.

A 2-page leaflet gives design and nJ 
stallation data on high vacuum w ives 
which have a thin design and a choice 
of flange dimensions. Photographs and| 
diagrams illustrate the valves. Vacuum 
Research Co., 420 Market St., San Fran- 
cisco 11, Calif.

Facilities

Engine Testing System 332
A bulletin describing the S-100 auto­

matic data handling and recording sys­
tem for engine test facilities is now 
available. The system as described and 
block-diagrammed in the bulletin, will 
measure and process up to 500 test vari­
ables at sampling and readout rates to 
100 per second. It may be modified to 
meet particular engine test program re­
quirements. BJ Electronics, Borg-Warner 
Corp., 3300 Newport Blvd., Santa Ana, 
Calif.

An 8-page booklet describes facilities 
for producing special machinery, tools, 
and equipment for the electrical, elec- 
tronics, and communications industries 
Also discussed is the manufacture of 
components, machinery and controls for 
aircraft and other use. General Machine 
Products Co., Inc., Old Lincoln Hwy. at 
Pennsylvania Tpke., Trevose, Pa.

Calibrator
Specifications and applications for a 

voltage and current calibrator are given 
in Bulletin sheet a/eh 6020B. This cali­
brator provides a ready means of accu­
rately measuring complex waveform 
amplitudes and dc levels. Electro-Pulse, 
Inc., 11861 Teale St., Culver City, Calif.

'WB

GLASSCAP TUBULAR 
GLASS CAPACITORS

CIRCLE 336 ON READER-SERVICE CARD

ELECTRONIC DESIGN •

HIGH VOLTAGE ( 
POWER SUPPLIES

HIGH VOLTAGE 
TYPE CP70 

CAPACITORS

Also Manufacturers of; 
a a

- 40-C1,000

15.000

-40-C3.000

15,000

—60*C2,500

25,000-------  - - - . ri r
Meet Mil. Specs. for environmental conditions. l,<i< • * «ninrlrinro wool««»«Other matching impedance values available.
High Power and Special Requirements Invited.

4,300 
Max.

phtit -
2620 North Clybourn Avenue | | 1 

Chicago 1 4, Illinois

Write for further information 
and our complete catalog
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337Valves

338

limit Switches 339

iccu-

TRANSFORMER PROBLEMNO PULSE
TO CRACKTOO TOUGH

340

electronic components division
exceptional employment opportunities for engineers experienced in pulse technique

CIRCLE 342 ON READER-SERVICE CARD

1958
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When the prototype transformer is developed, it 
reaches your desk accompanied by a comprehensive 
laboratory report, which includes submitted electrical 
requirements, photo-oscillograms (which indicate input 
and output pulse shape and output rise-time), the test 
equipment used and an evaluation of the electrical 
characteristics of the prototype. Write for our complete 
new catalog-folder today.

Pulse transformers • Medium and low-power transformers • Filters of all types 
• Pulse forming networks • Miniature plug in encapsulated circuit assemblies

Thirteen specialized valves, solenoids, and 
switches get complete coverage in a 30-page cata­
log. Pictures, descriptions, and specifications are 
given for each unit. Listed are one, two, and 
three-way solenoid operated valves; speed sensi- 
|tive switches; and other items. The booklet also 
illustrates and describes engineering and produc­
tion facilities. Koontz-Wagner Electric Co., Inc., 
516 N. Michigan St., South Bend, Ind.

This 4-page data sheet describes a line of small 
size, 2 circuit, limit switches which have the ca­
pacity to handle electrical loads usually assigned 
to much larger limit switches. Actuator versions 
covered are: the roller arm; flush mounted roller 
arm; low force rod; flexible coilspring; in-line 
plunger; and roller plunger. Photographs, dimen- 

Isional and line drawings, characteristics, electri- 
Ical ratings, and price information are included in 
Ithis data sheet. Minneapolis-Honeywell, Micro- 
ISwitch Div., Freeport, Ill.

ELECTRONIC DESIGN • May 14, 1958

A four page, illustrated bulletin describes self­
locking socket screws. Listed with sizes and speci­
fications are socket head cap screws, button head 
socket screws, flat head socket cap screws, socket 
set screws, shoulder screws, and dry seal pressure 
plugs. Self-locking pellet location, type of thread, 
locking torque, and other data are noted for all 
types. The bulletin also recommends installation 
practices. The Cleveland Cap Screw Co., 4444 

■Lee Rd., Cleveland 28, Ohio.

This literature is a catalog of sampling equip­
ment and other accessories for the company’s 
1R-4 Infrared Spectrophotometer. The catalog, 
Bulletin 725, lists and describes applications for 
farge-volume and micro sampling cells for liquids, 
gases, and solids; prism interchange units; record- 

ling accessories; and other IR-4 attachments. 
iBeckman/Scientific Instruments Div., 2500 Ful­
lerton Rd., Fullerton, Calif.

rower Supplies 341
This one-page illustrated product sheet de­

scribes 3 “T-Nobatron” tubeless power supplies, 
hcommended for use in the development and 
testing of transistor circuits or for other applica- 
lons within their voltage ranges, such as relay 
testing and computer circuitry development, 
lorensen & Co., Inc., Richards Ave., S. Norwalk, 
Jonn.

This is our guarantee: we'll solve your toughest trans­
former problem or it can’t be cracked anywhere! From 
our complete line of prototype pulse transformers, 
medium and low-power transformers and recently- 
developed wide band video transformers (range of 50 
CPS to 8.0 MC) we’ll come up with the right custom- 
built or stock unit...in the size and shape to meet your 
specific needs.



Sir Isaac Newton 
1642-1727

When the time is short 
and the pressure’s frightening, 
They serve my systems 
with the speed*of lightning’’ 
beckman/breadboard parts 
For the standard parts

Send for catalog 55C, 
where we show ’em and list ’em.

•Within 3 days of order!
Beckman /

• Hell pot Corporation, Newport Beach, Calif, 
a division of Beckman Instruments, Inc.
Engineering representatives in principal cities.

CIRCLE 343 ON READER-SERVICE CARD
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Radial
Bearings «. 
perform Miracles 
in Miniaturization

Find out how you can perform miracles in miniaturization 
with the help of MPB’s hundreds of radial and radial retainer 
bearings, all smaller than 5 s* O.D.! Flanged, single or double 
shield, precision machined in chrome bearing steel and stain­
less steel.

Applications include continuous operation instruments, 
delicate measuring devices such as electrocardiographs and 
gyroscopes, optical equipment, and computers. High speed, 
duplex, pivot, angular contact, and thrust bearings also 
available. Specials on 
request. For the 
MPB catalog write to 
Miniature Precision 
Bearings, Inc., 905 
Precision Park, Keene, 
New Hampshire. HELPS YOU PERFORM MIRACLES 

IN MINIATURIZATION

NEW LITERATURE
Vacuum Metallizing 345

The process of developing a thin metallic film 
by evaporation and condensation under high vac­
uum conditions is fully described and many of its 
applications are illustrated in a brochure, “Vac­
uum Metallizing,” of which a revised and up-to- 
date version has just been issued. The brochure 
also contains complete specifications for current 
models of vacuum metallizing equipment, which 
includes units with 24, 36, 48, and 60 in. diameter 
vacuum chambers. F. J. Stokes Corp., Vacuum 
Div., 5500 Tabor Rd., Philadelphia, Pa.

Potting and Casting Compounds 346
Four improved potting and deep casting com­

pounds which give excellent results in a variety 
of electrical uses are described in a four-page 
technical data sheet #102577. The bulletin gives 
detailed formulations, physical and electrical 
properties, methods of preparation, storage sta­
bility, approximate costs, and a list of raw ma­
terial suppliers. Allied Chemical Corp., National 
Aniline Div., 40 Rector St., New York 6, N.Y.

Power Supply 347
The publication of a catalog covering the 

widest and most diversified power supply line in 
the electronic development and manufacturing 
industry has been announced. The 16-page data 
source covers more than 900 power supply 
models, over half of which have been completely 
redesigned. In each category, complete price in­
formation, formulas, tables, diagrams, and appli­
cation data are included. NJE Corp., 345 Car­
negie Ave., Kenilworth, N.J.

Sheath Connectors 348
A complete line of one- and two-piece com­

pression sheath connectors for shielded or co­
axial cable is described in this 16-page catalog. 
Complete listings, dimensional drawings, as­
sembly procedures, and tooling information are 
available. Burndy Corp., Omaton Div., Norwalk, 
Conn.

Ball Bearings 349
A twenty-four page bulletin describing minia­

ture ball bearings is now available. The catalog 
contains descriptive information on standard ra­
dial miniature bearings and other types of bear­
ings. Applications and special features of the 
bearings are described in this catalog. A number­
ing system is provided for classifying bearings by 
material, size, type, mounting, torque, and lubri­
cation. Miniature Precision Bearings, Inc., Pre­
cision Park, Keene, N.H.

Learn how to get small quantities 
of nylon parts at low cost...

WRITE 
FOR 
THIS

FREE
BOOKLET

how io sot 
•HORT-RUN 
nylon parts

$300.1500 
tooling cost 
LONG run PART prices 
specified delivery times 
GUARANTEED QUALITY
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~WHOM MOLDED PRODUCTS C0RP0MPM

NYLON MOLDED PRODUCTS CORP., GARRETTSVILLE 5, OHIO
CIRCLE 350 ON READER-SERVICE CARD

MILITARY

MODEL 355-C 
METER-RELAY

Want ’em

Rugged 355-C control 
relay meets or exceeds 
the following :
Shock test: Total of 18 impact 
shocks of 15 G’s.
Water tightness: submerged in 
tap water at a pressure of 2W 
mercury for 5 minutes.
Dielectric strength: 1000 volts 
RMS at insulated parts.

Vibration: Survives 10-55-10 cps, 
.060 amplitude, 1 minute cycle, 
1 hour, 3 axes.
Corrosion: Passes 50 hour salt 
spray (QQ-M-151aJ.
Contacts: Rated 100 Ma, in­
sulation to signal coil rated 300 
volts DC.
Description: Has a set of con­
tacts in series with locking coil. 
Signal and locking coil, both on 
moving structure, lock pointer 
contacts positively. Resets when 
contact circuit is interrupted.

End
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Assembly Products Inc 
Chesterland 17, Ohio

Booth 307, Automation Exposition 
Juno 9-13, New York Coliseum
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TRANSITRON
SIGNAL AND SWEEP

GENERATORS
S-Band THE ULTIMATE IN PRECISION

353Plastics

End Seals 354

CIRCLE 357 ON READER-SERVICE CARD
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Cable Guide 356
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.0 cps, 
cycle.

Power output variation ± .25 db 
Calibrated output ± 1 db to 150,000 pV 
Integral DC coupled oscillograph 
Frequency drift: less than 0 005% over 
any 10 minute interval
Reset accuracy: better than ±: 0.05% 
over entire frequency range

jth on 
jointer 
when

ELECTRONIC DESIGN • May 14, 1958
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Hints for electrical cable buyers on selecting 
the proper cable construction are contained in a 
’0-page booklet just released. In easy reading 
style it emphasizes the importance of examining 

1 the facts surrounding each installation to be 
sure of obtaining the right cable for the job. In­
cluded is a typical check-list of the many techni­
cal points to be covered when specifying an elec- 
ic tl cable circuit. The Okonite Co., Passaic, N.J.

In a four page short form catalog, plastics for 
electronics are listed with brief descriptions. Mi­
crowave absorbers; casting resins; plastic foams; 
plastic rods and sheets; reflectors and Luneberg 
lenses; plastic surface coatings; adhesives, ce­
ments, and sealants; impregnating resins; and 
Aminating resins are covered. Emerson & Cum­
ing, Inc., 869 Washington St., Canton, Mass.

Catalog No. 657D describes a line of end seals, 
crystal holders and mounts, and transistor and 
diode closures. This 16-page folder contains 
physical dimensions and line drawings of more 
4ian 1000 different sty les and sizes of military 
and RETMA type hermetic seals and their ap- 
ropriate part numbers. It also offers specific il­

lustrations and information about the company's 
custom design engineering service on all types of 
klass-to-metal seals. Hermetic Seal Corp., 29 S. 
6th St., Newark 7, N.J.

AERO ELECTRONICS CORP.
1657 WEST 134TH STREET, GARDENA. CALIF.

• • • reject level of

LESS THAN .0025%!

With illustrations, Bulletin 101 discusses glass- 
bonded mica, synthetic powdered mica, and 
other high frequency insulating materials. The 
six page folder lists electrical and mechanical 
properties, specifications, and standard sheet and 
rod sizes. Operating temperatures are up to 
1200 F. Electronic Mechanics, Inc., 101 Clifton 
Blvd., Clifton, NJ.

Comprehensive data on the Aero­
Pot Model 925 and other Aero prod 
ucts will be sent to you on request.

Our record of low rejects means real savings for you. 
Near-new Brown & Sharpe Automatic Screw Machines, 
manned by skilled set-up men (not operators), assure you 
high quality work! We’re equipped to do the complete 
job...design and make our own cams...small assembly 
work...every detail. Delivery per your schedule. Mail 
blueprint for bid or phone.
•Name on request.

INLAND AUTOMATIC, INC., 
Subsidiary INLAND MFG. CO..

1108 Jackson St., Omaha 2, Nebr., Phone: HArney 1108

Th<s literature is a 40-page, tabbed-index cata­
log cm 96 standard terminal lugs plus available 
sizes of each design. It includes a price list, engi­
neering information of sizes, dimensions, finishes, 
materials, and prices, and full-size drawings on 
all the company^ 96 standard terminal designs. 
\n accompanying wall chart also illustrates and 

Lives dimensions on the line of terminals avail- 
Lble. Precision Metal Products Co., Stoneham, 
Mass.

WRITE FOR ILLUSTRATED CATALOG

ELECTRONICS DIVISION
VAN NORMAN INDUSTRIES, INC. 
186 GRANITE ST., MANCHESTER, N. H.

Over 3-MILLION
Screw Machine Parts

MODEL SG-132 (16-400 MC)
• FM deviation T to 40% at any center 

frequency
• Internal crystal markers accurated to

ALL IRANSITRON SIGNAL
GENERATORS ARE NOW AVAILABLE

FOR RACK MOUNTING

AERO-POT

SG 132
15 400mc

SG 109 
400 IQOOmc

SG 161 
900 2100mc

SG 153
1 800 4,000mc

Mechanical — all metal structure 
Stability —10 to 60 ppm °C.
Environment — passes MIL STD 202, 
method 106.
Power —4 watts at 25°C Derates to 
zero at 190' C.
Resistance — 100 to 100.000 ohms 
Size —1.257 x .330 x .242 ±.003. 
1 000 mtg. centers.



« I

250^«
LONG SCALE METERSSave Valuable Panel Space

D. C. 
MILLIAMMETER

The scale in these new instru­
ments is Th times as long 

as conventional meters. A Th" 
HICKOK 250° meter has a 

scale length equal to a conven­
tional 6" instrument.

These exclusive panel style 250° 
meters fit a smaller space 

though still provide easier, 
more accurate readings. HICKOK 250° 

long scale arc

Available in all popular AC or 
' ranges. Square, semi-flush or 

round flush cases. Th" 
thru S1//' sizes.

100 * scale of 
conventional meter

UNIFORM SCALE
Evenly Spaced Scale Divisions

RUGGEDIZED and SEALED
AC rectifier or DC types •

The highly efficient HICKOK 
shock mount construction 

permits pointer and scale 
divisions to be easily read 

when meter is under vibration. 
The DC movement is a precise 

and rugged type. 
The AC movement is of 

the AC rectifier type with 
unusually efficient magnetic 

damping for ruggedized pur­
poses. Case is permanently 

sealed at the factory, however, 
may be opened and resealed.

MMBMI

These instruments meet 
military specifications 
and are in volume 
production. Your in­
quiry is invited. Kindly 
list details of your 
requirements or re­
quest Catalog No 37

THE HICKOK ELECTRICAL INSTRUMENT CO.
10525 DuPont Avenue • Cleveland 8, Ohio

CIRCLE 360 ON READER-SERVICE CARD
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IDEAS FOR DESIGN

Tests for "Choppers"
—to determine their operating characteristics

THESE ELECTRICAL tests can be 
used to examine and evaluate chop­

per characteristics which affect perform­
ance in end equipment. The methods 
described correspond to those used by 
the production and quality control de­
partments of the James Vibrapowr Co.

Specification limits for the various 
characteristics must be established to 
correspond to the chopper manufactur-

0-100 MICROAMMETER

o
Fig. 1. Measuring circuit for contact dwell time. As shown, one chopper contact at a time 
can be checked.

OCTAL BASE (SEE MODEL SPECIFICATIONS FOR OTHER BASE CONNECTIONS)

Fig. 2. Test jig for rapid testing of contact dwell time. Output of “jig" goes to input of 
circuit in Fig. 1.

Get $10.00 plus a by-line for the tme 
it takes you to jot down your cb ver 
design idea. Payment is made when 
the idea is accepted for publication

er’s specifications for the particular 
chopper, and for any particular end 
equipment required.

Closure and Closure Balance

Closure (contact dwell time) may be 
conveniently and accurately measured 
by taking advantage of the integrating 
characteristics of a dc microammeter. It 
has been found convenient to use a 0-100

micros 
with s
No. 6 
may h 
of sue 
when 
in per 
\ sch 

meter 
testing 
jig to ¡ 
per cc 
repres 
sort is
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sweep width. (continued)

*T0 'SCOPE Y AXIS

IN-PHASE PATTERN

Fig. 3. Phase measurement circuit using a calibrated resolver. The resolver is used in con­
junction with an oscilloscope for Lissajou displays.

microampere de movement, in series 
with a suitable limiting resistor, and a 
No. 6 dry cell. Each chopper contact 
may be connected across the terminals 
of such a closure meter; and the meter, 
when properly zeroed, will read directly 
in percentage closure of one full cycle. 
A schematic diagram of such a closure 
meter is shown in Fig. 1. In quantity 
testing, it is desirable to use a switching 
jig to allow rapid connection of the chop­
per contacts across the closure meter. A 
representative switching system of this 
sort is shown in Fig. 2.

Contact Bounce

Contact bounce is usually defined as 
the uncontrolled opening and closing of 

C
PLATE TO PUSH-PULL GRIDS 
AUDIO INTERSTAGE TRANS.

CHOPPER DRIVE 
VOLTAGE

CHOPPER

WHERE CLOSURE IS 
MAKE-BEFORE- 
BREAK (50%0R MORE

PHASE ANGLE 
(REVOLVING MASK
CALIBRATED 
IN DEGREES)

*T0 'SCOPE GROUND

'SCOPE DISPLAY
-------------- ► TO 'SCOPE X AXIS

10K

CALIBRATE

OPEN SW. TO OBSERVE 
1/2 WAVE FORM.

1 ig. 4. Alternate circuit for phase measurement. Less accurate than method of Fig. 3, phase 
is measured by a protractor directly from oscilloscope screen.

ELECTRONIC DESIGN • May 14, 1958

contacts after initial closure due to forces 
within the chopper. Its duration is gen­
erally considered to be the time from the 
beginning of the first closure discontinu­
ity to the end of the last closure discon­
tinuity at either the beginning or end of 
closure time. If a closure meter is used, 
an oscilloscope may be connected across 
the meter and current limiting resistor. 
This will display closure as a function 
of the oscilloscope linear time base. Con­
tact bounce may be measured directly 
in terms of sweep speed if the oscillo­
scope has a calibrated sweep generator; 
otherwise, it may be measured or esti­
mated as a percentage of contact dwell 
time, by making proper adjustment of
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ENVIRONMENT
and the System Designer

To one looking beyond the four walls of his office, environment 

might be defined as the sum of (1) work responsibilities and 

(2) colleague personalities.

The System Designers we seek could not fail to be stimulated 

by (1) assignments of a most advanced nature and by (2) col­

leagues with considerable attainments in systems engineering, 

behavioral science and computing.

The advanced nature of the assignments requires at least 

four years’ experience, including circuit design or development, 

equipment construction and a knowledge of logical design for 

computers. Moreover, the position also calls for a sound back­

ground in computer programming, the ability to write programs 

and familiarity with the IBM 700 series or similar single address 

parallel machines.

You are invited to write for more information or phone col­

lect. Address R. W. Frost, System Development Corporation, 2432 

Colorado Avenue, Santa Monica, Calif.; phone EXbrook 3-9411.

SYSTEM DEVELOPMENT CORPORATION
An independent nonprofit organization, formerly a division of the Rand Corporation

CIRCLE 563 ON READER-SERVICE CARD
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performance 
SUB-MINIATURE 

switches
Ideal in miniaturized and transistorized 
test, communication and control equip- 
ment, this complete line of low-resistance 
switches provides maximum performance, 
requiring minimum space. Quality con­
struction throughout... features silver 
alloy, double-wiping contacts, wafer of 
plastic material with high insulation 
resistance. Rotary Switches are available 
in shorting or non-shorting type. Series 7000, 
1 to 6 decks ... up to 12 single pole positions 

per deck ... Series 5000,1 to 4 double 
decks (2 wafers per deck) up to 11 single pole 
positions per wafer ... positive detent 
mechanism. Both types also available 

with spring return. Lever Switches, with or 
without spring return, single or double throw 
types, available with 1 to 6 decks.

WRITE NOW FOR ENGINEERING DATA SHEETS .. 
on Sub-Miniature Switches and also our 1" and 
l1^ Panel Meters, Ity" Ruggedized Meters, 
Side Indicators, Multitesters and Special 
Instruments. P. O. Box 2954, New Haven 15, 
Connecticut. Cable: "INTERINST"

MINIATURIZATION HEADQUARTERS 

international 
instruments inc.
P.O. BOX 2954, NEW HAVEN 15, CONN.

CIRCLE 361 ON READER-SERVICE CARD
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IDEAS FOR DESIGN
Phase

Chopper phase is customarily defined as the 
angular displacement of the center of contact 
closure time from 90 deg point of the driving 
voltage. There are various methods for determin­
ing the magnitude of this angle. One of the most 
convenient and accurate methods employs a cali­
brated resolver to phase shift one of the signals 
applied to an oscilloscope connected for Lissajous 
display. This configuration is shown diagram- 
matically in Fig. 3. A second method in general 
use is similar but somewhat less accurate owing 
to effects of parallax, circuit ringing, etc. In this 
method, a reference signal is fed to the oscillo­
scope horizontal axis; the same signal, shifted 90 
deg in phase is fed to the vertical axis through 
the chopper contacts. The phase may then be 
read directly from the oscilloscope using a pro­
tractor. A diagram of this type of phase measur­
ing equipment is shown in Fig. 4.

Noise

For most purposes, the performance of the 
chopper in the end equipment is the best crite­
rion of noise acceptability. It is generally possible 
to correlate this performance, with the individual 
manufacturer’s method of noise measurement, 
allowing the establishment of mutually agree­
able inspection methods and limits.

James Vibrapowr Company, 4050 N. Rockwell 
St., Chicago 18, III.

FAST DC AMPLIFIER: Model K2W is an 
efficient and toolproof high-gain operational unit 
for all feedback computations, fast and slow 
A number of special varieties 
are also in quantity production. ($24.00’
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New Gear Principle

-Has Interesting Design Possibilities
A patented new mechanism, developed by 

Girard Perregaux and Co. as the heart of the 
self-winding mechanism in a new automatic 
watch, may have many applications in electro­
mechanical design. The device, called Gyrotron, 
permits a transmission of power to the main­
spring with no mechanical resistance.

In effect, the new device converts a gear into 
a continuous free-wheeling clutch. The “Gyro­
tron ” has solved the automatic watch problem of 
converting the motion of a swinging weight, or 
"rotor,” into a unidirectional and continuous ro­
tation without the mechanical resistances of 
clicks, springs and ratchets. Girard Perregaux 
and Co. has achieved this by replacing the latter 
component, w’hich are subject to wear, with a 
free wheel clutch mechanism employing jeweled 
bearings, or ‘rollers,” which are harder than steel 
and require no oiling. The use of two Gyrotrons 
provides an automatic clutch and rotation in­
verter system.

SLOW DC AMPLIFIER:
Model K2-P nffers long-term sub- 
milhvolt stability, either by itself or in
tandem with the K2-W 
dance chopper modulated 
tered output to drive bal­
ancing grid or follower.

High-impe 
input Fil-

($60.00)

SERRASSOID GENERATOR:
Model K2-G produces a fixed triangular 
wave of 100 V peak-peak, at 500 keps 
Use it for a quadratic rounding in diode 
networks, and for many 
other non-linear recreations ($29.00)

PHILBRICK uses these octal­
plug-in modules, and many others like 
them, in their standard computing in­
struments. They are tried and true, 
compact, convenient, and economical. 
You too can find profit and happiness 
with their help.

All K2 Plug-ins run on plus and 
minus 300 VDC and 6.3 VAC. Socket 
wiring is simple and standardized. 
Write for freely given opinons on 

your applications.
GEORGE A.

PHILBRICK 
RESEARCHES, INC. HUbbard 2-3225 
234 Congress St., Boston 10, Mass.

THE ANALOG WAY IS THE MODEL WAY
CIRCLE 362 ON READER-SERVICE CARD
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QUALITY PRODUCT FROM GENERAL TRANSISTOR

NEW PNP AND NPN

HAVE EMITTER

INTERCHANGEABILITY

3225
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New self-winding mechanism in automatic watch, 
jewels in the Gyrotron replace clicks, ratchets, and 
springs in other movements, transfering power with no 
nechanical resistance. Gyrotron A is engaged while 

swings freely, providing automatic clutch and rota­
ton inverser system.

. way 
:ard

How It Operates
I Object of the Gyrotron is to obtain coupling 
L and when required, between two coaxial com­
ponents—a disc secured to the arbor, and there­
t re rotating with it, the arbor carrying a pinion 
which transmits its motion to the mainspring, 

L id a circular ring gear with teeth on its outer 
circumference. The ring gear is not connected 
Lrectly with the disc which it drives; there are 
number of formed notches on its inner surface, 

which are of traperzoidal shape; and in each 
botch a small jewel is lodged. There are seven 
[jewels in each Gyrotron used in the automatic 
batch. The radial depth of the notch increases 
[progressively from one end to the other. When 
|lie roller is in the narrowest part of the notch, 
| is forced under pressure into contact with the 
I iso, which is therefore coupled to the ring gear. 
■This takes place when the latter is driven in a 
| articular direction by a swinging weight. If the 
height is going in the opposite direction, the ring 
I also turned in reverse, and each roller is forced 
I o move to the widest part of the notch, so that 
■he disc now becomes free.
I Two Gyrotrons are employed in the self-wind- 
|ng watch mechanism, to provide unidirectional 
hov ement to wind the mainspring at each swing 
lithe rotor. The ring gears of the Gyrotrons en- 
■age with one another as shown; one of the ring 
■eai s is in engagement with the pinion mounted 
I® he swinging weight and the two Gyrotron 
has therefore rotate in opposite directions, 
fh in the swinging weight turns clockwise, one 
|>f the ring gears drives the corresponding disc, 
iKh-r and pinion, which ensures that the barre

GENERAL TRANSISTOR 
CORPORATION

General Transistor has developed another new transistor series 
—the Bilateral PNP 2N592, 2N593 and NPN 2N594, 2N595, 
2N596. These germanium alloyed junction transistors have 
been designed to allow current to flow in either direction— 
valuable in medium speed switching applications as in 
computers, communications equipment, multiplexing devices, 
and for bi-directional switching and phase detection systems.

91-27 138TH PLACE. JAMAICA 35. NEW YORK
In Canada: Desser E-E Ltd., 441 St. Francis Xavier, Montreal 1, Quebec

FOR IMMEDIATE FELIVERY FROM »TOC», CONTACT YOUR NEAREST AUTHORIZI 
GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING

The characteristics of these transistors are guaranteed in both 
directions. Their symmetrical design allows extremely low 
saturation resistances and switching properties. Ordinary 
uni-directional types lack this advantage. The NPN types have 
an alpha cutoff frequency range of 1.5 to 10.0 megacycles.

For complete technical specifications write for illustrated 
brochure G-170.

CORP.BS-27 SUTPHIN >LV'. JAMAICA SS, NEW YORK FOR EXPORT: < 
TRANSISTOR INTERNATIONAL CORP. St-27 I3STH PLACE JAMAICA 3S,
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He’s 
minding 
YOUR 
business

YOUR HEART IS H/S BUSINESS. He’s a research 
scientist—one of thousands supported by the Heart 
Fund. His life is dedicated to finding the unknown 
causes of the heart diseases, and new methods of 
treating and preventing them. He and your Heart 
Association have made your heart their business.

YOUR HEART IS YOUR BUSINESS. Whatever your 
way of life, your future depends on your heart. 
Heart disease causes personal suffering and under­
mines the happiness and economic welfare of the 
family. No one—no child or adult—is immune.

THE HEART FUND IS EVERYBODY^ BUSINESS. 
When you support the Heart Fund, you help all 
hearts. You support heart research—and you make 
it possible for your Heart Association to bring the 
latest advances in heart research to you and your 
family through your doctor.

Give Generously for Every Heart You Love

HELP YOUR HEART FUND^HELPYOUR HEART

150
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IDEAS FOR DESIGN
is rotated. The second ring gear, which is re­
volving in the opposite direction, turns freely.

When the swinging weight turns in the oppo­
site direction, the second ring gear drives its disc 
and pinion, and now transmits motion while the 
first turns freely. In this manner, the mainspring 
is always wound in the same direction since the 
two ring gears are always moving in opposite di­
rections. This simple design was invented by 
M. Jean-Pierre Graef of Girard Perregaux, La 
Chaux-de-Fonds, Switzerland.

Today’s requirements rail 
for miniaturization, 

Atrf...

HOW
SMALL

tor 
ar

New Gear Principle .... Gyrotron wheel (upper 
left) transfers energy continuously and without mechani­
cal resistance. Operation is comparable to pushing 
weight up a plane, where each bit of energy will move 
it up at least slightly. This is contrasted with conven­
tional gear (below) using click and spring which exerts 
resistance similar to that of moving weight up stairs, 
where at least enough energy must be used to move 
the weight to the next higher step in order to keep the 
weight from falling back.

Concealed Loud Speaker 
Has Unusual Sound Pattern

Quality sound reproduction is achieved with 
the “horn” shown, even though it is apparently 
nothing but an “old Grecian urn.” Called the 
Elipson Amphora, the “horn” consists of a re­
flector and double-cavity resonator. The reflector 
concentrates and diffuses all frequencies above 
800 cps, and the Amphora proper serves as the 
double-cavity resonator correcting and assisting 
the spread of bass tones. See sound pattern.

In conformity with the properties of an ellipse, 
all sound waves emitted from a focus F (see il­
lustration) situated within the meridian plane of 
the surface, will remain there. Furthermore, after

METAL PRODUCTS CORP.

N
One

319 Berry St., B'klyn 11, N. Y. • EVergreen 8 03fr

CIRCLE 365 ON READER-SERVICE CARD

Unit engineered to fit all avail­
able sub-miniature cables, 
AUTOMATIC’S Sub-Miniature 
Connectors are available in three 
types; BAYONET, PUSH-ON AND 
THREADED COUPLING.

Special receptacles available for 
printed circuit applications.
CHECK THESE FEATURES:
No special tools required for as­
sembly. Foolproof clamping insures 
accurate alignment . . . positive 
contact . . . extra strong grip. Ex­
clusive internal-parts design allows 
outside dimensions of connectors to 
remain constant regardless of cable 
dimensions.

For BAYONET, PUSH-ON and 
THREADED SUB-MINIATURE and 
MICRO-MINIATURE COAXIAL 
CABLE CONNECTORS, always 
specify AUTOMATIC. Our engi­
neers are always ready to dis­
cuss your special requirements

Write, wire or phone for free 
technical information.
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Sound Pattern

for mobile 
and portable

military shelters

reflection, these will pass through the second 
focus F, a focus of concentration situated in a 
forward position in relation to the “shell” or re­
flector, and, for a listener within the radiated use­
ful cone, all reflected sounds of frequencies 
above 800 cps seem to be emitted from this focus.

Ultra Co., 11 West 42nd St., New York 36, N.Y.
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CARD

• designed and produced in accord­
ance with military specifications for 
space, equipment and personnel heat­
ing requirements.
• 5 basic models — each custom- 
engineered for a wide variety of 
applications — for ground control 
and maintenance equipment in mis­
sile systems, radar, microwave and 
radio communication systems, etc.
• BTU/Hour range: from 15,000 to 
60,000.
* multi-fuel-burning models; also 
models which burn any type gasoline.
• all models air-circulating, thermo­
statically controlled, all designed for 
cold starts as low as — 65°F.
^ther Hunter equipment for military 
ipplications: engine heaters; unpow­
ered, instant lighting torches; refrig­
eration units.

MH-162 "Hunter Space 
and Personnel Heaters"

TODAY!

GET 
THESE 

BROCHURES

for complete 
specifications 
and details

Speaker in the Urn

HUNTER SOLON, OHIO

CO.

HEATING AND REFRIGERATION SYSTEMS 

CIRCLE 366 ON READER-SERVICE CARD
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WELWYN

ably lower than what
Physically, the internal resistive element of the Type C-l

MOlOtO OUT» INTUIATION

DHOSITtO CAMON HIM

carbon film fired onto a porcelain rod to which terminals and leads are 
then fitted. This element is molded into an insulating, moisture resistant 
outer resin form. This insulation will effectively withstand 500 volts DC.

Welwyn Type C-l Insulated Deposited Carbon Resistors are now 
available in all EIA (RETMA) values, ranging from 100 ohms through 
1 megohm.

is a deposited
can be achieved in molded composition,

Type C-l Insulated Deposited 
Carbon Resistors

In applications calling for low-cost composition resistors, the new 
Welwyn Type C-l offers the performance advantages of deposited carbon 
at essentially the same cost. Among these advantages are stability, size, 
low noise level, high insulation and moisture resistance.

The stability of the Type C-l is in the order of 1% under load condi­
tions. Designed for watt dissipation, it measures only 0.650" in length 
and 0.175" in diameter —extremely small for this rating.

Because of the construction of the Type C-l, and the inherent char­
acter of carbon films, the noise level is less than 0.3 microvolts — consider-

molded 
carbon

deposited 
carbon 
stability

For complete specifications, write to:

WELWYN INTERNATIONAL, INC
3355 Edgerliff Terrace, Cleveland 11, Ohio
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IDEAS FOR DESIGN

Handy Use of Dual Nut Plate
Right angle nut plate ideally serves the func­

tions of tying down flanges at corners in an 
electronic chassis and providing a means of at­
taching dust covers to the chassis at these points.

Burt Mondshein, Sr. Product Design Engineer, 
Minneapolis-Honeywell Regulator Co., W. Los 
Angeles, Calif.

SHEET METAL CHASSIS

N 426AD3 RIVET, FLUSH NEAR SIDE

CLEARANCE HOLE 
FOR SCREW

NAS684 OR 685 TYPE RIGHT ANGLE 
__________("MICKEY MOUSE") NUT PLATE

CIRCLE 369 ON READER-SERVICE CARD

DIVISION OF MINNESOTA MINING & MFG. CO.
SCHENECTADY 1, NEW YORK

MICANITE® AND ISOMICA® PRODUCTS LAMICOID® LAMINATES &
FABRICATED PARTS SILICONE & TEFLON COATED CLOTHS & TAPES

MICA 
INSULATOR

♦Req. Trade Mark. E. I. DuPont de Nemours & Co.

CIRCLE 368 ON READER-SERVICE CARD

Device for Tension Control
The tension of wire can be kept within safe 

and proper limits at all times by monitoring 
with a tension meter and making the necessary 
adjustments.

In the winding of coils for electronic instru­
ments (such as inductance coils, wire-wound 
resistors, and ammeters, to mention but a few), 
the tension of the wire is of the greatest signifi­
cance. Too heavy a tension gives a loose coil or 
makes wires protrude into the air gap (e.g. of the 
rotor of a gyro).

Since tensions are not just produced by put­
ting a frictional or other restraint on any one 
point of a wire, the measurement (and thus the 
adjustability) of ænsion while it still can be cor­
rected is important.

Hence a Saxl Tension Meter was mounted on 
the wire pay-off just before the wire reaches the 
bobbin of the coil winding machine. A clamp 
attached to the wire tensioning stand permits 
mounting of the Tension Meter in a simple and 
effective manner. Tension is built up on every 
eyelet through which the wire travels. It is in-

A MAJOR
ADVANCE IN

HYSTERESIS-SYNCHRONOUS MOTORS
Based on radically new principles; achieves a performance 
superior to any known hysteresis motor.

STARTS and accelerates fast as an induction motor
RUNS with a large synchronous torque and excellent 

damping using permanent magnets
EFFICIENCY up to 80% ♦ Patent Pending TRADEMARK

BEKEY ELECTRIC COMPANY, INC.
1327 S. Main St., A5 
Los Angeles 15, Calif.
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227 NORTH HM STREIT, 
WATERBURY 30, CONNECTICUT

Design end Menwfori»«e •* 
EI«ctt**Machanlc«l Timing Devices
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TEFLON* COATED GLASS CLOTH

FOR DATA on MICO Teflon coated glass fabrics, 
write to Mica Insulator, 724 Broadway, Schenectady 
1, N. Y. See how they can help you design more 
efficient electrical equipment, longer lasting fab­
ricated parts.

Exceptionally uniform coating on 
this MICO Teflon coated glass cloth 
is free from picks or bumps, is 
extremely tough and resistant to 
abrasion and cut-through.

Heat resistance is just one of the outstanding char­
acteristics of MICO’s Teflon coated glass insulation. 
The exceptionally uniform coating permits close 
thickness tolerances. It also has . . .

• High dielectric strength, which minimizes dielectric 
failures even at temperatures up to 250*C.

• Extreme chemical resistance. It is unaffected by 
solvents, moisture and chemicals commonly en­
countered in electrical equipment.

• High flexibility, extreme toughness and abrasion 
resistance.

APPLICATIONS INCLUDE: tapes and wrappers 
for motor or generator coils, leads or cables. Slot 
liners for motors and generators. Gaskets, washers, 
seals and diaphragms for mechanical applications.

0.003

0.004

0.006

750

800

900

0.0006

0.0006

0.0006

E>-

Power Factor 
60 Cycles to 
1 megacycle

ELECTRICAL PROPERTIES
Finished Thickness, Dielectric Strength,

in. V/M, (S.T.)

TOUGH
and tinU

VUzj
i

ELAPSED TIME INDICATORS

Save SPACE and WEIGHT with the 
A. W. HAYDON COMPANY’S

Unique Line of
k RELIABLE SUB-MINIATURE

TINY!
1 %” Diameter — 2’y33 long
Weight only 4 ounces
Compact flange or MS-28053 Mounting

-54 C. to 85 C 
500 CPS, 10g 
50g

TOUGH I
Temperature:
Vibration :

L Shock:
Hermetically Sealed Housings!
Dial Face or Digital Readout!

. 400 Cycle Models Now in Production!
Custom Designed to Meet Military 

Specifications !
Write for Bulletin AWH ET 602.

FOR OPERATION AT 250°C INSULATE 
ELECTRICAL EQUIPMENT WITH MICO
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• Available variety of

153

Write for detailed factual test data and samples of 
the New Blu-Ohm. Other types from 2 to 15 watts.

Size: 1" x W (B-2 
type)
Leads. l&'#20Ga.
Resistance: 1 ohm 
to 6.1 K
Dielectric: 1000 V 
RMS min.
Insulation res: 100 
meg. min.

the new precision 

wirewound resistor

No need I o juggle 
production schedules when 
you depend on Deutsch for 
quick delivery of miniature 

■ electrical connector catalog items.
B For peace of mind - fast -
J specify Deutsch when you need: 
S Miniature Environmental Connectors 
■ of all types, including new push-pull, 

positive locking and sealing units.
* Ideal for crowded, remote

and blind installations.
Miniature Hermetic Connectors that seal 
power in, seal out threats to equipment.

Miniature Rack and Panel Connectors 
to mate in blind connections. Self-aligning 

... unaffected by pressure variations 
... no guide pins or stop-pins.

Delivery problem on your hands? 
Contact your local Deutsch representative 

- or write today for data file 532 
showing connectors 

available immediately.

• 3 watts at 80' C
• 1 watt at 275°C
• small size... high power and 

temperature capabilities!

315 NO. ABERDEEN STREET, CHICAGO 7, ILLINOIS 
Salos Ret" esentati* es throughout the United States and Canada 

CIRCLE 372 ON READER-SERVICE CARD
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All the right connections for QUICK DELIVERY

Basic Wien-bridge circuit. The ballast resistor, 
is an encapsulated lamp bulb to improve stability,

Manufacturing precision coils A wirewound resistors 
CIRCLE 373 ON READER-SERVICE CARD

The Deutsch Company KQ 
7000 Avalon Blvd. • Los Angeles 3, Calif.

CIRCLE 371 ON READER-SERVICE CARD

Stabilizing the Wien-Bridge 
Oscillator

fluenced by every restraint—from friction to mag­
netic detention—through which it passes. For the 
finest wires even the air resistance of the wire 
whipping from an overhead pull-off through 
paths of various lengths influences tension.

By mounting the Tension Meter in the afore­
said manner, the sum of all the tensions is in­
dicated where it matters most, to wit just before 
the final point of application to the wire-wound 
product. In this manner all the individual in­
fluences that produce tensioning are summed up 
into the final indication of tension, as shown.

Dr. Erwin J. Saxl, Tensitron Inc., Harvard, 
Mass.

Bradford Components, Inc
Electronic Components Manufacturer

65 South Avenue, Box 107 
Phone: Salamanca 234-0 
Salamanca, New York

Wattage: 3 watts at 80 C ... derate to 0 at 290°C
Protection: Ceramic sleeve coated with multiple 

coats of specially formulated baked-on 
resin

Tolerance: .5% to 1%, standard (others special)
Moisture: Characteristics G MÎIR-26C
Temperature Coefficient: (20 PPM°C)

• Available in outside diam­
eters of .04 to .32.

• One or more wires insulated 
with a pure mineral swaged 
into a metal tube.

• Can be sharply bent.
• Sheath can be welded with­

out loss of insulation.

The usual amplitude stabilizer used in a Wien­
bridge oscillator is a 3 w, 120 v lamp. Such a 
lamp, however, causes instability of amplitude 
under vibration or temperature change.

The tendency toward instability was corrected 
by filling the bulb with a solid material. Specifi­
cally, the resistance-ballast filament was sur­
rounded with a solid heat-conducting material 
such as epoxy resin and powrdered alumina. This 
encapsulating gives the filament rigid support 
and protection against rapid external tempera­
ture variations.

The ballast lamp used was a common GE No. 
356 120 v, 3 w light bulb. The oscillator thus 
modified was used in a telemeter transmitter 
simulator-calibrator. In this application the oscil­
lator output level simulates information where a 
1 per cent change is meaningful.

Before modification the oscillator frequency 
was varying 7 per cent per minute due to local 
air temperature variations and 4 per cent in­
stantly by vibration. The resulting improved 
oscillator output varied less than 1 per cent. The 
oscillator output was still affected by the average 
temperature drift of the air.

Robert H. Barton, Design Engineer, Boeing 
Airplane Co., Hangar UB” Melbourne, Fla.

sheath metals with thermo­
couples and other wire ma­
terials.

• Complete thermocouple 
probes available using this 
material made to your re­
quirements.
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PERSONNEL MANAGER

ELECTRONIC DESIGN’S

If your company is trying to attract 
skilled electronic design, develop­
ment or research engineers, tell 
your Personnel Manager about 
ELECTRONIC DESIGN. Here is a 
concentrated audience of 25,000 
engineers ready to read about the 
advantages offered by your plant.

Remember that more than 5,500 
ELECTRONIC DESIGN readers in­
quire every issue—many will be in­
terested in your job opportunities.

You can reach them in 
ELECTRONIC DESIGN’S 

“Career's Section.”



YOUR CHOICE OF 
8 DIFFERENT 

STANDARD MODELS 
(other* ‘TO ORDER')

^LEFT 
DISCHARGE

• MIL SPEC QUALITY
Meet radio interference require­
ments of MIL-I-1691 OA

• LARGE COOLING CAPACITY 
600-1200 CFM output

• COMPACT SIZE
Mount as standard RETMA 
panel—15" front-to-back

• CLEANABLE FILTER
• AIR DISCHARGE AREAS
TO SUIT NUMEROUS APPLICATIONS 

Vertical Printed Circuit Cards, 
Horizontal-mount Chassis, V«r»H 
cal-mount Chassis, etc.

REAR DISCHARGE
—abbreviated extension

REAR DISCHARGE
—Series ER

EXACTLY WHERE HEEDED

[Ihese 
vide t 
resign 
fki 
extend 
Lider 
ped t 
kator

flays 1 
itator 
low ini 
luppoi 
■act —
I
End d

kF
CIRC L

MODEL BA-Tl 
with Top Front evtle 

NOTE : Top Center anc 
Top Rear also available

PANEL MOUNTING

REPORT BRIEFS
Miniaturized Pulse Connectors

Miniaturized pulse connectors able to with­
stand the severest climatic and environmental 
conditions, yet operate satisfactorily at working 
voltages of 7500 v peak have been developed for 
the Air Force. The connectors, said to be the 
smallest developed to the date of the research, 
were intended to replace larger pulse connectors 
in airborne electronic equipment. The devices 
met or exceeded all electrical and mechanical 
requirements of the associated cable and were 
capable of operation over the temperature range 
—65 to 150 C at altitudes up to 70,000 feet. They 
measured approximately one inch in diameter 
and three inches in length, or five inches for plug 
and mated receptacle. Development of semi­
conducting silicone rubber for high temperature 
operation is discussed in the report of the re­
search. Tests for performance characteristics of 
connector assemblies and components are re­
viewed in detail. Miniaturized Pulse Connectors, 
J. H. Gesell, Federal Telecommunications Labs, 
for Wright Air Development Center, U. S. Air 
Force. Dec., 1956, 49 pp, $1.25. Order PB 131048 
from Office of Technical Services, U. S. Dept, of 
Commerce, Washington 25, D. C.

COOL
YOUR INSTRUMENTS

Human Factors System Design

An introduction and general discussion of the 
field of human factors for designers of systems 
incorporating men as operators, maintainers, or 
monitors of machines. Five areas are covered: 
the human component and the process of design­
ing systems; characteristics of the human compo­
nent with implications for design engineering; 
effects of human characteristics on engineering 
tests and system evaluation; an annotated read­
ing list; and a checklist of human factors con­
siderations in system design and evaluation. 
Human Factors in the Design of Systems, H. W. 
Sinaike and E. P. Buckley, Naval Research Lab., 
Aug., 1957, 52 pp, $1.50. Order PB 131248 from 
OTS, U.S. Department of Commerce, Washing­
ton 25, D.C.

Direct Synthesis of Servomechanisms

The purpose of this report is to show how the 
simple and direct methods of the polynomial 
transform theory may be used in the analysis and 
synthesis of automatic control systems. Part I is 
an elementary presentation of the polynomial 
transform theory in simple and condensec 
fashion. Part II presents the elements of the 
analysis and synthesis of servomechanisms in 
terms of the mathematics explained in Part 1.

BASIC 
REAR DISCHARGE

ONE SOURCE...-----------------
for VENTILATED RELAY RACK 

CABINETS, CONTROL CONSOLES, 
BLOWERS, CHASSIS, ‘CHASSIS- 
TRAK*, RELATED COMPONENTS

¡’ECIA 
fbles i 
pties 
I Loci 
fus sb 
I Sil v< 
I For 
finia ti 
hlioi 

he cc

I

ORchard 4-3510 

Western Devices, Inc 
600 W. FLORENCE AVE., INGLEWOOD, CAL 
*For Inquiries on ‘Chassis-Trak^ East of Rockia»!

Chassis-Trak Corp-* 525 S. Webstar Ave., 
Indianapolis

CIRCLE 375 ON READER-SERVICE CARD

ELECTRONIC DESIGN • May 14, 1951



iCK 
OLES, 
¡SIS- 
ENTS

(quire

TIONS:
Surds, 

Verti-

MOUNTING 
BUSHN'j

newest components
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Contains complete spec­
ifications on all Johnson 
electronic components.

1 4-351CI 

Inc. 
D, CALI 

R »leil

Perfect for 
compact RF 

equipment...
These tiny variable capacitors pro­
vide the ideal solution to compact 
desigrn problems. Requires just 
1panel area —the longest model 
wends only 1 17/64" behind panel. 
Soldered plate construction, over­
sized bearings, and heavily anchored 
fetor supports provide extreme ri- 
kidity — torque is steady—rotor 
feys “put” where set! Bridge-type 
fetor terminal provides extremely 
kw inductance path to Both stator 
supports. Nickel-plated rotor con- 
pt—steatite end frames DC-200 
treated. Single section, butterfly, 
pi differential tyi>es available.

L BA-TF

Save space 
with these 

Johnson 
miniature 

capacitors!

ACTUAL 
SIZE

Part III works out in detail, as in an illustration 
of the theory in Part II, the design of a fifth order, 
type 1 position servomechanism with propor­
tional, derivative and integral control. A detailed 
appendix discusses the important question of 
design criteria under the customary classifica­
tions of servomechanisms as to order, type and 
kind of control. Direct Synthesis of Servo­
mechanisms, Frank W. Budd, U. S. Air Force, 
Air Research and Development Center, Aero­
nautical Research Lab., Wright-Patterson Air 
Force Base, Dayton, Ohio. June, J953, 164 pp, 
diagrams, graphs, tables, microfilm $7.80, photo­
copy $25.80. Order from Library of Congress, 
Washington 25, D. C.

ter and 
ailabl*

tETMA

PECIALS—Johnson Miniature Air Var- 
pof are available in production quan- 
pties with the following features: 
[ Locking bearing. 2. 180° stop. 3. Var- 
p shaft extensions. 4. High torque. 
[ Silver or other platings.
I For complete information on these 
piature capacitors or other Johnson
pronic components—write for your 
ee copy of our 
Mog.

2019 Second Ave. S.W. • Waseca, Minnesota
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Correlation Techniques for 
Acoustical Systems

The application of correlation techniques to 
acoustic receiving systems is considered theoreti­
cally and experimentally. The study is limited, 
for the most part, to random signals in a back­
ground noise which arises in the signal-bearing 
medium (not in the receiver amplifiers). In some 
cases, the correlator can effect an improvement 
in the signal-to-noise ratio of as much as 3 db, 
while, in other cases, conventional methods result 
m higher signal-to-noise ratios. Several methods 
of performing multiple correlation for use with 
arrays of more than two elements are considered; 
nothing significantly superior to a simple adding 
of all the signals and detecting has been found. 
Application of Correlation Techniques to Acous­
tic Receiving Systems, James J. Faran, Jr. and 
Robert Hills, Jr., Harvard University. Nov. 1952, 
92 pp, microfilm $5.40, photocopy $15.30. Order 
PB 126816 from Library of Congress, Washing­
ton 25, D.C.

Microwave Filters Design Criteria
This is the second quarterly report ou a broad 

program, the purpose of which is to investigate 
design criteria for uhf and microwave filters, and 
to present this information in handbook form. 
This report is devoted almost exclusively to de­
scribing a new synthesis technique that allows 
one to synthesize a class of low-pass and band­
pass microwave filters to have any desired physi­
cally realizable insertion loss characteristics over 
frequency bands of an octave or more. Several 
typical examples are worked out in detail to 
further illustrate the techniques. Research on 
Design Criteria for Microwave Filters, Second 
Quarterly Progress Report, SRI Project 1331 
Covering the Period June 15 to Sept. 15, 1955, 
E. M. T. Jones, Stanford Research Institute, 
Menlo Park, Calif. Oct., 1955, 44 pp, microfilm 
$3.30, photocopy $7.80. Order PB 130027 from 
Library of Congress, Washington 25, D.C.
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VARIABLE

PULSER
MODEL 1O1O

Pulse repetition rate................................................................................................10 cps to 5 me
Pulse duration........................................................ 0.1 p sec to 5.0 p sec; in 0.1 p sec steps
Rise time.........................................at 40 volts out, 0.04 p sec; at 20 volts out, 0.02 p. sec
Fall time........................................ at 40 volts out, 0.05 p sec; at 20 volts out, 0.04 p sec
Output amplitude......................2 to 40 volts across 1000 ohms, continuously variable
Output impedance............................................................. 100 ohms in series with 0.5 mfd
Trigger output:

precedes output pulse by 0.1 p. sec from 1000-ohm source, 10 volts, 0.15 p sec 
Rack mounting.........................................................................5’4" high, 19" wide, 10" deep

VARIABLE
FREQUENCY 
OSCILLATOR

MODEL 1O11

Frequency range:
100 cps to 5 mc/s in 7 bands, continuously variable tuning across each band 

Waveform:
Essentially square except above 1 me. Above 1 me, it becomes essentially sinusoidal 
Output voltage:

0 to 10 volts peak-to-peak across 1000 ohms (cathode follower output stage)
Power requirements..................................................105-125 volts, 60 cycle AC, 25 watts
Rack mounting...................................................................... 3!6" high, 19" wide, 8’4" deep

DESIGNED AND 
BUILT BY

MANUFACTURERS OF PULSE TRANSFORMERS, DELAY LINES 

AND ELECTRONIC TEST EQUIPMENT ■ ECHNITROL
ENGINEERING COMPANY 

: 1952 E Allegheny A«. Phila 34. Pa
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BOARDMASTER VISUAL CONTROL

FREE

20x or 40x

HOR
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WRITE TODAY 
for literature showing 

uses, types, prices

Ar Easy Us*. Type or Writ* on 
Cards, Snap on Board.

A" Ideal for Production, Schedul­
ing, Sales, Inventory, Etc.

Ar Compact, Attractive. Made of 
Metal. 250,000 in Use.
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Instant 
attachment

24-Poge ILLUSTRATED BOOKLET N-10 
Without Obligation

★ Gives Graphic Picture of Your 
Operations in Color.

A’ Facts at a Glance - Saves Time 
and Prevents Errors.

Ar A Simple, Flexible Tool-Easily 
Adapted to Your Needs.

Complete Price $4950 Including Cards

it's SHARP... it's CLEAR 
when you inspect with

All the advantages of Nylon . . 
a non-corrosive, non-conductor 
. .. plus the low cost of quick 
assembly. Just pinch, insert in 
hole, let go. Several sizes in 
stock, others being added.

GRAPHIC SYSTEMS, 55 West 42nd St., New York 36, N.Y
CIRCLE 37S ON READER-SERVICE CARD

5703-05 Northwest Highway • Chicago 30, III.
CIRCLE 380 ON READER-SERVICE CARD

. . . no screws or 
fasteners needed

Human Factors in Design
This report describes problems encountered by 

maintenance men in the utilization of ground 
electronics test equipment and details recom­
mendations for the human engineering design of 
test equipment. The purpose of the report is: (1) 
to determine what difficulties are found in the 
use of test equipment; (2) to suggest means of 
eliminating these difficulties by using human en­
gineering principles in test equipment design; 
and (3) to outline a method of applying these 
human engineering principles in actual design of 
test equipment. Human Factors in the Design of 
Electronics Test Equipment, Paul Spector, Alan 
D. Swain and David Meister, American Institute 
for Research, Inc. April, 1955, 134 pp, microfilm 
$6.90, photocopy $21.30. Order PB 125981 from 
Library of Congress, Washington 25, D.C.

Identity vs No-Identity Displays
An evaluation was made of the performance 

of one controller in an air traffic control system 
when engaged in a series of simulated return-to- 
base missions with an omnipresent identity code 
for all aircraft on the primary Plan Position Indi­
cator display, as contrasted with the absence of 
coded identity. Efficiency was measured for a 
single pattern-feeder controller responsible for 
moving traffic through a control zone of 50-mile 
radius. The Use of Displays Showing Identity 
Versus No-Identity, L. M. Schipper, C. L. Kraft, 
A. F. Smode, and P. M. Fitts, The Ohio State 
University and the OSU Research Foundation for 
Wright Air Development Center, U.S. Air Force, 
Feb., 1957, 30 pp, $0.75. Order PB 131270 from 
OTS, U.S. Department of Commerce, Washing­
ton 25, D.C.

You Get Things Done Better 
By Seeing What’s Happening

H-f Crystal Rectification Efficiency
An extension of Bethe’s simple theory’ of capac­

ity in crystal detectors reveals that it is inade­
quate to explain the observed dependence of 
conversion gain on frequency. A new model is 
suggested which makes it possible to correct this 
deficiency. This model requires that the donator 
levels lie somewhat deeper than hitherto sup­
posed and that the time required to ionize them 
is sufficiently long to produce a saturation effect 
in the capacitati  ve component of the current at 
high frequencies. The evidence supporting such 
a model is discussed. High Frequency Rectifica­
tion Efficiency of Crystals, A. W. Lawson, P. H. 
Miller, L. I. Schiff and W. E. Stephens, Pennsyl­
vania University. July, 1943, 33 pp, microfilm 
$3.00, photocopy $6.30. Order PB 127076, from 
Library of Congress, Washington 25, D.C.

4Vix portable 
battery model; 
also electric 
"plug-in" models

Since 1927 — manufactured in the U.S.A, by *

E.W. PIKE & CO., INC.
577 Penna. Ave., Elizabeth, N. J. • Elizabeth 2-0630 
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FLASH-O-LENS
illuminated magnifiers

• sharp focus

• adjustable image

• built-in illumination

• quick conversion to 7, 20 
or 40 power with 
interchangeable lenses

PIKE 4% power 
ACHROMATIC

GLASS
HERMETIC SEALING

EPOXY PREFORMS
PRESSED CERAMICS
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AMERICAN RECTIFIER CORPORATION
95 Lafayette Street New York 13, N. Y.

sheets

:x£x.■ .

h it to Your Starter,NOT TO YOUR MOTO

SELENIBR AKE
the electric brake for a-c motors

—.from l/2hp to 250hpond up

. with lust 6 wire, toRta 

can be supplied for industrialPP RECTIFIERS
•X” Rectifiers available

s s- ., &

FOF
cations Write for / 
data on your ipc i ® 

■ tifit needs

CMC’s 
Short Form
Catalog
is quick reference 
for counting, timing, 
and frequency 
measuring 
equipment

CMC’s concise short form catalog gives key 
specifications and condensed buying information 
for Universal Counters and Timers, Inline-Inplane 
Readable Readouts, Fast Digital Printers, Fre­
quency and Period Meters, Preset Counter-Con­
trollers, Decade Counting Units, Time-Function 
Translators, Time Interval Meters, Totalizing 
Counters, etc.

M For your free copy, address Dept. 195A
Ì 4

Computer­
Measurements

bmm

5520 Vineland Ava. • Na. Hollywood, lollfotnlo 
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Atmospheric Radio Noise
Investigation of the electromagnetic field com­

ponents (Eg and Hs) of the ground wave from 
individual sferic pulses is initiated. Preliminary 
experiments indicate that H~ exceeds the theo­
retical value obtained from Sommerfield’s theory’, 
and that Hs and Eg probably have a common 
functional dependence upon the distance of 
propagation. Investigation of Atomspheric Radio 
Noise, P. J. Nawrocki, Engineering and Indus­
trial Experiment Station. Nov., 1956, 40 pp, mi­
crofilm $3.00, photocopy $6.30. Order PB 126602, 
from Library of Congress, Washington 25, D.C.

Distributed Power Amplifier
Use of distributed amplification in a pulsed 

power amplifier was investigated as a possible 
method of attaining a broadband source of rf 
power at a level suitable for use as a final trans­
mitter stage for radar in the vhf and uhf bands. 
Following a simplified procedure which is de­
scribed in the report, an experimental amplifier 
was built which delivered a pulse power of ap­
proximately 100 kilowatts throughout a frequency 
band of 45 me, centered at 188 me. Within this 
band, plate efficiency varied from 31 to 37 per 
cent and power gain was approximately 15 db. 
Fourteen 4X150A tetrodes were used. Among its 
advantages, the distributed amplifier’s obtainable 
frequency bandwidth is sufficient for most con­
ceivable applications. Each of its small tubes con­
tributes independently to the total output, and 
several of them could fail without total loss of 
transmitter power. An Experimental Distributed 
Power Amplifier, S. K. Meads, Naval Research 
Lab., Aug., 1957, 19 pp, $0.50. Order PB 131164 
from OTS, U.S. Department of Commerce, 
Washington 25, D.C.

Ferrites at Microwave Frequencies
Relation concerning reciprocity and energy 

conservation in a microwave structure containing 
anisotropic media are derived. The properties of 
the impedance matrix of such a non-reciprocal 
network are considered. The effects of shape on 
the design of ferrite devices, and several new de­
vices including two broadband isolators, an elec­
tronically controllable attenuator, and a new type 
circulator, are discussed. Frequency doubling in 
ferrites and the factors influencing the bandwidth 
of isolators are investigated. Measurement tech­
niques necessary to characterize the basic ferrite 
microwave properties are considered. Theory 
and Applications of Ferrites at Microwave Fre­
quencies, Perry H. Vartanian, Jr., Electronic De­
fense Lab., Mountain View, Calif. April, 1956, 
152 pp, microfilm $7.50. Order PB 127642 from 
Library of Congress, Washington 25, D.C.
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and High Purity Metals
As o ie of the world’s largest primary producers, 
we are supplying TADANAC Brand Indium and 
Indium Alloys to leading American, European and 
Canadian electronic firms. We are in quantity 
production of the forms shown and are prepared 
to preform and alloy to your specifications. Our 
prices include customs duties and we handle all 
customs procedures. Our Technical Service Depart­
ment, backed by the full facilities of our Research 
Division, is ready to assist you in the use of this 
versatile metal, available as
TADANAC High Purity Indium—99.999% (by diff.) 
TADANAC Standard Grade Indium—99.97+%
TADANAC Indium Alloys—a wide range to customer 

specifications

Other TADANAC High Purity Metals
We can supply LEAD, CADMIUM, SILVER or BISMUTH with 
a total impurity content of less than 1 p.p.m.* or ZINC 
with a total impurity content of less than 2 p.p.m.* 
•Total iMyurity rontwit oettrmintd by tpKtroyraphic analysis

For further information and a new booklet on 
Indium Properties and Usee write:

The Consolidated Mining and Smelting Company of Canada Limite« 
METAL SALES DIVISION—215 Sthmes Street, W.

07230 me Montreal 1, Quebec, Canada
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“Is seat of pants Amerikan spacemen is
flying by. Is not knowing of Reeves-Hoffman's . . .

NEW HIGH PRECISION CRYSTAL
FOR FREQUENCY MEASUREMENT

Designed for use as frequency standards, Reeves-Hoff- 
write for man’s new 5mc, high precision crystals offer exception-

bulletin rh-5mc ally long term frequency stability, ±.0001%, with
aging of less than one part per 10» a week! These units 
are available in hermetically sealed glass T5 1/2 en­
closures with pigtail leads or 9-pin Bakelite bases. They 
are manufactured to meet the most exacting military 
and commercial standards for frequency measurement.
DIVISION OF DYNAMICS CORPORATION OF AMERICA

CARLISLE, PENNSYLVANIA
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for maximum reliability •

PREVENT Z 
THERMAL I 
RUNAWAY

Prevent excessive heat from 
causing “thermal runaway” in 

power diodes by maintaining 
collector junction temperatures 

at, or below, levels recommended 
by manufacturers, through the 

use of new Birtcher Diode 
Radiators. Cooling by conduction, 

convection and radiation, 
Birtcher Diode Radiators are 

inexpensive and easy to install in 
new or existing equipment. 

To fit all popularly used 
power diodes.

with NEW

BIRTCHER

DIODE 
RADIATORS

FOR CATALOG
and
test data write:

CIRCLE 386

THE BIRTCHER CORPORATION
industrial division

4371 Valley Blvd. Los Angeles 32, California 

Sales engineering representatives in principal cities.
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and

227Main St. Belleville 9, New Jersey

PATENTS
Frequency Divider Circuit

Patent No. 2,820,899. Emil E. Sanford. 
(Assigned to Allen B. DuMont Labora­
tories, Inc.)

Stability of frequency division and in­
crease of division ratio is achieved by 
increasing the slope of the grid-voltage 
recovery curve in the vicinity of the 
conduction level of a blocking oscillator. 
This permits an increase in voltage be­
tween the peaks of the synchronizing 
pulses so that each synchronizing pulse 
in the vicinity of the conduction level is 
more definitely distinguished and jitter 
and instability are reduced.

Triode 11 is a blocking oscillator 
which is controlled by sync source 23. 
The voltage recovery curve for the grid 
of triode 11 is shown. Without triode 21 
the curve would continue with reducing 
slope along the curve marked “To E^'. 
Triode 21 and the auxiliary capacitor 19 
change the slope of the curve in the fol­
lowing manner:

need metal components of 

Intricate sh 
...with accuracies to 0.0005 in.?
Let BART LECTROFORM them for you
When shapes are too complex to machine or cast . . . when 
thin walls and super-fine internal finishes are vital . . . Bart 
Lectroforming is often the answer. And no other process 
approaches it for maintaining identical dimensions through­
out mass production runs.

In Bart Lectroforming, your products or parts are built 
up electrolytically on removable matrices. There are no sec­
ondary operations to alter tolerances.

Products successfully Lectroformed include many of “diffi­
cult” form for electrical, electronic, and other precision 
applications, in many metals and metallic combinations.

Explore the vast new designing possibilities of Lectro­
forming when your product is at drawing-board stage. Bart’s 
research and development facilities and experience are at 
your call.
Precision Mechanical Tube-Forming, Too
The F. C. Kent Company, a division of Bart Manufacturing 
Corporation, offers 44 years’ experience in the production of 
precision-formed tubular parts for the aircraft and electronic 
industries. Inquiries are invited and catalog is available on 
request.

BART
CIRCLE 387 ON READER-SERVICE CARD

At time t0, triode 11 is below c ¡toff 
due to the charges on capacitor 17 and 
capacitor 19. Triode 21 is below cutoff
due to the charge on capacitor 17
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T and 
-ntoff 
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the bias voltage Ec. The grid of triode 11 
rec »vers as capacitor 17 discharges 
through resistor 18. At time ti, triode 21 
be;, ins to conduct and to discharge ca­
pacitor 19. The grid voltage on triode 
11 is reduced and the slope of the re- 
co\ ery curve increases. The voltage level 
notably different from the voltage level 
corresponding to sync pulse 24d. The 
corresponding to trigger pulse 24d is 
blocking oscillator will lock more exactly 
to sync pulse 24d.

)UTO.’

R-F Circuit Selector

Patent No. 2,815,443. Ross A. Davis.
The patent describes an electronic cir­

cuit which permits sequential coupling 
of separate antennas, such as 10 and 16, 
to the input stages of radio apparatus. 
Oscillator 37 periodically causes duo­
diodes 24 and 32 to conduct alternately. 
When duo-diode 24 conducts, there is 
substantially a short circuit across in­
ductance 21 which reflects as a very low 
impedance across tuning inductance 12 
and damps it to the point where substan­
tially no signal passes from antenna 10 to 

grid 14. During the next interval duo­
diode 24 is non-conductive and duo­
diode 82 conducts. Damping inductance 
29 acts as a short circuit. Inductances 21 
and 29 are balanced and center tapped 
to prevent the signals from oscillator 37 
to couple inductances 12 and 18 through 
the diode capacitances.

•-’SCILLATOR

r

for
counting 
and ¡ -íâÂlkT"" TECH LABS1 1NC„ , rf ' 

! OT7* I ^PALISADES PARK. N » .
R-3658 B I

ï

control
TYPE BA 
low cost, 
miniature 

CAM 
SWITCH

5/s

2 Vs

• A decimal-to-binary 
converter switch

• A control switch
• A decade switch

This versatile, miniature Cam Switch by Tech 
Laboratories is made in six- and ten-position 
models for a variety of computer and control 
applications. It is the least expensive and 
smallest switch of its kind, yet life tests in 
excess of 40,000,000 breaks have been per­
formed with no evidence of failure! Type 8A 
is rated at one-amp., 110 volts, a-c and has a 
breakdown rating of 1500 volts. Available in 
single and double-ended designs for clockwise 
and counter-clockwise operation. Variations in 
design on application.

Send for complete technical data

Manufacturers of
Precision Electrical Resistance Instruments
PALISADES PARK, NEW JERSEY

CIRCLE 388 ON READER-SERVICE CARD
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HUGHES AIRCRAFT COMPANY USES 

SEL-REX BRIGHT GOLD PROCESS 

to plate guided missile components

Critical guided missile manufacturing requires the best materials. That's 
why BRIGHT GOLD and other SEL-REX Precious Metals Processes are 
specified for this work.
We actually improve the metallurgical properties of precious metals elec­
troplate. BRIGHT GOLD, for example, gives six times more protection 
with % the amount of Gold*, as compared with conventional 24K Gold

* Technical data on request.
PRECIOUS METALS DIVISION

SEL-REX CORPORATION
® NUTLEY 10. NEW JERSEY (OFFICES DETROIT. CHICAGO LOS ANGELES)

Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne 
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies.

CIRCLE 389 ON READER-SERVICE CARD

Sola Electric Co. uses---------------------------------- >
Phaostron CUSTOM Panel Meters

PHAOSTRON 

CUSTOM 
PANEL METERS 
METAL CASED FOR 
LASTING ACCURACY 
SHOCK MOUNT JEWELS

2V2* - 3W
Round and Square 

31/2" - 41/2 - 4x6" 
Rectangular

PHAOSTRON CUSTOM PANEL METERS are being selected by 
many famous manufacturers because of their superior 
precision construction, accuracy and price. Pivots are 
ground and polished with shock mounted jewels. Accu­
racy is permanent within 2% (3% on rectified types). 
Phaostron’s metal case protects the D’Arsonval movement 
against stray magnetic fields...can be mounted on any 
panel material without recalibration. Scales are large, easy 
to read Die Cast Bezels. Expanded Scales are available. 
Zero adjustment is fully insulated. Available in a wide 
variety of colors and chrome.
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PHAOSTRON Instrument & Electronic Co.
151 Pasadena Avenue, South Pasadena, California

CIRCLE 390 ON READER-SERVICE CARD
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RACK & PANEL Series

2 new

ÆmPHEÎW

93 SERIES

Meet 2 new additions to Amphenol’s line of Rack & 
Panel connectors! The 93 and 94 Series are complete 
lines of standard connectors providing wide applica­
tion variety. Both incorporate Amphenol’s remarkable 
Poke-Home contacts that are wired separately from 
the connector then poked home for assembly. Poke- 
Home contacts are also removable for fast circuit 
changes or corrections.

93 SERIES 3 insert arrangements, 8 varieties of 
housings; 500 volts D.C. at sea level; amp size 20 
contacts. Silicone rubber face gaskets. Operating tem­
perature of 400°F. per MIL-C-8384.

94 SERIES 5 insert arrangements in 3 shell sizes; 
coaxial connectors in 2 inserts; 600 volts RMS at sea 
level; forged aluminum shells; temperature range of 
—76°F. to +257°F.

AMPHENOL
Chicago 50, Illinois

AMPHENOL ELECTRONICS CORPORATION

94 SERIES

both with POK.f-H@ME*contacts!
%. 3. PATENT 2,419,013



PATENTS

FOR SINGLE WIRE

FIRM

STREET

CITY. STATE

HOLUB INDUSTRIES, Inc.

FOR FLAT 
TWIN LEAD-IN

FMAIL 
IT TODAY!

Send Samples of PLASTIC CLAMPS

NAME____________________________________

IBhU __

PLASTIC 
_ CLAMPS

TEST 'EM AT 
OUR EXPENSE AND 
SEE WHY THERE'S 
MILLIONS IN USE!

Available in ...
Saran • Nylon 
Ethyl Cellulose 

i/8" to 3" in 52 
Stock Sizes

Electro-Optical System

Patent No. 2,810,863. Kenneth D. Smith. 
(Assigned to Bell Telephone Laborato­
ries, Inc.)

The electro-optical system includes a 
primary series circuit having a light­
sensitive device and a resistor, the resist­
ance of which varies in response to 
changes of illumination of the light 
sensitive device. A vacuum tube ampli­
fier is connected in the system which 
includes a series condenser in the input 
circuit. This input circuit is coupled to a 
portion of the series circuit across which 
there is a voltage drop dependent upon 
the illumination of the light sensitive 
device. The amplifier has an output cir­
cuit which may be controlled by im­
pulsive changes of light on the device.

Magnetic Pulse Doubling Circuit

Patent No. 2,814,737. Joseph E. Sunder- 
Un and Ray E. Lee. (Assigned to West­
inghouse Electric Corporation)

The pulse generator uses a first and a 
second saturable core transformer with 

the primary windings in series. A voltage 
is applied across the series combination 
of the primary windings. A third satr- 
able core transformer is used which l as 
its primary winding in series with +he 
secondary windings of the first and sec­
ond transformers. A capacitor conne ts 
the midpoint of the primary winding of 
the third transformer to the junction of 
the secondary windings of the first a id 
second transformers. The output volta ge 
is derived from the generator across tiie 
secondary of the third transformer.

duci d 
sign tl 
anc< ij 
A tin 

ing is 
rectiOi 
A dire 
cunen 
a mag 
magni 
the re 
teresis 
action 
field aPulse Type Transverse Magnetic 

Amplifier

Patent No. 2,811,652. Daniel M. Lipkin. 
(Assigned to Sperry Rand Corporation)

The amplifier is designed particularly 
for use in computer circuits and includes 
a core of magnetic material having a 
channel through it. An input winding 
threads this channel. Input blocking 
pulse terminals are in series with the 
input winding and a blocking diode. An 
output winding also threads the channel, 
and the blocking diode is so connected 
that blocking pulses prevent current flow 
in the input winding producing an in-

FOR GROUP WIRE
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;e I
n I duc» d current in the output winding. A 
r- I sign d output terminal and a load imped­
es I anc< is connected to the output winding. 
ie IA drive winding and a bias wind- 
3- ling is wound around the core in a di­
ts | rection orthogonal to the input winding, 
jf | A direct current power source supplies 
jf | curi ent to the bias winding establishing 
id | a magnetic field in the core of sufficient 
re I magnitude to carry the core material into 
ie I the region of vanishing rotational hys-

I teresis loss and thus produce a clamping 
■ action between the resultant magnetic 
I field and the magnetic flux.

n. I
n) ■ Distortionless Audio Amplifier

]y U Patent No. 2,802,907. A. P. G. Peterson 
es D- B. Sinclair. (Assigned to General 
a I Radio Company)

Tg I The patent discloses a number of 
1g ■ push-pull amplifier circuits which dis- 
he I pense with a transformer therefore 
bi ■ eliminating thç distortion arising from

I incomplete coupling or leakage reactance 
sd I between the windings.
>w I The tubes 1 and 3 shown in the figure 
h- I are balanced triode amplifiers. Other cir- 
— I cuits illustrated in the patent use tetrodes 

and pentode tubes. The tubes are ren­
dered alternately conducting through a 
phase-inverter stage formed by the tube 
37 having a resistor 55 in the plate cir­
cuit which is the same value as resistor 
57 in the cathode circuit. Control of the 
amplifier tubes is secured through the 
connection of the grid 7 with the plate 
of the phase-inverter tube and the grid 
13 with the cathode of this tube. Thus, 
the amplifiers function identically but 
180 deg out-of-phase.

The input signal is applied at the ter­
minals 61 and 63 or between the control 
grid and cathode of the inverter tube 
through the condenser 59.

In the operation of the circuit when 
tube 1 conducts the current flows 
through the load and condenser 27. The 
condenser 45 serves as a storage con­
denser for de current during this event. 
When the tube 1 is cut off, tube 3 con­
ducts current flows through the load 
from the storage condenser 27, and the 
amplifier tube 3. During the conducting 
with the result that some slight unbal­
ance might occur. The patent describes 
several additional circuits which are 
modification of or additions to the basic 
circuit illustrated.

Actual Size

▼miniature, but • • •

MINIATURE

ILLINOIS
Telephone: EVerglade 4-1300 

CONDENSER COMPANY 
1616 N. Throop Street • Chicago 22, Illinois

SMT ELECTROLYTIC CAPACITORS
Tubular and Upright for Regular and Printed Circuits

Available in wide temperature ranges 40°C to • 65°C and 20°C to 85°C 

A complete line with exclusive patented construction in a variety of miniatur­
ized sizes. Features: hermetically-sealed; stabilized for high and low tempera­
ture operation; excellent life characteristics; immersion-proof; resistant shock 

and vibration leakage currents extremely low.

Write for technical information and illustrated literature.

*"7crnt 
Medicei

B; “Smaller than a 
postage stamp’

CIRCLE 393 ON READER-SERVICE CARD
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05*^0 ACCURACY!
D. C. VOLTMETER
Model 801

¡ion of the

CIRCLE 394 ON READER-SERVICE CARD

The Model 
Nlodel 801 
sfrnple to oi 
JO5% accurg 
null. 7

ite, bum-out proof, and features 
and infinite input resistance at

Is a single-range 
fibed above. It, too, is rugged,

VOLTAGE RANGE—0 to 500 volts.
NULL RANGES—10-0-10, 1-0-1 volts.
ACCURACY—±.05% of input voltage from 10 volts to 

500 volts; below 10 volts. ±.l % or 5 millivolts.
INPUT RESISTANCE—Infinite a tnull; 1000 megohms 

per volt of input when 1 % off null.
SEARCH RANGE—500-0-500 volts.
SIZE AND WEIGHT—Cabinet, 13" H x 93/i" W x 14" D 

—21 lbs.; Rack, 8*4" H x 19" W x 1634" D—23 lbs.
PRICE—Cabinet, $335.00; Rack, $355.00 f.o.b. Seattle.

This instrument is a four-range, true I 
potentiometer of .05$ accuracy. EMF B 
(' UH .1'111. d 1. HI ,j .! | I-1 41 v ill. ., |Hi| - B ^^B * *
tion of an extremely stable, 500 volt ™
source, referenced by a standard cell. ■F ( I ‘

Ihe difference is rc ad on a sclf-con 1
I. t <hhi a ih । , .r. , B, r C

stabilized \ l\M. At null, the input & Buffi lu
resistance is infinite anil the unknoii n I.
voltage is observed directly from the ■

indows above each dial of tin 5-dial I
KehinA irli v dn id. r \i. ilhnumah-.l B*. ® '

> in d p.-ur . -.rre. l|\ punt bi n I
reading. W

To facilitate the nulling process, four 
‘‘search” VTVM ranges of 10 megohms 
input resistance are provided for rapid 
approximation of the unknown voltage.

VOLTAGE RANGES—0 to 500, 0 to 50. 0 to 5, 0 to .5 volts.
NULL RANGES—10-0-10, 1-0-1, I-O-tSi-O-.O! volts

ACCURACY—±.05% of input voltage from .1 Volt to 500 
volts; below .1 volt ±.l % Ar 50 microvolts.

INPUT RESISTANCE—Infinite at null; 10QQ megohms per volt 
of input when 1 % off null. B \

SEARCH RANGES—500-0-500, 50-0-50, 5-0-5, .5-0-.5.
SIZE AND WEIGHT—Cabinet, 13" H x 9W W x 14" D—25 

lbs.; Rack, 3W H x 19" W x 163zi" D—28 lbs.
PtlCE—Cabinet, 1$465.00; Rack, $485.00 f.o.b. Seattle.

<yo. ACCURACY!
. C. VOLTMETER 
odel 800



F*J®£ïn

@IUIIIID)ES 
equipment enclosures 

^CABINETS • CONSOLES • 
PANELBOARDS • CUBICLES 
FALSTROM offers these informative guides ... to be kept at your 
fingertips . . . ready to serve you when you want fresh ideas on metal 
fabricated housings for your equipment and systems. For assistance 
or a quotation, call your FALSTROM man.

■■ । Write for FREE GUIDES today.
FALSTROM COMPANY
1 Oó Falsfrom Court, Passaic, New Jersey, PRescott 7-0013

CIRCLE 395 ON READER-SERVICE CARD

neiv...

low-level BUILD-IN AC VTVM 
with BUILT-IN ISOLATION

when ordinary instruments are 
too big or inadequate ...

W Designed especially for 
V panel-mounting, new model
■ 109-1 reads down to
F 20 microvolts on its 1 MV 
I range with 2% full-scale 

■ accuracy, 10 megs input
| impedance, response
J 20-80,000 cps... features
r signal & power circuits

and mounting 
panel all isolated from each 

other... extreme stability 
1 — wide line variations do not affect
I accuracy... calibration of gain 
I and frequency response without 

removal from panel... 
feedback and printed circuitry for 

exceptional reliability and 
simple maintenance...

size 5V4" h x 9V?' w x d — 
panel fits standard modular-type 

consoles. Price $199.50 
Write for FREE "how-to” 

ENGINEERING GUIDE on Trio’s complete 
line to Dept ED-5, Trio Laboratories, Inc., 

Seaford, N. Y.

trio
.. . ths leader in panel-mounting 

electronic instruments
CIRCLE 396 ON READER-SERVICE CARD
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PATENTS

Shock-Excited Oscillator

Patent No. 2,817,019. Robert Creveling. 
(Assigned to the United States of Amer­
ica as represented by the United States 
Atomic Energy Commission)

The oscillator employs a crystal which 
is prestressed with a suitable voltage in 
order that the oscillations will start and 
stop precisely with the beginning and 
end of a specified interval. Electrical 
prestress of the crystal gives the shock- 
excited oscillator the stability of a crys­
tal for precision time measurements.

An adaptation of the invention utilizes 
a crystal-controlled cathode-coupled os­

cillator which is gated by a one-shot 
multivibrator. Initially, plate 22 is con­
ducting and plate 19 is cut off. A positive 
trigger at terminal 16 causes the flip-flop 
of current; that is, plate 19 conducts until 
the negative voltage of grid 12 is dis­
charged. The positive gate on plate 22 is 
coupled through condenser 29 to remove 
the prestress voltage across crystal 23 
allowing the cathode coupled circuit to 
oscillate in the positive pulse interval.

Prestressing a quartz crystal and re­
leasing the stress is analogous to instan­
taneously releasing a pendulum located 
at the point of maximum displacement.
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FOR TIMELY 
DESIGN 
INFORMATION

In Electronic Design, engineers find not only more new 
products, but all the new products normally encountered in 
the design of electronic original equipment. 26-time publish­
ing frequency brings this information quickly to the engi­
neer’s attention, timed to a fast-moving industry. Electronic 
Design is more up-to-the-minute, more complete, more help­
ful, and easier to read than any other electronic publication. 
No wonder more and more engineers read Electronic 
Design first!

ELECTRONIC DESIGN
a HAYDEN publication 

830 THIRD AVENUE, NEW YORK 22, N. Y.

CIRCLE 397 ON READER-SERVICE CARD
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¡tabi izing Means for Semi- 
Conductor Circuits
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patent No. 2,816,964. Lawrence I. Giaco- 
ytto. {Assigned to Radio Corporation of 
\mt tea)

In circuit applications of transistors it 
¡$ desirable to keep the de emitter cur­
rent constant and independent of varia­
tions in ambient temperature and 
changes in circuit parameters. This is 
achieved by using a transistor de ampli­
ger to compare the emitter voltage of the 
transistor to be stabilized with a refer­
ence voltage and changing the voltage 
of the base of this transistor to maintain 
constant current.

One aspect of the invention for pnp 
transistors is illustrated wherein transis­
tor 8 is stabilized by transistor 18. For 
npn transistors, the polarity of the batter­
ies would be reversed.
Stabilization is obtained as follows: 

suppose the de emitter current of tran­
sistor 8 increases. The voltage across re­
sistor 34 changes with the polarity as 
shown such that the base 26 of stabiliza­
tion transistor 18 becomes more nega­
tive. The collector current of transistor 
IS increases resulting in a change in po­
tential across resistor 32 with polarity 

as shown. This causes the base 16 of tran­
sistor 8 to become less negative and tran­
sistor 8 current is reduced. By contrast, 
should the de emitter current of transis­
tor 8 decrease, the collector current of 
transistor 18 will also decrease tending 
to make the base 16 more negative. The 
emitter current of transistor 8 will then 
tend to increase.

Power Supply And Bias Arrangement 
For Push-Pull Transistor Amplifier

Patent No. 2,812,393. William S. Patrick. 
(Assigned to Zenith Radio Corporation)

The amplifier may be energized from 
either a battery or from an unregulated 
commercial power source and includes a 
pair of transistors. Signals are applied in 
a push-pull relationship to the input elec­
trode. The power supply has a change- 
over switch which in a first operating 
position couples the amplifier to the un­
regulated power source and in a second 
position couples the amplifier to the bat­
tery’. The amplifier has a bias circuit 
which includes a switch for either class 
A or class B operation. A unicontrol is 
coupled to both switches to establish 
power and bias concurrently.

It’» easy with the versatile, new “UNIVERSAL” MINI- 
JECTOR® plastic injection molding machine. Develop and 
produce both conventional, and intricate insert molded 
items (wires, cords, loose cores, slip rings, brush ass’ys, 
etc.) in all thermoplastics, including Nylon (to 1 oz). 
Save thousands where big-press tooling can be avoided. 
The “UNIVERSAL'' offers best features of four machines 
Gel the facts on this new “work-horse” of the electrical 
and electronic industries. Writ» tor dtlailtd Catalog 
today)

NEWBURY INDUSTRIES, INC. 
Box 880, Nowbury, Ohio

CIRCLE 398 ON READER-SERVICE CARD
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PINT SIZE RACK FAN DOES

MAN SIZE COOLING JOB
mi|ean

HALF PANEL WIDTHS
Fit half the width of 19' racks. Use balance of space 
for other components. Blower model (5V4” high) 100 
cfm. Fan model (7" high) 225 cfm. Reliable, rubber 
mounted, 115 volts, 60 cycle motors. Also Mil. Spec, 
and DC motors. Permanent filter.

•Protected 

By U.S. 
Patents

McLean Fans & Blowers*
FOR ELECTRONIC APPLICATIONS

RACK MOUNTED FOR EASY ASSEMBLY • FIT STANDARD 19“ RACKS 
STANDARD MODELS FOR OTHER RACK WIDTHS AND ANY ANGLE OF AIR DISCHARGE

Of 1*” ■ • • ,anRC 80 

1200 CFM

Install McLean Fans and Blowers in computers, control 
units, etc. McLean's small packaged units pressurize cab­
inet with cool, filtered air, keeping dust out. Complete in 
one unit and ready for use. Standard RETMA notching 
allows mounting on rack . . . without cutting or fitting. 
Smart stainless steel grilles . . . easily removable filters.

FREE I 12 Page Coaling Article • 16 Pogo Catalog • Individual Spec. Sheets 
. .....

McLean Engineering Laboratories ‘
Princeton, New Jersey • Walnut 4-4440

Agents in
Principal Eltdronic 

Manufacturing Areas

CIRCLE 399 ON READER-SERVICE CARD

Fully tested from 2 to 
2.000 CPS vibration. Accel­
eration of 15 to 30 G’s. 
Frequency range 16 to 100 
kc — typical tolerance 
it .012% from - 40 C 
to 4 70 C. Lower fre­
quencies down to 400 
cycles available in other 
Monitor types with less 
rigid requirements.

NEW

Monitor!
Low Frequency 

crystals to 
meet high 
vibration 

requirements

Small size 
MC-13/U

Monitor's modern 
facilities and tech 
piques insures the 
quality of all units.

If you have a special crystal problem, 
call, wire or write.

SEND FOR NEW CATALOG!
MONITOR PRODUCTS COMPANY

815 Fremont Ave., South Pasadena, Calif.
RYan 1-1174

CIRCLE 400 ON READER-SERVICE CARD

163



164

Be sure you have the “Press-Fit” 
catalog in your reference file. Then 
get “TERMINALOGY” — jam-full of 
practical data — right along by 
mail. Write on business stationery.

Only Sealectro — originator, pioneer 
and leader in Teflon* terminals—has 
a wide selection of “Press-Fit” jacks, 
plugs and connectors. And in color, too, 
for coding purposes. The one-piece con­
struction does away with screws, nuts, 
washers, lockwashers, to save labor 
and space alike. Just “Press-Fit” — 
that’s it!

So, for miniature and sub-miniature 
jacks, plugs and connectors, insist on 
genuine Sealectro “Press-Fit”.

Ideal jacks and mating plugs for patch­
cord boards. Jacks mount directly in 
metal, eliminating breakable plastic 
panels. As many as 14,400 “Press-Fit” 
jacks have been mounted on single 
metal plate, for computer assemblies!

1 Handy breakaway connectors. Mated 
male and female members. Mount di­
rectly in metal. Widely used for plug-in 
components and circuitry.

£ Outstanding choice of miniature jacks. 
Stamped or machined beryllium-copper 
contact members. Bull-dog grip!

4 And tiny! These subminiature test­
point jacks take standard test probes.

for that “KNOW-HOW

•Reg. Trademark of E. I. Du Pont 
de Nemoure & Co., Inc.

CORPORATION
610 FAYETTE AVENUE • MAMARONECK, N. Y.

CIRCLE 401 ON READER-SERVICE CARD



PATENTS
Electronic Switches

Patent No. 2,816,238. George Elliott. (As­
signed to General Dynamics Corpora­
tion)

Communication circuits are switched 
by applying either positive or negative 
voltage to the control electrode of a tran­
sistor. The circuit shown in Figure 1 uses 
conventional transistors 3 and 7 in each 
leg of the lines connecting Line 1 to Line 
2. Bilateral transistors 23 and 27, shown 
in Figure 2, are used to limit large de 
currents when the switch is in the ON 
condition. In Figure 1, a pair of pnp junc­
tion transistors are connected between 
Line 1 and Line 2. When switch S is in 
the OFF condition, the transistors are 
non-conductive since the base of each 
transistor is positive with respect to its 
emitter. When switch S is in the ON 
condition, the negative voltage is applied 
to the base of each transistor and collec­
tor 5 of transistor 3 and collector 9 of 
transistor 7 conduct to close the circuit 
between Line 1 and Line 2.

In the bilateral arrangement shown in 
Figure 2, transistor 23 has emitter-collec-

with respect to each emitter-colL ctoiBvery lc

ESNO^I

«••M* CORPORATION OF AMERICA
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FIG I
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tor junctions between electrodes 24 an 
26 and electrodes 25 and 26 respect vel 
connected with one wire of the circi it t 
be closed. Electrodes 28 and 30 and dec 
trodes 29 and 30 respectively corres on
to emitter-collector functions of transis 
tor 27. The switching occurs as follows

When switch S is in the OFF cindi 
tion, both transistors are non-condu< tiv 
since the base of each emitter is pos i tiv

ase cur 
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istor 23
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junction. When switch S is operated t 
its ON position, the transistors conduc 
with their first and second junctions bi 
ased in the forward direction as if the 
were emitter junctions and a saturatio

FIG. 2

New Beryllium 
Copper ROLLPIN
Now . . . extend the proved advan­
tages of Rollpin to a wide variety of 
applications where resistance to cor­
rosion, good electrical properties and 
nonsparking or nonmagnetic charac­
teristics are required.

Use it as you use carbon steel Roll­
pins—to replace taper pins, straight 
pins and set screws; to serve as a 
rivet, dowel, hinge pin or stop pin­
to cut production costs by eliminating 
special machining, tapping, and the 
need for hole reaming or precision 
tolerances. Driven into a hole drilled 
to normal production standards, Roll­
pin locks securely in place, yet can be 
readily drifted out and reused when­
ever necessary. Beryllium Copper 
Rollpins are available from .062"-di- 
ameter to .250".

For all the information you need, 
write Elastic Stop Nut Corporation of 
America, 2330 Vauxhall Road. Union.' 
New Jersey, Dept. R36-557.

'Wwì El ASTIC STOP NUF

CIRCLE 402 ON READER-SERVICE CARO
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se urrent flows in both transistors. A 
which causes electrode 24 of tran- 

istor 23 to become positive makes elec- 
rode 24 the emitter and electrode 25 the 
jollec tor. Electrode 25 follows the poten- 

of the signal applied to electrode 24. 
ould the applied signal cause electrode 
to become negative, then electrode 25 

mes the emitter and the signal acts 
subtract from the controlling base cur- 
nt. The operation of transistor 27 is 
verse of the operation of transistor 23. 
Tests on the circuits have shown that 
very low series impedance is presented 
the circuit when the transistors are 

inducting and a rejection ratio greater 
an 90 db per transistor is achieved 
hen the switch is non-conductive.

LINI 2

Ise Width Modulator

itent No. 2,814,739. Robert F. Cline. 
Assigned to Electric Machinery Mfg. 
mpany)
The modulator consists of an electro- 
ictive relay having an element which 
operative in response to voltage pulses 
short duration. This relay has an out- 
t circuit which is controlled from con­

tacts. Both a de voltage and an ac volt­
age are applied to the active element of 
the relay. The voltages are adjustable 
relative to each other in order to apply 
an operating voltage to the relay for vari­
able portions of the cycle of the ac volt­
age so that a modulated signal in the 
output circuit may be produced.

Apparatus Employing Radioactive 
Isotopes

Patent No. 2,810,850. Ernest G. Linder. 
(Assigned to Radio Corporation of Amer­
ica)

The patent discloses an application of 
isotopes which provide a cold source of 
high energy emission. An electrode col­
lects the charged particles and estab­
lishes a potential relative to the source. 
A dielectric member, having an aper- 
tured portion, is placed between the 
source and hte collector electrode. The 
dielectric member is capable of being 
ionized by the emission. This ionization 
produces a current effectively flowing in 
opposition to the high energy emission. 
A suitable electrode is positioned in the 
medium to control the flow of current.

NO. 700 UNIVERSAL
COMPONENT LEADS BENDING DLOCK

CUTS COMPONENT 
LOSSES TO A 
MINIMUM 
AND ELIMINATES 
PLIER DAMAGE

Quickly adjustable to any 
component body length 
from O' to 1 Leads can 
be bent within .070 of end 
of component and up to 3" 
centers. Handles any diam­
eter lead up to .045”.

Dimensions: I*x3’/«wx5’/«" 
Weight: 10 oz.

Manufactured by....

A hand tool for bend­
ing leads on resistors, 
diodes, capacitors, 
etc., to accurately reg­
ister with their holes in 
printed circuit panels.

Only $19.80 each
IMMEDIATE DELIVERY

BY-BUK COMPANY
4314 West Pico Boulevard • Los Angeles 19, California



Write today for 
complete data sheet:

sub-miniature .J 
relays

with high performance 
characteristics

MV 
crystal can 

size

the famous 
V neomite

c 
. and 

announcing 
the brand-new 

k VG

Vibration: 10 to 34 cycles per second at maximum excur­
sions of .4*. 34 to 2000 CPS 20G's acceleration.

Weight: 0.45 ounce (max.)
Sise: .875* high x .797' wide x .359* thick max.
Pull-in Power: 250 milliwatts at 25“C.
Contact Rating: 2 Amps resistive at 32 VDC or 115 VAC.

Vibration: 10 G to 500 cps.
Weight: .09 ox.
Sue: H: .530'±.015; W: .392*±.010"; D: .196* =»=.010*;

Lead length: 1.5" ±.0625*.
Pull-in Power: 100 Milliwatts.
Contact Rating: .25 Amp at 28 VDC resistive head.

Vibration: Low Frequency—10 G's, 10-55 CPS 
(total max. excursion, .06*). 
High Frequency—15 G's, 55-2,000 CPS.

Weight: 1.5 ozs., approximately.
Size: %*±^' sq. x ll4*±&*.
Pull-in Power: 340 Milliwatts at 25°C.
Contact Rating: 5 Amps at 26.5 VDC or 115 VAC, 

60 Cycles resistive load.
Shock: 100 G's, per MIL-R-5757C, Shock Test II.

Sub-miniature Relays 
are ideal for critical aircraft and mis­

sile applications. They feature small size, low 
weight, and high-precision performance. All 
have low power requirements.

AVAILABLE FROM LEADING DISTRIBUTORS

ADVANCE DELAYS 
A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY
Dept. G, 2435 N. Naomi St., Burbank, Calif.
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QpecialiQtQ
IN STAMPING AND DRAWING

• KOVAR • RODAR
COMPLETE FACILITIES FOR PRECISION 
PRODUCTION OF ELECTRONIC COMPONENTS
Our facilities are geared to moot your production 
and engineering needs for components of any de­
scription. Unusually Complete Tool Room • Press 
Shop * Hydrogen Annealing, Machining and Polish­
ing Operations • Gia »ito-Meta I Hermetic Sealing 
Production of completed parts ready for assembly 
in your own plant.

• FERNICO
•Other IRON NICKEL COBALT Alloys

A complota service in our plant 
moons prompt service to poor plant. Call on

CUT TOOLING COSTS!
Over 3,000 high precision tools and 
dies available to reduce your initial 
tooling time and costs.

us for free consultation and quotation».

1 ZELL PRODUCTS CORP.
282 Main Street, Norwalk, Conn.

CIRCLE 405 ON READER-SERVICE CARD

A COMPREHENSIVE

NEW LINE OF 12S C

HIGH RELIABILITY UNITS...

NYT small encapsulated

R. f. chokes
100,000 to 1 inductance range. Here is the 
widest range available—-0.1 pH to 10 MH!
Miniature to subminiature sizes. For example, a unit 
with an inductance of 100 pH measures only .0122 
cubic inches.
125”C—the operating temperature range of these 
units is - 55”C to 4 125°C.
Excellent environment features—NYT chokes are 
epoxy encapsulated for resistance to moisture and 
immersion. All units are designed to meet MIL C 
15305A, Grade 1, Class B.
Do your application engineering with a minimum of 
experimental work. New technical and performance 
data including description of electrical parameters 
in Bulletin 125.

Chokes now available from stock

ELECTRONICS, INC. 2979 N Ontario St., Burbank, Calif.

CIRCLE 406 ON READER-SERVICE CARD
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C. J. Savant, Jr., McGraw-Hill Book 
Company, Inc., 330 W. 42 St., New York, 
N.Y., 418 pp, $9.50.

The fundamentals of servo theory and 
design are described in this volume. 
Feedback control system design is 
treated by a combination of the root 
locus method and the Bode and Nyquist 
frequency methods. A wide range of 
servo transducers and components are 
discussed in terms of how to use them in 
designing systems including gyroscopes, 
force-balance transducers, and inertial 
navigation. Special tables permit the de­
sign of certain components including 
bridged and parallel-T notch networks. 
While emphasis is on linear servomecha­
nism design, a chapter is included on 
non-linear analysis where such tech-

Transistor Physics and Circuits
as ;Robert L. Riddle and Marlin P. Rister e as. 

batt, Prentice-Hall, Inc., 70 Fifth Ave >r 
1 a tuiNew York 11, N.Y., 428 pp, $10.00.

The product of authors with hot
teaching and engineering experienci

pr ci 
prob

this text offers a practical comprehensh 1 ' 
ond idiscussion of the basic physics and ci

cuit aspects of transistors. Treatment ( 
the material is primarily non-mathemat 11 

incal and may serve as a basic introductio [ , 
to transistor theory as well as a wortli 
reference for the designer. One adva™3 ’

— ps artage of the book is the attention give ’ 
to recent developments of transistors f( ' 1

anathe person unfamiliar with them.
i.

You get MORE than 
accurate counting with

SODECO Electric Impulse Counters
SODECO just starts with counting accuracy. With SODECO 
Electric Impulse Counters you get many additional built-in 
advantages which enable you to use them for your toughest 
counting problems. For example:

SODECO TYPE TCeF 
Instantaneous Electrical Reset

1 Counter reset« electrically— 
instantly.

SODECO TYPE TCeZ 
Instantaneous Mechanical Resot

• Just touch the toggle—Count­
er resets to zero.

• Fast—counts up to 25 impulses/sec.
• Compact—suitable tor flush mounting.
• Low power demand—used in electronic circuits.

Both types are available with auxiliary contacts which allow you 
to connect them to other counters for applications such as batch
counting, recycling, etc.

No matter what 
your counting prob­
lem, you can count 
on SODECO for the 
answer. Write for 
complete information.

LANDIS & GYR, INC.
45 West 45th Street • New York 36, N Y.

CIRCLE 407 ON READER-SERVICE CARD
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, Ultrc High Frequency Performance 
(eceiving Tubes

£. lienham and I. A. Harris, Mc- 
nc-ll ll Book Co., 327 W. 41st St., 
If n k 36, N.Y., 169 pp, $6.50.
I detailed account of the behavior of 
io receiving tubes in the vhf and uhf 
ds is offered in this volume. It de- 
bes those tubes, chiefly triodes, which 

•n an " promise of outstanding perform- 
e as low noise amplifiers, as oscil- 
irs, and, to a lesser extent, as mixers, 
he objects of the book are twofold: 
iresent the theory of the conventional

Riste e as a e^ement’ aud to give a 
t picture of the electronic processes

a tube. The first objective enables 

i hot
' i■( 
lensiv 
nd ci 
lent (

I. .
V. j-
.1 '.J 
I give 
ors t(

ar circuit analysis to be applied to 
problem of tube amplifiers for small 
ials at ultra high frequencies; the 
md provides an introduction to the 
isit time theory of thermionic devices, 
n this account of the electronic proc- 
ts in a tube, the more suitable 
thods associated with the work of 
iham, Muller, Llewellyn, Bakker, de 
es, and Zuhrt have been used to sup- 
ment one another. One feature is the 
r analysis of the effect of elastically
ected electrons from the anode of a 

triode on the signal and noise character­
istics. The book includes a chapter on 
the limited knowledge of large signal 
transit time theory and a chapter on the 
calculation of noise factor.

Engineering Materials Handbook

Charles L. Mantell, Editor, McGraw-Hill 
Book Co., Inc., 330 West 42nd St., New 
York 36, N.Y. $21.50.

With almost 2,000 pages compiled by 
150 contributors, this volume is intended 
to supply information on materials re­
quired by personnel concerned with de­
sign, structure, and servicibility. Con­
sideration is given to materials from the 
viewpoint of engineering structures, 
machinery, and equipment. Metals, 
organic materials, and inorganic mate­
rials are covered. Emphasis is placed on 
the fabricated forms of materials, their 
adaptations, advantages, limitations, 
competition with each other, protection 
against deterioration, and increase in 
their stability to withstand use and abuse. 
There are sections included on magnetic 
materials and electrical alloys, and elec­
trical conductors and contacts.

PRECISION TUBULAR PARTS
FOR AUTOMATION AND MINIATURIZATION

Parts cut, flared, flanged and bulged from tubing. Diameters range from 
.030" O.D. to .250" O.D. — wall thickness from .0025" to .020". Parts 
cut to maximum length of 1.25" and held to close tolerances.

Original wall thickness maintained in the parts, with square ends, and 
they vary from no burr to a maximum burr of .001" on the I.D. or O.D. 
Tubing lowers cost per piece, due to high production, elimination of 
seamed components and their high tooling and die costs, and no sec­
ondary spot welding and deep draws needed.

Ideal for feed throughs, terminals, and casings for hermetically sealed 
units — transistors — diodes — condensers — relays, etc. For informa­
tion and samples write

KLEINER METAL SPECIALTIES, INC.
P. 0. BOX K, DUNELLEN, N. J.

CIRCLE 408 ON READER-SERVICE CARD
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REPRESENTATIVES: Your Inquiries Invited!

CIRCLE 409 ON READER-SERVICE CARD

Machlett ML-6198 Vidicon
Industrial Television Camera Tube

element characterized by spectral re

CIRCLE 410 ON READER-SERVICE CARD

Machlett Laboratories, Inc. makes avail* 
able to the designer the ML-6198, a small 
television camera tube intended primarily 
for industrial use. Tube design includes a 
photoconductive layer as a light sensitive

Bulb
Operating Position

wiBW. v^pev, envoi । ***• 
CeMplefe VtMt lacilitfe«. 
Matt SpectrMMter leak tatting.

Approx. Horizontal 
or faceplate up

Magnetic 
Magnetic

1.125" ±0.010" 
0.800" 

T-8

The completeness of our facilities assures the completeness of your satisfaction I |

General Characteristics
Focusing Method 
Deflection Method 
Overall Length 
Greatest Diameter, excluding side tip 
Maximum Radius, including side tip

Meeting the ever-increasing standard! of perfection 
established by the electronics industry is a chal­
lenge admirably met by Zell's highly skilled engi­
neers. They are able to exercise unusually rigid 
quality controls because all production operations 
are carried out in Zell's own completely equipped, 
ultra modern plant.
SPECIALISTS IN STAMPING AND DRAWING KOVAR 
— RODAR — THERLO — FERNICO AND OTHER ALLOYS
Write vs fer TREE Technical Consultation end Information. 

Seal Engineers: excellent position open, write: .

Typical operation
Faceplate Illumination (Highlight) 10 to 20 ft-c
Signal-Electrode Voltage 20 to 70 volts
Grid No. 4 (Decelerator) Sc Grid No. 3

(Beam Focus) Voltage 250 to 300 volts
Grid No. 2 (Accelerator) Voltage 300 volts
Grid No. 1 Voltage

(For picture cutoff) —45 to —100 volts
Highlight Signal-Output Current 0.1 to O.Z/i. amp 
Maximum Dark Current 0.02 m amp
Uniform 2870° K. Tungsten Illumination

on Tube Face to Produce Signal-
Output Current of 0.1 to 0.2m amp 3 to 10 ft-c 

Average “Gamma” of Transfer Characteristic
for Signal-Output Current between 0.02 and
0.2/z amp 0.65

For full technical data on this or any other Machlett tube type, write:
Machlett Laboratories, Inc., 1063 Hope Street, Springdale, Connecticut

sponse approaching that of the eye.
ML-6198 has a resolution capability of ap­
proximately 600 lines. Advantages include 
high picture quality, uniformity of signal, 
maximum tube cleanliness and low micro­
phonics.
Pertinent technical data follow:

TELL Hermetic Seals Enjoy^^ 
These Desirable Characteristics:

★ * «table Reith that prefect! wMt agaieit cerreiiee 
atmatpharat. ZELL'S SOLD PLATE WITHSTANDS THE 
MOST STRINCENT TRANSISTOR ETCH TESTS REVISER.

♦ Nigh rvsittaaca ta awchanical ena themel «hack.
* Eiccllcat electrical prepertiet.
★ Tight Cimentieiiai teierancet
♦ Easy welCahility ang Mfeerahillty

All FACILITIES UNDER ONE ROOF
• Ceoplete feel reea facilltie«.
• M Rawer Frette* (te SO tea«).
• Beehle «tage anneallM.taiing tarnaeet.
• AkvaaceV plating facilities far Nickel. CeM, Tie, gag-

Li— ZELL PRODUCTS CORP
282 Main Street, Norwalk, Com
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1511

AEROTEST LABS
FOR RELIABLE TESTING OF 

ALL PRODUCTS TO ALL SPECS
Only at Aerctest will you find a com­
plete single source of diversified test­
ing services-evaluation tests to help 
design your product, sampling tests 
to help build it, and qualification 
tests to help sell it.

Other Aerotest services available to 
manufacturers include:

* Research & Development
• Test Equipment Design
• Inspection Consultation
• Quality Control Analysis

^rnnn o*| !
COMPLETE PROPOSALS SUBMITTED 

WITHOUT OBLIGATION

FREE!
New revised edition of our 
designer’s wall chart. Useful 
handbook data - conversion 
factors, tables, etc. Send 
for your free copy today.

nrn+not 
UIUIUOI 
laboratories, inc.
I ?9 1 1 I 8th AVF NUt 
(OlIfGt POINf $6. N Y
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Feedback Control Systems

Otto J. M. Smith, McGraw-Hill Book 
Co., Inc., 330 West 42nd Street, New 
York 36, N.Y. 695 pp, $13.50.

A unified philosophy for analysing and 
designing all types of feedback systems 
is presented.

The book shows the rigorous relation­
ship between the open-loop transient, 
sinusoidal, or statistical responses and 
the closed-loop transient, sinusoidal, and 
statistical responses. From any one of the 
six responses above, the other five may 
be computed. The closed-loop transient 
response is available from open-loop 
measurable data such as vector margin 
and vector attenuation.

Linear statistical design is based on a 
minimum spectral error power. The only 
approximation is the expression for sig­
nal noise, and disturbances in analytical 
form. The final system is the optimum 
linear predictor to compensate for the 
unalterable components.

Transportation lags and dead times 
are incorporated into feedback systems 
by a block-diagram statement of what 

is possible, followed by block- liagr 
substitutions to form a linear aval 
predictor.

Ceramic Fabrication Processes

W. D. Kingery, Editor, Ted no 
Press, Massachusetts Institute o, T 
nology, and John Wiley and Sons, 1 
440 Fourth Ave., New York 16, A Y. 
pp, $9.50.

Twenty-two scientists and engin 
contributed to this volume which
vides both the technical basis and p 
ent practice of ceramic fabrication sh 
ing the relationship between princi 
and the art. The outgrowth of the 1 
Special Summer Program in Ceramic 
M.I.T., the book covers all the step 
the complete fabrication of the materi 
including forming, firing, and resul 
properties as affected by fabricat 
Provision is therefore made for both 
lecting and using fabrication meth 
for problems arising in traditional 
new ceramic materials.

The book is applicable to new hi 
temperature materials, ferrites, fe 
electrics, and other special ceram
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u iich are particularly important to de­
velopment of electronics and high-tem­
perature devices.

which the results of step 1 indicate not 
to be realizable; and (3) carry out actual 
synthesis.

Network Synthesis, Volume I

David F. Tuttle, Jr., John Wiley & Sons, 
rio^ Inc., 440 Fourth Avenue, New York 16, 
Te N.Y. 1175 pp, $23.50.
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The first volume of a proposed two- 
volume work offers a lucid presentation 
of the principles of synthesis of two- 
terminal networks. (The forthcoming 
Volume II will investigate four-terminal 
networks).

A reasonable background in circuit 
analysis and some familiarity with the 
complex frequency variable is presup­
posed. However, some review material 
is included. The author has gathered the 
major advances in network synthesis of 
the past twenty years to which is added 
the classical material.

To provide a full treatment the book 
is organized in terms of a three-step 
procedure to: (1) obtain a working 
knowledge of the properties of networks; 
(2) investigate ways of approximating 

, fe] behavior which may be desired, but

Proceedings of the EIA Symposium on 
Numerical Control Systems for Machine 
Tools

Engineering Publishers, AC Book Co., 
GPO Box 1151, New York 1, N.Y. 106 
pp, $5.00.

The full text of the 15 technical papers 
delivered at the 1957 EIA Symposium 
describing the design and practical ap­
plication of numerical control are con­
tained in this book.

Basic principles, definitions, and termi­
nology are reviewed. The operation and 
application to machine tools of the sev­
eral commercial numerical control sys­
tems are discussed in detail. In addition, 
the Keynote Address by Lt. Gen. C. S. 
Irvine, USAF, is included. Several papers 
are devoted to a detailed review’ of the 
various steps used in machining the test 
piece, and also to an analysis of manu­
facturing costs by both manual methods 
and automatic numerically controlled 
methods.

?ram

in 
advancement 
in instrument 

design

VERSATILE 
MULTI-RANGE 
METER TESTER

Model M-2

... POWER SUPPLY ... LIMIT BRIDGE

Precise, self-contained unit for laboratory 
and production use. For DC instrument 
calibration from 25 ua full scale to 10 ma 
full scale, and 0-100 VDC; sensitivity and 
resistance measurement; DC current-voltage 
source; limit or bridge measurements from 
0-5000 ohms. Regulated power supply. 
Stepless vacuum tube voltage control. Ac­
curacy exceeds %% (current), Ji ohm or 
'4% (resistance). For 115V, 60 cycle AC. 
Complete — needs no accessories. Bulletin 
on request. Marion Electrical Instrument Co.. 
Manchester, N. H., U. S. A.
Copyright © 195«, Marion

U S. Patent 2,740.093

marión
— WHtRC ELECTRONICS MEETS THE EYE”

meters
CIRCLE 414 ON READER-SERVICE CARD
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MINIATURE 
PRECISION 

WIRE WOUND POWER RESISTORS
for today’s critical requirements

Send for complete 
catalog today!

Materials and Process Research to yield ever 
higher quality at moderate cost is given major em­
phasis at Sage Electronics. Quality control is care­
fully linked into each step of production. Environ­
mental testing on a continuous basis is the final 
guarantee of satisfactory standards of reliability 
as against customer or military requirements.

SAGE
ELECTRONICS CORPORATION

CIRCLE 415 ON READER-SERVICE CARD

30e! North Goodman St., Rochester 7 N. Y 
___________________k___________

HERMETIC 
¡ TERMINALS 

I | I « • ’

» 100% leak-tested 
High alumina ceramic 

Installation by brazing, 
soldering, or welding 

High resistance to thermal shock 
• Pressures to 10,000 psi

SPECIAL TERMINALS, SAPPHIRE-TO-METAL SEALS 
AND MAGNETRON WELLS AVAILABLE

High alumina ceramic and metal parts are brazed together to form a high- 
strength, long-life, molecular seal.
Stock sizes for up to 100 KV-DC operating voltages available for short delivery. 
For complete information, brochure, spec sheets and price lists, write or 
phone: Ceramaseal, Inc., New Lebanon Center, N. Y. West Lebanon 3-5851. 

CERAMASEAL, Inc.
CIRCLE 416 ON READER-SERVICE CARD
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RUSSIAN TRANSLATIONS

buöwtuhi«*
What

The Russians

Are Writing

J. George Adashko

CIRCUITS
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KEY TRANSLATIONS AVAILABLE

ices
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Automation and Telemechanics (Avtomatika i 
Telemekhanika)
Communications Journal (Vestnik Svyazi)
Electrical Communications {Elektrosvyaz )
Instruments and Experimental Techniques

{ (Pribori i Tekhnika Eksperimenta]
Radio
Radio Engineering (Radiofekhnika)
Radio Engineering and Electronics (Rad/o- 
tekhnika i Elektronika)

erta 
lerr* 
r 8/

Electronic Design is gratified to learn of 
the growing availability of full translations of 
important Russian electronics journals.

Consultants Bureau, Inc. of 227 W. 17th 
St., New York 11, N.Y. translates Automation 
and Telemechanics regularly.

Pergamon Press of 122 E. 55th St., New 
York 22, N.Y. is preparing translations of Radio 
Engineering, Radio Engineering and Elec­
tronics, and Electrical Communications.

Readers interested in specific Russian jour­
nals can obtain more information by writing 
directly to one of these publishers.

The sources of the Russian articles and 
their dates of issue follow' the authors’ names. 
Here is the key to the names of the journals 
in which the articles originally appeared.

cables and circuits containing irregularities. 
These parameters are analyzed on the basis of 
the theory of active four terminal networks with 
distributed parameters. Equations are derived for 
the input impedance of circuit irregularities and 
for the shielding effect in the case of interference 
between inhomogeneous circuits with arbitrary 
distribution of couplings and irregularities.
Transistorized Contactless Telegraph Relays by 
Ye. V. Bazilevich. EC 8/57, pp 50-60, 16 figs.

Report on an experimental investigation of sev­
eral types of contactless telegraph relays employ­
ing transistors. The discussion covers ac and de 
circuits (diode triggers, dynatron-effect triggers, 
cascade-effect triggers, etc.), as well as modulat­
ing and keying circuits.

Certain Types of RC Sinusoidal Generators Em­
ploying Transistors by V. M. Lyubin. EC 8/57, 
pp 20-25. 6 figs.

Several transistorized RC oscillator circuits for 
sinusoidal voltages are considered. Methods are 
given for their approximate calculation. The cal­
culated and measured values of the oscillation 
frequency are compared. Problems of inter­
changeability’ of transistors in oscillators are dis­
cussed. See Figs. 1 and 2.
Mutual Interference between Circuits of High- 
Frequency Cables of Symmetrical Construction by 
V. O. Shvartsman. EC 8/57, pp 39-49, 7 figs.

Here is an analysis of the transfer parameters 
and mutual interference between symmetrical

nc « 
;rivi

Analysis of Bridge Connections of Four-Terminal 
Networks by I. P. Paderno. EC 8/57, pp 69-70, 
2 figs.

Equations are derived for the currents and 
voltages in circuits of complex configuration, con­
taining four terminal networks consisting of 
bridges, the arms of which are four terminal net­
works of varying complexity.
Operation of a Television Transmitting Tube with 
a Long Camera Cable by O. I. Yudzon. EC 8/57, 
pp 71-73, 5 figs.

The author suggests a new method for com­
pensating for the time delay produced by long 
television camera cables. Each camera channel 
contains a network, which permits time delay of 
the horizontal pulses of the transmitting tube by 
an amount equal to the difference between the 
duration of the line (64 microseconds) and the 
time delay corresponding to the length of the 
camera cable employed.
Certain Problems in the Theory of Magnetic 
Amplifiers and Magneto-Modulation Probes of 
the “Second Harmonic" Type by V. N. Mikhay- 
lovskiy and Yu. I. Spektor. AT 8/57, pp 716-723, 
6 figs.

These amplifiers are analyzed at no load with 
sinusoidal excitation. Allowances are made for 
magnetization and eddy current losses. It is 
shown that the presence of losses causes the 
phase of the output voltage to vary with the in­
tensity of the measured magnetic field. Reference 
is made to an article by F. C. Williams ‘‘The Fun­
damental Limitation of the Second Harmonic 
Type of Magnetic Modulator” Proceedings of 
Electrical Engineers, Part II, Vol. 97, August 
1957 and to “Preliminary Development of a Mag­
nettor Current Standard” by E. P. Felch and J. L. 
Potter, Trans. AIEE, Part I, vol. 72, 1953.
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Fig. 1. This phase shift oscillator 
feeds back from the second emitter 
to the first base.

Fig. 2. In this oscillator, feedback is 
from the output of the phase shift 
network.
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toice of Operating Conditions and De- 
gn of Electronic Voltage Stabilizers by 
I. Bayda and V. K. Zakharov. AT 8/57, 
) 724-739, 12 figs.
“Starved amplifiers” (see G. E. Kaufer, 
lectronic Engineering, November 1954) 
e used in feedback loops to produce 
:ry high gain amplifiers with pentodes 
id to provide necessary voltage stabili- 
ition. In a “starved amplifier” the tube 
lerates at very small currents (on the 
der of microamperes) and very high re- 
stances in the plate circuit, so that the 
dn of the stage can approach the static 
nplification factor of the tube. By using 
ich amplifiers in the feedback loop of 
ie stabilizer, as in Fig. 3, one can obtain 
;ry high stabilization coefficients with 
:ry low internal resistance.

irtain Properties of Circuits Containing 
lermoresistances by G. K. Pechayev. 
F 8/57, pp 740-748, 6 figs.
The temperature dependence of the 
inductance and resistance of two-ter- 
inal networks containing thermoresist- 
ices were determined by Beakley (Jour- 
d of Scientific Instruments, vol. 28, 
). 6, 1951) and Bleuze, for certain spe- 
fic cases. This article treats a general 
privation of expressions for the conduc- 
nty and resistance, and indicates under 
hat conditions the relations obtained 
e close to linear. A method is given for 
esigning temperature compensators for 
near resistances.
nalysis of the Overdriven Mode of a 
acuum Tube Oscillator by Yu. V. Bogo­

slovskiy. RE 8/57, pp 28-41, 8 figs, 5 
tables.

The author considers a procedure for 
the design of an overdriven vacuum tube 
oscillator, based on the use of graphs 
prepared for discrete values of the lower 
cutoff angle 0i = 75, 80, and 90 degrees.

The specified parameters are the oscil­
lation power or the de component of the 
plate current, the ratio of the de compo­
nent of the grid current to the de com­
ponent of the total current, and the lower 
cutoff angle Oi. The results of the calcula­
tions and instructions for the use of the 
graphs are given, and the results of cal­
culations with the graphs are compared 
with results of calculations performed by 
grapho-analytic means.

Certain Problem in Resonant Amplifica­
tion by A. G. Anisimov. RE 8/57, pp 54- 
58, 2 figs, 4 tables.

Nonlinear effects in resonant amplifica­
tion are characterized by the ratio of the 
second derivative of the transconduc­
tance of the tube to the transconductance 
itself. The smaller this ratio, the less har­
monic distortion and cross modulation, 
and the better the reproduction of the 
signal and the noise rejection of the radio 
receiver. The literature contains no for­
mulas for the determination of this ratio, 
and this article tries to fill this gap. The 
data listed in the article lead to conclu­
sions concerning the selection of tubes 
and the regulation of the amplifier.

(Continued on following page)
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Canoga Corporation has a 
ing a circular feed which 
linearly polarized tracking

CONICAL
SCANNERS |

A STANDARD LINE OF RADAR TRACKING ANTENNAS IS NOW AVAILABLE FOR 
MISSILES AND AIRCRAFT OR GROUND BASED AND SHIPBOARD APPLICATIONS.

I FEATURING 
Circular or Linear 
Polarization
High Power Handling 

J Broad Bandwidth 

I Equal E- and H-
Plane Beamwidths
Light Weight
Simple & Inexpensive 
Reflector Sizes 
From 7h inches to 
10 feet are available

y w BAND V
series of tracking scanners available employ- 
provides a circularly polarized or nutating 
beam. A hollow shaft drive motor and spin j

reference generator are mounted around the waveguide spindle near 
the high-speed rotating joint. This direct drive eliminates gears and other 
drive members and provides minimum weight, maximum reliability, and 
optimum dynamic balance for high-speed operation. The use of only one 
moving part, the rotating feed-motor rotor provides the maximum in 
reliability and long life.

Any reflector size from 8 inches to 10 feet in diameter is available. 
Any frequency range within the 2700 to 14,000 megacycles range is

■ available. 
Bandwidth . . .

«Standing waves . 
Gain and side lobes 
Circularity . . .

I Crossover

. . . . . . . . . . . . . . . . . . . . . . . 10 percent
. . . . . . . . . . . . . . .  Less than 1.2 
Determined by reflector size 
. . . Better than 3.0 db 

. 50%, 80% or as required

CANOGA
TION 
R N I A

FOR ADDITIONAL INFOR­
MATION COMPLETE THE 
COUPON BELOW AND 
RETURN TO CANOGA

R
C

P o
A L

R A
I F O

ANTENNAS 
RECEIVERS 
RADAR SYSTEMS 
TEST EQUIPMENT 
MICROWAVE 
COMPONENTS

DESIGN, DEVELOPMENT AND MANUFACTURE TO YOUR SPECIFICATIONS 
CIRCLE 418 ON READER-SERVICE CARD
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methods in the time domain. It is shown that 
cascade connection consisting of a stepped hit 
and a linear system can be described by i 
equation of arbitrary order making it possible 
eliminate the transient within a specified time.

Transactions, BTR-1, No. 3, 1955). This article 
devoted to analytical and graphical calculate
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RS Resistors take severest 
THERMAL SHOCK ...

yet retain 100% reliability!
Tough, rugged parameters of advanced electronic design de­
mand tough, rugged components such as DALOHM resistors. 
DALOHM wire wound RS resistors meet the extremes of re­
sistor requirements, at the same time providing a wide mar­
gin in precision, sub-miniature size, power and reliability.
Look at these over-all parameters and see how DALOHM 
RS resistors can help you meet your critical design problems.

COMPLETE SIZE RANGE OF
WIRE WOUND POWER RESISTORS
Sizes range from 13/32 x 3/32 inches 
to 1-25/32 x 3/8 inches, with two micro­
miniature sizes for transistorized circuitry.
• Operating temperature range. — 65° C to + 

275° C.
• Precision tolerance range: zt 0.05%, ± 0 1%, 

• 0.25%, ± 0.5%, ± 1% and ± 3%.
• Powered at 1, 2, 3, 5, 7, and 10 watts
• Resistance range from 0.3 ohms to 175.000 

ohms.
• Surpasses requirements of MIL-R-26C.
• Temperature coefficient 0.00002/degree C
• Complete welded cinstruction from terminal to 

terminal.
• Silicone sealed, providing maximum protection 

from abrasion, moisture, salt spray and other 
environmental conditions, and assures high di­
electric strength.

• Maximum continuous working voltage range: 75 
V. to 1000 V DC or AC RMS.

AMBIENT TEMPERATURE DEGREES CENTIGRADE

JUST ASK US
DALOHM line includes a complete selec­
tion of precision wire wound, power and pre­
cision deposited carbon resistors Also trim 
mer potentiometers, precision wire wound 
and deposited carbon; and collet fitting 
knobs Write for free catalog.
If none of DALOHM standard line meets 
with your need our engineering department 
is ready to help solve your problem in the 
realm of development, engineering, design 
and production Just outline your specific 
situation.

Certain Features of Transients in a Tuned Ampli­
fier with Nonlinear Load by I. Ya. Kremor.
RE 8/57, pp 59-65, 5 figs.

Tuned amplifiers with specially introduced 
nonlinear loads are used in receivers with log­
arithmic amplitude characteristics. These are 
used in radar stations to increase the noise re­
jection and to improve other characteristics of 
the radar receivers. The characteristic features 
of the transients in such a receiver are the de­
pendence of the signal delay and of the output 
voltage rise time on the level of the input signal.
This article deals with the effects of these char­
acteristics on the accuracy of radar sets.

Notes on the Design of Networks for the Forma­
tion of Rectangular Pulses by P. N. Matkhanov. 
RE 7/57, pp 23-29, 5 figs.

The calculations in this article are based on 
network synthesis in the time domain. The ap­
proximations are made in the complex frequency 
domain by representing the hyperbolic functions 
in terms of the first factors of infinite products. 
The computation procedure is simple and makes 
it possible to take the load capacitance into ac­
count. Data are given on an experimental investi­
gation of the forming network obtained.

Certain Problems in the Application of the Theory 
of Four Terminal Networks to the Design of 
Transistor Circuits by Kh. I. Cherne. RE 7/57, pp 
41-50, 5 figs.

It is known that if a transistor is operating at 
weak signals, it can be considered as a linear ir­
reversible four-terminal network, regardless of 
the method of connection (grounded base, 
grounded emitter, or grounded collector). In this 
case the analysis of transistor circuit can be made 
with methods developed in the ordinary four- 
terminal network theory. In practical applica­
tions, however, there are some inconsistencies be­
tween the notation and current directions 
adopted in transistor circuitry and those em­
ployed in four-terminal network theory. This 
article is devoted to a reconciliation of the two 
practices and contains an extensive list of matrix 
equations for various transistor circuits.

Use of Stepped Filter for the Correction of Tran­
sients in Linear Systems by V. I. Gukov. RE 7/57, 
pp 51-62, 14 figs.

“Stepped filters’’ are based on the use of delay 
elements interconnected to obtain specified re­
sponse curves. American references on the sub­
ject are papers by Ford and Calvert (Transac­
tions AIEE, May 1954) and Sonnenfeldt (“Selec­
tivity and Transient Response Synthesis, IRE

Her

ini

Fig. 3. The pentode in the feedback loop operatesi 
n very high plate load resistance and helps provi
excellent veltage regulation.

Transients in Ridge Filters by M. I. FinkeKshtey 
RE 7/57, pp 63-69, 5 figs.

The optimum filter for a signal in the form   
a periodic sequence of pulses is the so-calli mm 
ridge filter, i.e., a series of narrow band filtel^B 
which are transparent for the spectral lines of' 
frequency spectrum of the signal. Such filteH / 
were described by Zadeh and Bagazzini (Op® f 
mum Filters for the Detection of Signals H * 
Noise, Proceedings IRE, October 1952) and ®^* 
Davis (Convention Record, 1RF., Part 8, hifonn® ' 
tion Theory, 1953). T his article considers the 
sponse of a system of such filters to a single 
nusoidal voltage step function. A method is 
posed for determining the form of the transie® £ 
amplitude and the time required to achie IV 
steady state. It is shown that the initial slope 
the transient amplitude is directly proportional 
the number of filters. f

INFORMATION THEORY
Noise Rejecting Codes by K. A. Meshkovski 
EC 8/57, pp 3-12, 3 figs.

Based on the theory of the maximum possib 
noise rejection and on the geometrical theory 
coding, the author explains the fundamental pri
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MAX.

vens, missile batteries, airborne and electronic instruments, 
nd small industrial machinery.
For further information about this amazing new Fenwal 

hermoswitch unit and other Fenwal temperature controls, 
trite to Fenwal Incorporated, 175 Pleasant Street, Ashland, 
Massachusetts.

Hermetically 
Sealed

pace is at a premium, where there must be temperature sensi- 
ivity under the most difficult conditions. It’s tiny, tough and

NEW HAVEN 9 
‘du Pont TM

Small, sensitive, rugged — Fenwal’s new thermoswitch 
mit is 1/3 the size of a sugar cube, weighs less than 1/3 oz. . ..

;iecti( 1CONNECTICUT HARD RUBBER

nais 
and

ent ci 
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Contact Shoe: “Twin” metal graphite, equipped with integral 
copper leaf conductor ribbon riveted to the control arm.
Contact Arm: Balanced beryllium copper, locked directly to 
insulating hub.
Base and Core: High-grade ceramic of high dielectric strength 
with toroidally wound wire or ribbon of highest stability.
Max. Voltage Spacings: 300 volts in accordance with Un­
derwriters’ Laboratories Requirements.

Form 
)-call(
L filte

New 100- and 150-watt sizes incorporate 
latest design improvements

Naturally, they give you the same outstanding, proved 
design features you get in 25-, 50-, and 300-watt sizes. 
Exclusive “twin-contact” shoes insure uniform contact 
resistance, extra-smooth resistance change. Sintered, 
self-lubricating contacts can’t gall or seize, insure long, 
stable operating life.

Ward Leonard Vitrohm vitreous enamel permanently 
bonds base and core, firmly secures the high-stability 
resistance wire. Base and core are of high-density, low- 
porosity molded ceramic of high dielectric strength.

A new ceramic hub design substantially eliminates 
backlash and makes it easier for you to get fast delivery 
on special shaft requirements.

For complete data, write for Ward Leonard Bulletin 
60RR. Ward Leonard Electric Company, 77 South 
Street, Mount Vernon, New York. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) o.7
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lewTEMP-R-TAPEC 
.002"thick, 2750 v/m

pressure sensitive TEFLON* tape 
For -100 F to 500 F applications

TEMP-R-TAPE® C, CHR's newest pressure-sensitive tape, is made of 

ultra-thin, high dielectric, cast Teflon film to which a silicone poly­

mer adhesive has been applied. Both pressure-sensitive and thermal 

curing, the adhesive sticks well to any surface over a —100°F to 

500°F (—70°C to 260°C) temperature range. Providing an easy-to- 

apply, extremely thin, high dielectric insulator (2750 volts/mil), 

TEMP-R-TAPE C was designed for and is now being used in the 

manufacture of miniature electronic units to withstand Class H and 

higher temperature requirements. Send for data on TEMP-R-TAPE C

Allowance for the Integrating Properties of the 
Eye and of the Phosphor of the Screen in the 
Observation of a Television Image in the Pre­
sence of Fluctuating Noise by N. N. Krasilnikov. 
RE 8/57, pp 14-20, 3 figs.

The author investigates the process of averag­
ing out fluctuation noise, observed on the screens 
of receiving television tubes due to the finite time 
of afterglow of the phosphor and to the time lag 
of visual perception. Equations are derived with 
which one can obtain the ratio of signal to noise 
with allowance for this averaging.
Notes on the Design of Amplitude Selector for 
Television Receiver by A. Ya. Korniyenko. RE 
7/57, pp 15-22, 4 figs.

An “amplitude selector” is a network designed 
to separate the synchronizing pulses from the 
total television signal. The article treats selectors 
based on diodes as well as those employing am­
plifier tubes.

Exponential Time-Pulse Converters by A. I. Novi­
kov. AT 8/57, pp 749-755, 6 figs, 1 table.

Systems with time-pulse modulation are widely 
used in radio telemetering. Such systems have a 
relatively high noise rejection, relatively narrow 
band in the communication channel, and require 
simple circuitry. The converters used in them 
usually comprise Kipp relays or similar devices. 
Such converters have substantial shortcomings in 
that they have low stability with ambient tem­
perature and supply voltage changes and with 
aging of tubes. Converters are described which 
generate exponential voltages and are shown to 
be preferable for the purpose. Various converter 
circuits are described. Among their advantages 
are independence of the variation in the supply 
voltage, a wide range of operating speeds, and 
the possibility of creating a multi-channel con­
tactless telemetering system
Code Rings and Their Use in Telemechanical 
Systems by A. N. Radchenko. AT 8/57, pp 756- 
763, 10 figs.

The great interest in digital code methods of 
transmission and conversion of information is due 
to the fact that these methods make it possible to 
solve a great variety of problems requiring accu­
racy, remote operation, and high speed. How­
ever, the use of code methods in practice is fre­
quently made difficult owing to the complexity 
of the coding and decoding apparatus. This 
article describes a new device that can simplify 
the problem, namely a coding ring, capable of 
representing a complete set of codes so as to 
present the same information in one compact 
form. Some principles of ring coding are elabo­
rated in this article, and it is shown that they can 
be used to simplify the existing pulse-code de­
vices used in telemetering and remote control.

■
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provii ^P011^8 instantly, accurately to minute temperature changes 
.. withstands extreme vibration (500 cps with 10G accelera- 
ion). Hermetically sealed, too, yet field adjustable.
This new Fenwal thermoswitch unit is ideal wherever

sible 
ime.

Fenwal

Ratings based on a 300-C rise in a 40°C ambient.

ENGINEERING DATA--------------------------------
Type Rating* Ring 

Diameter
Max. Depth 
behind panel

Resistance Range 
(Stock Values)

Rotational 
Travel

100R 100 Watts 3 V32” 1%" 1 to 10,000 ohms 300°

150R 150 Watts 4" 1%" 1 to 10,000 ohms 314°
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The »mall doh are photosensitive resis­
tors connected by gold conductors,

Smallest size yet in a 
variable reluctance transducer— 

14-in. diameter x 1-inch long. 
Weighs approximately 4Yz grams

Equivalent Electric Parameter of Quartz Plates 
Excited at Higher Harmonics by M. M. Pruz- 
hanskiy. RE 8/57, pp 42-53, 9 figs.

The author gives a description and the theo­
retical analysis of two independent methods of 
measuring the equivalent parameters of quartz 
operating at higher harmonics. The first method 
involves the substitution of the quartz crystal in 
an oscillating circuit, and the second involves a 
resonant measurement method with the aid of a

ELECTRO PRODUCTS LABORATORIES 
4501-D Raventwood. Chicage 40, III. LOngbearh 1-1707 

Canada Atlat Radio Ltd., To.onfa

Years of specialized experience in pro­
ducing clips, clamps, collars, snap rings, 
retainers, bearing rings—-or any wire 
form. Automatic or manual produc­
tion determined by size of order. Let 
us analyze your design for economical 
production.

>TAN 
»t tin 
AFFE

Generates voltages from mechanical motion 
without contact for rpm and speed meas­
urement, control, counting and positioning.

• Translates mechanical motion into 
AC voltage for telemetering and 
control

• Operates from —300cF. to 4-500°F. 
ambient temperatures

• Moisture and oil resistant /

EASTMAN KODAK COMPANY
Rochester 4, N. Y.

reads” a punched tape ... 
What do you want to read?

Associated 
Spring 
Corporation
General Offices 

Bristol, Connecticut
CARD

NEW subminiature 
high temperature 

pickup

Frequency Behavior of Composite Transistors by 
A. G. Filippov. RE 8/57, pp 21-27, 11 figs.

Calculations from experimental data are given 
to show the features of the frequency dependence 
of the current gain of composite transistors com­
pared with ordinary (non-composite) transistors. 
Reference is made to “Some Properties in Circuit 
Applications of Super-Alpha Composite Transis­
tors” by A. R. Pearlman, Transactions IRE, ED-2, 
No. 1,1955, pp 25-39.
New Type of High Power Oscillating Tetrode by 
Z. M. Lifshitz, G. M. Moskovskaya, and M. I. 
Pass. RE 8/57, pp 66-69, 6 figs.

List of basic characteristics and set of charac­
teristic curves for a 10 kw oscillator tetrode de­
signed for operation in the short wave band.
Design of Wide Band Transformers Operating 
Between Active Loads by V. I. Dubrovskaya. EC 
8/57, pp 32-38, 1 fig.

In spite of the fact that the wide-band trans­
former is a widely used circuit element for long 
distance communication and for measurement, 
little attention has been paid so far to design pro­
cedures for such transformers. This article at­
tempts to clarify certain relationships between 
the required performance of a wide-band trans­
former and parameters such as the transforma­
tion ratio, the winding and leakage inductances, 
the active resistance of the windings, the reflec­
tion coefficient, and the attenuation. Various 
equations are derived for the relationships be­
tween these parameters.
Certain Features of Aperture Correction of 
Cathode Ray Tubes with Charge Storage by 
D. A. Novik. RE 7/57, pp 9-14, 6 figs.

The author published an article on cathode 
ray tubes with a charge storage in the May 1957 
Radiotekhnika i Elektronika.

In the present article, the transfer characteris­
tics of cathode ray tubes with charge storage are 
defined and used to analyze the aperture correc­
tion of such tubes. The aperture correction fea­
tures are characterized by allowance for the 
phase distortion that are inherent in cathode ray 
tubes with charge storage, unlike tubes without 
charge storage, which introduce no distortion.

New Miniature All-Set 
Terminal Boards

ELECTRONIC DESIGN • May 14, 19 :CTI

| In commercial 
jjr and military speci­

fications where 
jj^^F Jr space and weight

are at a premium, 
cambion’s new min- 

^F <ature all-set termi­
r * nal boards meet the 

Jar . ’’ . requirements with
\ ) exactness.

Jr The boards are

j^F * 9W long and
scribed into fifths 
for easy separation. 

Made of paper- or cloth-base phenolic or an epoxy 
glass, their widths vary — with a single row of ter­
minals, and and 1H* with two rows of terminals 
apiece. They can be fitted with any of six different 
cambion® terminals.

These new boards have all the advantages of 
cambion’s older line of standard all-set terminal boards. 
Custom tooling insures against cracks anywhere. Care­
ful workmanship with top-grade materials guarantees 
quality performance.

For further information about these versatile minia­
ture all-set terminal boards write to Cambridge Thermi­
onic Corp., 457 Concord Ave., Cambridge 38, Mass.

CIRCLE 424 ON READER-SERVICE CARD

The lead sulfide photosensitive elements can be laid down ir ¿o 
all sorts of complex and exact arrays and mosaics. Units art AST 
characterized by a broad signal response from 0.25 micron! ratio 
in the ultraviolet to 3.5 microns in the infrared, a higl liatui 
signal-to-noise ratio, stability under vibration, and smal ditio 
size. For a booklet giving detailed information on Kodal or s 
Ektron Detectors, write Military and Special aPl
Products Sales,

AG/ 
Kodak
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Series 1005

Ideal for Industial and Military Applications

□ICE OF OPERATION
height—4%
maximum weight—15 ounces

ELASTIC STOP NUT CORPORATION OF AMERICA
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.for either energizing or de-energizing 
width—1 %0... depth—1 %11

AGA 
odal

ihiature unit built to withstand the nigged environmental 
il ditions of missile and aircraft applications.
it 'or specific information on the new AGASTAT relay for 
Jr application, write to Dept. A30-524.

1027 Newark Avenue, Elizabeth, New Jersey 
Pioneer» in pneumatic timing

CIRCLE 428 ON READER-SERVICE CARD

$R90 .
kJ each 

in lots of 1 Thousand 
f.o.b. Chicago, Ill.

GUARDIAN®ELECTRIC
1622-F W. WALNUT STREET CHICAGO 12. ILLINOIS

“Everything Under Control“
CIRCLE 429 ON READER-SERVICE CARD

iTANTANEOUS RECYCLING ... 
it time—less than .020 seconds 
AFFECTED BY VOLTAGE VARIATIONS .. . time delay remains 

dstOIstant from 18 to 30 volts DC
JUSTABLE . . . time delays from .030 to 120 seconds

chniqueiETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A
the like |S new AGASTAT time delay relay is an externally adjust­
down ir e> double-pole, double-throw unit. It incorporates the basic 

Jnits art ASTAT timing principle, proved by a half-century of reliable 
i micron ration on automatic aids to navigation, in a space-saving

SERVOSYSTOfc

or Mier

and Mason.

PROPAGATION

MISCELLANY

A complimentary desk copy
will be sent to any teacher tn a

recognized educational institution.
Send orders to

SERVO CORPORATION OF AMERICA

This Servosystem Laboratory Manual is 
based on the newest techniques in

servosystem design and analysis.
Written with the generous

cooperation of leading educators 
and engineers, it recently has been 

published by Servo Corporation 
of America as a service to

engineering education.
The manual provides detailed labor­

atory experiments covering: 
characteristics of feedback in control 

systems, effect of various input 
signals, measurement of transducer 

characteristics, characteristics of 
single-loop system, introduction of the 

tachometer, performance of closed- 
loop system, analysis and laboratory 

test of a basic servo-mechanism.
It is readily used with any text.

SERVOSYSTEMS
LABORATORY MANUAL

Price-$2.00

Educational Services Department C

20-20 Jericho Turnpike, New Hyde Park, L. I., N. Y.

NEW 
MINIATURE 

AGASTAT® 
Jme delay relay

missile, aircraft and 
electronic applications 

Q meter. Results of the measurement of the 
quartz parameters are given. It is shown that the 
performance of the quartz first improves with in­
creasing number of harmonics, reaches a maxi­
mum, and upon further increase in the number of 
harmonics it begins to give poor performance.
Refers to standard works by Vigoureux, Cady,

Electrons, Photons, and Radiowaves by L. B.
Slepyan. RE 8/57, pp 3-12, 2 figs.

This is a speculative article, in which radio 
wave propagation is considered from the point of 
view of the possible role of electrons and pho­
tons. The possibility of experimental verification 
of the existence of radiophotons is considered.
Approximate Calculation of the Relative Power 
of Parasitic Radiation of UHF Transmitters by Ya.
I. Efrussi. EC 8/57, pp 13-19, 3 figs.

Examination of one of the possible methods of 
approximate computation of the relative power 
of parasitic radiation of transmitters with mul­
tiple frequency multiplication and with a single
master generator.

Design of Electromagnetic Systems by Means of 
Electrical Analogs by S. A. Aleskerov. AT 8/57, 
pp 764-772, 4 figs.

The distribution of magnetic fields in electro­
magnetic systems is determined by means of field 
plotting techniques known from electrostatic 
theory. This is applicable to configurations which 
can be reduced to the external Dirichlet problem 
for the Laplace equation.
Synchronous Single-Machine Electric Drive with 
Magnetic Amplifier for Facsimile Apparatus by 
O. B. Pevzner and K. A. Brusilovskiy. EC 8/57, 
pp 61-68, 3 figs.

Description of an economical system for the 
synchronization of the electric drive of a facsimile 
apparatus using a de motor and a high-frequency 
generator, both having a common magnetic cir­
cuit. Instead of using an electronic brake, the 
high-frequency generator is shunted with a mag­
netic amplifier, controlled by a phase discrimi­
nator circuit. Expressions are given for the motor 
and generator power as functions of the voltage 
and load. Approximate linear dynamic equations 
are derived, from which it is possible to deter­
mine the influence of the lag of the magnetic am­
plifier on the stability of the system.
Formulation of Problems in the Theory of Peri­
scopic Antennas by B. Ye. Kinber and A. M. Pok- 
ras. RE 7/57, pp 30-40, 4 figs.

A periscopic antenna is the microwave analog 
of an ordinary optical periscope, consisting of 
two parts—the basic antenna (dipole) placed on 
the surface of the earth, and a reflector mounted 
at great height. The article is devoted to the 
analysis and synthesis of such an antenna.

rONTROz

• Meets or surpasses requirements for all 
specifications of MIL-R-25018 and MIL-R-5757-C.

• LOW LEVEL: How low are your requirements?

• Contact Rating:
3 AMPERES at 125° c. per MIL-R-25018
2 AMPERES at 125° c. per MIL-R-25018 
and MIL-R-5757-C. No Exceptions.

• Certified Test Reports furnished on request.
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Collec 
c

V2=A2V i+#2 If 
I'f = C2Vi+D2If 
Fl'p; 12 = Zl I2

the equations 
Vx = AxV^B 
I'i = CiV2+D 
I'l = Ii+b;

△ 1 = (A1D1 — BiCi) and
△2 = (A2D2 — B2C2)

Using the simplified high frequency

/ DA— B\C2—D21 Ci d------- I 
\

— DiD2 4- Ai A2 = 0

Critical testing at Westinghouse 
conducted in 49 Ace shielded enclosures

GERMAN ABSTRACTS

The Westinghouse Electronics and Air Arm 
Divisions, Friendship Airport, Baltimore, 
Md. plants, have almost unbelievably high 
r-f interference ambient caused by radar 
transmitters, missiles, military planes, spot 
welders, motors, powerful transmitters, and 
other types of electric/electronic equipment. 
Testing critical electronic equipment under 
these adverse interference conditions is ex­
tremely difficult. The slightest outside inter­
ference would distort readings.
Westinghouse takes no chances. The flight 
control fighter armament systems, missile 
guidance systems, radar, and ship-board 
transmitters under design and development 
at the plant are completely shielded from 
outside interference and from each other 
by 49 Ace shielded enclosures.

ACE ENGINEERING AND MACHINE CO., INC.

The Ace patented RFI* and Cell-Type Designs 
provide the high attenuation required for 
satisfactory results at all frequencies. All 
enclosures are designed and constructed to 
insure permanent r-f leak-proof perform­
ance. Size-flexibility is another feature. The 
modular construction of the panels and 
doors permits rapid alteration of the size of 
the enclosure. Small rooms can be joined 
to make larger units or large enclosures can 
be converted into smaller ones.

If you have a shielding problem—big or 
small—in your plant, you’ll want to talk to 
an Ace Engineer about an effective yet 
economical solution. Be sure to write for 
free catalog on standard Ace enclosures.
•Lindsay Structure

To obtain the conditions for oscillations 
the current amplification I2/L is found 
as a fraction of combinations of the va­
rious parameters and the denominator 
of this fraction is set to zero. The result 
is the elaborate equation
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Fig. 1. Feedback amplifier with load.
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Fig. 2. Simplified high- 
frequency equivalent circuit 
of the transistor.
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Fig. 3. Feedback network 
without load.
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quivalent circuit of the transistor am- 
ilifier shown in Fig. 2 and the equivalent 
ircuit of the feedback network shown 
n Fig. 3, equations for Li,Ci and C2 can 
is deduced.
The equivalent circuit arrangement 

¡pplies to the crystal controlled transistor 
iscillator shown in Fig. 4.
Even with these equations for the 

larameters, numerical results are not im- 
nediately applicable because of loading 
ind other practical problems.
Nevertheless these values were used 

is a guide to design an oscillator which 
vas to be tested for stability.

It was found that at no-load the oscil- 
ator had a temperature coefficient which 
howed a relative decrease in frequency 
)f 7.10~° per cent per deg C. Low load 
esistances increased this effect while for 
alues of Rr, above 50 K ohms the fre- 
piency was independent of load.
The dependence of the frequency on 

the supply voltage (at the base) indi­
cates a 1.5 • 10^ per cent decrease in 
frequency for a 20 per cent increase in 
supply voltage.

Investigation of the input side of the 
amplifier revealed that a 10 per cent in­
crease in temperature increased the 
emitter current 26 per cent above its 
nominal value, while the input imped­
ance remained constant. Some attempt 
was made to adjust Ri, as shown in Fig. 
4, to compensate for the effect of input 
parameter variation but no general pro­
cedure could be found.

The original paper includes all numer­
ical values of the oscillator as well as the 
design procedure and the results of the 
stability tests in the form of numerous 
convenient curves.

Abstracted from an article by II. 
Schcffhauser and M. J. O. Strutt, Archiv 
Der Elektrischen Uebertragung, Vol. 11, 
No. 11, Nov. 1957, pp 455-460.

Fig. 4. Transistor oscillator 
for 8 me. A Philco transistor 
SB100 is used. The un­
marked capacitors are for 
blocking.
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Name__  

Address.

Mechanical Design 
Control Systems Design 
Accessories Design

Please check your field of 
below, and mail entire ad

an expression 
of interest I

General Electric’s Jet Engine Dept., 
Cincinnati, Ohio, is now interviewing Engineers with. 

3 or more years experience in the following fields:

Aero-thermo Design-Analysis 
Control Component Design 
Test and Evaluation

interest above, fill out the coupon 
to:

J. A. McGovern 
Jet Engine Dept. ED-514 
General Electric Co., Cincinnati 15, Ohio

This is not an application for employment; it is merely 
your expression of interest. Upon receipt of this coupon, we 

will forward a brief form to return to us describing your interests 
and experience. You may then be asked to visit Cincinnati, 

at our expense, to discuss with us, in as great a detail 
as you wish, your future with the Jet Engine Dept, of GE.

HERE IS WHAT WE OFFER:
• Opportunity to work with top engineers in a field in 

which you are most interested.
• Freedom to follow your own ideas.
• Pleasant working conditions and complete work 

facilities.
• Attractive salaty plus 39 added aids for better living, 

including Medical Plan and Stock Bonus Plan.
• Opportunity to continue your education at either of 

two fine Universities under our 100% tuition re­
fund plan.

• Sympathetic supervision that recognizes ability and 
rewards it.

__ • Security; we are a prime contractor with the govern- 
[ ment, with long-range contracts.

-J Gentlemen:

■
 1 am interested in the possibility of an association with 

the Jet Engine Dept, of General Electric.

City_________________________ Zone____State_____________ Phone________

Degrees_________________College____________________ Date_____________

Be sure to Check Your Field of Interest Above. ED-5-14

GENERAL® ELECTRIC
JET ENGINE DEPARTMENT^ CINCINNATI 15, OHIO
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ACCESSORIES CO.COMMUNICATION
A Subsidiary °

transformer, either
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Whether it be coil, filter, magnetic am

1.25 v 
ludec 
One 
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ow-vc 
iambi

sub-miniature or high power —C-A-C's nearest representative 
stands ready to coordinate your requirements with our manufac­
turing and engineering facility.

peater circuitry and the other con­
taining delay lines—are described 
in a recent report from the NBS.

Improved electronic computer 
packages requiring far less power 
and cooling than previous packages 
have been developed at the Na­
tional Bureau of Standards. By the 
proper interconnection of a suffi­
cient number of such packages, 
most of the complex circuitry of 
large digital electronic computers 
can be constructed. Two types of

he tul 
oltag 
create 
»ut of

ALTHOUGH many hundreds of stages are i 
quired in computer design, a single bas 

tube circuit or pulse repeater, with minor mo< 
fications, is adaptable to the majority of comput 
requirements. The same basic circuit, wh 
combined with delay lines as needed, can ser 
as a low-impedance pulse driver, as a flip-flc 
and in a number of gating functions. This gq 
eral circuit uniformity invites the use of ma 
produced packages.

LOW *•** HIT** I 
ww**' S SS2 ou* 

1 . LSI S'» "

ias pr 
nputs 
here i
rn pi

e ri pt, No. 90H3
SPECIFICATIONS: The «»off frequency or 1 to have over 45 db

b 3000 CAS. All fibers of this -s

attenuation above Fz. ( 2 temperature range from

the pass band within

to * 85° C. _________
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X *—i ♦ 8 IO
ntauicv in Ktioc««» Tube Package

The tube package contains a tube, a pu 
transformer, five and-gates, an or-gate for fee 
ing the output of the gates to the grid of t 
tube, and an output or-gate to permit the trai 
former to drive the gates of subsequent pat 
ages. Not all of the components are connect 
together in their normal operating configuratio 
inside the package. Instead, leads are broug 
out to the plug, as shown in Fig. 1, and t 
connections are wired into the socket. This pi 
cedure facilitates trouble shooting and provic 
many possible component combinations.

The component side of the tube package 
shown in Fig. 2. The tube is the type 404A, 
high-transconductance pentode. The transform 
consists of a ferrite, two-piece cup core with



Plug-Ins

er 
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of
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50-turn primary and two 5-turn sec- 
indaries. Two types of diodes are used 
n the packages: one on the grid side of 
he tube, where low capacitance and low- 
.oltage drop for low currents are of 
greatest importance; a second at the out- 
)ut of the transformer, where there is a 
ow-voltage drop for high currents. A 
¡umber of deposited carbon resistors are 
ised, the largest of which are rated at 
•25 w. Two bypass capacitors are in- 
luded.
One of the five and-gates is used only 

o shape and set the duration of the 
>ulse. Of the other four and-gates, one 
las provision for four inputs, two for five 
nputs, and one for six inputs. In addition 
here is a clock input to each gate to gov- 
rn pulse timing. All and-gates are con­

nected to the grid at all times; if a gate is 
not used, —1.8 v must be connected to 
one of its inputs to prevent it from oper­
ating.

One of the transformer secondaries is 
always connected to provide a positive 
output pulse required for regeneration. 
A direct output from this secondary is 
provided, as well as an indirect output 
separated from the transformer by a 
buffer or-gate. The indirect output of the 
package is sent to and-gates of other tube 
packages. The direct output goes through 
either a delay line or a logical or-gate be­
fore the input and-gate of the next tube 
package. The other secondary can be left 
unconnected, although it normally is con­
nected to provide a negative output pulse 
whenever required.

(Continued on following page)
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Fig. 1. Circuit diagram for the low-power plug-in computer
package.

sfom
with

1951LECTRONIC DESIGN • May 14, 1958



SPECIFY
U.S. RADIUM

179

EDGE LIGHTED DIALS AND PANELS
All USR dials and panels manufactured by the 
LACKON® process satisfy MIL-P-7788 Skilled per­
sonnel and advanced production techniques pro­
vide dials, panels, knobs and knob skirts with pin­
point reproduction and accuracy, as well as resist­
ance to solvents and weathering. USR’s integral 
edge-lighted panels represent the most significant 
development in the instrument and control panel 
field since introduction of printed circuits. These 
new panels simplify lighting circuit assembly and 
provide greater flexibility for the design engineer.

CATHODE-RAY TUBE PHOSPHORS
Phosphors for all cathode-ray tube applications are 
unsurpassed in adhesion and brightness. Closely 
controlled through every step of processing, USR 
phosphors feature high batch-to-batch uniformity. 
Colors are prepared to customer requirements.

DIALS AHD PANELS
Metal and plastic dials and panels are available for 
instrument and control panel application. USR offers 
the widest selection of marking techniques and an 
extensive array of materials from which to choose.

UNITED STATES RADIUM CORPORATION
Morristown, New Jersey
5942 W. Chicago Ave., Affiliates (
Chicago 51, Illinois CANADA: Radelin-Kirk Ltd., USB Bay St., Toronto, Ont\ 
5420 Vineland Ave., EUROPE: United States Radium Corporation (Europe)
North Hollywood, California 36 Avenue Krieg, Geneve, Switzerland.

CIRCLE 432 ON READER-SERVICE CARD

Ygaa RADIATION AND LIGHT SOURCES
Radioisotopes and radioisotope-excited phosphors 
packaged in a wide variety of custom-engineered, 
permanently sealed containers are designed to 

Dr provide optimum radiation or illumination for re-
J search, process control, data display and signalling 

applications.
V. S IMMb's IKA RLE, a glide te silectse et proper eiatemii and leckeMeet
1er dials, pawls ad eameptatss, b avaHaMo m rigiest Writs 1er MMi 10.309



Voltage Stabilizers. . . . . . . .

Input 
190/208/230 
volts ±10% 

Output 
54 to 77 volts, 

10 amp.

Input 200/220/240 
volts; Output 6.3 
volts, 600 amps.

or Filament Transformers

WILL DESIGN TO YOUR 
PERFORMANCE REQUIREMENTS
When performance and dependability are the most 
significantly important factors in your requirements, 
your best source of supply is Acme Electric. Send your 
prints and outline of application performance for 
confidential review and quotation.

ACME ELECTRIC CORPORATION
905 WATER STREET • CUBA, NEW YORK

L&dr ue
TRANS FORMERS

CIRCLE 434 ON READER-SERVICE CARD
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Representatives in Principal Cities 
WRITE FOR LITERATURE

DURANT MANUFACTURING CO.
1993 N. Buffum St. Milwaukee 1, Wis.

93 Thurbers Ave., Providence 5, R.I.

High speed, non-reset, direct 
reading counter to indicate 
increment of measurement in 
radar navigation instruments.

High-speed dual bank counter for use 
in navigating instruments. Shutter op­
erates to close off either bank when 
in the minus side.

Direct reading counter for 
navigating and directional instruments, 

k Unit wheel graduations permit J 
^k reading of 150,000 

increments per minute.

Special counter for use on Tape Recorder 
to indicate the position of tape passing 
through the recorder.

Counter assembly component of 
navigating instrument to indicate 

increments of measurement 
k for fast, legible, J 

direct "read-out".

DURANT 
MFG. CO.

Specials 
For RADAR, ELECTRONIC 

and INSTRUMENT APPLICATIONS

PRODUCTIMETERS
SINCÉ 1879

¿40
= 45
50

The loading of the package is expressed in 
terms of the equivalent number of gates which 
a tube can drive. The unit load is an or-gate 
that is driven directly from the positive output 
of a transformer, and in turn drives a single and- 
gate. The maximum resistive load which a tube 
package can drive is 34 gates in addition to the 
regeneration gate.

Delay-Line Package

The delay line package contains 11 sections 
of delay line, some of which are permanently 
connected together. It also contains a number of 
delay-line terminations consisting of resistor­
diode networks. Two of these terminations are

Fig. 2. Component side of tube package.

for negative pulses and five for positive pulses. 
Each termination is made up of an input section, 
connected to the direct transformer output of a 
previous stage, and an output section, connected 
to the and-gate input of the next package. Some 
of the positive terminations are combined with 
or-gates and others are permanently connected 
to delay fine sections to make best use of the 
available number of pins on the connector. The 
component side is shown in Fig. 3.

Since the positive output termination includes 
some of the same components that an or-gate re­
quires, it is easy to add an extra or-gate input to 
a termination to make it either an or-gate or a ter­
mination, or both. One of the positive output 
terminations has three of these diodes perma-
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printed circuit boards de- WIDEN PULSES

REGISTER PULSES

COUNT PULSES

SUM PULSES

DO BINARY LOGIC

DRIVE TRANSISTOR CIRCUITS

CIRCLE 435 ON READER-SERVICE CARD

HIGH

Kester Solderforms

Fig. 3. Component side of delay line package.
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From the launching pad to machine controls—
NAVCOR completely transistorized pulse program­
ming equipment is being utilized to do many mili­
tary and industrial jobs, and do them well! The 
original concept of functional units pioneered by 
NAVCOR, and already proven in thousands of hours 
of use-test, feature quickly interchangeable modu­
lar blocks creatively engineered for multi-purpose 
operations. Write for data and specifications that 
will show how NAVCOR transistorized pulse pro­
gramming equipment can be effectively used in your 
current computer project.

signed to plug into conventional 44 pin printed 
circuit connectors. The center-to-center spacing 
of adjacent packages when mounted in a rack 
is 1-1/8 in. to accommodate the type 404A tube. 
The printed circuit boards are 1/16 in. epoxy 
glass double-clad with 0.0027 in. copper foil.

nent'y connected in, and another one has two. 
One of the positive input terminations has an 
extra diode added to form a logical or-gate that 
can be used when two signals are to go to the 
same or-gate and receive the same delay.

Write for the Vanac Bulletin for Complete Data

GENERAL RADIO Company

Broad Avenue et linden. Ridgefield. N J NEW YORK AREA 1000 N Seward St. IOS ANGELES St 

8055 13th St Silver Spring. Md. WASHINGTON, O. C. 1150 York Road. Abington. Pa. PHILADELPHIA 

1182 Los Altos Ave.. Los Altos Calif SAN FRANCISCO 6605 W North Ave., Oak Park. III. CHICAGO 

h CANADA; 99 Floral Parkway TORONTO IS 

CIRCLE 437 ON READER-SERVICE CARD

Since all components are mounted on one side 
if the board, dip-soldering is appropriate only 
in the other side. If the component side is to be 
oldered, it must be done by hand. To avoid the 
lecessity of soldering both sides, eyelets for 
naking connections from one side of the board 
o the other are not used in the packages. In- 
tead, all component mounting holes are plated 
hrough. Several test points are provided on the 
joard to facilitate complete individual compo- 
icnt-checking after mounting. These points are 
Iso plated-through holes into which small test 
iins can easily be inserted.

Photocopies of the printed circuit conductor 
latterns for the tube and delay line packages 
nay be obtained by writing to the editors of 
Electronic Design.

POWER 
from a 
Little

Mounting

The tube and delay line packages are mounted

will give you today's 
demanded economy 
plus end product 
quality greater than 
ever before.
Write For Complete Information

KESTER SOLDER
COMPANY

4264 WrliMwMB Aw. • Chltaw 39. III. 
Borark 5, B. J. • Brantfert. Can

vanac® *w The Type W5L VARIAC auto-trans-
former is designed for many applications in which output 
voltages not in excess of line are all that are needed. Through 
modifications of the popular Type W5 units, the power 
rating of the Type W5L is increased to 1265 va. As with all 
VARIACS the output voltage is continuously adjustable 
from zero. Other VARIAC features included are Duratrak 
brush construction for extra-long life .. . excellent regulation 
. . . low losses . . . linear output. The Type W5L VARIAC 
is moderately priced at $17.50.

1621 SNYDER AVE., PHILADELPHIA 45, PENNA / HOward 5-7700
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Microwave Transmission

Connectors

September 1957

FUNGUS-PROOF • STRONGER

TIES EASY, FAST AND TIGHT

• KNOTS WONT SLIP

i THE HEMINWAY & BARTLETT MFG. CO.

ELECTRONIC DESIGN

are
PACKAGED BY

and

new encapsulation method offers all of the advan-

Division of Joseph Waldman & Sons
137 COIT STREET, IRVINGTON 11, NEW JERSEY

of cold headed fasteners and small

of Catalog No. 106.

Waveguides

EIA RS-200, Circular Waveguide, January 1958
Standards have been established by this spec for
39 rigid circular waveguides. Included in this
standard are definitions of nominal inside diame-
ter, wall thickness, out-of-roundness, frequency
range, and bow. A typical EIA designation for a
waveguide meeting this standard is WC150B.
Copies of this standard may be obtained from the
Electronic Industries Association, Engineering
Department, 11 West 42nd Street, New York 36,
N.Y. for 30 cents per copy.

MIL-C-3767A, Connectors, Electrical (Power,

HANDY, HANDSOME
PLASTIC SPOOL FOR

Bartlett

NYLON
DACRON

FIBERGLAS
LACING TAPES!
These amazing flat braided lacing tapes
give you all of these advantages:

NYLON TAPES meet new Govt. Spec. Mil-T-713/ ind are available
in wax, wax-free and resin-coated finishes.

TEFLON-COATED FIBERGLAS TAPES withstand temp, up to 600°.

more components Bladed Type), General Specification for, 23
Electronics Division: 500 Fifth Avenue, New York 36

(all shapes and sizes)

EPOXY PRODUCTS
Since the introduction of E-Case Shells and E-Form
Pellets and casting powder, more and more com-
ponents, of all shapes and sizes, have shown up
dressed in this new package.

This makes sense when you realize that this

tages of epoxy (tremendous chemical, physical
and environmental resistance), with none of the
disadvantages (temporary molds, release agents,
patching, dermatitis problems).

This revolutionary new process definitely cuts
costs, speeds production, and increases efficien-
cy. Shouldn’t your components be “Packaged by
Epoxy Products”?

For complete information, write:

EPOXY PRODUCTS, INC.

The general requirements for power-type electri­
cal connectors are established by this edition of
this spec. Superseding the June 12, 1952 issue,
this spec covers plugs and receptacles with
bladed contacts for use in d-c circuits up to 600
volts or in a-c circuits up to 600 volts at frequen-
cies up to 400 cycles. A typical type designation
for a plug meeting this spec is UP101M; a typical
receptacle designation is UR101M. Included as
part of the spec are eleven detail specs for spe­
cific plugs and receptacles.

EIA RS-203, Microwave Transmission Systems,
January 1958
Minimum performance requirements for the r-f
portion of microwave relay systems are detailed
in this standard. Definitions of pertinent systems
parameters are given and methods of measure-
ments are included. This standard applies to line-
of-sight systems. The emphasis in this standard
has been to establish a common language and de-
fine certain reference points in the system, rather

tained from the Electronic Industries Association,
Engineering Department, 11 West 42nd Street,
New York 36, N.Y. for $1.30 per copy.

This is really an up-to-date handbook

than to standardize on specific values. Terminol-
ogy used by recognized organizations has been
used wherever applicable. This standard in-
cludes new terms and definitions not previously
available. Copies of this standard may be ob-

covering the Design and Purchasing

parts. Loaded with money saving

‘Know-How’! Send for your copy

JOHN HASSALL, INC
P.O. BOX 2202 WESTBURY, LONG ISLAND, N. Y
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Mobile Receivers

minimum
measure

Series 6*^0 $350

narda SonBlaster

Printed Circuits

CIRCLE 441 ON READER-SERVICE CARD

Dielectric Strength

Nominal Operating Power .250 milliwatts

Enclosure

CIRCLE 443 ON READER-SERVICE CARD

electronic design 183

Mounting 
Terminals

to a receiver while it is being tested for 
requirements. Definitions, methods of

For more infor­
mation, write toi 

Dept. ED-1

Weight.........................
Military Specifications

Pickup Time...............
Dropout Time 
Contact Arrangement. 
Contact Rating

Ambient Temperature 
Shock .
Vibration

Insulation Resistance.
Colls .

Contact Resistance.
Contact Life

Send for Bulletin 124 today. Write: C. P. Clare A Co., 
3101 Pratt Blvd., Chicago 45, Illinois. In Canada: C. P 
Clare 'Canada Ltd., 2700 Jane Street, Toronto 15. 
Cable Address: CLARELAY.

pri< id from $175.00 - 
tu i 2-year warranty

switch In seconds, you’ll be 
cleaning everything from hot lab 
apparatus to medical instru­
ments. optical and technical 
glassware to clocks and timing 
mechanisms, electronic compo 
nents and semiconductors to 
motors, relays and bearings. In 
short, you’ll clean almost any 
mechanical, electrical, electronic 
or horological part or assembly 
you can think of —and do it 
faster, better and cheaper.

SPECIFICATIONS 

Inside tank dimensions 

(Model NT-602) 91/4" x 6" 
x 5"; one gallon capac 
ity; stainless steel. 
Generator: 10" x 8V2" x 
9V2"; 115V-AC, selector 
switch to alternate be­
tween two tanks.

Complete unit is 
portable and compact

-65* C to +125’ C.
50 Ga for 11 milliseconds.
5 75 cps at maximum excursion of %-inch, 
75-2000 cps at 20 Gs acceleration.
Sea level—100C volts rms between terminals 
and frame, and between adjacent circuits; 
750 volts rms between contscts of a set. At 
80.000 ft , 350 volts rms 
1000 megohms minimum at 125* C.
Coils up to 10,000 ohms available for a wide 
range of voltages or currents-

3.5 milliseconds nominal.
1.5 milliseconds nominal.
2 pdt(2 form C)
3 amps resistive at 28 volts d-c or 115 volts 
a-c; also for low-level spplications.
J.050 ohm maximum
•>00,000 ope'atlons minimum st 2 amps; 
100,000 operations minimum at 3 amps.
Hermetically sealed, filled with dry nitrogen 
at 1 atmosphere pressure.
All popular mounting arrangements available. 
Printed circuit; soldei; plug-In (matching 
socket available). Variations of printed-circuit 
terminal length on 1/10-lnch grid spacing 
available.

.17 grams.
MIL-R-25018; MIL-R-5757C, except as to con­
tact overload.

Now, thanks to Narda’s mass 
production techniques, you can 
?et top ultrasonic cleaning equip­
ment with a full two year guaran­
tee, at the lowest prices in the 
ndustry! What’s more, Narda’s 
new SonBlasters are available 
now _ off-the-shelf — for immedi­
ate delivery!

Plug the Narda SonBlaster 
into any 115V AC outlet-fill the 
tank with the cleaning solution 
of your choice and flip the

ment, and minimum standards are given for 
usable sensitivity, quieting sensitivity, audio 
squelch sensitivity, modulation acceptance band­
width, adjacent channel selectivity and desensi­
tization, spurious response attenuation, inter­
modulation spurious attenuation, audio power 
output, audio frequency response, hum and noise 
ratio, power supply voltage range, undesired 
conducted power, undesired radiated power, 
temperature range, high humidity, vibration sta­
bility, and shock stability. Copies of this standard 
are available from the Electronic Industries As­
sociation, Engineering Department, 11 West 42nd 
Street, New York 36, N.Y. for 90 cents per copy.

EIA RS-204, Minimum Standards for Land-Mo­
bile Communication FM or PM Receivers, Jan­
uary 1958
Standard test conditions arc established to apply

EIA RS-205, Electrolytic Capacitors for Use 
Primarily in Transmitters and Electronic In­
struments, January 1958
Special types of polarized, aluminum elec­
trolytic capacitors are covered by this standard 
which is a revision of TR-140. These capacitors 
are intended for use primarily in low-frequency 
filter, by-pass, and coupling applications in trans­
mitters and electronic instruments where the 
service is normally d-c and where a high degree 
of reliability is essential. The capacitors covered 
by this standard are intended for operation over 
a maximum ambient temperature range of 
—20°C to -¿-85CC and where the operation at 
ambient temperatures above 65°C is not expected 
to exceed 10 to 15 per cent of the total operating 
time. Covered in this standard are ratings, styles, 
case sizes, test conditions, and basic require­
ments. A typical EIA designation for a capacitor 
meeting this standard is RCEO1A. Copies of this 
standard may be obtained from the Electronic 
Industries Association, Engineering Department, 
11 West 42nd Street, New York 36, N.Y. for 80 
cents per copy.

MIL-STD-429, Printed Circuits, Terms and 
Definitions, 13 December 1957
Preferred terms generally used with printed cir­
cuits are established and defined by this stand­
ard. Other synonomous terms which in the past 
have been used with printed circuits are cross 
referenced; how’ever, only the preferred term is 
defined.

VOLTRON products
A1010 Mission St., South Pasadena, Calif. 
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NOW! Immediate delivery on 
low-cost ultrasonic cleaning 
equipment you can afford!

Accuracy maintained over entire military 
temperature range of —55' to 4-65' C. No 
oven or heater needed.
Time-stable — negligible drift over long 
periods of time.
Small size—the expansion network projects 
only 114*. AC or DC units for military or 
industrial applications. Military units meet all 
requirements of MIL-M-10304. Off-shelf 
deliveries. 30 to 45 days on specials.
WRITE FOR LITERATURE.

Narda SonBlasters— a complete line of production-size units with the quality, 
power, performance, capacity and appearance of cleaner, 
selling up to three times the price. From $175 to $1200.

times

space

CLARE 
Type F RELAYS 
10^4 cu. In.

RELAY OF 
EARLIER DESIGN 
31 % cu. in. •

Clare Type F Modular Relays can be mounted 
in a closely restricted space—wherever the user 
desires—on a printed circuit board punched at 
2/10 inch intervals in a grid pattern.

This new hermetically sealed relay—no bigger 
than a postage stamp—is fast and more than 
moderately sensitive, yet stalwart enough to 
withstand extremes of temperature, heavy 
shock, and severe vibration.

ultrasonics
the I 1(11 ' 1(1 corporation 

I HERRICKS ROAD, MINEOLA, L I., NEW YORK 
) ) Subsidiary of The Narda Microwave Corporation

as many 
relays

¿9* 
ti»



Other challenging assignments at IBM Owego
Test equipment developmentAirborne analog and

digital computer systems • Radar circuits and systems
Transistor circuit designUnits and systems
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ECT

MILITARY 
PRODUCTS

Communications
Missile Guidance

Microwave 

Antenna 

R-F and l-F

Radar 

Navigation

Mr. R. E. Rodgers, Oept. 555Q 
Mgr. of Technical Recruitment 
International Business Machines Corp.
590 Madison Ave., New York 22, N. Y

DATA PROCESSING 

ELECTRIC TYPEWRITERS 

MILITARY PRODUCTS 

SPECIAL ENG'G PRODUCTS 

SUPPLIES 

TIME EQUIPMENT

IBM, a recognized leader in the electronic computer 
field, offers a stable balance of military and commercial 
work. You will find ground-floor opportunities for profes­
sional achievement at IBM Owego. Liberal company 
benefits set standards for industry today, and salaries 
are commensurate with your abilities and experience.

Pulse and Video 

Digital and Analog 

Transistor

Servos

and career opportunities 
at Motorola in Phoenix 
are second to none!

INERTIAL GUIDANCE ENGINEER John V. Prikazsky 
tells why airborne computer development at IBM Owego, 
N. Y., offers him the creative engineering career he 
always wanted.

Oata Processing and Display

Circuit Design. Development and Packaging

Plants and labcratories Endicott. Kingston, Owego, Poughkeepsie, 
Yorktown, N. Y , Lexington, Ky.; Rochester, Minn.; San Jose, Calif.

Qualifications
B.S. or M.S. degree in electrical or mechanical engineer­
ing, physics, or mathematics, and

Proven ability to assume a high degree of technical 
responsibility in your sphere of interest.

FOR DETAILS, just write, outlining background and 
interests, to:

Inertial guidance,” explains John Prikazsky, “means 
aerial navigation without recourse to external reference 
As an inertial guidance engineer with IBM, I have the 
opportunity to work on completely integrated bombing 
radar-navigational systems. My work is broad — from 
lab studies to the analytics involved in system design— 
everything from shooting the North Star to heat transfer 
problems That's why I like it — plus the chance I have 
to take on as much responsibility as I can handle.”

MOTOROLA.«.

Pay is excellent, advancement is 
rapid, the attitude is friendly and 
helpful. Other advantages: no 
commuting problems; colleges 
that offer advanced study; re­
markably low home costs.

And think of the pure pleasure 
of living in a famed resort area 
with sunny, dry, shirtsleeve win­
ters ... year-round golfing, swim­
ming, picnicking... and seashore 
and Mexico within a day’s drive!

Expanding Phoenix is a vitally- 
important electronics center.

Motorola is expanding, too. 
Grow with Motorola in Phoenix 
... where it’s fun to live !

GM 
IN FHOENIXI

AU Qualified >

If you are qualified for one of 
these positions, write, wire or 
phone Motorola in Phoenix 
today!

ELECTRONIC ENGINEERS, 
MECHANICAL ENGINEERS, PHYSICISTS 

System Analysis, Design and Test

Technical and Specification Writing 

Printed and Etched Circuitry

Write:
Mr. Kei Rowan

Western Military Electronics Center
Motorola, Inc., Dept. B-5 

8201 E. McDowell Road 
Phoenix, Arizona

Engineering positions also available at 
Motorola, Ine. in Chicago, Illinois, and 
Riverside, California.

r • ■■ m ^1
to be a Creative Engineer at B ■■C BBBB

IBM
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Engineers • Physicists • Mathematicians
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CAN OFFER

SYLVANIA

ABILITY

WILL OFFER

OPPORTUNITY
We recognize 

that an overly 
formalized organization — 

with inflexible channels of protocol 
—can quench the professional enthusiasm of

even the most able engineers and scientists.

A company must offer its men a suitable environment in which 
to exercise their innate talents.

Here at Sylvania we believe we offer this kind of opportunity. Added to this are 
assignments that provide incentive for your best thinking.

Our projects include R & D on a diversity of electronic systems and 
equipment. Two major programs are PLATO—the anti-missile mis­

sile, for which Sylvania is Weapons Systems Manager —and a 
% multi-million dollar subcontract for the development of a

super-radar system to detect ICBMs.
o/ 
or 

li x Opportunities are now open to work in advanced areas 
with Sylvania. Your inquiries will be welcomed.

iter

'e af 
and

Research Engineers: New 
systems techniques & ap­
plications in operations 
research, analysis & ap­
plied physics.
Sr. Project Engineers: Eval­
uate project require­
ments; determine respon­
sibility; schedules; bud­
gets; technical negotia­
tions with customer.
Sr. Computer Engineers: 
Transistorized digital de­
sign, magnetic core mem­
ory and input-output 
systems. Experience re­
quired in digital compu­
tation & data processing, 
prototype design,systems 
& evaluation testing.

Sr. Reliability Engineer: Act 
as consultant on reliabil­
ityproblems (components 
and equipment). Estab­
lish specifications. Set up 
procedures.
Missile System Analysis 
Group Leaders: Radar and 
antenna system prelim­
inary design.
Missile System Development 
Group Leaders: Low noise 
receivers, pulse transmit­
ters, broad band tech­
niques, antenna arrays, 
phase measurement and 
other instrumentation.
Sr. Transistor Engineers: 
Circuitry, systems, and 
hardware.

Sr. Microwave Engineer: 
Development of crystal 
mixers, detectors, filters, 
transmission line coup­
lers. harmonic generators 
and special transmission 
circuits.

Sr. Aerodynamicist: Perform 
theoretical studies in mis­
sile aerodynamics, boun­
dary layer heat transfer, 
missile kinematics, aero­
elasticity.

Sr. Mechanical Engineers: 
Design and packaging 
airborne and ground elec­
tronic and electromechan­
ical equipment. 5-10 years 
pertinent exp. required.

Send your resume to 
Erling Mostue

Interview and relocation 
expenses paid by Sylvania. 
Inquiries will be answered 
within two weeks. Conven­
ient Saturday interviews 

arranged.

INC WALTHAM LABORATORIES 
ELECTRONIC SYSTEMS DIVISION 

V SYLVANIA V 
SYLVANIA ELECTRIC PRODUCTS INC

100 First Ave., Waltham, Mass.
CARD
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A report to engineers and scientists from Lockheed Missile Systems 
where expanding missile programs insure more promising careers.

A new laboratory at Sunnyvale, California today gives Lockheed scientists antenna 
patterns, scattering and propagation data, and promises exciting new discoveries 
in the problems of space communication. Laboratory studies include the effect of upper 
space on radar and radio signals, the radar pattern presented by space vehicles 
and missile shapes, and the design of antennas to survive the rigorous environment of 
the upper atmosphere and hypersonic speeds. Findings could pave the way for 
communication with manned space ships of the future or for the remote guidance of 
unmanned space ships.

Research and development studies by Division scientists contribute heavily to the 
projects that place Lockheed in the forefront of U.S. missile developers. These projects 
include the Polaris solid fuel ballistic missile. Earth Satellite, Q-5 target ramjet, 
and X-7 test vehicle. Positions created by expansion on these and still other programs 
we cannot discuss offer unusual opportunities for advancement with our growing 
young division. Besides Antenna and Propagation, openings are in Solid State 
Electronics, Telecommunications, Instrumentation, Radar and Data Link.
Other openings include Information Processing, Reliability-Producibility,  
Ground Support, Flight Controls. Qualified engineers or scientists may write to 
Research and Development Staff. Palo Alto 29, California.

Mr. Emmanuel A. Blasi, right, 
Manager of Antenna and 
Propagation Department, 
discusses results of radiation 
performance after antenna 
pattern measurements with staff 
scientist Allen S. Dunbar. 
Column bearing missile in 
background is operated 
automatically from laboratory.

NEW LAB MEASURES ANTENNA PATTERNS: PROBES OUTER SPACE

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
SUNNYVALE • PALO ALTO • VAN NUYS • SANTA CRUZ • CALIFORNIA
CAPE CANAVERAL, FLORIDA • ALAMOGORDO, NEW MEXICO

Last year ELECTRONIC DE­
SIGN processed more than 
60,000 individual reader 
cards. Now ELECTRONIC DE­
SIGN is first to add a confi­
dential inquiry form—one 
more step to its speeding 
communications between 
reader and advertiser.

If you wish to inquire about 
any of the employment op­
portunities listed in the “Ca­
reer Section’ simply circle the 
appropriate Reader Service 
number in the grey (shaded) 
area of your Reader Service 
card. Be sure to include your 
home (or non-business) ad­
dress in the space provided 
at the bottom of the card. In 
this way, the privacy of your 
inquiry will be protected 
while still providing the 
speed and efficiency of ELEC­

TRONIC DESIGN’S Reader 
Service card system.



GUIDANCE

AIR FORCE
■CRM ATLAS
UNDER DEVELOPMENT
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There is an unprecedented challenge for 
electronic engineers in developing the 
command radio-radar system for Atlas.

Portions of this system must achieve 
accuracies on order of 1 part in 10 million
...and maintain them without degradation 
under the extreme conditions of shock, 
vibration and temperature encountered 
during an ICBM’s blast off and acceleration 
along the initial portion of its trajectory.

A program that is 
attracting some of 
the best minds in 
electronics now 
calls Jor additional 
creative engineers

SYSTEM FOR

Men who can work to these stringent 
operational requirements will be well 

equipped to handle still more demanding 
“command” problems. As the Manager of 

General Electric’s Missile Guidance Section 
said recently: “With this job behind us, 
there will remain no significant obstacle 
to the practical guidance and navigation 

of other space vehicles.”
Current opportunities at the Section are 

at all levels... and exist in practically 
every phase of the program.

If your field of special competence 
appears in the list below there may be 

a position open to you, with high 
professional implications for the future.

Systems analysis, evaluation & integration • 
Systems and component reliability • Transistorized 
circuits, pulse circuitry, IF-Video circuits • RF and 

Microwave components & plumbing • Communi* 
cations control devices • Doppler radar design & 

development • Digital data processing techniques, 
data transmission involving D & D of ground-based 
& airborne antennae, transmitters, receivers; appli­

cation of transducers, transponders, etc. • Test 
operations, including planning, range instrumentation 

& test execution; development & application of 
automatic test equipment.

Positions are at Syracuse and Utica, N. Yt facilities.

Please address your resume to 
Mr. E. A. Smith, Dept. 5-C

If your qualifications approximate job “specs” 
he will arrange a convenient interview.

MISSILE GUIDANCE SECTION

GENERAL^ ELECTRIC

Court Street, Syracuse, N.Y.

73

73 
LA
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Engineers and 
scientists ... grow 
with Stromberg-Carlson

Fast-growing division of 
General Dynamics

If you qualify, we can offer you challenging, important 
assignments in some of today’s most fascinating areas of 
electronics.

Many of these openings are senior positions, including 
opportunities for group leaders and section heads. We’re 
particularly interested in men with substantial experience 
in solid state circuitry for applications in the most ad­
vanced state of the art.

Our business is well balanced between commercial and 
military products. To you this means stability as well as 
rapid growth.

These are some of the areas of work where you may find
your greatest challenge:

• Missile Electronics
• Air Traffic Control
• Telecommunications

• Automatic Test Equipment
• Countermeasures
• Nucleonics

• Electroacoustics
You would be located in Rochester, N. Y., a beautiful, 

progressive city in the heart of the Upstate vacationland. 
Invigorating four-season climate; educational, recreational 
and cultural facilities unsurpassed anywhere in the U. S.

To arrange for a personal interview, send a complete 
résumé now to:

Fred E. Lee, Manager of Technical Personnel

■ K V rn D E K w X» X K L.3 V IM
> I V I S I O N O * C I H I a A l DYNAMIC* CO»AO»ATlOH WMHF
1462 N. Goodman Street • Rochester 3, N. Y. K®/

Electronic and communication products 
for home, industry and defense
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ENGINEERS

for development of

ADVANCED CELESTIAL

NAVIGATION SYSTEMS

Client company pays all expenses.

CADILLAC ASSOCIATES, INC.
220 S. State St. Chicago 4, Illinois

Ad' 11

Cc
Ci

Project & Staff Positions 
available to those interested 
and qualified for 
serious development 
work in:

Airborne Navigation Systems 
Related Electronics
Analog & Digital Computers 
Associated Test Equipment

Minimum 4 years experience 
in military navigation-type 
servos, computers, 
electronics, photo-electric 
tracking or other related 
equipment is desirable.

Interesting, long-range positions provid­
ing opportunity for future growth with 
Kollsman, designers of America’s finest 
aircraft instruments.

Please send resumes to T. A. DeLuca.

PRODUCT ENGINEERS
1. To supervise test equip­

ment assembly groups.
2. For design of production 

test equipment for electro­
mechanical systems.

FIELD ENGINEERS
For Development & Field 
Service Work

AGA, 
AMI’.
Ace E 
Acme 
Adel 1 
Ad' an 
Aero ' 
Aero-1 
AeroT 
Air N 
Airpa: 
Allied 
Am co 
Amer 
Amer 
Ampi 
Arnol 
Arnoi 
Assen 
Assoe 
Auto: 
Auto

kollsman INSTRUMENT CORPORATION

SOOS 45th AVENUE, ELMHURST, NEW YORK • SUBSIDIARY OF Sta4tda\d COIL PRODUCTS CO. INC.
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Bart
Beati 
Beed 
Beke 
Bene 
Bene 
Birte 
Blue 
Bule: 
Bun 
Bun 
By-1

PROJECT ENGINEER 
To $16,000

One of America’s foremost E C.M. scientists urgently needs a right 
hand man to assume design responsibility for pulse circuitry utilizing 
TWT, BWT, klystrons, magnetrons, carcinotrons, and bitermitrons; 
transmitter, amplifier, and modulator receivers; high and low voltage 
power supplies.—This is a rare and exceptional opportunity with an 
autonomous fast-growing division of one of America's most famous 
firms in a beautiful new suburban plant. Major expansion program 
assures rapid advancement on merit basis to man selected.

If you qualify you owe it to yourself to learn more about this posi­
tion, in complete confidence without any obligation on your part. 
Simply forward your name, address, home phone number, present 
title and the letters E.C.M.

CBS 
Cad 
Can 
Can 
Cen 
Cer 
Chi 
Cla 
Cie 
Cli 
Col 
Co: 
Co 
Co 
Co 
Co 
Cc 
Cc 
Cc 
Cc

I’ll call you immediately at your home with all the details. But don't 
delay. Write today I

D 
D 
D 
D
I 
r

Reply Now DIRECTLY to:

E. B. SHEA 
Electronics Division

CIRCLE 559 ON READER-SERVICE CARD
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ENGINEER EDITORIf you’re an

WE WANT YOU
136

138

180
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137
182

157
173

157
135

'■’.SC Corp. ......... ..........................
Eastman Kodak Co......................
Elastic Stop Nut Corp.................  
lectric Regulator Corp............  
lectro Engineering Works Inc. 
lectro-Motive Mfg. Co............  
.lectro Products Laboratories .

Klectro Snap Switch & Mfg. Co, 
ßlectro Tec Corp.........................
Epoxy Products Div....................

176 
180 
139 
165 
145
153 
168

112
165

Vast new missile research and engineering programs 
at GE*s Missile & Ordnance Systems Department have 
created new and attractive career opportunities for 
ambitious electronic specialists who want to join in 
today's all-out assault on space.

143
174 
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188 
174
171
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138 
183

141
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157
160

114
144
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158
104
137
152
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131
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Mr. E. E. Grazda, Hayden Publishing Co., 830 Third Avenue, New York 22, New York

Dale Products Inc..........................
Detroit Stamping Co....................
Deutsch Co......................................
Diehl Mfg. Co...............................
Dow Chemical Co..........................
Dressen-Barnes Corp......................
Driver-Harris Co............. ...
Du Pont. E. I. de Nemour & Co 
Durant Mfg. Co............................

ADVERTISERS’ INDEX

Bart Manufacturing Corp.
Beattie-Colman Inc. .. .................................  
Beede Electrical Mfg. Co.......................... . .
Bekey Electric Co...................... ....................
Bendix Aviation Corp., Eclipse Pioneer Div. 
Bendix Aviation Corp., Red Bank Div. . . . 
Birtcher Corp......................................................  
Blue M Electric Co............................................  
Bulova Watch Co., Electrcn’c Div.................  
Burnell & Co., Inc..............................................  
burroughs Corp., Electronic Tube Div..........  
By-Buk Co............................................................

AGA, Div. Elastic Stop Nut Coni
AMI’, Inc...........................................
Ace Engineering & Machine Co. .
Acme Electric Corp.........................
Adel Precision Products . . . .
Advance Relays ..............................
Aero Electronics Corp......................
Aero-Research Instruments Co. .
AeroTest Laboratories ..................
Air Marine Motors Inc. ...
Airpax Products Co. ... .........
Allied Control Co..........................
Amco Engineering .........................
American Lava Corp......................
American Rectifier Corp.................
Amphenol Electronics Corp. . .
Arnold Engineering Co. .
Arnoux Corp......................................
Assembly Products Inc. .
Associated Spring Corp. .
Automatic Electric Co...................
Automatic Metal Products Corp.

If you feel that you would enjoy the stimulation derived from keeping up with the latest de­
velopments in ALL projects (not just one)—then we want to meet you and discuss the possi­
bility of your joining the ENGINEER/EDITOR staff at ELECTRONIC DESIGN—the most 
successful magazine in recent publishing history. Qualifications: A degree in Electrical Engi­
neering, three to four years design experience. Write in detail to:

If you're qualified in areas listed, 
why not write today for an interview to

CBS-Hytron .........................................
Cadillac Associates Inc......................
Cambridge Thermionic Corp- • 
Canoga Corp..........................................  
Centralab Div. of Globe Union Inc. 
Ceramaseal Co........................................
Chicago Telephone Supply Corp. 
Clare, C. P. & Co.................................  
Clevite Electronic Components .... 
Clifton Precision Products Co., Inc. . 
Cohn, Sigmund Mfg. Co., Inc............  
Communications Accessories Co. . . . 
Computer Instruments Corp...............  
Computer-Measurements Corp...........  
Connecticut Hard Rubber Co. . . . . . 
Conrad, Inc............................................  
Consolidated Mining & Smelting Co.
Control Electronics Co., Inc...............  
Coming Glass Works....................... 
Couch Ordnance Inc................ 
Crossley and Associates ....................  
Cubic Corp.............................................  
Cutler-Hammer Inc...............................

As a part of the MOSD team, you'll be working on the 
nation's newest missile projects. Already GE missile­
men, in one phase or another, have contributed to 13 
major missile projects. These include the Atlas, Thor, 
Polaris, Corporal, Nike Hercules, Honest John and 
Little John. Lacrosse, Tales, Tartar & Asroc, as well as 
other high-priority programs.

We don’t want an engineer—and we don’t want an editor. We want 
that rare combination of BOTH exacting talents.

• TELEMETRY . . .
• INERTIAL GUIDANCE 

• INSTRUMENTATION 
• SYSTEMS TEST ;
• FIELD TEST

GROUND SUPPORT 
^EQUIPMENT 
^ANTENNA DESIGN 
WqUlDANCE SYSTEMS 
»OUNTEI^ASURES

Advance your career at mosd

MISSILE & ORDNANCE SYSTEMS DEPARTMENT*

3198 Chestnut Street, Philadelphia 4
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Just connect and read powers 
10 mw to 10 watts!

Hallamore Electronics Co.............
Hassall, John Inc..........................
Haydon, A. W. Co., Inc............... 
Heinemann Electric Co................. 
Helco Products Corp.....................
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Heminway & Bartlett Mfg. Co. . 
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Hickok Electrical Instrument Co. 
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Hughes Aircraft Co. 
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Hycon Eastern Inc.
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International Business Machines Corp. . . 184
International Electronic Research Corp. . . 122
International Instruments Inc........................ 148
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Covers de to 10 KMC
No barretter or thermistor needed

No external terminations or plumbing
Measures CW or pulsed power

No technical skill required
Only two simple controls

McLean Engineering Laboratories
Machlett Laboratories..................
Magnetic Amplifiers Inc.............
Magnetics, Inc...............................
Mansol Ceramics ..........................
Marion Electrical Instruments Co.
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Miniature Precision Bearings . . .
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SPECIFICATIONS

Input Power Range:

Meter Response: (Full Scale) Approximately 10 seconds on highest

Size:

Price:

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

Controls: 
Accuracy 
Power:

Frequency Range: 
dc Input Impedance: 
Input SWR:

7 ranges; full scale readings of 0.01, 0.03, 
0.1, 0.3, 1.0, 3.0 and 10 watts. Meter cali­
brated — 10 to 6 DBW, continuous readings 
-30 to + 10 DBW.

dc to 10 KMC
50 ohms — 5 ohms at Type N input ¡ack 
Less than 1.5 full range

SPECIFICATIONS 
-hp- 434A Calorimetric Power Meter
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p twer meter
Stated simply, the new -hp- 434A Calorimetric Power 
Meter offers you this:

The fastest, easiest means yet devised to 
measure powers accurately from 10 mw 
to 10 watts between dc and 10 KMC.

With the 434A, measurement is literally as simple 
as connecting to a 50 ohm, type N front panel terminal 
and reading power directly. The instrument is particu­
larly ideal for use by non-technical personnel.

The new meter fills the important range between 
bolometer-type microwave power meters (such as -hp- 
430C at right) and conventional calorimeters whose 
lower range is approximately 10 watts. But unlike pre­
vious cumbersome equipment suggested for its range, the 
-hp- 434A is completely self-contained and requires no 
external detectors or plumbing of any type.

Rapid Response Time
Model 434A employs a self-balancing bridge and a high 
efficiency heat transfer system to and from an oil stream 
to provide a full scale response time of 10 seconds or less. 
This fast response, a fraction of the reaction time needed 
by ordinary calorimeters, means the 434A quickly fol­
lows small adjustments in input tuning circuits. Further, 
the »se of twin power sensitive elements in one oil stream 
plus a feedback system makes the accuracy virtually in­
dependent of variations in oil flow rate or ambient temp­
erature, and prevents fluctuations due to changes in oil 
flow rate or oil temperature.

range, approximately 2 seconds on lower 
ranges.
Zero Set and Meter Range
Within 5% full scale
115/230 v — 10%, 50/60 cps, approxi­
mately 155 watts.
Cabinet: 20’/," wide, 12’/2" high, 14»/4* 
deep. Rack: 19" wide, 10’/," high, 13’/," 
deep. Wt. 50 lbs.
$1,115.00 (cabinet)
$1,100.00 |rack mount)

Microwave Power Meter

0.1 to 10 mw, CW or pulsed, 
without calculations!

-hp- 430C Microwave Power 
Meter is the finest, most depend­
able source of milliwatt power 
measurements offered. It gives 
you power readings direct in db 
or mw and eliminates all compu­
tation or adjustment during mea­
surement. The instrument mea­
sures either pulsed or CW power, 
on either coaxial or waveguide 
systems. Operation is entirely au­
tomatic, and accuracy is ± 5% of 
full scale reading. For CW or 
pulsed power measurements, -hp-

430C uses either an instrument fuse, barretter or ther­
mistor as a bolometer element. Operation may be at 
either 100 or 200 ohms. Power is read direct in mw from 
0.02 to 10 mw, or in dbm from —20 to + 10 dbm. The 
broad nominal range may be extended by means of di­
rectional couplers and attenuators.
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Figure 1. -hp- 434A Calorimetric Power Meter
New -hp- 434A comprises two load resistors, one for in­
put and one for comparison power, a self-balancing 
bridge with temperature sensitive gauges in input and 
comparison legs, and an indicating meter. Heat dissi­
pated in the input load resistor heats the gauge in the 
input leg and unbalances the bridge. The unbalanced 
signal is amplified and applied to the comparison resistor. 
The heat thus generated is transferred to the gauge in 
the comparison leg and rebalances the bridge. The meter 
measures the power supplied to the comparison gauge to 
rebalance the bridge. Since heat transfer and temperature 
sensitivity are identical, the meter reads input power di­
rect, with presentation in watts or DBW.

For complete details, see your 
-hp- representative or write direct.

HEWLETT-PACKARD COMPANY
4652A PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

CABLE “HEWPACK” • DAvenport 5-4451 
FIELD ENGINEERS IN ALL PRINCIPAL AREAS

P>wer measuring instrumentation
CIRCLE 448 ON READER-SERVICE CARD

Power Range: 5 ranges, front panel selector. Full scale 
readings of .1, .3,1, 3, and 10 mw. Also continuous read­
ings from —20 to +10 dbm. (0 dbm = .001 watt). Power 
range may be extended with attenuators or directional 
couplers in microwave system.
External Bolometer: Frequency range depends on bolom­
eter mount. Bolometers can operate at resistance levels 
of 100 or 200 ohms and can have positive or negative 
temperature coefficients. Any dc bias current up to 16 
ma is available for biasing positive or negative tempera­
ture coefficient bolometers. Dc bias current is continuous­
ly adjustable and independent of bolometer resistance 
and power level range.
Suitable bolometers are:
Instrument fuses: -hp- G-28A and G-28B 1/100 amp 
fuse.
Barretters: Sperry 821, Narda N821B or N610B, PRD 
610A, 614, 617 or 631C.
Thermistors: Western Electric D166382, Victory Engi­
neering Co. 32A3, 32A5, Narda 333, 334.
Accuracy: ± S% of full scale reading.
Power: 115/230 v ± 10%, 50/1,000 cps, 75 watts.
Dimensions:Cabinet Mount: 7^" wide, 11%" high, 14" 
deep. Rack Mount: 19" wide, 7” high, 12%" deep.
Weight: Net 14 lbs. Shipping 32 lbs. (cabinet mount). 
Price: $250.00.

Data subject to change without notice.
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New DRIFT types simplify circuits by eliminating need for neutralization, offer more 

gain per stage-permitting substantial cost reductions in quantity-produced equipment

AVAILABLE,TOO, AT YOUR LOCAL 
AUTHORIZED RCA DISTRIBUTOR

1625 “K” Street, N.W. 
Washington, D.C. 
District 7-1260
744 Broad Street 
Newark, N. J. 
HUmboldt 5-3900

6355 E. Washington Blvd 
Los Angeles, Calif. 
RAymond 3-8361

224 N. Wilkinson Street 
Dayton, Ohio 
HEmlock 5585

RCA DRIFT Transistors offer low feedback capacitance and exceptional 
uniformity of characteristics, making feasible the design of circuits having: 
• high input-circuit efficiency • good signal-to-noise ratio • good automatic­
gain-control capabilities over a wide range of input-signal levels • excellent 
high-frequency operating stability.

In addition to these three new DRIFT types—2N544, 2N374, 2N373—RCA 
offers a broad line of superior-quality transistors for RF, IF, AF, and 
Switching Service. For additional information, contact your RCA Field 
Representative. For a description of the DRIFT principle, and for technical 
data on all RCA Semiconductor Devices, write RCA Commercial 
Engineering, Section E-18-NN-2, Somerville, N. J.

RADIO CORPORATION OF AMERICA 
Semiconductor and Materials Division 

Somerville, N. J.

MIDWEST: Suite 1154
Merchandise Mart Plaza 
Chicago, Ill.
WHitehall 4-2900
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