


FREED
MAGNETIC AMPLIFIERS AND 
ATURABLE TRANSFORMERS

VARIABLE TEST VOLTAGE 
MEGOHMMETER NO. 1620 FILAMENT PULSE

FAST RESPONSE 

MAGNETIC AMPLIFIERS

Phose reversible2 A/ response

Cat. 
Ho. C.P.S.

Power 
Out. 

Watts

volt. 
Out.

V. AC

AC or DC sirnal 
voltan req’d tor 

full output.

MAM 60 13 110 1.0 —
1 MAM 400 5 57.5 1.2 0.4

400 10 57.5 1.6 0.6
1 MAM 400 IS 57.5 2.5 1.0

1000 volts.50 to

transformers, con- 
circuits, cables and 
be tested at their

Components such as 
densers, motors, printed 
insulation material can

The Freed Type 
versatile insulation 
instrument with u 
test potential from

1620 Megohmmeter is a 
resistance measurement 

continuously variable DC

& AUDIO TRANSFORMERS
POWER TRANSFORMERS "STANDARD 

All primaries 105/115/125 v, 60 c.p.s.

Cat. 
No.

Hi 
Volt 
Sec. Ct

OS
°£

«0
oE «

Filament 
#1

Filament
#2

MIL 
Case 
SizeVo

lt g

Vo
lt à

MGP1 400/200 V 185 .070 6.3/5 2 6.3 3 HA
MGP2 650 V1 260 .070 6.3/5 2 6.3 4 JB
MGP3 650 V 245 .150 6.3 5 5.0 3 KB
MGP4 800 V 318 .175 5.0 3 6.3 8 LB
MGP5 900 V 345 .250 5.0 3 6.3 8 MB
MGP6 700 V 255 .250 KB
MGP7 1100 V 419 .250 LB
MGP8 1600 V 640 .250 NB
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SINGLE ENDED 
MAGNETIC AMPLIFIERS

Cat.
1 NO.

Supply 
Freq. 

C.P.S.

Power 
Out. 

Watts

SIR. req’d 
for full 

outp. MA DC

Total res.
Contr. wdR.

KO

Load 
res. 

ohms
1 MAO-1 60 4.5 3.0 1.2 3800
1 MAO-2 60 20 1.8 1.3 700
1 MAO-4 60 400 9.0 10.0 25
ImAO-5 60 575 6.0 10.0 25

PUSH-PULL 
MAGNETIC AMPLIFIERS 

Phase reversible

I Cat. 
j No.

Supply 
at

Power 
Out. 

Watts

Volt. 
Out.

V. AC

SiR. req’d 
for full 

outp. MA-DC

Total res. 
contr. wdR.

KU

|4AM 60 5 — 1.2 1.2

|4AP-2 60 15 115 1.6 2.4
¡UAP J 60 50 115 2.0 0.5
Lap 1 A

60 50 115 7.0 2.9

|4AP-4 60 175 115 8.0 6.0
Lap-7 400 IS 115 0.6 2.8
Lap-8 400 50 110 1.75 0.6

rated voltage and above, for safety factor.
Resistance — 0.1 megohms to 4,000,000 

megohms.
Voltage — variable, 50-1000 volts.
Accurate — plus or minus 5% on all ranges.
Simple — for use by unskilled operators.
Safe — high voltage relay controlled.
Self contained — AC operated.

OTHER MEGOHMMETERS AVAILABLE
Type 1620C Megohmmeter — 3 type 1620 with 
additional circuitry for testing capacitors.
Type 1020B Megohmmeter — a 500 volt fixed test 
potential. Range 1 megohm to 2 million megohms 
Type 2030 Portable Megohmmeter — battery oper 
ated, 500 volt test potential. Range 1 megohm to 
10 million megohms

FOR PRECISION LABORATORY 
OR PRODUCTION TESTING

SATURABLE TRANSFORMERS 

Phase reversible

Cat.
| Na.

Supply 
Freq. 
C.P.S.

Power 
Out. 

Watts

Volt. 
Out.

V. AC

SiR. req’d 
for full 

outp. MA-DC

Total res. 
contr. wdR. 

KU
pAS-1

60 15 115 6.0 27

MAS-2 400 6 115 4.0 10

MAS-5 400 2.7 26 4.0 3.2

400 30 115 4.0 8.0

MAS-7 400 40 115 5.5 8.0

All units designed for 115V-AC oporation

1110-AB INCREMENTAL 
INDUCTANCE BRIDGE 

AND ACCESSORIES
Accurate inductance measurement with or 
without superimposed D.C., for all types of 
iron core components.

Inductance: 1 Millihenry to 1000 Henry 
Frequency: 20 to 10,000 Cycles
Accuracy: 1% to 1000 Cycle, 2% to 10KC 
Conductance: 1 Micromho to 1 MHO 
“Q”: 0.5 to 100
Superimposed D.C.: Up to 1 Ampere
Direct Reading: For use by unskilled operators. 

ACCESSORIES AVAILABLE:
1140-A Null Detector 

1210 A Null Detector — V.T.V.M.
1170 D.C. Supply and 1180 A.C. Supply

FILAMENT TRANSFORMERS-STANDARD 
Ail primaries 105/115/125 v., 60 c.p.s.

Cat. 
No.

Secondary Test 
VRMS

MIL 
CaseVolt Amp

MGF1 2.5 3.0 2,500 EB
MGF2 2.5 10.0 2,500 GB
MGF3 5.0 3.0 2,500 FB
MGF4 5.0 10.0 2,500 HB
MGF5 6.3 2.0 2,500 FB
MGF6 6.3 5.0 2,500 GB
MGF7 6.3 10.0 2,500 JB
MGF8 6.3 20.0 2,500 KB
MGF9 2.5 10.0 10,000 JB
MGF10 5.0 10.0 10,000 KB
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MPT1 V V 0.25 0.25 0 25 0.2-1.0 .004 3 0.7 250
MPT2 V V 0 25 0.25 0.2-1.0 .004 2 0.7 250
MPT3 V V 0.5/0.5/0.5 0.2-1.5 .002 3 1.0 250
MPT4 V V 0.5/0.5 0.2-1.5 .002 2 1.0 250
MPTS V V 0.5/0.5/0.5 0.5-2 0 .002 3 1.0 500
MPTS V V 0 5 0.5 0.5-2.0 .002 2 1.0 500
MPT7 V V V 0.7/0.7/0.7 0.5-1.5 .002 3 1.5 200
MPTI V V V 0.7/0.7 0.5-1.5 .002 2 1.5 200
MPT9 V V V 1.0/t.0/1.0 0.7-3.5 .002 3 2.0 200
MPT10 V V V 1.0/1.0 0.7-3.5 .002 2 2.0 200
MPT11 V V -V 1.0/1.0/1.0 1.0-5.0 002 3 2.0 500
MPT12 V V V 0.15/0.15/0.3/0.3 0.2-1.0 .004 4 0.7 700

frega, resp. 300 to 10000 cps ■ 2 DB All Com Size« Al
AUDIO TRANSFORMERS

Ca
ta

lo
g 

Ne
.

Application

Impedance -DC 
Current

Pr
im

. 
(D

im
s

S Se
c.

 
O

hm
s

u

1 Prim
. 

P S
id

e 
M

A 
M

aa
. 

Un
ba

LM
A

M
aa

. L
ev

el
 

DB
M

MGA1
Single or P.P. Plates 
— to Single or P.P. Grids 10K V

WK 
Split V Id 10 + 15

MGA2 Line Io Voice Coil
iW 
Split 4. ». 14 0 0 + 33

MGA3 Line to Single or P.P. Grids 400 
Split 135K V 0 0 + 15

MGA4 Line to Lino 600 
Split

400 
Split 0 0 + 15

MGA5 Single Plate to Line 7.6K
4.8T

400 
Split 40 40 + 33

MGA4 Single Plate to Voice Coil 7.0K
4.8T 4.8, 14 40 40 + 33

MGA7 Single or P.P. Plates to Line 15K V
400 
Split 10 10 -t 33

MGAS P.P. Plates to Line 24K V
400
Split 10 1 4 30

MGAt P.P. Plates to Line SOK V
400 
Split 10 1 1 27

rite for detailed listing, or special requirements, and copies of complete Transformer and Laboratory Test Instrument Catalogs
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, starts and stops)

Meets all requirements for speed and convenience 
in processing large quantities of digital data

The Potter Model 905 is the result of the most extensive study of data-processing 
requirements. It combines high speed with complete reliability and easy accessi
bility to all wiring and parts. The Potter machined bronze head with precisely 
aligned gaps provides dimensional stability and minimizes digital drop-outs caused 
by oxide pickup.
Tape widths:

B — 
C- 
D-

W 
%"

E — 1" 
T - V4"

Start time: 
Stop time: 
Reel sizes:

Control:

Weight: 
Dimensions:

(2 or 3 channels)
(6 or 7 channels) 
(up to 8 channels) 
(up to 10 channels) 
(up to 13 channels) 
(up to 15 channels)

Speed combinations:
J — 30 and 7.5 inches per second

K — 60 and 15 inches per second
L — 75 and 18.75 inches per second
X — Special (speeds up to 75 inches 

per second in ratios of 2 to 1, 
3 to 1 and 6 to 1 are available 
on special order. Other speed 
combinations can be accommodated.)

3 milliseconds
3 milliseconds
8" or lO1^" standard NAB reels. Adaptors 
for other types can be provided.
Front panel pushbuttons or remote 
control contact closure and pulses. 
100 pounds
Panel, width... 19"; height... 24H"
Depth behind panel... 13l/6"
Depth in front of panel... 3W

Power Requirements: 110 to 120 volts, 60 cps, 400 watts.
For more information, write, wire or phone your Potter representative or the 
factory.

CIRCLE 2 ON READER-SERVICE CARD FOR MORE INFORMATION
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r DRIVER-HARRIS ALLOYS AT WORK IN PRODUCT ADVANCEMENT

o0
©

Editorial
The Revolutionary Product We Didn’t Feature

C
C

■►c

WA
Wh

j

3
3

cWyMV/WhJ

(1)
(2)
(3)
(4)
(5)

commutator segment 
silver-graphite brush 
Nichrome V resistor 
vitreous enamel 
autotransformer winding

Path of circulating currents (6) 
showing blocking action of 
Nichrome V resistors (3)

Nichrome V limiting resistor solves

i

I 
I 
I 
I

age old brush problem in Ward Leonard Dimmers
I This Ward Leonard 6.6 KW Radiastat1 Dimmer is essentially 
i a specially designed core type autotransformer whose output 
I voltage is linear, furnishing smooth, stepless control from maxi- 
: mum to zero. Other notable features are: Highest rating in 
- smallest size and longer, maintenance-free life.

Nearly all adjustable autotransformers depend upon carbon 
. brushes to limit the short-circuiting current which occurs when- 

ever the brush straddles two segments. However, in the Radia- 
stat Dimmer, circulating currents are kept to a minimum in a 
unique way, permitting use of self-cleaning, self-lubricating, low 
resistance silver-graphite brushes.

In the Radiastat, each segment is electrically connected to 
- its respective turn of the winding through a Nichrome V cur

rent limiting resistor. During commutation, the main winding 
_ is protected against burnout from high short-circuiting currents; 
4 thereby eliminating external resistors or high resistance brushes.

These all important resistors (one for each segment) connect 
to the segments beneath the vitreous enamel and run out and 
up to connect with the winding. They protect every step of the 
Radiastat, regardless of the contact arm position—drop a penny 
or a nail across adjacent segments—there’s no pouff! no burnout! 
The Nichrome V circulating current resistors completely safe
guard the unit.

Nichrome V is used because it supplies a specified ohmage 
in a #10 wire 3%«" long; bonds well with the vitreous enamel; 
is highly resistant to heat and corrosion, and easily withstands 
severe current surges.

Driver-Harris now produces 132 different high nickel alloys 
in many different forms and in hundreds of sizes for almost 
every kind of industrial application. Do you need help with a 
special alloy? Tell us about it and if we haven’t got it, we’ll 
develop it for you.

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

CIRCLE 3 ON READER-SERVICE CARD FOR MORE INFORMATION

When the military clamps a lid on performance 
ratings we’re at an impasse in presenting a techni- 
cal article on a product. That’s why we’ve run no 
feature on inertial guidance accelerometers, gyro
scopes, or stable platforms in Electronic Design.

We’re a little remorseful that we haven’t had a 
story on these devices. The production of inertial 
guidance components, particularly those for long 
range navigation, is one of today’s foremost exam
ples of the genius of American industry. The prin
ciples of inertial navigation are simple—a design 
that is manufacturable is the rub. Fabricating 
tolerance units on a production basis which are the 
navigational counterparts of the celestial stars is a 
milestone for American industry. Only a few com
panies have accomplished the feat, but it has been 
done. Here are some of the accomplishments.

To keep the drift rate of a gyro for airborne use 
not exceeding one minute of arc per hour (one 
nautical mile per hour), the torque acting on the 
revolving mass would have to be less than 0.08 
dyne-cm. This torque is equivalent to the gravity 
moment exerted by the weight of the paper within 
this letter (o) cut out and stuck on the gyroscope 
gimbal at a half-inch radius from the gimbal axis, 
according to an example provided by J. M. Slater 
of Autonetics. For an air transport to be guided to 
within 15 miles of its destination after a five-hour, 
3000 nautical mile great circle flight, gyro drift rate 
can be about 0.6 minutes of arc per hour. Auto
netics’ C. F. O'Donnell points out that this is but 
one complete rotation in about four years. Exact 
military demands are not known, but the above 
examples give an idea of specifications being met.

Sperry Gyroscope, as we have reported before.] 
does ultraprecision machining to 25 millionths of an j 
inch. Test devices for evaluating precision- 
machined products measure reaction torques of less 
than 0.05 dyne-cm. Some of these measurements 
are made on 3-ton instruments mounted on seismic 
blocks below the ground. The weight of a gnat is 
supposed to spin the dial beyond its working scale ! 
There is little possibility of gnats being present, 
though, as most air is filtered to remove all particles! 
larger than 12 one-millionths of an inch.

New levels of ultraprecision machining, dimenl 
sional stability, quality control, cleanliness, and 
manpower skill have been reached in the manufac-l 
ture of intertial guidance components. To quote! 
J. M. Slater, “[This] ... is a tribute to the foresight! 
of the national defense authorities for initiating! 
subsidizing, and maintaining the requisite intensive! 
development programs. It is also a tribute to the! 
scientific, engineering, and manual skills of the! 
personnel involved in such programs.” Such state ! 
ments have been often made. None other । I 
probably been more sincere or more right.—JAL
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scribed in “Engineering Review,” write directly 
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Lightweight Traveling-Wave Tube: Reduction in 
weight and a substantial increase in operating reliability 
are the result of a new design in traveling-wave tubes 
developed by Radio Corp, of America. The experimental 
tube eliminates the need for external electromagnetic 
focusing equipment amounting to considerable weight in 
tubes of high-gain, high-sensitivity design. Vibration, and 
other variations in environment cannot affect the align
ment of the focusing field in the experimental tube. As 
described, the tube substitutes a compact electrostatic 
focusing el jment that is built into the tube and is auto
matically given a permanent proper alignment during 
assembly.

The result of the design is a plug-in tube which requires 
no critical alignment during installation, and which op
erates under severe conditions without requiring real’gn- 
ment. The tube weighs less than a pound, complete with 
ocusing element, which consists of two pairs of helices, 

or spiral bifilar windings. Only the larger outer pair car
ries the signal waves, while the inner pair is used with the 
outer pair for beam focusing.

Ford Gives Missiles a Free Lift

A floating platform for launching missiles is one 
solution proposed for eliminating the first fuel
consuming miles of a missile’s flight. Within the 
next few months Aeronautics Systems, Inc., Ford 
Motor Company’s West Coast subsidiary, will 
launch a rocket vehicle which, it is hoped, will 
travel several thousand miles above the surface of 
the earth. Designated Operation Far Side, the pro
gram is sponsored by the Air Research and Devel
opment Command. The initial phase of the Far 
Side project represents the first step in a research 
program aimed at obtaining information regarding 
the environment at great distances from the earth. 
Present planning calls for further experiments at 
even higher altitudes, and it is expected that future 
weapons systems will benefit from the project.

The first Far Side balloon flight experiment was 
conducted a few months ago at the General Mills 
Flight Test Center near New Brighton, Minn. Dur
ing the test a helium-filled balloon designed and 
produced by General Mills carried 2300 lb to a 
height in excess of 104,000 ft. The balloon, which 
measured over 200 ft in diam, proved extremely 
stable during the test. The missile-launching experi
ment will occur at about the same altitude.

The rocket, inserted into the lower end of the 
balloon transport, will blast upward through the 
balloon on firing with an initial first stage thrust 
of 160,000 lb. Boosted in four stages by a combina
tion of ten solid propellant rockets, the Far Side 
instrumentation will go through its maximum ac
celeration of 200 g during its 26 sec of powered 
flight. From stage four the 6x4 in. instrument 
package and the burned-out last stage rocket will 
continue upward into space as a free projectile.

During its ascent and descent a miniaturized radio 
transmitter in the instrument package will trans
mit measurement of cosmic rays and other data to 
ground receiving and recording stations. Data will 
be obtained from these experiments on the nature 
of cosmic rays, the earth’s magnetic field, as well 
as other phenomena present at high altitudes.

. The rocket will be fired from its floating platform and 
will shoot up through the center of the supporting balloon.

io5< ÆCTRONIC DESIGN • September 1, 1957
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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 temperature, shock and vibration; high dielectric strength and 
high electrical resistance 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.
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Electronic Design, November 1, 1956Approximate characteristics of "electronic" ceramic materials. Source: manufacturer sales literature

pies at a nominal fee.

VHF Radio-Telephone System
An inexpensive system

manded. The company intends 
work closely with the customer 
help solve any complex problems th 
may arise, and it will run certain sai

studying dynamic control system pJ 
formance and for analysis of the opj 
ating characteristics of the companJ 
industrial instruments and instrumel 
components under development. Tl

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

where it would be physically or ec 
nomically impractical to install te 
phone lines has been developed

viding means of simulating compl 
processes, such as accurate predict« 
of transient and steady state phenoi 
ena in closed loop process control.

Enlarging Plant for Teflon Coating

’I’he Sparta Manufacturing Co. i 
Dover, Ohio, is enlarging their faci 
ties for the specific purpose of increi 
ing their capacity for coating metal

Computer Testing of Instruments

Fischer and Porter Co., Hath 
Pa., announces the recent purchase 
an electronic differential anah 
from Electronic Associates, Inc.

Dielectric Constant (1 mc)
Power Factor (1 mcl
Loss Factor (1 mc)
Water Absorption (%)
Tensile Strength (p.s.i. x 10‘)
Flexural Strength (p.s.i. x 10!)
Compressive Strength (p.s.i. x 10') 
Dielectric Strength (volts/mil) 
Hardness, Moh's scale
Modulus of Elasticity (p.s.i. x 10°) 
Specific Gravity
Linear Thermal Expansion 

20-100°C (in./in./°C x 10 °>
Tb Value PC)*

for the company’s customers by prl

Allen B. Du Mont Labs., Inc., N 
Designated the MCA-474-B Thr 
Channel Multiplex Station, the equi 
ment utilizes broadband, point-t 
point radio in the 450 me range. B 
sides its use as a permanent 
temporary telephone installatio 
operation in the uhf band makes t 
equipment advantageously adaptal 
as a broadband two-way radio systei 
a multi-channel radio communicatio 
unit, carrying up to 54 teletype cha 
nels, or as the transmission faciliti 
for slow-scan industrial television.

and non-metallic parts with Teflo 
The new quarters will be equipp 
with completely air conditioned d 
rooms so that humidity and temper 
tures can be accurately controlle 
Production line techniques will be i 
stalled enabling Sparta to proce 
parts in the quantities that are c

unit will provide additional servid

analog computer will be user) i*

m radio 
i a s ten

■ 0j ’ ”*•

u in. tes

Ily tin

Which ceramic characteristics do you need
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Automatic Selective Calling For Two-Way Radios

unit which converts any standard two-way 
Ldio network to a fully automatic selective calling 
Lstem has been developed. Christened Tonicam 
Tone Initiated-Carrier Maintained), the unit elim
inates co-channel annoyance in two-way radio com
munications without the necessity of transmitting 
bothersome continuous low-frequency tones. Toni- 
Lun features both a half-second tone burst to ac
tivate a receiver and automatic receiver muting at 
the termination of a transmission. Selective calling 
hutomatically rejects the constant stream of mes
sages on a frequency channel shared by many sys
tems and responds only to messages from its own 
kstem. Once the initial contact is made, only the 
caller and the called unit use the channel and other 
units within that system hear nothing.

As an illustration of Tonicam operation, a base 
Ration wishing to contact a specific mobile unit, 
Car A, transmits a half-second burst of the system’s 
frequency tone, and unmutes all receivers in his 
Network. All mobile units hear the call to Car A 
Imd the operator of Car A lifts his mike from its 
hangup. This automatically returns his radio to 
Lormal two-way operation. All subsequent trans- 
Imssions between the base and the mobile unit are 
Inormal, using no tone burst. Only the base station 
Ind Car A use the channel; the other units within 
■the system hear nothing. The base station operator 
I an talk with more than one mobile unit by calling 
I he desired units. Those who lift their mikes from 
I he hangup position on the mobile unit are partici- 
rants in a conference call. The unit was designed 
fy Allen B. DuMont Labs., Clifton, N.J.

OTHER

»

±1%MR1040-30* 5-40V
100 130V 
1 phase

VoltsModel Amps Ripple 
rms

28 Volt Models

6,12,115 Volt ModelsSPECIFICATIONS:
max. @ 'any voltageLoad —2% rms 

above 4 volts.
AC INPUT: 115 Volts, Single Phase, 
60 cps.
MOUNTING: Cabinet 20%" wide x 
16% " deep x 13%" high or 19" rack 
panel (19" wide x 14% ‘ deep x 12% 
high.)
WEIGHT: 130 lbs.

DC OUTPUT: 0-32 volts, 0-25 amps.
REGULATION: ±1% (a) at 28 Volts 
D. C. — Increases to 2% max. over the 
range 24-32 V.; does not exceed 2 
volts regulation over the range 4-24 
volts D. C.; (b) from 1/10 Full Load to 
Full Load; (c) at a fixed AC Input of 
115 volts.
RIPPLE: 1% rms @ 32V. and Full

'Conservatively 
Designed”

Filtered

Model
No. M60V

now ... O TO 32 VOLT, 
O TO 25 AMPERE, low COSt, 

continuously adjustable

DC POWER SUPPLY

IMMEDIATE DELIVERY...$449.00

Smooth
Stepless Voltage 

Control _ _ _

Thousands of electronics laboratories and aircraft firms are presently using 
the PERKIN Model M60V DC Power Supply as an economical and practical 
solution to their DC power needs where AC line stabilization and precise load 
regulation are not required.*

No Tubes, 
Moving Parts 
or Vibrating 

Contacts.

AC Input 
(60 cps)

28-5VFM 0-32 V 5
15-20% 
(24-32V 
range)

115 V 
1 phase

2%

28-1OWX 24-32 V 10 ±Mz%
100-125 V 

1 phase 1%

MR532-15A 2-36V 15 ±V2%
1O5-125V 
1 phase 1%

28-15 VFM 0 32 V 15
15-20% 
(24-32V 
range)

115 V 
1 phase

5%

115V
M60V O-32V 25 ±1% 1 phase 1%

28-30WXM 24 32V 30 ±Vj%
100-125V 

1 phase 1%

28-50WX
24-32 V 
±10% 50 ±Vi%

230 V* 
3 phase 1%

MR2432- 
IOOXA 24-32V 100 ±%%

2O8/23OV* 
3 phase 1%

MR2432- 
200 24-32 V 200 ±Va%

208/230V* 
3 phase

MR2432-
300 24 32 V 300 ±V2%

208/230V 
3 phase 1%

MR2432- 
500 24-32 V 500 ±Vi%

208/230V* 
3 phase 1%

*±10%. Also available in 460 V ±10% AC input. Will be 
supplied with 230 V input unless otherwise specified.
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Correction: We hope haste doesn’t make waste in 
this case, but haste did make mistakes in “A Voltage 
Cain Nomogram For Transistor Circuit Design” by 
Rudolph Wellsand, p. 56, July 15, 1957. In rushing 
Ibis nomogram article into our “Transistor Issue” 
Ive did not catch inconsistencies in subscripts such 
I s re rc etc. We also confused subscripts by not dis- 
Itinguishing correctly between e’s, c’s and O’s.
I 1. Following Equation (1), that portion which 
reads, “Which assumes: RE + To + rb « rc ”, should 
lead: RE + re + rb « rc

I 2. Equation (2) should read:
re Vm

Ico

3. The column headings in Nomogram I which 
read (1 = a) and rb (1 = a) should read:

(1 — a) and rb (1 — a) respectively.
4. Midway down on the a scale of Nomogram I, 
e value marked .890 is obviously .990
5 At the very bottom of the Rr scale on Nomo- 

pam II, the correct value should read 10 and not 0.
6. Number 6 of the Sample Problems should

bad: “RE > 46 by approximately 10 times”—not
too.

If these are required, write for specifications on Model MR 1040-30A 
(5-40V. @ 30 A) or 28-30 WXM (24-32 V. @ 30 A.), which are stabilized 
for AC line changes and regulated to ±

When you require a power supply, SPECIFY PERKIN, for a wider range 
of standard models and immediate delivery from stock. There are over 
15,000 Perkin units in operation in industry today.
tFor rack panel units without meters. Wire factory collect 

for prices for units with cabinet and meters.
For a prompt reply on your application, 

write factory on your letterhead.

34-5 KANSAS STREET, EL SEGUNDO, CALIFORNIA • OREGON 87215
Immediate delivery on standard models available from factory and:

New York area office: Sales and Warehousing: 1060 Broad St., Newark 2, N.J., MArket 3-1454 
New England area office : 46 Amesbury, Lawrence, Mass., MUrdock 3-3252

SALES OFFICES: Chicago: PA 56824 • Philadelphia: BR 5-2600 • Seattle: LA 9000 • Minneapolis: 
MI 6-2621 • Atlanta: TR 6-3020 • Winston-Salem: 4-0750 • Charlotte: ED 2-7356 • Redwood 
City, Calif.: EM 9-3354 • Albuquerque: 5-9897 • Phoenix: AM 5-0274 • Denver: AL 5-1196 
Euclid, Ohio: RE 2-7444 • Dayton: WA 5426 • Canada: Agincourt, Ontario: AX 3-7011 
Foreign: New York: BR 9-1296.

“Germanium Rectifier Unit fflncreases to 4% 9 15V. 

tlncreases to 2% @ 15V.

Model Volts Amps Reg.
AC Input 
(60 cps)

Ripple 
rms

6-5WX
6 

±10% 5 ±1%
95-130 V 
1 phase 1%

X 6-15 WX
6 

±10% 15 ±1%
95-130 V 
1 phase 1%

6-40WX
6 

±10% 40 ±1%
95-130 V 
1 phase 1%

~> 12-15WX
12 

±10% 15 ±1%
95-130 V 
1 phase 1%

115-5WX
115 

±10% 5 ±Vj%
95-130 V 
1 phase 1%

o > 
£ MR15125-S 15-125 5 ±l%f

95-130 V 
1 phase l%1f

G125-25* * 115-125 25 ±1Mj-4%
230/460 V 

3 phase 5%

PERKIN
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Engineering Review

DC Testing of AC Insulation

Despite the fact that the electrical industry is 
expending much effort in testing insulation on ac 
apparatus by de voltage, there is no clear and 
scientific demonstration of the validity of the prac
tice. These findings were announced by two Gen
eral Electric Co. engineers, C. M. Foust and B. V. 
Bhimani, of Schenectady, N.Y.

Their conclusion on the widespread practice of 
direct voltage testing on cables, transformers, 
capacitors, switchgear and rotating machinery, fol
lowed a large number of tests on 12 different kinds 
of sheet insulation, using especially designed equip
ment, including a new type of scintillation probe for 
ionization detection to study the initiation, severity, 
location and spread of ionization. Based on observa
tions made, several conclusions were reached.

It was noted that composite insulation life or in
sulation breakdown strength cannot be predicted 
by test data for three reasons, namely: the voltage
current data cannot be plotted in any systematic 
manner such that the insulation breakdown voltage 
can be calculated by its extrapolation; the voltage
current relation involves many variables and un
certainties not incipient to breakdown such as, un
certain correlation between conductivity current 
and ionization levels and wide variation in current 
values from one sample to another and from one1 
test to another on the same sample; all factors such 
as insulation make-up, electrode configuration, 
temperature, humidity, etc., being the same, the 
patterns of stress distribution and the location, 
severity and extent of ionization are different under 
direct and alternating voltage stresses.

In addition, fissures and defects inside composite 
insulations cannot be detected by de test data, nor 
may damage possibly suffered from the application 

jof high direct-voltage upon insulation designed for 
¡operation under ac service be discovered, even from 

leakage current characteristics. Finally, the mech
anism of extending ionization, similar to that exist
ing under direct voltage stresses, is absent under 
alternating voltage stresses.

In a previous issue of Electronic Design, August 
15, 1957, p. 44, the position favoring DC Over- 
potential Testing for electronic components was 

-discussed by Victor Wonk of Beta Electric Div., 
[¡New York, N.Y.

' Educational Research

The need for research into what is taught and 
। how it is taught was cited by Dr. Eric A. Walker, 
¡President of Pennsylvania State Univ, at the Ameri- 
(can Society for Engineering Education annual 
jneeting at Cornell Univ. Despite brilliant records

NOW, in the JI ETEC 30 package

both Silicon and Germanium, including NEW AUDIO

----- ——- FUSION ALLOY

1 TRANSISTORSRaytheon;

2N1

AD

I Raytheon presents the well rounded range of Transistors 
charted on the opposite page. This covers not only the full 

complement of JETEC 30 Transistors but others including 
several in an extremely small package.

All of these Transistors are made by the Raytheon-perfected 
fusion-alloy process that assures superior electrical performance and 

supreme reliability; life tests aggregating over 20,000,000 transistor 

hours show less than one open per 800,000 hours, and no shorts!

RAYTHEON TRANSISTORS
for superior reliability . .. superior performance

CIRCLE 6 ON READER-SERVICE CARD FOR MORE INFORMATION
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RAYTHEON 

AUDIO 
TRANSISTORS 

Temperature Range 

-65°C to +85°C

RAYTHEON 

AUDIO OUTPUT 
TRANSISTORS 

Temperature Range 

—65°C to 4-85^

;or

^Available to Signal Corps specification

1 Type
Case Supersedes Circuit 

Usage

y........ .
• ce 

max

Volts

Beta
Ico 
max

mA

Lo 
max.

mA

Power Gain 
Class A

db

Diss. 
Coeff.

°C/mw

2N63 A — Amplifier 22 22 20 15 39 0.59
2N64t A Amplifier 15 45 20 15 41 0.59
2N65t A — Amplifier 12 90 20 15 42 0.59
2N130A B 2N130 Amplifier 22 22 20 15 39 0.59
2N131A B 2N131 Amplifier 15 45 20 15 41 0.59
2N132A B 2N132 Amplifier 12 90 20 15 44 0.59
2N133A B 2N133 Low Noise 

6db max. 6 50 20 15 40 0.59
2N362 C — AF Driver 22.5 90 25 20 43 0.36
2N363 C AF Driver 22 5 45 25 20 40 0.36
2N422 C 2N133 Low Noise 

6db max. 22.5 50 25 20 40 0.36
CK754 B — High Gam 10 300 5 10 42 0.59

Leo (Lev. D Lo

Type Case Supersedes
Vee 
max.

Volts

Beta
Ico 
max.

mA

Lo 
max

mA

2N138B B 2N138A 12 90 20 15
2N359 C 2N138A 22.5 100 25 50*
2N360 c 2N138A 22.5 70 25 50*
2N361 C 2N138A 22.5 40 25 50*

Diss. 
Coeff.

C/mw

0.59 
0.36 
0.36 
0 36

Power Gain Power Output
Class A 

db
Class B 

db
Class A 

mw
Class B 

mw

37 26-31 20 50
37 33 50 500
34 30 50 500
30 30 50 500

in research with materials, processes, methods and 
the like, Walker felt that research involving the 
shortage of professional skills has been relatively 
neglected. “In the next 15 years,” he stated, “en
gineering education in the United States is going 
to be revolutionized. If the sweeping changes that 
are going to take place in the next few years are to 
produce a sounder, better system of engineering 
education, we must frankly recognize the problems 
that we are going to face; work out sane, logical 
solutions to them; and then proceed systematically 
and courageously to carry them out.”

The Penn State president suggested a nine-point 
program calling for: Identification of potential col
lege material, encourage superior students with 
the desire to go to college, provide financial assist
ance for each student to attend college, utilize en
gineers efficiently, revise the Selective Service Sys
tem, eliminate costly and wasteful cost-plus-fixed 
fee government contracts, seek means of financing 
basic research in engineering, and evaluate the 
curricula and methods used to teach it.

RAYTHEON

ADIO FREQUENCY
TRANSISTORS

Temperature Range 

-65°C to +«S°C

RAYTHEON 

COMPUTER 
TRANSISTORS 

Temperature Range 

- 65 °C to -f-85°C

For above eight types Ic = -200 mA max.

Type Case Supersedes Circuit 
Usage

Vcc 
max

Volts

faco 

Me

Cc 

mm*

Power Gam Conv 
Gam 
db

Diss.
Coeff.
C/mw

at 455 Kc 
db

at 2Mc 
db

2N413 C 2N111/CK759 Oscillator -15 3 12av. — — — 0.4
2N413A C 2N111A/CK759A IF Ampl. -15 3 12±2 32 —- — 0.4
2N414 C 2N112/CK760 Converter -15 5 12av. — — 26 0.4
2N414A C 2N112A/CK760A IF Ampl. -15 5 12±2 35 — ■—. 0.4
2N415 C 2N271/CK766 Converter -10 10 12av. — 30 0.4
2N415A C 2N271A/CK766A IF Ampl. -10 10 12±2 39 — — 0.4
2N416 C 2N113 Gen. Purp. -10 10 12av. — 18 — 0.4
2N417 c 2N114 Gen. Purp. -10 20 12av. — 25 — 0.4

For above four types . . . L = -400 mA max.; Z8at = 1.5 ohms for L of 100 mA

Type Case vce 
max.

Volts

faco

Me

hfet 
a». =

-1 mA)

hfez 
(Ib =

—10 mA)

Grounded Emitter Switching Data atlc = —50 mA Diss 
Coeff

°C/mw

Ib “on” 
and “off”

mA

Rise 
Time

MS

Storage 
Time

MS

Fall 
Time

MS

2N425 C -20 4 30 18 5.0 0.5 0.25 0.3 0.4
2N426 C -18 6 40 24 3.3 0.5 0.25 0.3 0.4
2N427 c -15 11 55 30 2.5 0 4 0.25 0.3 0.4
2N428 c -12 17 80 40 1.7 0.1 0.25 0.3 0 4

RAYTHEON Type Case Supersedes Beta L o leo rb rc Cc faco
Noise 
Factor

Diss. 
Coeff.

SILICON mA mA ohms kilohms mm! Kc db (max.) °C/mw

TRANSISTORS 2N327 C CK790 14 0.005 0.005 1200 500 35 200 30 0.4
Temperature Range 2N328 C CK791 25 0.005 0.005 1400 500 35 350 30 0.4

2N329 C — 50 0.005 0.005 1500 500 35 500 30 0.4
—65°C to 4~16O°C 2N330 C CK793 18 0.005 0.005 1300 500 35 250 15 0.4

ìAYTHEon

Write for Data Sheet* 
on individual types for 
complete ratings and 
test conditions.

SIZE

All ratings on this page 
taken at 25°C.

£ Dissipation coefficients 
shown are for free air.

All are hermetically sealed.

SEMICONDUCTOR DIVISION
Silicon and Germanium Diodes and Transistors • Silicon Rectifiers

NEWTON, MASS.: 55 Chapel St., Bigelow 4-7500 • NEW YORK: 589 Fifth Ave., PLaza 9-3900
CHICAGO: 9501 Grand Ave., Franklin Park, TUxedo 9-5400

LOS ANGELES: 5236 Santa Monica Blvd., NOrmandy 5-4221

Bouncing Microwaves
The first commercial microwave system to 

achieve reliable communications over a 40-mile 
distance by using mirror-like reflectors instead of 
regular repeater stations has been installed for 
the El Paso Electric Co. in Texas. The system is 
designed to improve communications efficiency 
between the utility company’s facilities at El Paso 
and Las Cruces. It is capable of handling private 
conversations, printed material and remote control 
signals, and will be used to give information on 
the flow of power between El Paso Electric Co. 
and interconnected companies.

Difficult terrain problems existed for the Gen
eral Electric Co. communications engineers who 
designed the system. The point of origin was 150 
ft lower than the surrounding terrain and the 
electrical utility wanted to avoid the expense of j 
high towers and the problem of acquiring real 
estate for guying areas. El Paso also desired to 
eliminate repeater points in the system.

Microwave specialists worked out a system 
which enabled El Paso to achieve maximum sys
tem reliability without the expense and mainte
nance of a repeater station continuously powered 
by de. The resulting system included a 14-ft steel | 
mesh dish placed at a 55-ft elevation at the Rio 
Grande plant. A 20-ft square aluminum reflector 
was carried piecemeal by jeep to a location on 
Mount Cristo Rey 4400 ft above sea level, and a 
14-ft dish was placed at a point 80 ft high at the 
main Las Cruces substation. Under the arrange
ment, microwaves from El Paso’s Rio Grande * 
plant are bounced off the mountain reflector on- 
Mount Cristo Rey, and sent to Las Cruces. TheJ 
system also operates equally well in reverse, fronf 
Las Cruces to Rio Grande.
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Engineering Review

witching
Problems?

ELECTRO-SNAP ENGINEERING CAN HELP YOU
MULTI-POLEMINIATURES BASICS

MULTI-POLEBASICS

Atomic

camera s

CIRCLE 7 ON READER-SERVICE CARD FOR MORE INFORMATION

temperature difference existent 
field of view.

Cambridge, Mass. Differences

Pulse Transformer Facility: A pulse testing modula
tor has been installed by the specialty transformer de
partment of Westinghouse Electric Corp., Pittsburg, Pa. 
The modulator can be used to simulate the input to the 
pulse transformer under test as well as its output load 
conditions during operation. For load tests, a water
load rheostat, shown, is used to load the secondary of 
a pulse transformer. The main advantage of the water 
load is its smaller physical size with resulting reduced 
capacitance to ground. The water load can be varied 
from 500 to 2000 ohms by changing salt concentrations 
in the solution.

ELECTRONIC DESIGN • September 1

Often, a standard or modified-standard 
switch will do your job. But Electro
Snap engineers are ready to create truly 
unique switches in any quantity to your 
specifications. Send us your problem 
. . . our answers can save you time 
and money.

temperature of 1 C can be detected, and objects as 
distant as three miles will register accurately. The 
instrument will function as long as the measured 
temperature is above absolute zero and there is a

OTHER MODELS AVAILABLE IN TEMP. RANGES FROM -100* TO +400'

i The evaporograph consists basically of a mem
i brane which changes in temperature in relation to 
{the infrared radiations focused on it by a lens. An 
oil vapor condenses preferentially upon the cooler 

] portions of the membrane, causing an oil film of 
] variable thickness to form. Thus, a heat image 
(focused on the membrane becomes visible and dis
I tinguishable through the different interference 
colors formed by the film, much as oil slick on 

t water exhibits varying colors. By employing a ref
! erence temperature in the field of view, the 
k evaporograph can be used to calculate unknown 
| jtemperatures. By comparison of colors on the mem- 
l cbrane, differences of temperature in the target area 
Lare readily seen.

Heat’s Image

Answering a long-time need in steel mills, a new 
type of camera, the evaporograph has been put into 
use by the steel industry for making maintenance 
checks and detecting hot spots. Heat from the sur
face of blast furnaces, and other steel-making facil
ities appears as a colored image through the lenses 
of the camera, which was developed by Baird-

MINIATURES

DESIGNATION E4 SI DO

CIRCUIT ARRANGEMENTS SPST SPST SPOT
NC NO

SPST 
NC

SPST SPOT SPOT 
NO 2 Ckt.

DPDT 
NC

DPDT 
NO

DPDT 
4 Ckt.

AMPS-UFE @ 125/250 V. AC 2JA—150,000 CYLS. 10A—750,000 15A—500,000

AMPS-UFE @ 30 V. DC IND. 2.5A—50,000 CYLS. 10A—200,000 10A—500,000

TEMPERATURE RANGE -45* TO +250* F.* -100* TO +375* F.* -1 00’ TO +375* F •

WEIGHT .005 lbs. 10 GRAMS 15 GRAMS

SIZE (INCHES) 27/32 X 23/64 X 0.260 1-1/4 X 1/2 X 1/2 7/0 X 1-1/4 X 1 /2

COMMENTS Vibration/shock resistant, precire 
operation.

To 10,000,000 Ops. & 1 Amp, 125 
V. AC.

Simultaneous operation; 
have different voltages

poles may

COMMENTS

DESIGNATION EF G3 K3

CIRCUIT ARRANGEMENTS SPST SPST SPOT
NC NO

SPST SPST SPOT
NC NO 2 Ckt.

TPST TPfT TPDT
NO NC 4 Ckt.

AMPS-LIFE @ 125/250 V. AC 2.5A—150,000 40A-100.000 ISA-500,000

AMPS-LIFE @ 30 V. DC IND. 2.5A—50,000 30A—100,600 10A—500,000

TEMPERATURE RANGE —45* TO +100* F. -45* TO +300* F.* -100* TO +275’ F.*

WEIGHT 1 OZ. APPROX. 20 GRAMS 30 GRAMS APPROX_______ _

SIZE (INCHES) 19/32 X 15/14 X 11/32 1-3/4 X 43/44 X 35/44 1-15/16 X 1-1/4 X .491



immediately, but they are only a fraction of the

DIE-CAST TYPICAL ACTUATORSHERMETICALLY-SEALED

TOGGLE

PUSH BUTTON

HERMETICALLY-SEALED DIE-CAST

fpdt

ROLLER

GANG

24, Illinois

Name.

City.
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actuator 
Switch".

Company

Street____

MAIL COUPON 
FOR CATALOG 
DETAILS

"standard’* switches 
ing problems to us.

information on the 
checked below:

□ Hermetically.
Sealed Limit 
Switches

□ Die-Cast limit 
Switches

—if you bring your switch- 
The switches and actuators
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4216 W. Lak« St., Chicago

Please send complete 
Electro-Snap Switches

□ Miniature 
Switches

□ Basic Switches
□ Multi-Pole 

Switches

thousands of switch configurations available 
"off-the-shelf** at Electro-Snap. Remember that all 
Electro-Snap switches have self-wiping contacts 
and quick, postive snap action . .. and are built 
to the toughest aircraft and industrial specifica
tions. Complete data are available for every 
switch so you always deal with known quantities 
— no wasted time in finding out for yourself. 
Ask for this data. Use the coupon below or write 
us your problem.

Correction: The model 401A Audio Oscillator, made 
by Waveforms, Inc., 333 Sixth Ave., N.Y. 14, N.Y., 
is in truth a highly portable instrument weighing 
12 lbs, and not 121 lbs as it appeared in the June 
15th Issue.

pitching problems resulting from new size, 
weight, rating, environment, circuit simplifica
tion, or cost requirements can be time consum- 
og and expensive to solve if tackled alone. But 
[Electro-Snap engineering can save you time, 
money and performance — and usually with

Zone_______ State.

Tribulations of a Telescope
The great size of Britain’s Jodrell Bank Telescope 

will make it the most sensitive short wave radio 
receiver yet constructed, and also the most far 
reaching transmitter. The justification for producing 
this fully steerable telescope arose from the im
portant results obtained from an earlier fixed re
flector. The fixed reflector was 218 ft in diam in the 
form of a paraboloid facing upwards constructed 
of thin wires stretched on tubular scaffolding. 
However, the construction of the 2000-ton fully- 
steerable instrument posed problems not encoun
tered with the fixed version.

One school of thought proposed building the 
structure out of aluminum alloy. This idea was 
soon discarded in favor of steel, for steel had the 
advantage of a relatively high modulus of elasticity 
—an important factor since the reflector bowl would 
suffer great stress-changes during its revolution. 
Coupled with this, the weight of steel was necessary 
to combat the effect of sudden gusts of wind. In a 
structure this large, the coefficient of expansion was 
also an important factor, and again steel seemed 
the best solution.

A design had to be evolved which would allow 
construction firms, who had no previous experience 
with such structures, to mount the system with a 
sufficiently powerful driving unit. The power 
needed to rotate the reflector would be relatively 
small on a calm day, but the presence of a wind 
necessitated a tremendous force to keep it revolv
ing. For this purpose, trunnions and trunnion bear
ings were developed by Cooper Roller Bearings 
Co., Ltd., of Kings Lynn, Norfolk, Eng., which 
could each stand a combined dead load and wind 
load of 1000 tons with minimum resistance.

In order to amplify minute celestial radiations 
before they were dissipated, it was desirable that 
the receiving amplifier be located as close as possi
ble to the aerial. For some purposes the first am
plifier will be immediately adjacent to the aerial 
at the summit of the 66 ft tower in the center of 
the bowl; but the main amplifiers are suspended 
in a steel laboratory hung immediately below the 
center of the bowl itself. The suspended laboratory 
can be reached by gangways from the top of each 
bearing tower, where further high level laboratories 
travel round with the azimuth motion of the tele
scope. Much of this high-level mechanical and 
electronic equipment was installed under difficult 
conditions of access by the Brush Electrical En
gineering Co. Ltd. of Birmingham, Eng.

-47° TO +160° F. 

4-1/2 oz. 

1-3/4 X 2 X 1-1/32

-67° TO -I- 160° F 
7 oz. 

2-1/2 X 2 X 1-3/4

10 A—200,000

100“ TO +250“ 

8 oz.

HI-43 ES4-KM

DPDT SPDT SPDT
NO 2 Ckt.

10 A—200,000 10A-MIN 100,000

—100° TO + 250° F. 
6 oz. APPROX.

1-7/64 X 2-1/8 X 1-7/16

Hl 0-7 ES4-D

DPDT 
4 Oct. DPDT 4 Oct.

10—50,000 15 A—500,000

15—50,000 10A—500,000
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® MINIATURIZED SEALED RELAYS j

HART »y.... •

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

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

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

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

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

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

^ogress Is Our Most Importent Product

GENERAL® ELECTRIC

|( nt 
I h-

nn
t I 

- .-il

•mes 
, mp.

I i. 
117 i 
lie.
I ' ke 
ke
I ’ 1
L bu 
The 

¡e th 
lit su 
mm 
st t(

• 
)int,

Acoustic Test Lab
To check sound pressure levels Li rl 

enough to affect the reliability of i, J 
chanical and electrical component! 
Bell Aircraft Corp, has developed lull 
oratory test equipment to <Lec| 
sound-sensitive components of i| 
own, and that of other companies o| 
a sub-contract basis. Facilities cal 
also simulate a combination of envl 
ronments such as temperature anl 
vibration, in conjunction with higM 
intensity noise. I

Different types of equipment, sucl 
as plane wave tubes and resonant an! 
reverberant chambers, make possib 
a variety of definitive tests. Soun 
pressure levels up to 160 db for di 
crete frequency and up to 145 db f< 
random noise are provided over te 
areas up to 250 sq in. X A

com 
celei

atr

Hottest Summer Yet: The appearance 
this 25 a silicon diode isn’t exactly due 
the weather but is the result of a fire at i 
oil refinery. Still functioning, the diode w 
originally installed in an oil-immer$( 
cathodic protection rectifier, used to p< 
vent galvanic action corrosion of oil pip 
lines. The rectifier was burned out in 
forest fire, the 11-gage steel case bac 
warped and the oil burned, but three 

ntain 
hn

Iter 
! <d|

hen ( 

iet ' \\ 

seinb

these diodes were found to still have th( 
original operating characteristics. The un 
were manufactured by Westinghouse Elf 
trie Corp.
< CIRCLE 8 ON READER-SERVICE CARD
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ben completely iced. It can be sup

Raytheon makes: Magnetrons and Klystrons, 
Backward Wave Oscillators, Traveling Wave 
Tubes, Storage Tubes, Power Tubes, Miniature 
and Sub-Miniature Tubes, Semiconductor Prod
ucts, Ceramics and Ceramic Assemblies

icket’s first stage

TECHNICAL DATA SERVICE

The most complete data service available 
for magnetrons, klystrons, special tubes and 
semiconductor products. Available on a 
continuing basis at a modest charge. Use 
coupon to get full details.

Excellence in Electronics

to pi ân^s 65 lb Per sq ft °f wind loading

Regional Safes Offices: 9501 W. Grand Ave
nue, Franklin Park, Illinois • 5236 Santa Monica 
Blvd., Los Angeles 29 California

oil pip 
suf in

Zone----------- State.

Raytheon klystrons, which can be tuned 
mechanically or thermally, fit the wid
est range of requirements from 550 to 
60,000 Me. The special tubes include 
backward wave oscillators, square law 
tubes, storage tubes and others.
Use coupon below to reserve your copy 
of the new Raytheon Consolidated Data 
Booklet. There is no cost or obligation, 
of course.

RAYTHEON 
MANUFACTURING CO.

Microwave and 
Power Tube Operations 

Section PT-22, 
Waltham 54, Mass.

•Idng 28-Ft Parabolic Antenna

A 28-ft all-aluminum mesh para- 
Wic antenna assembly has been de- 
gned to be easily dismantled into 12 
parate self-nesting reflector pie 
ktions and 12 backup supports ar- 
Inged about a center hub. Providing 
Iv rate bulk transportation, the en- 
le assembly can be shipped in two 
lx 8 x 4 ft packages. One package 
ntains 12 reflector sections nested 
thin each other, and the other box 
ntains 12 K-frame assemblies with 
nter hub plate mounting brackets 
id other hardware.
U hen erected, the antenna with-

rge solid propellant, the second 
age is a cluster of three Recruit 
jekets, the third is a single Recruit. I 
11 built by Thoikol Chemical Corp.
The first stage blasts the rocket into 

lie thin air of the ionosphere. With-1 
it sufficient air to provide aerody- 
Lmic control, the rocket drops tail- 
rst to an altitude where denser air 
Igins to turn its nose down. At this 
Lint, the first stage is ejected and the 
kond stage is ignited, starting the 
Lcelerated, headlong plunge through 
L atmosphere. The third stage, with 
L nose cone, finally comes into ac
lon and drives the X-17 downward at 
n even greater speed, subjecting 
liese nose cones to the high temper
lures used to test their design.

re at 
ode w 
nmers

Smooth Nose for Missiles
One of the smoothest surfaces ever 
reated by man exists on the nose 
Les designed for intercontinental 
Lliistic missiles. The Air Force dis
used recently that several of these 
Les have been successfully brought 

>ugh the blazing inferno of atmos- 
beric re-entry, using the Lockheed 
|17 research rocket as the test mis- 
|le. A 40-ft tall projectile, the

Please send me, without cost or obligation:

□ Free Consolidated Data Booklet.

□ Complete details on Raytheon's Technical Dato 
Service for Microwave and Power Tubes.

three 
ave th* 
The un 
»use E£

ied with a supporting structure for 
sembly on remote locations by a 
ur man crew using conventional 
ols. Gains of 29.1 db at 430 me to 
1 db at 2700 me over normal iso- 
)pic antenna performance are of- 
red by the tropospheric antenna, 
is made by Prodelin, Inc., 307 Ber
n We., Kearny, N.J.

Comprehensive presentation of maxi
mum ratings, typical operating values, 
frequency ranges, and power levels 
for most of the principal unclassified 
types manufactured. An essential refer
ence-guide for microwave engineers and 
purchasing departments.
Raytheon is the world's largest producer 
of CW and pulse magnetrons, available 
in either fixed or tunable designs.
MAIL THIS COUPON

o

NOW AVAILABLE— 
WITHOUT CHARGE

New Consolidated 
Data Booklet for 

4 

Raytheon 
Magnetrons, 

i Klystrons and 
\ Special Tubes



Washington Report

Herbert H. Rosen

1000

1300

335

>100

Dork Conant

ÎHCntAi »WON5I

Sylvania—synonymous

SemiconductorswithSpectral fleaponae of Sylvania’s new 1N77B

CIRCLE 10 ON READER-SERVICE CARD FOR MORE INFORMATION

Averags €tte«e«lerHHc* 
Type 1N77B LIGHT StNSITIVITY

Light sensitivity of the new Sylvania photo
diode, type 1N77B

5000 10000 1500C 20000 25000
WAVS UNGTH IM ANGSTROM UNITS
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Sylvania, leader in diode development, introduces the 
1N77B, a new smaller junction photodiode with superior 
power dissipation and higher temperature capabilities. 
The improved unit, with a diameter of .077 inch, is ideal 
for highly compact assemblies and other applications 
where space is at a premium. The new 1N77B, which 
replaces type 1N77A, is now available at substantially 
lower prices in volume quantities.

The compact construction and fast response of the 
Sylvania 1N77B make it ideal for rapid, highly sensitive 
scanning and reading applications, such as in computer 
tape or punched cards readout. The new unit is also readily

dapï; 
ecaui 
om
)r th« 
ad st 
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i DOD's Reliability Program Grows Teeth
This month the Government Printing Office is 

। selling an 800-page report that reviews all con
ceivable aspects of reliability. It is the culmination 
of a 15-month study by nine task groups of DOD’s 
Advisory Group on Reliability of Electronic Equip- 

। merit—AGREE. It looks at the way reliability is 
1 “controlled’ by the Department and makes a large 

number of recommendations as to how the tech
nique may more realistically become a standard 

। operating procedure for both industry and the 
military. These recommendations may very well 

I become the basis for establishing all future reliabil
ity requirements for military electronic equipment.

For more than a month, top technical people 
from the military departments and DOD have been 

I studying the report in an effort to implement it as 
I soon as possible. A fair proportion of the recom

mendations are implied in a good number of DOD 
directives already in force. The problem is that 
there is probably no one who knows exactly where 
or if a directive exists covering all aspects of the 

I reliability problem he is interested in. This study 
should make inroads into this anomolous situation.

Meanwhile, there are reports that another task 
I group may be formed to look at reliability from the 
I management viewpoint. The genesis for the group 

will be the membership of AGREE’s Task Group 5. 
It will be augmented by top level members of the 
military departments.

The fact that the recommendations in the report 
seem to cross over each other indicates a strong 
need for consolidation of some sort. One plan seems 
to be gaining acceptance the more it is talked about 

* in the Defense Department and in industry. The 
first step would be to consolidate the functions of 
such groups as AGREE and AGECP (Advisory 
Group in Electronic Component Parts). To this 
would be added the operations of the Armed Serv- 

। ices Electro-Standards Agency—ASES A. Teeth and 
authority would be put into the directives that 
established these and similar groups. Then with 

I reliability, parts and performance as the basis of 
1 operations, the DOD would have a small bureau of 

| standards to guide its electronic pursuits.
The new group would have the responsibility for 

’ establishing specifications, for example, before a 
component part gets into use. The military would 

1 cite a need, and someone would have to come up 
) with an answer. The resulting specification would 
c be the standard for the industry vendor and the 
r1 military buyer.

In essence, the group would be a judiciary board
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Sylvania designs a smaller photodiode 
with improved capabilities to handle 
applications where space is limited
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CHARACTERISTICS

110,000

could convert to other
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Operating Voltage.....................
Ambient Temperature (Maximum) 
Power Dissipation.....................
Forward Current.....................

TABLE OF RATINGS A CHARACTERISTICS 
Absolute Maximum Ratings (at ?5°C)

Contact your Sylvania representative for further in 
»rmation on the new 1N77B.

50 volts de 
75°C
40 Milliwatts
10 M de

Sylvania’s new photodiode, type 1N77B, 
is nearly 20 percent smaller in diameter 
than type 1N77A which it replaces

TRONIC DESIGN • September 1, 1957

A fraction of an inch in diameter, new Sylvania photodiode, type 1N77B, in ideal 
for computer tape readout. It operates in the visible and infrared regions

077 Dia 
.008

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

In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Bldg., Montreal

010" Dia 
Tinned 
Leads

t 100 percent with 260 lumens/sq. ft.
Inns, —45 v.

ive
iter

plifiers, i.e. “boosters.

|dap*able to infrared detection and heat-seeking devices 
(»cause it is sensitive to light wave lengths extending 

worn near ultraviolet into infrared. Other applications 
tr the new 1N77B include liquid level control, headlight 

•nd street light dimmers, intensity controls, photoelectric 
Controls and motion picture sound pickup.

Sylvania’s improved photodiode has a higher lumen 
tensity than other types and a high output impedance, 
his s especially advantageous when coupling into 

«cuum tube or grounded collector transistor circuits, 
le new units are hermetically sealed in glass with a 
lilt-in lens that focuses light on the sensitive portion of 
ie junction. The light interruption frequency response 
¡the 1N77B photodiode is flat from 300 cycles to 15 kc

having the prestige and authority to enforce the 
standards and specifications it develops.

In very general terms, the nine task groups 
looked at reliability from a number of vantage 
points: Practicality of reliability figures, statistical 
testing and collection of data, packaging effects on 
equipment, storage effects, procurement practices 
impeding or aiding the attainment of reliability 
objectives, definitions of terms so that all con- 
concerned are speaking the same language, and 
controls over testing, specifying, and compliance.

vhf or uhf channels which could be used without 
causing interference to other classes of stations.

Comments from interested parties are expected 
to be based on sound engineering considerations. 
Data should be supplied which will enable the 
Commission to determine whether or not such de
vices are technically feasible and should be author
ized. Manufacturers are invited to submit data as 
to the probable cost of suitable equipment.

TV Translators or Boosters?
In response to petitions from the Governors of a 

number of Western states, the Federal Communica
tions Commission has instituted a rule-making pro
ceeding on the subject of TV translator stations vs. 
TV booster or repeater stations. The Commission is 
inviting all interested parties to submit engineering 
data or other pertinent comment as “to the feasibil
ity of operating low powered apparatus for the 
purpose of ‘repeating’ or retranslating the signals 
of television broadcast stations into remote and 
sparsely settled areas without adequate TV service. 
The repeater stations would be permitted to oper
ate on both vhf and uhf TV’ broadcast channels.

The FCC has licensed a number of translator sta
tions, largely in the mountainous east and in the 
midwest. These stations pick up either by wire or 
by sensitive receivers TV broadcasts from large 
urban stations. The signals are then retransmitted 
on channels for short-range or local consumption.

Obviously, the same technique will not work in 
areas in which TV stations are separated by very 
long distances.

The rules the FCC is proposing would limit the 
power input to the final rf amplifier to 1 watt. They 
would establish certain minimum performance 
standards considered to be necessary to prevent 
interference to established services. Also, they 
would require the inclusion of certain automatic 
devices to prevent malfunctioning if the apparatus 
were to be operated without a technically qualified 
radio operator in constant attendance. TV repeater 
stations would be required to protect other classes 
of stations from interference but would receive no 
protection from interference. They would be per
mitted to operate as simple co-channel linear am-

Reverse Current -Dirk (fR- -10 volts) . . . 15uamax 
Reverse Current—Dark (Er- -50 ’*oltsj ... 100 ua max 
Noise Voltage Dark (Er- -45 volts.

Rl-< 100.000 ohms) . 15 Millivolts max.
Light Sensitivity........................... 18.7 peakto-peak volts—min.
light Sensitiv.ty....................... 37 5 peak-to-peak volts -max
typical Minimum Frequency Response . . . 15.0 KC
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Sept. 17-18: RETMA Symposium on Numerical Co

write to RETMA, Room 650, 11W. 42nd St, Ne ' York
York 36, N.Y.

Howard Alexander, 75New York, N.Y. Vew Yo
Wacker Drive, Chicago, Ill.

Morrison Hotel, Chicago, Ill. Sponsored by the 11 ?1 Statlei

MANUFACTURERS OF PRECISION POTENTIOMETERS FOR OVER 30 YEARS
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1RONI

“Instrumentation for Systems Control,” the confe 
ence will open with formal sessions devoted to dat 
handling and instrument terminology. Foliowin

y and N 
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i, syste 
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ie of t

14-15: 
Bell Hei 
pment F

As you can see, we make tiny, precise potentiometers—and we make big ones.. 
plus all sizes in between Chances are we already have made the pot you need 
Or, if you require a potentiometer that hasn't been built yet—by anyone-our 
engineering department will call on its vast experience to design a pot for you 
... including prototypes for tests and approval Write Electronic Sales Division, 
DeJUR-Amsco Corporation, 45-01 Northern Blvd., Long Island City 1, New York.

tries, power generation and distribution, meteor 
logical, nuclear, medical, geophysical exploratii 
and general industrial laboratories. Some 100 pape 
will be presented at the technical sessions. The 
will be about 500 exhibits. For details of the tec

WR FE FCR TECHNICAL 
CATALOG SHEETS

OF OVER 50
POTENTIOMETERS
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Sept. 8-13: Second Annual Course on Investmen 
Castings

tel Mor 
I consis 
st advi 
i. NucirSept. 9-13: Twelfth Annual In strum ent-Automatic 

Conference and Exhibit

trol Systems for Machine Tools

Ambassador Hotel, Los Angeles, Calif. For deta

Sept. 17-21: Institute of High Fidelity Manufacture 
Show

Morrison Hotel, Chicago, Ill. For further inforrr 
tion, contact Bernie Merems, 509 Madison Av

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

ABOVE: Series C-050. A W sub
miniature sealed potentiometer with 
one-piece nickel plated bronze case 
and bearing. Electrical rotation: 
320°. Mechanical rotation- 325’, or 
continuous 360’

you re 
always

sure 
with

information, write Harry P. Dolan, Investmer 
Casting Institute, 27 E. Monroe St., Chicago 3, Il

RIGHT: Series HP-500 A 5" di
ameter high resolution potentio
meter suitable for ganging. Rota
tion 360’ mechanical, and any 
electrical angle.

Professional Group on Industrial Electronics a 
AIEE. The main theme for the conference will

limited discussion groups covering such topics i 
aircraft and missiles (excluding propulsion), win 
tunnels, flight propulsion systems, process indu

ELECTRONIC DESIGN • September 1

rnent Casting Institute. Lectures, laborator

precision potentiometers 
will design it for you!

Cleveland Auditorium, Cleveland, Ohio. Sponsore e,

the characteristics, use and integration of La Vorth, 1

MIT, Cambridge, Mass. Sponsored by the Invest ilicatio

investment materials; melting; gating, risering 
solidification and heat transfer; metal and alloji 
systems; defects in castings; and consideration c 
new investment and allied processes. For furthe

nical program write to Herbert S. Kindler, Direct 
of Technical Programs, ISA, 313 Sixth Ave., Pit

DedUR
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ers into complete systems to measure and con- 
complete processes. For further details, write 

J. N. Banky, 628 West 18th Street, Chicago, Ill.

t 27-28: Seventh Annual IRE Professional Group 
Broadcast Transmission Systems Fall Symposium 

lliard Hotel, Washington, D.C. Papers will be 
d on a variety of subjects ranging from transistor 
ulated power supplies for video circuits to the 
lication of automation to TV master control 
ms and film rooms. More information may be 
ained from Clure H. Owen, American Broadcast- 
Co., 7 W. 66th St., New York 33, N.Y.

. 7-11: Fall General Meeting of the American 
itute of Electrical Engineers

el Morrison, Chicago, Ill. The technical program 
[ consist of more than 50 sessions devoted to the 
st advances in electrical engineering and allied 
. Nuclear reactors, telegraph systems, research, 
ics, television and aural broadcasting, basic sci- 

, safety, computing devices, land transporta- 
, power generation, transmission and distribu- 
, system engineering, computers, mining and 
al industry, radio, and the chemical industry are 
e of the subjects being covered. For details 
e to the AIEE, 33 W. 39th St., New York, N.Y.

,9-11: Fourth National Symposium on Vacuum 
nology

el Somerset, Boston, Mass. Sponsored by the 
mittee on Vacuum Techniques. Approximately 
apers will be presented covering fundamental 
nces in vacuum technique, means of producing,
suring and conducting low pressures, and ad- 
es in applications of vacuum to processing. For 
er information, write the Committee on 

num Techniques, Box 1282, Boston 9, Mass.

9-12: 1957 Convention of the Audio Engineer- 
ociety

York Trade Show Bldg., New York, N.Y. Be- 
n 50 and 60 papers will be presented. Covered
be topics in such fields as disc and tape record
reception, components and systems, noise con- 
and acoustics. The New York High Fidelity 
, sponsored by the Institute of High Fidelity, 

accompany the Convention. More information
be obtained from G. K. Dahl, 230 West 41st 

New York 36, N.Y.

14-15: Third Annual Douglas Aircraft Co. Inc. 
Bell Helicopter Corp. Integrated Instrument De- 
pment Program Conference

1 Statler, Los Angeles, Calif. Sponsored by the 
y and Navy. For more information send to the 
s Bureau, Bell Helicopter Corp., P.O. Box 482, 
orth, Tex.

can!

Early 
European 
Glass 
Blower

HAS THE KNOW HOW AND
EXPERIENCE REQUIRED TO PRODUCE
CUSTOM-BUILT DELAY LINES TO
YOUR EXACTING SPECIFICATIONS

1st in sales!

1st company devoted exclusively to the 
manufacture of delay lines!

1st in research, design and development of 
custom-built delay lines!

Exceptional employment opportunities for engineers experienced in pulse techniques.

* I * I * 534 Bergen Boulevard, Palisades Park, New Jersey
CIRCLE 12 ON READER-SERVICE CARD FOR MORE INFORMATION

1st to submit the most definitive laboratory 
reports with all custom-built delay line 
prototypes!

ken—vision, knowledge, perception... 
as, ESC has the ken to produce the finest 
custom-built delay lines in use today.
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RIGID TESTING SIMPLIFIED :

to guarantee quality speed production of

M PRODUCTIttNEEIIEU

MN-21 
.715.

Motorola
Quality Product*
Include:

The ability to create specialized 
equipment allows Motorola to “productioneer” semiconductor devices . . .

Hirt-Power High-Voltege Silicon Power Medium-Power
Audio Transistors Power Transistors Rectifiers Transistor«

CHALLENGING PROFESSIONAL CAREER OPPORTUNITIES are available for experienced engineers and scientists with Motorola’s rapidly-expanding 
semiconductor team in the Valley of the Sun. For complete information write in confidence to Mr. V. Sorenson, Dept. 10, 5005 E. McDowell.

CIRCLE 13 ON READER-SERVICE CARD FOR MORE INFORMATION

Oct. 16-18: AIEE Conference on Computers ¡n 
Control

Chalfonte and Haddon Hall Hotels, Atlantic City, 
N.J. Sponsored by the AIEE Committee on Feed-
back Gontrol Systems. The conference will stress |ov 
the role of analog and digital computers in auto-
matic control, both as design tools and as compo. 
nents of systems. For more information, write Prof. 
J. G. Truxal, Dept, of Electrical Engineering, Poly, 
technic Institute of Brooklyn, 99 Livingston St, 
Brooklyn 1, N.Y.

Oct. 16-18: 1957 IRE Canadian Convention 
and Exposition

Automotive Building, Exhibition Park, Toronto
Canada. Sponsored by the Canadian Sections of the 
IRE. For information write to Grant Smedmor, IRE 0|1fe
Canadian Convention, 745 Mt. Pleasant Rd., To 
ronto 7, Canada.

Oct. 17: SPE Regional Technical Conference

Hotel Carter, Cleveland, Ohio. Sponsored by the

rene 
ith s 
on a; 
lasin

Cleveland-Akron Section of the Society of Plastic ers s 
Engineers. The theme for the sessions will h al T
“Polyethylene—Properties and Uses.” For details 
write E. J. Haskins, Zenith Plastics Co., 1009 Rock 
well Ave., Cleveland 14, Ohio.

Oct. 24-25: Fourth Annual Computer Application w. 1

MOTOROLA TRANSISTORS
Exclusive Motorola high-speed testing equipment permits positive 
control at key check points and at final testing on Motorola’s fast moving 
transistor assembly lines. These simplified instruments, developed by 
Motorola, incorporating Motorola transistors and silicon rectifiers, check seven 
electrical characteristics . . . enabling a single operator to test 500 
transistors per hour with the highest degree of accuracy.

accomplishing high-volume production while maintaining exacting 
standards of quality. At Motorola, semiconductor knowledge and production 
skill combine to assure you a dependable supply of finest quality units . . . 
at the most competitive prices.
Unique testing methods are only one example of Motorola’s excellence in 
semiconductor technology. For complete data concerning Motorola semi
conductors ... or for applications information, write, wire or phone 
Motorola, Inc., 5005 E. McDowell Road, Phoenix, Arizona. Bridge 5-4411

Symposium

Hotel Sherman, Chicago, Ill. Sponsored by th 
Armour Research Foundation of Illinois Institute o 
Technology. Advances in automatic coding and ne 
computers and applications will be stressed. Bot
management and engineering applications will b strini
considered. More information may be obtained b 
writing the Secretary, Computer Applications Syn
posium, Armour Research Foundation, 10 W. 35t ntacl
St., Chicago 16, Ill.

Oct. 28-30: Fourth Annual East Coast Conferenc ite I
on Aeronautical and Navigational Electronics

Fifth Regiment Armory and the Lord Baltimoi 
Hotel, Baltimore, Md. Sponsored by the Baltimoi Per I
Section of the IRE and the Professional Group o
Aeronautical and Navigational Electronics. Exhibit 58 j 
will be offered along with the technical session ||
For details write Clayton Knight, 3603 Howai 
Park Ave., Baltimore, Md.

Oct. 31-Nov. 1: Third Annual Technical Conferee th th 
of the Professional Group on Electron Devices, IR

Shoreham Hotel, Washington, D.C. For more info 
mation, write W. M. Webster, RCA Semiconduct( 
Div., Somerville, NJ.

ss o 
ipap 
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Nov. 6-8: Tenth Annual Conference on Electron 
Techniques in Medicine and Biology
Boston, Mass. Sponsored by ISA and AIEE. Furth * Yr
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CIRCLE 14 ON READ:R-SERVICE CARD FOR MORE INFORMATION
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TYPE 352
High speed, single frame 35 
mm featuring automatic film 
advance 8 frames/sec au 
tomatically. Wollensak f/1,5 
lens. $648.00

Utility of the 302 is further broadened by the availability of adapter backs 
which permit the camera to use various standard roll and cut films.
Write for full information...
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The Du Mont Type 302 Recording Camera provides the most convenient 
and flexible means for applying the many advantages of the immediate-print 
Polaroid-Land process to oscilloscope recording.

And now the utility of the Polaroid-Land process has been greatly extended 
with the development of the new Polaroid-Land projection film — a 
transparent bas^ material with a specified emulsion speed of IODO (ASA).

This new film not only permits contact and projection prints, and eliminates image 
reversal, but also enables use of the Polaroid-Land process in recording 
ultra-high-speed phenomena — even single transients.

iov. 11-13: Third Annual Instrumentation
Conference

iltmore Hotel, Atlanta, Ga. The theme of this con- 
l nee will be “Instrumentation for Data Handling” 
ith special symposiums on electronic instrumenta- 
on as applied to medicine and the sales and pur
liasing aspects of electronic instrumentation. Pa
li' should be submitted to Lamar Whittle, Fed- 
kl Telecommunications Lab., 1389 Peachtree St., 
I L Atlanta, Ga. For more information write B. J. 
lasher, School of Electrical Engineering, Georgia 
I ' tute of Technology, Atlanta, Ga.
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• NOW, ULTRA FAST 
TRANSPARENT POLAROID-LAND FILM FOR 
HIGH SPEED RECORDING!

• CONTACT AND PROJECTION 
PRINTS...NO IMAGE REVERSAL.

• .EASY, INEXPENSIVE CONVERSION TO 
VARIETY OF STANDARD ROLL AND CUT FILMS.

• CLICK-STOP SLIDE PERMITS
, MULTIPLE EXPOSURES ON SINGLE 
'“ FRAME FOR GREATER FILM 

ECONOMY AND EASY, DIRECT 
WAVEFORM COMPARISON.

• FULL BINOCULAR VIEWING .
SIMULTANEOUS WITH RECORDING. J

• MOUNTS QUICKLY AND EASILY 
ON ANY STANDARD 5" SCOPE. NO 1
ADDITIONAL SUPPORTS REQUIRED.

• EASY ACCESS FOR LENS AND 
SHUTTER ADJUSTMENT.

• BUILT-IN DATA RECORDING SYSTEM.

TYPE 299
General-purpose camera ac
cepting backs for roll-film, 
film-pack, or cut film Con
verts to Type 302 for Pola
roid recording, f/1 9 lens 
$369 00, 1/2.8 lens $292.00

IPer Deadlines

k 1: Deadline for papers to be presented at the 
P IRE National Convention. The convention 
P be held March 24-27 at the Waldorf-Astoria 
r the New York Coliseum, New York, N.Y. Pros- 
ktive authors should submit a 100-word abstract 
Id a 500-word summary. Both must be in triplicate 
r' the title of the paper and the name and ad- 
rs of the author. The technical field in which 
rpaper falls must also be indicated. Only papers 
[published or presented prior to the convention 
I be considered. Military or company clearance 
Pt be obtained before submittal. Address all 
reria! to Dr. George L. Haller, Chairman, 1958 
laical Program Committee, IRE, 1 E. 79th St., 
F York 21, N.Y.

SPECIFICATIONS
Wollensak-Du Mont 75 mm f/2.8 three element 
lens, or 75 mm f/1.9 six element lens.
Image reduction ratio 2.25:1.
Alphax #2 shutter, bulb and 1/25 to 1/100 sec. 
with f/2.8 lens. Alphax #3 shutter, time, bulb 
and 1 sec. with f/1.9 lens.
Writing rate dependent upon film used.
Mounting clamp for use on any standard 5" scope 
bezel.

Type 302 with f/2.8 lens $314.00
Type 302 with f/1.9 lens 391.00 -

Retails and advance programs may be obtained 
I jm H. S. Kindler, Director of Technical Pro
Lams, Instrument Society of America, 313 Sixth 
bve., Pittsburgh 22, Pa.

lov. 6-8: Third Aero-Com Symposium

{otel Utica, Utica, N.Y’. Sponsored by the IRE 
fofessional Group on Communications Systems, 
fhe conference will deal with systems, equipment 
lesign, techniques, antennas, spectrum conserva- 
ion, air traffic control, management and other 
opics. For the presentation of confidential mate
rial, there will be a classified session on Nov. 8. For 
Inore information, write to R. C. Benoit, 138 River- 
/iew Pkwy., Rome, N.Y.

TYPE 339
Immediate-print type utiliz
ing Polaroid film. Special 
f/2.8 lens for distortion-free 
images. Bino-jular viewing of 
screen. $246.00

TECHNICAL SALES DEPARTMENT, ALLEN B. DU MONT LABORATORIES, INC. 
CLIFTON, NEW JERSEY

it’S IMMEDIATE-PRINT scope photos 
with the OUMONl 302

TYPE 321-A
Permits either continuous r 
single-frame recording. Per
forated or unperforateo film 
or paper in 100 or 400 foot 
reels. Variable film drive 
speeds from 0.8 to 10,800 
in /min. 321-A with f/1.5 
lens $1270.00, 321-A with 
f/2.8 lens $1120 00. (50 cps 
models available)

ov. 13-14: Mid-America Electronics Convention

lunicipal Auditorium and Hotel Muehlebach, Kan
is City, Mo. Sponsored by the Kansas City Section 
[ ne IRE. There will be exhibits and twelve tech- 
c. sessions. Approximately thirty papers will 
U with medical electronics, airborne electronics 
itrumentation, engineering management, elec- 
loiiics in nucleonics and a diversity of other sub- 
p. Persons who want to submit papers should 
Intact the Technical Papers Chairman, MAECON, 
I • Cherry St., Kansas City 10, Mo. The deadline 
[submissions is Aug. 15. For more information 
[ite Richard L. Clarke, 425 Volker Blvd., Kansas 
ity 10, Mo.

TYPE 296
Lnw-cost, general-purpose 
single-frame camera. Uses 
standard casette wound 35 
mm film. Corrected f/2.8 
lens Viewing port $164.5u



The electronic design engineer has a basic responsibility for ensuring that the system he is designing has 
adequate reliability in the ultimate application. Thij article presents a technique for predicting the reliabil
ity of a system while it is in the design stages. In addition, the technique shows readily those factors of de
sign which can be changed to realize the best reliability and economy.

Before a reliability prediction can be made one or more proposed system delineations as well as part- 
reliability figures must be available, of course. The part reliability figures can occasionally be obtained 
from experience. Often, however, these figures must be extrapolated roughly from available data or esti
mated on the basis of part performance description. *ut the lack of accurate figures need not delay the re
liability analysis. The resulting predictions can be modified easily as new data become available.

A further prerequisite to a design reliability analysis is a detailed statement of what minimum perform
ance levels result in "successful” operation of the system. Although it is possible to evaluate "success” in 
terms of the system operator's satisfaction after the system is working, during the design stages it must be 
related to criteria that can be stated mathematically. Success-definition, the construction of reliability di
agrams, and reliability formulas are presented in this article.

Reliability—Design Technique 
for Complex Systems

H. Elmore Blanton

Cambridge, Mass.
Hycon Eastern, Inc.
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A REASONABLY simple reliability-prediction 
technique has been developed which can be 

used in the early stages of the design of complex 
systems. Conventional statistical methods are 
adapted to a familiar engineering format in order to 
make an analysis of system reliability easy and 
straightforward. This technique facilitates compari
son of proposed system designs and leads to estima
tions of the degree of redundancy or component 
improvement required to realize the target figure 
for system-performance reliability.

In using this technique, reliability diagrams are 
prepared by making appropriate changes in the en
gineering block diagrams for the system. After one 
or more possible definitions of successful perform
ance are stated, basic rules from probability theory 
lead to the derivation of reliability formulas for the 
system. Effects of failures due to one part depend
ing on another and engineering considerations such 
as the relative importance of various modes of per
formance can be included readily. Numerical re
liability predictions are achieved by evaluating 
these formulas using the best available component
reliability data. An example based on an airborne 
telemetering system illustrates the application and 
usefulness of this technique.

A simplified block diagram of such a telemetering 
system is given in Fig. 1. For the present, dis
regard boxes C' and Di Fifteen variables, Vh Vj, 
etc. are measured by the system. The engineering 
design proposes the use of two transducers each to 
measure 10 important variables in order to provide 
redundancy and consequently possible reliability 
improvement—relative to that obtainable when 
using single transducers. The two groups of 10 trans
ducers use separate commutators, subcarrier oscil
lators, and transmitters. To increase the probability 
that the signals representing these ten variables will 
be received successfully in the event of a temporary 
loss of transmitted signal, the output of Subcarrier 
Oscillator No. 1 is continuously recorded and re-
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TRANSMITTER NO. I

DEPENDENCE ON
TRANSMITTER NO. 2

Fig. 1. Reliability diagram of proposed hypothetical airborne telemetering sys
tem. Note that this illustration closely resembles an electronic block diagram 
showing paths of signal flow. These paths can also represent information flow.
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MOTOR DRIVING
BRUSH ARM COMMUTATOR MOTOR, 

BRUSHES, ETC., 
OUTPUT CIRCUIT, 

SUBCARRIER OSCILLATOR 

_________ __________________ al

INPUTS 2 
«PUT I
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Fig. 2. Reliability analysis of electromechanical commutator. A sketch of this 
unit is represented in (a), showing that each segment controls one input. 
If a segment should be inoperant the variable associated with it would 
not be transmitted. The reliability diagram for this situation is shown in (b).

broadcasted over Transmitter No. 2 after a delay of r 
minutes. A common antenna and power supply are 
used. In this hypothetical system, the simplifying 
assumption is used that the only part interaction 
occurs in the transmitters where, if either fails in a 
particular manner, so will the other.

This telemetering system is used in a missile 
which is tested during flights of specified duration. 
Data giving the reliability of the parts under the 
flight environment are assumed to be available. The 
problem to be investigated is:

What is the probability that the telemetering 
system transmits successfully, throughout the 
test flight, the desired information about the 
variables which are measured?

Reliability Diagrams

The first step in deriving a formula for system re
liability, of course, is to determine the manner in 
which the reliability of each part affects the re
liability of the whole. This information can be dis
played effectively by means of reliability diagrams. 
In these diagrams, the series or parallel grouping of 
parts, the effects of packaging, power supplies and 
other associated equipment, and the consequences 
of interdependence between the performance of 
parts is clearly evident.

A reliability diagram, as defined in this paper, re
sembles a conventional signal-flow block diagram. 
The two types of diagram must not be confused 
however. Basic considerations in constructing and 
using reliability diagrams are:
• A line represents a unidirectional path of infor
mation flow. For electrical systems, information flow 
may be interpreted as signal flow.
• A block represents a part or a group of parts 
which must function successfully if the information 
is *o pass from the input to the output of the block. 
The information does not necessarily pass through
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OUTPUT 
TO 

TRANSMITTER

TRANSDUCER T|, 
COMMUTATOR INPUT

CIRCUIT AND SEGMENT 
___________________________bi

TRANSDUCER T)0, 
COMMUTATOR INPUT 

CIRCUIT AND SEGMENT 
_________________________ bio

VARIABLE V|

SIMILAR BLOCKS\
FOR Vj-V9 I--------------- j

NOT SHOWN ' VARIABLE Vt0

the parts included within the block.
• The group of parts which are denoted by a par
ticular block preferably should be describable by a 
probability of successful performance which is in
dependent of the performance of any other part. 
Dependence between parts in different blocks is ad
missible if the dependence exists between a speci
fied part shown by one block and the entire group 
of parts denoted by another block.
• A distinctive symbol represents the probability 
of success of the parts denoted by each separate 
block. The probability of success of the parts within 
a block is defined on the basis of the part specifica
tions and the definition of success in the given ap
plication, which will be discussed later.
• A path of information transfer consists of a single 
series connection of successive lines and blocks 
from the system input to the system output. Success
ful transmission occurs along a particular path if the 
parts represented by each of the blocks operate suc
cessfully. Redundant parts that are excluded from 
one path are included as elements in other parts. A 
part may serve as a series element in several paths.

The construction of the reliability diagram, Fig. 1, 
for the telemetering system is initiated by drawing 
a conventional block diagram. Next, blocks are 
added as series elements to show the effects of trans
mitter dependence, power supply, and packaging. 
Each of these blocks is located on the basis of the 
manner in which the reliability of the parts in
fluences the system reliability.

A set of transducers, the related commutator, and 
the subcarrier oscillator are grouped conveniently in 
a single block in Fig. 1 since these parts function 
together, independent of other parts, to perform a 
particular task. The sketch of an electromechanical 
commutator in Fig. 2(a) reveals that portions of the 
assembly are associated with individual input sig
nals, whereas other portions are common to all 
signals. As a result, this single part must be repre

sented by several blocks in a reliability diagram, as 
is shown in Fig. 2(b). This figure includes the trans
ducers and subcarrier oscillators in the appropriate 
blocks to give the complete diagram for the com
mutated subcarrier channel.

Cables and connectors between parts effectively 
introduce additional series blocks in a reliability 
diagram. To eliminate this complication, the reli
ability symbol assigned to a particular block may be 
taken as denoting the probability of success of the 
parts represented by that block and of the cables 
and connectors leading to and from those parts.

Definition of Successful Performance
The reliability of a system in performing its as

signed function obviously should be computed with 
respect to a precise definition of what constitutes 
success. It may simply be that the operator is satis
fied with the system performance, or at the other 
extreme, it may be that the output of system fails 
within certain well-defined, measurable bounds. For 
our purpose, a definition which can be stated 
mathematically is necessary.

Ideally, the output of the telemetering system is 
composed of four signals which are members of 
groups of successive samples originating from the 
three commutators and transmitted either immedi
ately or after the delay of r minutes. A definition of 
successful performance can be stated in terms of the 
minimum number of samples which must be present 
in the output during a specified interval.

An engineer, on the basis of his knowledge of the 
ultimate use of the data, often assigns weights in
dicative of the relative importance of the record of 
^ach telemetered variable. Several procedures may 
be suggested for incorporating these engineering 
considerations in reliability calculations.

One procedure is based on exponent weighting 
factors. These are determined by the relative im
portance of the various telemetered variables. Ex
ponents in the range of zero to one are affixed to the 
reliabilities of parts that are associated with the 
transmission of particular variables. If the variable 
is of primary importance, the exponent is 1 and the 
related parts must perform exactly in accordance 
with specifications. However, if the variable is of 
secondary importance, an exponent less than one, 
roughly proportional to the relative importance of 
that variable is used. A mathematical method to de
rive the weighting factor appears in reference (6). 
With exponent weighting factors, the definition of 
successful performance must state that certain vari
ables must be telemetered satisfactorily with a 
weightu^, others with weight wif and so forth, 
where 1 Wj > wt > ws... 0.

Let us say that our system performs successfully 
if the signal received by the ground-based receivers 
during a test flight contains the theoretically maxi
mum number of samples representing:
(a) At least and four of the five variables VrV5.



(b) Variable V6.
(c) Variables V7, V8, V9, and V10 subject to expo

nent weighting wt (1 > Wj > 0), and
(d) Variables Vxi to \ x5f subject to exponent weight

ing factor wt (1 > wa > 0).
To fulfill this definition, variables Vx-V 10 may be re
ceived either simultaneously with measurement or 
after the delay of t minutes which is inherent in the 
record-rebroadcast arrangement.

Reliability Formulas
When a reliability diagram is drawn and the defi

nition of success stated, a reliability formula can be 
obtained as follows:
1. Refer to the reliability diagram and write the 
probability of success for transmission along each 
separate path of information transfer from an input 
to the output. Note if the success of a particular 
path is required for system success or if alternative 
paths are available. Indicate applicability of weight
ing factors.
2. Compute the individual probability of success for 
each separate combination of paths which can re
sult in system success. Each of these probabilities 
is obtained as the product of the reliabilities 
associated with all blocks which are required for the 
simultaneous success of the several necessary paths. 
Effects of exponent weighting factors are included. 
3. Compute the probability that each pair of com
binations of paths, as in Step 2 are successful simul
taneously.
4. If more than two combinations of paths which 
can yield system success exist, compute the proba
bilities that each group of three, four, etc., of these 
combinations are simultaneously successful.
5. Compute the probability of success for the sys
tem by summing the probabilities obtained in Step 
2 subtracting those obtained in Step 3, and alter
nately adding and subtracting those for the groups 
computed in Step 4.

An example based on the reliability diagram of 
Fig. 1 and the definition of successful telemetering 
given in the preceding section is shown in Table 1. 
In this table, Lines 1-4 correspond to Step 1, 5-7 to 
2, 8-10 to 3, 11 to 4, and Line 12 to Step 5. As may 
be noted, the reliabilities given on lane 1 for Path 1 
and on Line 4 for Path 4 include the factors D, D', 
E, and E'; however, the reliability of Paths 1 and 4, 
Line 5, includes only D and E because these factors 
are more restrictive than D' and E', respectively, for 
the same parts. With this exception, the probability 
on Line 5 includes each symbol which appears in 
the probabilities on Lines 1 and 4. The exponent 
weighting factor w2 is included in the derivation. 
The effect of the delay of t minutes in the storage 
and delay device is neglected in making a first ap
proximation to the actual problem.

The reliability formulas for F, G, and H in Table 
1 and Fig. 1 are derived by reference to a reliability 
diagram similar to Fig. 2(b). On the basis of the

definition for success, the formulas for the channels 
associated with Subcarrier Oscillator Nos. 1 and 2
are

5 5 5
F = a, (I b, + 2 (1—&,) II bj b.(1)

15 15 15 (2)
G = a2 II bi+ X (1 — bi) II bj b^ (bnbi8b 19^20) 1« 

t-11 t =11 j=11
- j ± * -J

In each of these formulas, the two terms in the 
bracketed expression represent the probability that 
Vx through V5 are all measured successfully and

Line

1

2

3

4

V.-V

that any four of these variables are measured sue 
cessfully when any one measurement is unsuccess 
ful. The formula for the channels associated with 
Subcarrier Oscillator No. 3 is

H = 03021^22^23^24^25« (3)
The exponent weighting factor Wt is applied to the 
last group of factors in each of eqs (1) and (2) be
cause only these part reliabilities are affected there
by; however, the weighting factor w2 is not included 
in eq (3) because, for convenience, it is applied di
rectly to II in Table 1.

Table 1. Derivation of Reliability Formula

Item

Path

Path

Path

Path

1

2

3

4Vu-V15 ,

8

5 Paths 1 & 4

6 Paths 2 & 4

7 Paths 3 & 4

9 Paths 1, 2, & 4

10 Paths 1, 3, & 4

11 Paths 2, 3, & 4

12 Paths 1,2, 3, & 4

Reliability Formula

Probability of Success Remarks

ABCD'F

ABC'DEF

ABC'DG

ABC'DH

One path 
required 
for success

Required, weight = w2

ABCDFHw2

ABC'DEFHwt

ABC'DGHW2

ABCDEFHw2

ABCDFGHw2 

ABC'DEFGHW; 

ABCDEFGHw2

Any one
► combination 

yields success

Success of 
various 
combinations 
of paths

ABDHW, (CF+ C'EF 4 C'G - CEF - CFG - C'EFG + CEFG)

Table 2. Reliability Predictions

Situation Formulas

Lipe 12, Table 1, and Eqs (l)-(3)

Reliability

0.8191 System-reliability prediction using proposed 
technique

2 Same as 1 except Subcarrier Oscillator No. 2 
and associated transducers eliminated

Same as 1 except G = 0 0.740

3 Same as 1 except Transmitter No. 1 eliminated Same as 1 except C — 0, C' = 1.0 0.823

4 System-reliability prediction using product rule Eq (4) 0.444

5 Same as 4 except part unreliability reduced 
by factor of 4 (e. g., A is changed from 0.95 
to 0.9875, etc.)

Eq (4) with variables redefined 0.818

6 System reliability prediction considering re
dundancy shown in Fig. 1 and all data re
quired for success

Eq (5) 0.749

on the following part-reliability estimates:Overall reliability is based
A=C=D=E— 0.95
B = C' — D' = 0.99

W; — 0.8 
w2 = 0.5

a, = a = 0.97 
b. = b = 0.98

(i = h 2' 3)J 
n —1 ... ,25
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phi importance of assigning a distinctive symbol 
represent the reliability of each separate block of 
e reliability diagram is emphasized by the process 

f deriving the reliability formula. During this 
erivation, these symbols mean that the success of 
e respective parts is required for the success of 
e associated paths of information transfer. The 
jmbols, as factors in the formula, may be manipu- 
ted in accordance with the associative, commuta- 

¡ve, and distributive laws of algebra and the special 
les previously stated. But after the complete re- 

iability formula is written, the symbols again repre
nt merely the reliability of the parts. At that time, 
e rules of ordinary arithmetic apply; equalities be- 
veen the numerical values of factors can be recog- 
ized and appropriate substitutions made if desir- 
ble.

Reliability Predictions and Analyses

When reliability formulas are evaluated using the 
st available estimates for part reliabilities, nu- 
erical reliability predictions are obtained. Another 
portant use of the technique, however, is in the 

esign analyses which are directed towards achiev-
g the highest possible reliability under stated 
estrictions. Several sample computations for the tele- 
etering system and a comparison between the pre- 
ictions obtained using the technique described in 
is article and other methods is given in Table 2. 
e arbitrary set of point estimates for the part re- 

iabilities, as used in the computations, is given be- 
w the table.
Situation 1, Table 2, indicates that the predicted 
liability for the system is 0.819 when the reli- 
bility formulas derived in the preceding section are 
>ed. If this reliability is assumed to be acceptable, 
e question arises if the engineer’s choice of re- 
undancy in the system is wise. Situation 2 shows 
at the elimination of Subcarrier Oscillator No. 2 
d associated transducers for Vt through Vi0 re- 
uces the reliability by roughly 10 per cent. This 
bange probably is undesirable. The opposite effect 
obtained when Transmitter No. 1 is eliminated, 
¡shown by Situation 3. An increase in system re- 
bility is realized because the interaction that 
duces the reliability for transmission through 
ransmitter No. 2 is eliminated. Other situations 
n be investigated in a similar manner.
If the conventional product rule for system reli- 
dity is used without consideration either of the 
anner in which the parts are interconnected or of 
e actual definition of successful performance, the 
liability formula for the telemetering system is 

tion 1. Situation 5 shows that when the product rule 
is used the unreliabilities of the various parts must 
be decreased by factors of the various parts must be 
decreased by factors of four in order to set a system 
reliability roughly equivalent to Situation 1. When 
the effect of the system redundancy is included in 
the reliability prediction, and successful perform
ance is defined as the transmission of signals repre
senting all variables (Situation 6), the reliability for
mula is

P. = ABDa2bl°l[l]+ (1-ab10) (C + E - CE)]. (5) 

As anticipated, the predicted reliability of 0.749 ob
tained using this formula is higher than for Situa
tion 4, but it is again less than for Situation 1.

The principal significance of the comparison be
tween the predictions for Situations 1, 4, and 6 is 
that the more nearly the reliability formula approxi
mates the characteristics of the actual system and 
the engineering requirements for success, the more 
valid and useful is the reliability prediction. If the 
specified reliability for this particular system is in
deed 0.8, the prediction obtained using the tech
nique proposed in this paper indicates that the pres
ent design is adequate. The erroneously low predic
tion obtained using either eq (4) or eq (5) would 
result in substantial additional work on system de
sign and part improvement. If the designer wisely 
wishes to include a safety factor in the predicted 
reliability, the reliability diagrams and formulas for 
Situation 1 enable him to determine quickly the 
places in the system where design changes—for ex
ample, Situation 3—or increases in part reliability 
are most beneficial. In fact, the greatest advantage 
of this technique is not that the reliability predic
tions are usually higher than those obtained by 
other methods, but rather that it leads to effective 
and economical plans for improving system reli
ability.

For further information on this reliability-predic
tion technique, and for derivations of exponent 
weighting factors and representation of statistical 
dependency see 1. the IRE Convention Record, 
Vol. 5, Part 10, 1957 and 2. reference (6).
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NEW ISO-AMP

solenoid contactor extends proven line

This new Size 4 A.C. solenoid contactor is ideal for use 
in motor starters and controllers, as well as for resist
ance heating and lamp loads.

It’s the new Bulletin 4454 — incorporating many 
advanced design features found on Ward Leonard’s 
Sizes 0 to 3 contactors. Check these advantages:

N e w sintered - silver - cadmiu m - oxide contacts—can 
repeatedly handle high inrush currents without a sign 
of contact welding or excessive pitting.

Simple, compact solenoid design—excellent for mod
em metal control panels, front-of-board wiring.

2 or 3 main poles, up to 4 side-mounted auxiliaries.
Write for Bulletin 4454. Ward Leonard Electric 

Co., 77 South Street, Mount Vernon, New York. (In 
Canada: Ward Leonard of Canada Ltd., Toronto.)

ENGINEERING DATA Size 4 A.C. Contactor Ratings*

Service

«-Hear
Ampere 
Rating 

Open Enclosed

Enclosed Power Rating

Thren Phase 
Volts H.P.

Across-the-Line 
Starting 150 135

110 
22" 

440-550

25
50

100

Across-the-Line 
Plug-Stop or 
Jogging

150 135
110
220 

440-550

15
30 
60

Service
O-Hour 
Ampere 
natine

Single Phase 
Volts K.W.

Three Phase 
Veits K.W.

Resistive 
Heating 
Load**

150
110
220
440
550

15
30
60
75

110
220
440
550

26
52

105
130

Tungsten Lamp 
Lighting or 
Infrared 
Heating Load**

120 Amperes for 250 Volt Circuits or Less

•The ratings listed are those recommended by the National Electrical 

Manufacturers Association.
"These ratings apply to open or enclosed contactors. , 9

is formula, which includes the assumption that all
s and b's are equal to a and b, respectively, is
alu; ted as Situation 4. As can be noted, the result-
pr diction of 0.444 is lower by nearly a factor of

v° v hen compared with the prediction for Situa-
CIRCLE 15 ON READER-SERVICE CARD FOR MORE INFORMATION
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High Accuracy Servo

in these TYPES:
S<

telemetering, missile guidance and automati coupl(select one or any combination)

H h

•Si

these TERMINALS:

control, the 12 in. “Rotary Inductosyn” may b 
used, in appropriate systems, as an analog

DUAL 
OUTPUT

VARIABLE 
RESISTOR

Th. 
lactu.1 
Blvd.

HIGH 
RESISTANCE

digital converter, a position servo, an electroni 
back-lash-free gear ratio, and a high spee 
electromechanical phase shifter.

paral
A .01

CCURACY to one second of arc is achieve« 
by this unusual position indicating devict 

In addition to its applications in fire contro

VISIT OUR BOOTH #319 I S A SHOW

CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION

Fig. 2. A conven
tional resolver, a two- 
pole, iron-cored device.

with these RESISTANCE ELEMENTS:

RIM POT
and related sub-miniature
potentiometers

thousands of variations
available from stock
SELECT from the many combinations shown below. Any choice
is available in a wide selection of standard resistance values..
for military or commercial applications.

WIRE LEADS SOLDER LUGS
PRINTED
CIRCUIT PINS

HUMIDITY 
PROOF

HIGH OR 
MEDIUM 
TEMPERATURE

CARBONWIREWOUND

ALL UNITS FEATURE sub-miniature size... space-saving configuration... 
self-locking shaft with 25-turn screwdriver adjustment... excellent accel* 
eration, vibration and shock characteristics... mounting individually or in 
stacked assemblies, with standard 2-56 screws.

Over 50,000 units in stock. Send for complete catalog on the TRIMPOT 
and related potentiometers.

PLUS THE NEW TRIMPOT JR.

Micro-miniature size
2.0-watt power rating. Humidity proof.

175*C. max. operating temperature.

PATENT» imulo ano pendino

poURNS LRBORRTORtES, INC.
General Offices: 6135 Magnolia Ave., Riverside, Calif.
Plants: Riverside, California—Ames, Iowa

TRIMPOT • LINEAR MOTION POTENTIOMETERS • PRESSURE TRANSDUCERS AND ACCELEROMETERS
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Fig. 1. The printed silver 
conductors of the rotor (top) 
and stator are etched on a 
glass disc.

Element
The Inductosyn,” a two-phase device manu-

iactured by Farrand Controls, Inc., 4401 Bronx 
Blvd., New York 70, X. Y., utilizes the inductive 
coupling between a pair of silver patterns on 
parallel glass discs, about 12 in. in diameter. 
A .01 in. air gap separates the stator disc from 

e rotor which is directly coupled to the rotat- 
mg shaft. The stator (Fig. 1), is divided into 
uccessive sectors, out of phase with each other 
y one-quarter cycle. Leads are brought 
rough the glass to prevent interference with 

otor and stator magnetic fields. Due to the low 
oefficient of coupling, a high-frequency oscil- 
ator (10 kc) is used for excitation.
Functionally, the 12 in. ’‘Inductosyn is like a 

esolver that has been geared up 180 to 1, with
ut the errors inherent in a geared system, 
unventional electrical resolvers are iron-cored 
levices, constructed generally, as shown in 
ig. 2. A two-pole machine is indicated in the 
?ure, each pole being bifurcated and having 
indings displaced by 90 electrical degrees, 
he output voltages of the “Inductosyn” are 
®ctly similar to those from a resolver except 
at there are many pairs of poles. A complete 
oltage cycle is produced for a rotation equal 
the spacing between pole pairs. The 12 in. 
it has 360 poles. This corresponds to a 180 
eed resolver (180 electrical cycles per rev.) 
For further information about this high pre
dion device, turn to the Reader’s Sendee 
ard and circle 17.
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New polyclad insulation 
eliminates core taping

This excellent insulation, added to the unique properties of Hipersil® cores— 
highest permeability with lowest loss, 100% flux carrying activity, lowest volume and 
weight—means a better foundation for better transformers .. . smaller, lighter, 
more efficient, and at a lower unit cost.
Positive protection against the effects of humidity and high-voltage stress, 
new Westinghouse Polyclad resin coating eliminates the need for taping the core or 
encasing it in a plastic or aluminum box—insulation costs are reduced 15%.
The resin forms a smooth, continuous coating; rounded comers prevent shorting 
wire to core, allow winding directly on core. Strains induced into the magnetic core 
are much less than with ordinary insulation—magnetic values sUy constant.
For more information about Polyclad insulated Hipersil cores—and other Hipersil cores, 
as well as the complete line of Hipermag® and Hiperthin® cores—call your 
Westinghouse representative, or write Westinghouse Electric Corporation, 
P. O. Box 231, Greenville, Pennsylvania. j-70820

you can be sure...if its Westinghouse @
CIRCLE 18 ON READER-SERVICE CARD FOR MORE INFORMATION



VariableCOMPOSITION

Coefficient
ELEMENT

Twice Actual Size

Trimmer
POTENTIOMETERS

tuned circuits. The miniature trim-

Iructu

CLAROSTAT
iinpen

DOVER, NEW HAMPSHIRE
In Canada: Canadian Marconi Co., Ltd., Toronto 17, On*

CIRCLE 19 ON READER-SERVICE CARD FOR MORE INFORMATION

condenser 
coefficients

Write for detailed literature. Let 
us quote on your requirements.

drift 
mer

4-2000 
over athrough 0 to —2000 ppm/degree C

CLAROSTAT MFG. CO., INC

ranging from

A UNIQUE air dielectric capacitor with 
variable temperature coefficient has 

been designed to provide controlled com
pensation for neutralizing temperature1. Pre-molded and pre-selected resistance element.

2. Molded control base affording exceedingly low conductance, 
particularly in the presence of high humidity.

3. Single-member carbon contact, providing contact with resistance element 
and collector terminal, simultaneously.

4. No metal-to-metal movable contacts. Exceptionally long life
5. "Zero backlash" or "Zero rock” shaft-to-contact assembly. Provides maximum 

order of "setability.”
6. Gold-plated terminals insure solderability
7. Shafts provided with grease seal, thus excluding moisture.
8. Flexible design readily permitting various mechanical adaptations
9. No visible openings.

10. No rivets. Terminals permanently molded in 
resistance element and control base.

11. Mating surfaces of housing are sealed to prevent 
entrance of dust and moisture. a. Al

12. Full 2-watt rating at 70' C.
13. High order of resistance stability. y L-y
14. Salt-spray corrosion resistant. I

ELECTRONIC DESIGN • September 1, 1»!

temperature range from —40 to -|-100 C.
The operating principle of the Tempa- 

trimmer, available from British Radio Elec
tronics Ltd., 1833 Jefferson Place, N. W.. 
Washington 6. D. C., is that at room tem
perature, adjustment of the rotor does not 
appreciably affect interelectrode capacity. 
With a change of temperature, however, 
the annular electrode moves laterally, 
thereby increasing or decreasing the capac
ity between electrodes to an extent depend
ing on the rotor setting.

The fact that the capacity remains sub
stantially constant whatever the compen
sating angle of the rotor electrode, finds 
application in the following process of ad
justing an oscillator for temperature vari
ations: The oscillator is adjusted immedi-



1,1’

; sub- 
npen- 

finds
of ad- 
! vari- 
imedi-

ately after switching on, with the 
rem »atrimmer set approximately for the 
requ red amount of correction (if this is 
known); when a stable operating tempera
ture is reached, the circuit is retuned by 
the Tempatrimmer only, in the knowledge 
that its capacitance will be restored to its 
initial value when the equipment cools.

Nominal capacity at room temperature is 
6,5 pili; Test voltage is 750 v de at 760 
mmHg; torque is 3.8 oz.-ins. The vanes and 
tags are made of silver plated brass, the 
base is high frequency ground ceramic. 
The bimetal is heat treated.

For further information turn to the 
Reader s Service Card and Circle 20.

1 BI-METAL

15kw S-Band Amplifier Klystron
has no heavy magnets
Exclusive Space-Charge Focus cuts weight to only 6/2 lbs.

vith 
has 
om- 
ture 
rim
able 
2000 
er a 
C.
npa- 
Slec-
W, 

tem- 
s not 
acity. 
ever, 
rally, 
apac- 
pend-

ANNULAR , ROTOR 
STATOR I

\i
ucture of variable temperature 
efficient trimmer. The semi-circu- 
r electrode moves on a bimetal 
1 The amount of temperature 
mpensation is determined by the 
tor setting. Nominal capacity 
room temperature is 6.5 ppf.

Available for immediate delivery, Sperry’s new S-band trans
mitting tube is a 3-cavity pulse amplifier of high gain and 
extra-long service life.

Exclusive Sperry Space-Charge Focusing design eliminates 
heavy, cumbersome magnetic structures—a feature of prime 
importance in equipment design. Although the SAS-61 
weighs only 616 lbs., its sturdy construction withstands 
extreme vibration and environmental conditions.

Main applications for the SAS-61 are as an output tube in 
low-power radars, or as a driver for higher-powered klys
trons in radar and linear accelerator systems. Its unusually 
long service life, however, makes it highly desirable for any 
application requiring 15 kw in the S-band. The SAS-61

CIRCLE 21 ON READER-SERVICE 

with its internal tunable cavities is a complete microwave 
unit. No external equipment is required.

Sperry can deliver SAS-61 tubes in quantity at once. Write 
or phone your nearest Sperry district office.

ELECTRONIC TUBE DIVISION

GEFOSCOPF COMPANY
Great Neck, New York

DIVISION OF SPERRY RAND CORPORATION
CLEVELAND • NEW ORLEANS • BROOKLYN • LOS ANGELES • 
SAN FRANCISCO • SEATTLE • IN CANADA: SPERRY GYROSCOPE 
COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC

CARD FOR MORE INFORMATION
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Am»rita

Etronic

WITH NEW CRIMPED LEADS.

El-Menco Dur-Mica DM15
DM40 and DM42 Capacitors

DM20 DM 15

ton Mf

wdena

silvered mica films

Write for FREE samples and caf- 
clog on your firm’s letterhead.

ACTUAL 
SIZE

ACTUAL 
SIZE

«$on E
Co. Inc

Po!h
Won 2,

co-ElecI 
Inst. (

. Withe

«ok Eli 
Inst. Ci 

5’4 Dup 
Beland

316 W. f 
v. Ven

3«tronii

! Schoo 
onkers.

5 Territ«
’ton Ha

(omell-l 
Electri

333 Ham 
jo. Plain

M. Ha 
I Winch 
wton H

Allied I 
'JO N. ' 
C’iicago

ewis St.

«fontowr

. and gre.,01^ n°licCa^ter sta

nr 1 ^^lerat^20

Improved parallel leads for greater 
rigidity and faster assembly. These 
parallel leads simplify use on minia
ture printed circuit boards in television, 
guided missiles, hearing aids, elec
tronic brains, air conditioning and 
other government and civilian 
applications.

DM20, DM30, 
Provide:

ELECTRONIC DESIGN • September 1, 1’

LONGER LIFE 

POTENT POWER 

SMALLER SIZE

r
Arco Electronics, Ine., 64 White St., New York 13, N. Y.

Exclusive Supplier To Jobbers ond Distributors in the U.S. and Canada 

CIRCLE 22 ON READER-SERVICE CARD FOR MORE INFORMATION

tubular paper • ceramic

Editor’s Note: Part I, which appeared in the / ug. 
15 issue, investigated meters intended for laborc/ory 
measurements. Part III will investigate meters v, iich 
could have been included in either the Laboratory or 
Service Groups, but because of their unusual feaiures 
they are given the catch-all designation—Special 
Group. It will appear in the Sept. 15 issue.

VACUUM-TUBE voltmeters intends 
for general-purpose maintenance mea;

urements are analyzed in Part II of the sui 
vey. A representative cross-section of thes 
meters has been investigated and pertiner 
information listed in tabular form. Th 
survey is offered to aid the engineer i 
choosing a VTVM best suited to his need 
Meters included in Part II are priced 2 
less than $150.

EXCELLENT STABILITY 
— SILVERED MICA

PEAK PERFORMANCE

The last column of the tabulation lis 
circuit design features and places eac 
meter in one of four general circuit type 
Circuit Types 1 and 2 employ de ampli 
catio nand circuit Types 3 and 4 ac ampl 
fication. A detailed discussion of the circu 
types is given in Part - I of the survey.

Circuit Type 1: This circuit is a straigl 
de amplifier and is generally used in 
symmetrically balanced form. Amplifii 
gain stability is greatly improved by fee( 
back, especially when more than one stat 
of amplification is used. Grid currei 
which is an inherent characteristic of tl 
input tube, is not changed essentially by 
feedback, as is sometimes believed. 1 
spite of grid-current limitations of arout 
10-11 amp, many special applications usit 
electrometer type tubes are in commerci 
use. When the single-stage balance 
bridge is preceded by a rectifier, it becom 
a Type 2 circuit.

Circuit Type 2: A rectifier plus a singl

" .. ‘ 7. —

Take Your Own Word For It by making your 
own test of El-Menco Capacitors. Write for 
Free Samples and Catalog.

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

WILLIMANTIC CONNECTICUT 
• molded mica • mica trimmer

ElTRenco
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Ranges—Ohms
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Range Megohms Per Cent of Scale

ERVICE METERS
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Power
Tube 
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Allied Radio 83Y125
50 |s|. Western Ave. Knight-
tago HO, III. Kit

$24.95

American Chronoscope 601
Corp. $79.50

¡16 W. First St.
Vernon, N.Y.

Comell-Dubilier BF
Electric Corp. 100

Hamilton Blvd. $59.50
L Plainfield, N.J.

h Ironic Design 100
t School St. $52.50

lowers, N.Y.

I fi. < onic 232
I Inst. Co. Inc. KIT
L Withers St. $29.95
Loklyn, N.Y. (Wired
I $49.95)

tie' onic Measurement 106
I Co. KIT
lewis St. & Maple Ave. $23.90
lotontown, N.J. (Wired
I $35.90)

1 KIT1 $34.50I (Wired1 $48.90)

1M. Harrison Labs. 735

■ Winchester St. $159.95
■ewton Highlands 61, I Mass.
Lth Co. V-78

■ Territorial Rd. KIT
■"on Harbor 4, Mich. $24.50

■kkok Electrical 2Ö9A
Blast. Co. $140.25

B'4 Dupont Ave.
Bwand 8, Ohio

1 225
■ KITB $59.50

B 415B $82.50

Mf9- Co. 614
0* E. Colorado St.
0oaenc 8, Calif.

Wkson Elec. Inst. 709
■ Co Inc. $95.00
^0^ Patterson Bl.Won 2, Ohio
I
1
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1.5—1500 11 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

3—1200 13 — 1—100 Meg.
(6 ranges) (6 ranges)

1.5—1500 11 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

3—100 11 ±3 1—1000 Meg.
16 ranges) (6 ranges)

1.5—1500 11 — 0.2—1000 Meg.
(7 ranges) (7 ranges)

1.5—1000 16.5 ±3 Rxl—Rxl Meg.
(5 ranges) (5 ranges)

10 (CS)

1.5—1000 16.5 ±3 Rxl—Rxl Meg.
(6 ranges) (6 ranges)

10 (CS)

0—1000 13.3 ±4 Rxl—Rxl Meg.
(4 ranges) with mul- (4 ranges)
3000 with tiplier 20 (CS)
multiplier 38.3

1.5—1500 11 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

3—1200 12 ±3 Rxl—Rxl Meg.
(6 ranges) (8 ranges)
zero center 100 (CS)

1.5—1200 10.5 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)
zero center 10 (CS,

1.5—1500 13.3 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

1.5—1500 11 ±3 0— IK—
(7 ranges) 0—1000 Meg.

(6 ranges)

1.0—1000 11 — 0—1000—
(7 ranges) 0—1000 Meg.

(7 ranges)

• September 1, 1957

1.5—1500 .2—2 Meg. ±5 30 cps
(7 ranges) 75—50 to

3 me

3—300 6 — —
(5 ranges) (approx.)

1.5—1500 — ±5 —
(7 ranges)

10—1000 1000 ±5 —
(5 ranges) ohms/v

1.5—1500 — — —
(7 ranges)

1.5— 1000 2 ±5 25 cps
(5 ranges) 1°

200 kc

1.5— 1000 1.5 ±5 25 cps
(6 ranges) To

200 kc

0—1000 — ±6 100 v 5 cps
(4 ranges) — 7 over to

100 v 50 kc

1.5— 1500 750 k ±5 60 cps
(7 ranges) 25 fUif to

4—4000 VP 7 me
to P

3—1200 12 ±5 50 cps
(6 ranges) 7 upf to

150 me

1.5— 1200 10 ±5 40 cps
(7 ranges) 150 Lt|lf to

3 me

1.5— 1500 15 ±5 40 cps
(7 ranges) 150 uuf to

3 me

1.5— 1500 1 ±5 30 cps
|7 ranges) 60 HJXf to

3 me

1—1000 0.2 — 4.5 me
(7 ranges) 150 M-flf

AC Available: HV probe Type 2. Circuit: Rectifier and
(1)6AL5 (1) 12AU7 to 50 kv; HF probe balanced bridge; printed cir-

(1) Sei. Rect. extends ac to 250 me. cuitry. Peak to Peak voltage
Provided: DCV, ACV, range from 4-4000.
Ohms probe.

BATT Batteries and de probe Type 2. Circuit: Feedback in
(2) 3V4 (1) 1A3 included. battery-powered circuit. DC

milliammeter with 6 ranges 
from 0-3 ma. to 0-1200 ma. 
at 300 mv drop.

AC Available: HV, DC Type 2. Circuit: Peak to Peak
1) 12AU7 (1) 6AL5 probe to 30 kv; RF voltage ranges from 4-4000. 

probe to 30 v at 
250 me. Provided: 
DCV, ACV probe.

AC Provided: Test Leads, Type 2. Circuit: Null detector
DC probe and batter- position for FM TV alignment, 
ies. Available: Edi
probe, HF and HV 
probes.

AC Provided: Probe with Type 2. Circuit: Zero-center
(1) 12AU7 (1) 6AL5 internal switch for all position provided. Peak to

functions. Available: Peak voltage ranges from 
HV probe to 30 kv 4-4200.
and RF probe to 250 ।
me.

AC Available: HF probe Type 1. Circuit:
(1) 12AU7 to 250 me; HV probe

to 30 kv. Provided:
DCV, ACV, Ohms
probes.

AC Available: HV probe Type 2. Circuit: Measures
(2) 12AU7 to 30 kv and HF probe capacity (6 ranges). Peak to

to 250 me. Provided: Peak voltage ranges from
DCV, ACV, ohms 4-2800.
probe.

» AC Available: HF probe Type 2. Circuit: Log. Scale
(1) 5751 (1) 5814 Ike—100 me. Meter DC current 0-1000 ma

(1) 5726 ±5. Peak to Peak voltage
ranges from 0-3000.

AC Available: HV probe Type 2. Circuits Printed cir-
(1) 12AU7 (1) 6AL5 to 30 kv and RF probe cuit etched copper foil.

to 250 me. .00135 on 3/32 in. xxp lami
nated phenolic. Peak to Peak 
voltage ranges from 0-1400.

AC Provided: Inductance Type 2. Circuits Rectifier and
(1) 6AL5 (2) 6X5GT conversion chart and balanced bridge circuit. Peak
(1) 6SJ7 (1) 6SN7 AC and DC probes. to peak voltage ranges from

3-300.

AC Provided: Single unit Type 2. Circuits Continuity
(1) 12AU7 (1) 6AL5 AC-DC probe. test provided by audio tone.

Peak to peak voltage ranges 
from 4-3200.

AC Provided: AC-DC Type 2. Circuits f^tifier
(1) 12AU7 (1) 6AL5 probe ohm leads. (6AL5) ind balanced bridge

(12AU7) circuit.

AC 6w Provided: Auxiliary Type 2. Circuits One-half of
(2) 6AL5 (1) 12AU7 probe jack for rf second 6AL5 bucks out con-

crystal probe. tact potential, and second-
half acts as power-supply 
rectifier.

AC Provided: Single probe Type 2. Circuits One-half of
(1) 12AU7 (2) 6AL5 with switch for DC, second 6AL5 bucks out con-

AC, ohms. Available: tact potential, and second-
HV probe to 30 kv half acts as power supply
and HF probe to 200 rectifier. Identilite windows
me. illuminate the selected func

tion and large scale in use. 
Peak to Peak voltages range 
from 2.8-2800.
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& 
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DC Scales
Resistance 

Ranges—Ohms
Voltage Impedance Accuracy (CS) Center
Range Megohms Por Cent of Scale

Voltage 
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AC Scales

Impedance Accuracy Freq.
Megohms Por Cent Range

Power
Tube

Compliment Accessories Circuit Design Fea'ure*
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F Measurements Corp.
1 Boonton, N.J.

Phaostron
f So. Pasadena, California

Precise Development 
Corp.

2 Neil Court 
Oceanside, N.Y.

Precision Apparatus Inc. 
70-31 84 Street 
Glendale 27, L.l.

Radio City Products 
Co. Inc.

Centre & Glendale Sts.
Easton, Pa.

Radio Corporation of 
America

Camden, NJ.

Radio Kits Inc.
120 Cedar St.
New York, N.Y.

, Simpson Electrical Co.
5200 W. Kenzie St. 
Chicago, III.

Teletronics Lab. 
54 Kintel St.
Westbury, L.l.

Triplett Elec. Inst. Co.
Bluffton, Ohio

Weston Electrical 
Instrument Corp.

614 Frelinghuysen Ave. 
Newark, N.J.

30

62 
$135.00

777 
$74.95

9071 
KIT 

$35.95

909
KIT 

$25.95 
(Wired 
$37.50)

68 
$54.50

655 
$59.50

65 
$99.85

WV77C 
$59.50

WV87B 
$137.50

WV98A 
$79.50

0-12

303 
$68.00

VM236 
$125.00

VM237 
$95.00

650 
$89.50

982 
$76.50

1—100 — ±2 —
(5 ranges)

1.5—1500 11 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

9.1 (CS)

5—1000 25 ±2 Rxl—Rxl Meg.
(5 ranges) 10 (CS)

5—1000 25 ±2 Rxl—Rxl Meg.
(5 ranges) 10 (CS)

3—1200 13 — —
(5 ranges) (5 ranges)

1.5—1500 11 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

1.5—1500 11 ±3 Rxl—RxlO Meg.
(7 ranges) (8 ranges)

10 (CS)

0.05—1200 11 —3 Rxl—Rxl Meg.
(5 ranges) (5 ranges)

10 (CS)

0.1—1500 11 —3 Rxl—Rxl Meg
(7 ranges) (7 ranges)

10 (CS)

0.02—1500 11 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

3—1000 11 — 0—1000—
(5 ranges) 0—1000 Meg.

(5 ranges)

1.2—1200 10 —3 Rxl—Rxl Meg.
(5 ranges) (5 ranges)

10 (CS)

1.5—1500 10 ±3 Rxl—Rxl Meg.
(7 ranges) (7 ranges)

10 (CS)

1—1000 11 ±3 Rxl—Rxl Meg.
(7 ranges) (6 ranges)

10 (CS)

1.6—1600 10 ±3 Rxl—RxlO K
(7 ranges) (7 ranges)

25—250 K 
(CS)

1—100 
(5 ranges)

1.5—1500
(7 ranges)

5—1000 
(5 ranges)

5—1000 
(5 ranges)

3—1200
(5 ranges)

1.5—1500 
(7 ranges)

1.5—1500 
(7 ranges)

0.1—1200 
(5 ranges)

0.05—1500 
(7 ranges)

0.05—1500 
(7 ranges)

3—1000 
(5 ranges)

1.2—1200 
(5 ranges)

.01—300 
(10 ranges)

1.5—1500 
(7 ranges)

1—500
(6 ranges)

1.6—1600
1.6—1200 
(7 ranges)

3

3

.5

1
40 g|xf

1
95 |xjif

1
50 Hgf

1.3
80 npif

1.3
60 ggf

6.5

275 k
200 jxgf

1

10

1.4
13 mxf

2.8
1.0

±2 30 c
to 

150 me

±5 30 cps
to 

1 me

±3 30 cps
fo 

1 me

±3 30 cps
to

1 me

±5 3 me

±5 3 me

±5 30 cps
to 

3 me

±3 30 cps
to

3 me

±3 30 cps
to

3 me

±5 25 cps
to

100 kc

±5 10 cps
to

200 kc

±5 50 cps
to 

5 kc

±3 15 cps
to

110 me

±5 20 cps
to

1.5 kc

(1) 6H6 (1) 5W4 Type Circuit: Design,
(2) 6C5 stabilized, balanced degeneJ

ative amp. to make • ossiblJ 
the changing of de ,0|t J 
ranges without read ustmel 
of zero for each range. 1

(1) 6AL5 (1) 12AU7 Available: HV probe Type 2. Circuit: RectiJ 

to 50 kv. DC, RF (12AL5) and Balanced Br-J 
probe to 400 me 10 (12AU7) Circuit. Peak to J 
per cent. voltage ranges from 0-4000 1

AC Available: RF probe Type 2. Circuit: V01taoJ
(1) 6AL5 (1) 6X5 to 250 mc; HV probe regulated. ]
(1) 6SN7 (l)0A2 »o 50 kv. Provided:

DC, AC, ohms lead. 1

AC Available: RF probe Type 2. Circuit:
(1) 6AL5 (1) 6X5 to 250 me; HV probe

(1) 6SN7 *o 50 kv. Provided: I
DC, AC, ohms lead. I

AC Provided: Single probe Peak to peak voltage ronaJ
(1) 12AU7 (2) 6AL5 with switch for all from 3-1200.

ranges. 1
AC Available: HV probe. Type 2. Circuit: Peak fullwovl

(1J6AL5 (1) 12AU7 rectifier and balanced brid!
(12AU7) Circuit. Peak to pel 
voltage ranges from 4.2-42oi

AC Provided: Jack for 6 Type 2. Circuit. Six ranges 1
(1)6AL5 (1) 12AU7 kv DC or AC. Avail- capacity 1 Hgf to 1000 J

able: HV probe to 30 Peak to peak voltage roi 1 
kv. from 4.2-4200.

AC Available: HF probe Type 2. Circuit. RectifA
(1) 12AL5 (1) 12AU7 to 250 me; HV probe (12AL5) and balanced bndl

to 50 kv. (12AU7).

5W Available: HF probe Type 2. Circuit: Rectifil
(1) 12AU7 (2) 6AL5 to 250 me; HV probe (6AL5) and balanced bridl

to 50 kv. (12AU7). Peak to peak vol!
age ranges from 0.2-4200. 1

AC Available: HF probe Type 2. Circuit. Rectifil
(1) 6AL5 (1) 12AU7 to 250 me; HV probe (6AL5) and balanced bricl

to 50 kv. (12AU7). Peak to peak vol!
age ranges from 0.2-4200. 1

AC Type 2. Circuit: 1
(1)6SN7 (1)6H6 I

(1) 6X4 1
AC Available: HF probe Type 2. Circuit: Rectifier 1

(1) 6AL5 (1) 12AU7 20 kc to 100 mc (20 v balanced bridge. 1
max.); HV probe 30 1
kv. Provided: AC-DCV, 
ohms probe. 1

AC Type 3. Circuit: Cascade a]
(2) 12AT7 (1) 6C4 plifier. 1

AC Type 2. Circuit: Rectifil
(1) 12AU7 (1) 6AL5 (6AL5) and balanced brid]

(12AU7). Peak to peak vo] 
age ranges from 4-4000. 1

AC 6.5W Available: HV probe Type 2. Circuit: Rectifier a]
(1) 12AU7 (2) 6AL5 to 50 kv. Provided: balanced bridge circuit; me]

DCV, ohms lead, ac-rf shorted in off position ] 
shielded tube probe. damping when carrying,

to peak voltage ranges ]
2.8-700. Thirty per cent ]
curacy at 110 mc. 1

DC OP. Available: RF probe Type 2. Circuit: Rectifier a]
(1) CK 548 DX to 250 me; HV probe balanced bridge with 2 s]

to 20 kv. Provided: bonded germanium dio]
Low cap probe, ¡sola- CK 740. Peak to peak volto]
tion probe, shielded ranges from 1.6-1600. 1
cable leads. 1
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Rectifi J 
d Bridal

*o peal 
0-4000.

Voltagj

stage balanced-bridge de amplifier make 
up this circuit. It is widely used for provid- 
L a ombination of ac and de volt ranges. 
It can be readily adopted to resistance and 
Lak-to-peak ranges, especially for service 
Lork. When used for laboratory ac meas
urements, this circuit is capable of covering 

L frequency range up to 300 me, if maxi- 
Lm voltage sensitivity is not a prime con
federation. The nonlinearity of the rectifier 
limits accuracy in low-voltage measure- 
Lents. Lowest full scale range is usually 
I to 1 v, if the wide-frequency capability is

ge rangi

k fullwovj 
ed bridd 
ik to pea 
i 4.2-42M

ronges j 
1000

ige rangi

Rectifi 
:ed brido

Rectifi! 
:ed brida 
peak vol 
.2-4200.

Rectifi 
ced brida 
peak vol| 

.2-4200.

ectifìer ar

Cascade cr

t: Rectifi 
need bridd 
i peak vd 
4-4000.

Rectifier "1 
circuit; met 
position t 
arrying. P* 
ranges fa 

»er cent c

Rectifier c| 
with 2 91 

iium dial 
peak volto) 
1600.

retained.
Circuit Type 3: Particularly suitable for 

Measuring small ac voltages. This type em
ploys an ac amplifier-plus-rectifier circuit. 
It has wide use in audio and low frequency 
Applications where it is often provided with 
Lgarithmic meter indications. For labora- 
lory use, it appears most often in an ar- 
kngement having a frequency-compen- 
Lted, constant-impedance input for a 
kilti-stage ac amplifier, with large amounts 
k feedback to stabilize gain and expand 
Lndwidth. Shunt capacitance in the input 
|ircuit is fairly high, but generally accept
able for applications up to 10 me. Lowest 
lull-scale ranges are usually around 0 to 
Io mv. Overload protection is obtained 
li the buffer action of the amplifier.
I Circuit Type 4: This type uses a modu- 
Itor for conversion of de to ac, plus a rec- 
|fier circuit. It is capable of very high de 
loltage sensitivity at a high input imped- 
Ince. With chopper de to ac conversion. 
Inly a narrow frequency response of the 
■ amplifier is required, since it need cover 
Inly the driver frequency as expanded by’ 
■ rate of the de input variation. Use of 

amounts of feedback in the multi - 
■age ac amplifier allows improvement of 
■ahilized gain and higher input imped- 
t In a pH application, input impedance 
■ be made to exceed 100 megohms.
■ When a modulator of the capacity ty pe 
■ used for de to ac conversion, an input 
■pedance as high as 1015 ohms is achieved 
K measurement of very small voltages 
Bom a high-resistance source can be made. 
Birrent measurements in the micronjicro- 
fcere range are attainable. At measure- 
Bout levels or around 100 mv, zero stability 
■ this circuit becomes better than that of 

chopper type.
B^he less common galvanometer-type 
■ lul. for allows full-scale measurements 
■low as 0 to 10 pamp at a 50 ohms input 

ce, with long-term stability^ ±0.2

It’s four 
instruments 

in one...

1

2

3

de null detector

micro-microammeter

microvolt level de amplifier

microvoltmeter

... and can 
really take 

a beating

KIN TEL’S ELECTRO-GALVO SOLVES ALL YOUR 
LOW-LEVEL DC MEASUREMENT PROBLEMSSensitive

Functionally equivalent to suspension galvanometers, but 
with far greater versatility, the Model 204A is the ultimate 
for DC null detection in low level bridge and potentiometer 
circuits. KIN TEL’s chopper stabilized, all transistor design 
provides extreme sensitivity and rugged durability superior 
to conventional moving coil or electronic galvanometers.Rugged ‘
Immune to overload and shock, the current sensitivity of 
the Model 204A is 20 times greater than the sensitivity of 
high quality, mechanical current galvanometers. As a volt
age galvanometer, the extremely high power sensitivity of 
the Model 204A makes it superior to low impedance 
moving coil instruments.

Versatile

This reliable, general purpose unit is ideal for use as a direct 
reading indicator for strain gage, thermocouple and other 
current or voltage measurements in industry or laboratory. 
The 204A’s simplicity of operation makes it the key to 
efficient production line testing. Its unequalled stability 
makes it ideal for low level DC amplification to extend 
the range of recording and other measurement instruments.

Representatives in all major cities.

KIN TLE

(kay lab)

5725 KEARNY VILLA ROAD • SAN DIEGO 11
CALIFORNIA BROWNING 7-8700

Check these outstanding specifications

20 Micro Microamps Per Division 
Sensitivity

• ± 10 Microvolts to 10 Volts or ± 
0.001 Microamp to 1 Milliamp Full 
Scale Sensitivity

• Withstands Extreme Overload with 
No Zero Offset

Transistorized—Rugged—Insensitive to 
Shock, Microphonics, Position

Floating Input

7 Voltage or Current Ranges

10,000 Ohm Input Resistance

10'14 Watts Full Scale Power Sensitivity

• Equivalent Built-in Ayrton Shunt— 
No Accessories to Buy

• Use as Stable DC Amplifier with 1 Volt 
at 1 ma Output

• Less than 2 Microvolts Drift

• Less than 1 Microvolt P-P Noise

Model 204A Price $325.00

CIRCLE 23 ON READER-SERVICE CARD FOR MORE INFORMATION
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WHY...
has this time delay relay 
aroused such interest?

Radio frequencies up to 250 

mc can be switched by this co

axial switch making possible 

the use of one detector for 

signal comparisons.

• May be Energized Continuously . . . does not 
require auxiliary lock-in circuits ... a load car
rier in itself

• Snap-Action contact speed ... up to Double
Pole, Double-Throw switching.

• Simple Hermetically-Sealed time element. . . 
long life stability. Not subject to aging or fatigue.

• Low Cost as a unit; even lower considering sim
plified installation.

• The Name . . . Silic-O-Netic Time Delay Relay 
... Meaning: SILICone controlled, magNETIC 
flux variation.

• It’s New . . . the Type “A” Silic-O-Netic Relay 
is a vastly improved model.

Write for Bulletin T-5002

HEINEMANN

ELECTRIC COMPANY 
15» Plum St., Trenton 2, N. J.

STRAIGHT FACTS
Time Delays . . from % ,o ' 20 seconds.

Small size . . . Overall dimensions: 
21j6" x 2" x ••• Weight 3 ozs.

Operation Hydraulic-magnetic principle 
providing positive contact operation good 
contact pressure.

Contact capacity 3 amp at 1 20 volts, 
AC (Non-inductive load) . , . D.P.D.T.

This twenty-seven chann 

decommutation system const 

of a gating unit (top), a pul 

generator (middle) and a reg 

lated power supply (bottor 

The system measures 19-1/2 

high and 13 in. deep.

CIRCLE 24 ON READER-SERVICE CARD FOR MORE INFORMATION

250 Mc Coaxia

A COAXIAL switch which can handle rf sig 
nals up to 250 mc makes it possible to us< 

one detector for both the reference circuit an< 
the unit being tested. Consequently, the possibil 
ity of error caused by non-identical detectors i 
avoided.

The switch manufactured by Jerrolds Elec 
tronic Corp., 23rd and Chestnut Sts., Philadel 
phia 3, Pa., utilizes two Clare Mercury Wettei 
switch elements mounted in a coaxial circuit. Th 
unit has a maximum current rating of 5 a at 50 
v and can be supplied for either 50- or 75-ohr 
lines with a vswr of less than 1.08 from 0 to 25 
mc. The insertion loss of the unit is approx 
mately 1 2 db.

Th 
block 
multi 
tion 
throu 
switc 
adjus 
adjus 
atteni 
to the

WI 
the s’ 
for q 
point

Foi 
coaxii 
Servi<

Telemeter Decommutatio Sy

A27-channel, completely self-contained d 
commutation system has been develope 

for use in airborne or trailer-installed telemet 
receiving stations and in portable ground chec 
out equipment. The system, consisting of a ga 
ing unit, a pulse selector, and a regulated pow< 
supply, occupies 19-1/2 in. of panel height wil 
an overall depth of 13 in. Two spare moduli 
gating units are maintained on standby for i 
stant use.

All 
at am 
either 
cepter 
doubl 
per ci 
sign c 
freqiu 
discrii 
errors 
cent a

The 
11924 
Calif., 
mits y 
for raj 
on ea( 
cation

Min 
use oi 
pared 
constr 
to any

The 
cps si 
power

Furl 

systeir 
closer 1
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The switching functions are controllable by a 
blocking oscillator synchronized to some sub- 
multiple of the 60 cps of the line. Synchroniza
tion is obtained by varying a potentiometer 
through a screwdriver control. A phase reverse 
switch and a phasing control are provided for 
adjusting the phase with respect to the line. Gain 
adjustment is obtainable with the use of an rf 
attenuator which must be connected externally 
to the switch.

When used in conjunction with an oscilloscope, 
| the switch displays two voltages simultaneously 
for qualitative measurements, making point-by- 
point analysis unnecessary.

For additional information concerning this 
coaxial switch, fill out the enclosed Reader’s 
Service Card and Circle 25.

ystem
d J 
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emetti 
checl 
a gal 

powd 
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lodula 
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(bottoo

FOR

MILITARY

SPEC WIRE

AND CABLE

All standard RDB inputs, either PAM or PDM, 
at any repetition rate from 2-1/2 to 40 rps, and 
either single-ended or push-pull signals are ac
cepted. Outputs may be operated single or 
double ended. The overall linearity is within 1/2 
per cent at maximum signal level. Circuitry de
sign does not reflect errors produced by center 
frequency drift of subcarrier oscillators, drift of 
discriminator de output level, or playback speed 
errors. Long term level drift is within 1/2 per 

I cent and gain drift is negligible.
I The system, manufactured by Arnoux Corp., 
111924 West Washington Blvd., Los Angeles 66, 
I Califincludes a built-in test selector which per- 
Imits visual inspection of waveforms throughout 
■for rapid malfunction detection. Neon indicators 
Ion each gating unit give continuous visual indi- 
Ication of correct sequence operation.
I Miniaturization is accomplished through the 
■use of seventy-six tubes in the design as com- 
Ipared to a hundred in similar systems.’Modular 
■construction permits the expansion of the system 
Ito any desired capacity.
I The power required by the unit is 115 v, 60 
|cps single phase. An optional 115 v, 400 cps 
■power supply is available for airborne use.
I Further information on the decommutation 
System may be obtained by filling out the en
closed Reader’s Service Card and circling 26.

At Boeing, 
Seattle, Washington

MIL-W-5086 low tension 
airframe wire is used in low 
voltage circuits throughout 
the B-52 Intercontinental 
Jet Bomber.

At Douglas, 
El Segundo, California

MIL-W-76A is used 
extensively in the Nike Ajax 
guided missile system.

MIL-W-5274A hook-up 
wire is used in the electrical, 
radio and radar components 

of the A4D Skyhawk 
and F4D Skyray.

At Western Electric, 
Burlington, N. Carolina

At North American 
Aviation, L. A., Calif.

MIL-C-17B coaxial cable is 
used in high frequency 
radio and radar circuits on 
the F100 Super Sabre 
fighters.

At Raytheon, 
Waltham, Massachusetts

At Chance-Vought, 
Dallas, Texas »

JAN-C-76 general purpose 
hook-up wire is used to 

interconnect cells of dry 
batteries for portable 

military equipment.

MIL-C-7078A shielded air 
frame wire is used near radio 
and radar apparatus to assure 
distortion-free operation 
of electronic equipment 
on the F7U-3 fighters.

At Burgess Battery, 
Freeport, Illinois

MIL-W-16878B high 
temperature hook-up wire 

is used in classified 
airborne navigation and 

bombing radar.

leading manufacturers 
choose Brand quality* 
Brand service
Turbo-Brand wires are manufactured 
under a program of scientific 
quality control to exceed the rigid 
requirements of these and other 
manufacturers the world over.
Available as single conductors or as 
custom-designed multi-conductor 
cables, Turbo-Brand cable may be 
specified to incorporate any number 
of conductors, any combination of 
wire types, and any predetermined 
lay-up pattern.
Your inquiry is invited.

WILLIAM BRAND 
& COMPANY, INC.
WILLIMANTIC 3, s CONNECTICUT 

Electrical and Electronic Wires and 
Cables • Harnesses and Cable Assem
blies • Plastic and Coated Insulating 
Tubings • Identification Markers

CIRCLE 2Z ON READER-SERVICE CARD FOR MORE INFORMATION
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Ferrite Transducers for Electromechanical Filters
Glyndon S. Hipskind

Radio Corporation of America

IN any magnetostrictive transducer the efficiency 
of operation depends upon the magnetostrictive 

activity of the core or resonator material. One use
ful way to express this efficiency is by the coefficient 
of coupling between a given coil and the associated 
core. The coil with core in place may be repre
sented by the equivalent circuit shown in Fig. 1. In 
this figure, L is the inductance of the coil with res
onator in place, K is the coefficient of coupling, and 
C is the distributed capacitance of the coil plus any 
external capacitance necessary to resonate the coil. 
The antiresonant frequency of the parallel branch 
of the circuit is the same as the natural frequency 
of the resonator; the Q of the parallel branch is the 
same as the mechanical Q of the resonator. The im
pedance of the parallel branch may be expressed as

An interesting application for the magnetostrictive property of ferrites is in an electromechanical filter. Such a fil- 
ter, which can be an extremely selective band-pass device, consists of an input transducer, a section of mechanically 
coupled resonant elements tuned to a specific frequency, and an output transducer. Ferrite rods or cores are used as 
the input and output transducers. Assume that a small ferrite rod having relatively high magnetostrictive character
istics is placed in a coil in such a manner that the rod is free to vibrate. Then a small permanent magnet is placed 
near the coil assembly to supply a biasing effect on the core. If the coil assembly is excited with an ac signal, the cir
cuit can be tuned by means of capacitor so that the coil energy is absorbed by the core. The core is mechanically 
resonant and the energy of the coil is used to provide mechanical motion to the core.

Such a device is a transducer converting electrical energy to mechanical energy. A reversal of energy conversion 
can also take place. If the core is provided with mechanical motion, it will induce a current in the coil at the same 
frequency as the mechanical motion of the core. The important parameters for the evaluation of a ferrite rod for 
transducer applications and methods for the measurement of these parameters are described in this article. Empiri
cally obtained values for these parameters are given for rods having differences in size, composition, and firing 
conditions. In conclusion, performance data including frequency-response and temperature stability characteristics 
are given for a developmental electromechanical 200 kc filter utilizing ferrite-rod transducers.
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y _ jœ K- L 
/jP ~ 1 O Substituting the value of LC from eq (4) in eq (3),

For the frequency where the circuit is series res
onant, the total impedance Z will be equal to zero, 
neglecting the resistance of the coil.

Let o)2 be the series resonant frequency; then,

K -

If it is assumed that cd* « co, then

and

rods vibrating in the longitudinal mode, this fre
quency is expressed by

/, =

21

j&2 K- L

1 — W22 A2 EC
= 0

Where /j is the frequency in cycles per second, 
n is a small integer (for the fundamental frequency,
n — 1; for the second harmonic, n — 2; etc.), 1 is the

The 
e cha 
ith te

W22 LC ~ 1

Let (D/ be the frequency at which the parallel
branch of the circuit is at resonance ( antiresonance 
condition); therefore:

wi2 K

The coefficient of coupling K, therefore, can be 
determined with eq (6) from fi, the seeries resonant 
frequency of the circuit, and f„ the natural resonant 
frequency of the core.

Natural Resonance and Propagation Velocity

The resonant frequency of the ferrite core is a 
function of the velocity of propagation of sound 
through the body, Young’s modulus, the length of 
the core, and the density of the core material. For

length of the rod in meters, o is the density of the
rod in kilograms per meter3 and E is Young’s modu
lus in newtons per meter2. The expression (E pMis 
equal to the velocity of propagation in meters p« 
second.

Because the rod is not affixed at either end, it is 
free to vibrate as a half-wave resonator. The veloc
ity of propagation of sound through the ferrite 
medium, therefore, is given by:

aten 

asitior

enien 
ator 
press«

r = a à
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Where v is the velocity of propagation, fi is the 
resonant frequency, and X is the full-wave length, 
P] in meters.

Testing Procedures

cind
ienca

a Fi- 
lically 
>ed as 
acter-| 
»laced 
ie cir-1 
lically

The coefficient of coupling may be measured by 
means of the circuit arrangement shown in Fig. 2. 
The frequency of the signal generator is adjusted 
until the voltmeter reading is a minimum. This 
Lading indicates the antiresonant condition: the 
Lpedance of the coil is a maximum and the current 
L minimum. This frequency is recorded as f,. The 
frequency of the signal generator is then increased 
ntil the voltmeter reading is a maximum. This 

Lading indicates the series-resonant condition. The 
Lequency at this point is recorded as f2. The cou- 
L ng coefficient may now be calculated from eq (6).

The coefficient of coupling depends to some ex- 
Lnt upon the coil design. Such factors as how close 
he winding is to the core, how long the coil is with 
lespect to the core, and how the cores fit into the 
Lil form affect the coefficient values.
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Initial Permeability

Another characteristic of importance is the initial 
mneability of the core material. Because of its 
elationship to the termination impedance of a fil
er using ferrite transducers, the permeability of the 
mite must be controlled within very close limits, 
ince the ferrite is in the form of a rod instead of 
ring, this property can be controlled by measuring 

lie effective permeability in place of the actual ring 
lermeability. The effective permeability is defined 
e the ratio of the inductance of the coil with core 
Lerted to the inductance of the coil with an air 
lore. This effective permeability — iiPff — is meas- 
Ired with a Q-meter and may be expressed

C (coil only)
Ueff = -----------------------------------

C (coil with core)

he capacitance C indicated on the meter for both 
editions is measured at the same frequency.

Frequency Stability

The frequency stability of the core depends on 
r change of permeability of the ferrite resonator 
[th temperature as well as the magnetostrictive 
fality. The exact extent of this change, expressed 

a temperature coefficient, depends upon the com- 
Lition and processing conditions. This. tempera
re coefficient is most easily determined by meas- 
hment of the resonant frequency of the ferrite res- 
Ltor at different temperatures. The coefficient is 
pressed as follows :

a = —------- - X 106 
(^2—^1) ft.

lere a is the temperature coefficient in cycles
me, ftl is the resonant frequency at room tem-

^TRONIC DESIGN • September 1, 1957
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Fig. 4. Temperature stability charac
teristic of a 100 kc ferrite resonator.
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Fig. 6. Effect of change in biasing 
force on coefficient of coupling.
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Fig. 5. Temperature stability charac
teristic of a 200 kc ferrite resonator.

perature t„ in deg C and fti is the frequency at any 
other temperature, elevated or reduced, tg. The res
onant frequency for determining the temperature 
coefficient is measured in the same way as the res
onant frequencies for the coupling coefficient.

Table 1. Parameters for different ferrite rods 0.510 in. long and 0.037 in. diam designed for 
operation at approximately 200 kc.

36

Composition

Coeff.of 
Coupling 

K (per cent)

Resonant 
Frequency 
f1 (cps)

Young’s 
Modulus

E (newtons/m2)

Velocity of 
Propagation 

v (m/sec)

Eff. 
Perm.

M-eff-

Density 
g (kg/m3)

Ni Ferrite .1253 219899 1.65 xlO 5,740 2.45 5.30 xlO3

Ni Ferrite with 1 /3 per cent 
impurity added .1450 217903 1.681 xlO 5,680 2.74 5.21 xlO3

Ni Ferrite with 1 /3 per cent 
impurity added. Fired un
der different conditions 
than above. .1495 218052 1.692x10 5,690 2.66 5.23 xlO3

Ni Ferrite with 1 per cent 
impurity added .1593 220358 1.718x10 5,750 2.82 5.19 xlO3

Ni Ferrite with 2 per cent 
impurity added. .1389 222941 1.765x10 5,820 3.02 5.21 xlO3

Table 2. Parameters for two 100 kc ferrite rods 1.25 in. long and 0.054 in. diam produced
under different conditions.

Coeff. of Resonant Young’s Velocity of Eff.
Coupling Frequency Modulus Propagation Perm. Density

Composition K (per cent) fi (cps) E (newtons/m2) v (m/sec) Peff- g (kg/m3)

Ni Ferrite .1445 90406 1.700x10 5,760 7.66 5.12 xlO3

Ni Ferrite .1288 91381 1.815x10 5,800 4.60 5.39 xlO3

Experimental Results

Fig. 3 shows a typical frequency-response curve 
of a ferrite resonator core. The ratio of the peak 
voltage to minimum voltage is about 150 or 200 to 
one. As previously stated, the anti-resonant fre

quency, of the parallel branch is the natural res
onant frequency of the core. The series resonant 
frequency f2 is about 1000 cycles above frequency 
ft. The greater the difference between f, and f2, the 
greater the coefficient of coupling.

Five ferrite rods having different compositions or 
firing conditions, each 0.510 in. long and 0.37 in. 
diam and designed for operation in the vicinity of 
200 kc were tested for coupling coefficient, resonant 
frequency, Young’s modulus, velocity of propaga
tion, effective permeability, and density. The re
sults are given in 'fable 1. With the addition of 
small amounts of impurities, the coefficient of cou
pling increases. This increase continues until some
what over the 1 per cent impurity point is reached. 
It then decreases. The value of Young’s modulus 
increases with addition of impurities. The velocity 
of propagation decreases slightly with small addi
tions of impurities, but further impurity additions 
cause an increase in velocity. Effective permeability 
increases with the addition of impurities regardless 
of the change in firing conditions. The densities 
show a slight decrease with the addition of im
purities.

Table 2 lists the various parameters for two 100 
kc ferrite rods produced under different conditions. 
There is a considerable difference in almost every 
parameter, but the two that stand out most are the 
values for the effective permeability and density.

The frequency vs temperature characteristics of 
a 100 kc transducer rod are given in Fig. 4. The 
temperature range studied was —40 to 85 C. It will 
be noted that the frequency increases with increase 
in temperature until 4 C is reached. At this tem-
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Fig. 7. Schematic diagram of elec
tromechanical filter using Ni-span 
filter elements and ferrite transducers.

Fig. 8. Frequent/ response character
istic of 200 kc electromechanical filter.

Fjg. 9. temperature stability character
istic of 200 kc electromechanical filter.

Mature, the frequency decreases quite rapidly and 
«en si iows a tendency to level off. The coefficient is 
ositive between —40 and 4 C and negative for 
tnipe ratures above 4 C.

A similar frequency-temperature study, made for 
kc rods, is given in Fig. 5. The same general

TRONIC DESIGN • September 1, 1957

trends exist except that the curve rises faster and 
peaks at a higher temperature than does the curve 
for the 100 kc rods. There is no indication of a ten
dency for frequency response to level off as it does 
for the 100 kc rod.

Although the 100 and 200 kc rods were made of 
the same compounded material extruded in the 
same manner, they have different characteristics 
due, undoubtedly, to differences in extrusion pres
sures for each size.

Another interesting feature of this magnetostric
tive material is the effect of the biasing force on the 
coefficient of coupling. Fig. 6 shows the results of 
a typical core subjected to different biasing forces 
produced by changes in the position of a permanent 
magnet. With a very weak field, the coefficient of 
coupling is low. As the field is increased, the co
efficient increases and then levels off. A further in
crease in bias causes the coefficient to increase at a 
very rapid rate. The maximum value is limited only 
by the effective resistance of the circuit. With still 
further increase in the biasing force, the coefficient 
of coupling again drops off. Obviously there are 
bias limits within which the rod vibrates most ef
ficiently; the extent of this range depends on the 
composition and processing conditions of the rod.

Use as Transducer in Mechanical Filter

The best proof as to the effectiveness of these fer
rites as transducers is how they perform in an 
actual filter. A complete filter was built using trans
ducer elements having a coupling coefficient of 0.14 
to 0.17, an effective permeability of 2.46 ± 3 per 
cent and a temperature coefficient of ± 35 cy- 
cles/C/mc. Fig. 7 is a schematic diagram of the 
filter. The filter was tuned by means of capacitors 
Ci and C3 for a 200 kc center frequency. After the 
tuning, the capacitor received no further adjust
ment for the remainder of the tests. Several re
sponse curves were taken at various temperatures. 
The filter was placed in an oven for elevated tem
perature tests and in a ventilated box with dry ice 
for the tests below room temperature. The frequen
cy response of the filter is given in Fig. 8. The band
width, measured at the —6 db point, is a little over 
3,000 cycles. The peak-to-valley variation is not 
more than 2 db over the passing range. The sides 
of the curve are quite steep as far down as —50 to 
-60 db.

Fig. 9 shows the temperature characteristics of 
this filter for temperatures ranging from —50 to 
-|-85 C. The greatest peak-to-valley variation occurs 
at a temperature of 50 C; however, the value is not 
more than 2 db. The bandwidth is approximately 
the same for all temperatures.

The author wishes to express his appreciation to Messrs. 
George Katz and R. E. Hurley who made the magneto
strictive ferrites; to R. D. Hunter who conducted the tests on 
the rods and filter; and to L. Dimmick who built and sup
plied the filter.

J
 new GUARDIAN 

Solenoids 
| with POWER and a Stroke 

++ that add new "lift 
to your product!

1

NEW! NEW!
HiAVY DUTY

No. 2

This new special version of 
Guardian's standard No. 2 
Solenoid provides extra pow- 
er and longer life yet utilizes 
the same space. Available in 
A.C. or D.C., for intermit
tent or continuous duty. 
Stroke adjustable from %>* 
to lift more than 60 oz. 
Unit has surpassed 15 mil
lion continuous operations 
at peak operating efficiency.

with PERMASEAL Coil

Preferred where moisture 
conditions prevail. Coil winding, 
completely encapsulated in 
PERMASEAL thermosetting 
epoxy, resists water, humidity, 
oils, salt air, acid and alkaline 
solutions, ether, alcohol, hydrau
lics and other fluids. High 
dielectric strength, resistance to 
abrasion and thermal or mechan
ical shock enable it to operate 
at top efficiency.

r

No. 22

NEW! MIGHTY MIDGET
Tiny but powerful, this 
new Guardian Midget 
Solenoid packs a deci
sive punch. Strokes 
range from to W 
and it lifts over 24 oz. 
Size U' x x U/i' •• 
ideal when space is at a 
premium. Available in 
D.C. only, for intermit
tent or continuous duty 
applications.

16

GUARDIAN STEPPERS
Get Guardian’s free Bulletin P-84. Gives 
complete operating data on sequence select
ing, latching, automatic homing, remote ho
ming, pulsing, electrical reset, slave and mas 
ter sets, continuous rotation, add/subtract.

Se/ecf Tw Solenoid* from GUARDIAN’S COMPLETE LINE 
...Proved for Superior Perform onto I

L2 Many Guardian solenoids are available with 
1A Guardian PERMASEAL encapsulated coils.

Most standard units are sufficiently flexible in 
design to meet “special” requirements and there
by eliminate costly pretooling. Adjustable strok
es up to 2 inches; pull or lift up to 20 pounds. 
All D.C. units available for 400 cycle operation. 
Write for Bulletin SOL-8.

IB

MER

Large selections of Guardian relays, solenoids andsteppers^ 
are carried in stock by franchised distributors in the U.S. and 
Canada. Write for name of nearby distributor and Bull. SD-11. 

GUARDIAN^ELECTRIC
. 1622 K W. WALNUT STREET CHICAGO 12. ILLINOIS

CIRCLE 28 ON READER-SERVICE CARD FOR MORE INFORMATION
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Weighs 3/4 Oz, Has 
One Moving Part

400 Ma, 600 V Peak 
Inverse
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Miniature Inertia 
Switch

I' '
■ ■

This multichannel sampling switch is designed 
for use in missile telemetering applications. The 
cylindrical pressure sealed container allows the 
switch to operate at altitudes up to 200,000 ft and 
in temperatures from 125 down to —65 C. This 
switch is available with from one to five poles with 
up to 60 contacts per pole, at sampling speeds 
ranging from 0.5 to 30 rps. The various motor drives 
offered include 6, 12, and 27.5 v de governed or 
ungoverned, 60 cps single phase, or 400 cps single

High precision plug-in transformers for prime® 
circuit application are epoxy encapsulated unit®

Plug-in Transforme
For Printed Circuits

or three phase. The governed de units have a speed 
regulation of ±3 per cent. The construction will 
withstand 150 g shocks and 100 g continuous ac
celeration bi-directional in each of 3 planes, and a 
vibration of from 20 to 2000 cps at 20 g for 1/2 hr. 
This switch will provide continuous operation for 
100 to 1000 hr depending upon the sampling speed, 
the severity of environmental conditions, and the 
quality of switching required.

Applied Science Corp, of Princeton, Dept. ED, 
P. O. Box 44, Princeton, N.J.
CIRCLE 30 ON READER-SERVICE CARD FOR MORE INFORMATION

Telemetering Switch
Operates Up to 

200,000 Ft

designed for maximum moisture resistance an® 
insulated for high operating temperatures, Dug-i®,.,.,^ 
terminals are spaced on multiples of 0.1 in. 1 ■ 
standard grids.

Celco Constantine Engineering Labs. Co., Dtp® 
ED, Island Ave., Mahwah 1, N.J.

CIRCLE 32 ON READER-SERVICE FOR MORE INFORMATION I

.■en ar
Molded composition resistors in a 1/10 w 

are 0.067 in. in diam and 0.14 in. long. Lead wuK ; 
are hot-solder-coated for rapid soldering. The®^ 
units are available in RETMA values from 
ohms to 1 megohm, ±10 per cent tolerance. ®|.|

Ohmite Manufacturing Co., Dept. ED, 
Howard St., Skokie, Ill.
CIRCLE 33 ON READER-SERVICE CARD FOR MORE INFORMATIVE 37

Miniature Molded!
Composition Resis'oi®

0.14 In. Long ■The
vicaJ

The diffused silicon diode/rectifier features 400 
ma average rectified forward current plus 600 v 
peak inverse voltage ratings. The IN649 highlights 
a guaranteed minimum 2-million-to-l forward to re
verse current ratio. Other significant parameters on 
the unit include 1.25 a recurrent peak forward cur
rent rating, a 3 a surge current (one sec), 600 mw 
power dissipation, and a 720 v breakdown voltage.

Four other silicon diode/rectifiers, the IN645, 
IN646, IN647, and 1N648, all diffused silicon glass 
devices, differing from the IN649 only in peak in
verse voltage (225 to 500 v), breakdown voltage 
(275 to 600 v), and reverse current ratings at ele
vated temperatures, have also been introduced.

Texas Instruments Inc., Dept. ED, Semiconduc
tor Components Div., 2929 Cedar Springs Rd., 
Dallas 21, Tex.
CIRCLE 31 ON READER-SERVICE CARD FOR MORE INFORMATION

This miniature inertia switch is designed to elim
inate friction and sticking causing unreliable func
tion, costly, complicated mechanisms, and waste 
space. A single moving part held in a magnetic 
field momentarily closes electrical contacts, follow
ing impact or acceleration above a preset value. 
Switch setting easily adjustable from 1.5 g up, tol
erance ±0.15. Volume, 1/2 cu. in. Weight, 3/4 oz.

Safe Lighting, Inc., Dept. ED, 527 Lexington 
Ave., New York 17, N.Y.
CIRCLE 29 ON READER-SERVICE CARD FOR MORE INFORMATION
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I The Model MCRP-700 is a high-speed, precision 
■counter developed to add or subtract electrical 
■pulses with optional microswitch control at zero 
■level and featuring electrical reset to any predeter- 
Bniined number. The lightweight armature, which 
■actuates the counting mechanism, is dynamically 
■balanced to provide accurate counting under severe 
■vibrations. The unit can be furnished as a three, 
■four, or five digit counter with any combination of 
■dd, subtract, and microswitch control at zero 
■evel.
I Photocon Research Products, Dept. ED, 421 N. 
«Itadena Dr., Pasadena, Calif.
■CIRCLE 35 ON READER-SERVICE CARD FOR MORE INFORMATION

High-Speed Counter 

Electrical Reset

rmeri

printe] 
.1 <• 1 
ce ani 
Plug-J 
in. fa

This right-angle gear head motor is 2 in. in diam, 
JO cps, 115 v, single phase. With an output speed 

If 75 rpm, the motor is designed especially for tape 
hording, aircraft, and numerous other applica- 
[ons requiring moderate torque at low speeds.
I Air-Marine Motors, Inc., Dept. ED, 369 Bayview 
Le., Amityville, N.Y.
■RCLE 36 ON READER-SERVICE CARD FOR MORE INFORMATION

3 In. Cathode Ray Tube

26 to 35 V/ln. Vertical Sensitivity

The rectangular 3-in. cathode ray tube has a
rtical sensitivity of 26 to 35 v de per in., which 
¡achieved with a second anode voltage of 1000 v. 
pen an extremely well defined spot is required for 
p resolution and optimum brightness, the tube 
r be operated with 2000 v at the second anode, 
fder these conditions the vertical sensitivity is 
|to 70 v per in. The tube is available in Pl, P2, P7, 
fPll phosphors.
Waterman Products Co., Inc., Dept. ED, 2445 
fcrald St., Philadelphia 25, Pa.
flE 37 ON READER-SERVICE CARD FOR MORE INFORMATION
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Right-Angle Gear 
Motor

75 RPM

SEMI-CO
DUAL V

REGULATED P

DUCTOR
-TAGE 
WER SUPPLY

CIRCLE 38 ON READER-SERVICE CARD FOR MORE INFORMATION

MODEL

A NEW COMPACT, LIGHT WEIGHT UNIT FEA-

। STABILITY: The output voltage variation is lesss than .05 volts 
for a period of 8 hours.

OUTPUT IMPEDANCE: Less than 0.1 ohms from 1KC to 100KC.
Less than 0.01 ohms from DC to 1KC.

POWER REQUIREMENTS: 105-125 volts, 50-400 cycles.

OUTPUT TERMINATIONS: DC terminals are clearly marked on the 
front panel. All terminals are isolated from the chassis. Either 
positive or negative terminal of each DC output may be grounded. 
A terminal is provided for connecting to the chassis. The DC 
terminals are also brought out at the rear of the unit.

METERS: Voltmeters: Two 0-30 volts, W 
Milliameters: Two 0-1.5 amperes, 2Í4"

CONTROLS: Power on-off switch; outputs 1 and 2 DC on-off 
switch; outputs 1 and 2 ten turn voltage controls.

2SC-3O-1.5

for Transistors 
and Strain Gages

TURING TWO INDEPENDENT REGULATED VOLT
AGES WITH HIGH EFFICIENCY, FAST RECOVERY 
TIME, GOOD STABILITY, LOW OUTPUT IMPE
DANCE, LOW HEAT DISSIPATION, AND SHORT 
CIRCUIT PROTECTION.

RECOVERY TIME: Less than 50 microseconds. The excursion in 
the output voltage during the recovery period is less than .05 
volts for line fluctuations from 105 to 125 volts or load varia
tions from 0 to maximum current.

PHYSICAL SPECIFICATIONS: Height 7", width 19", depth 11", 
color gray hammertone. This unit is designed for relay rack 
mounting or bench use. Carrying handles are provided.

SEND FOR BROCHURE B-576 — SPECIFICATIONS ON 
NEW MAGNETIC, TRANSISTOR AND TUBE 
VOLTAGE REGULATED POWER SUPPLIES AND 
SEMI-CONDUCTOR DC TO DC CONVERTERS

OUTPUT #1
OUTPUT VOLTAGE DC: 0-30 volts continuously variable.
OUTPUT CURRENT DC: 0-1.5 amperes continuous duty.
REGULATION: In the range 0-30 volts, the output voltage varia
tion is less than 0.02 volts for load variation from 0 to maximum 
current, and less than 0.02 volts for line fluctuation from 
105-125 volts.
RIPPLE VOLTAGE: Less than 3 millivolts RMS.
FUSE PROTECTION: Input and output fuses on front panel.

OUTPUT #2
OUTPUT VOLTAGE DC: 0-30 volts continuously variable.
OUTPUT CURRENT DC: 0-1.5 amperes continuous duty.
REGULATION: In the range 0-30 volts, the output voltage varia
tion is less than 0.02 volts for load variation from 0 to maximum 
current, and less than 0.02 volts for line fluctuation from 
105-125 volts.
RIPPLE VOLTAGE: Less than 3 millivolts RMS.
FUSE PROTECTION: Input and output fuses on front panel.

O1M

olded 
esistei

>ng

0 W sil 
-ad wii

from m KEPCO LABORATORIES, INC.
131-38 SANFORD AVENUE • FLUSHING 55, N.Y. • INDEPENDENCE 1-7000
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NEW ENGINEERING BULLETIN LISTS 120

DIFFERENT COMBINATIONS OF FREQUENCY RANGE
New Products

Waveguide Pressure Window

.800 MAX

jrevioi

9/32 i 1/32 .800 MAX. —►

I. F. SPECIFICATIONS

BANDWIDTH KC ±10% LOADEDKC ±10% FREQ.LOADEDBANDWIDTHFREQ.
40DB6DB3DB nth a

CIRC

ELECTRONICS

CIRCE

CIRCI
< CIRCLE 39 ON READER-SERVICE CARD

10.3
11.9

132
262
370 
455
500
800

1000 
1500

27.6
32.8

96.5
108
122
236 
286
346

1700 
1800
2000 
2200
2500 
2700
2900
4000 

10700 
25000

15.5
30.1
36.1
43.2

A Division of Aladdin Industries, Inc 
719 Murfreesboro Road 
Nashville, Tennessee
Tarrytown, N.Y.; Pasadena, Calif.

bree ri 
nth fiv 
Carni 

b, 44

pa as 
perm; 
Induct

20 standard frequencies, from 50 kc to 25 me. 
Military and commercial quality units. Four pages 
of text on IF transformer theory. Performance 
data and test circuits. Tables of engineering data on 
performance characteristics of available 
IF transformers.

WRITE on Company letterhead for 
this new Aladdin bulletin

TEST CIRCUIT s’™

I Induci

The 3 
t j it < 

TOSIS 
pilabh 
fto 231 
bui fr 

or ind 
seri<

40DB

369 
396
375
441
466 
504 
541
790 

2130 
3010

6DB

46.5
50.9
47.6
55.8
59.1
68.1
68.3
98.8

258
390

20DB

12.5
12.4
17.4
22.6
30.1
33.6
37.8
72.9
87.9

106

20DB

113
123
117 
137
144
165
167 
241
643
970

Ferrite Isolators

X and Kr Bands

3DB

35.7
39.5
36.4
43.7
46.2
52.4
52.4
76.5

203
296

ALADDIN 
PART NO.

*—417
*—418
*—420 
*—422 
*—425 
*—427 
*—429 
*—440 
*—511 
*—525

ALADDIN 
PART NO.

* — 250 
*—285 
*—313 
*—326 
*—337 
*—346 
*—350 
*—380 
*—410
*—415

Model IXL1, an X-band type, has 
frequency range of 8.5 to 9.6 kmi 
provides greater than 18 db isolation 
weighs 6 oz, and is 1-1/8 in. Ion 
Model IKeL1, another standard typ 
covers a range of 13.2 to 13.7 kmc j 
the Ke band with greater than 20 d 
isolation; it weighs 7.5 oz and is Id 
than 1-1/2 in. long. Modified standaa 
units with flanges rotated to any d 
sired twist angle are available on d 
der, thus providing versatility fj 
system packaging with negligible' 
crease in insertion length.

Raytheon Mfg. Co., Dept. ED, Sw 
cial Microwave Dveice Group, Seyi 
Bldg., Waltham 54, Mass.

CIRCLE 41 ON READER-SERVICE CARD

Low VSWR From 12.4 to 18 Kmc
A broadband waveguide pressure) 

window, designated MA-1342, pro
vides low vswr operation across the 
12.4 to 18 kmc freq range. The win- 
dow provides a vacuum-tight seal! 
when mounted between choke flanges 
in RG-91/U waveguide, but is trans-l 
parent to rf energy over the specified! 
freq range. Vswr at the band extremes! 
is less than 1.2. The window will with! 
stand 125 kw of applied power with! 
out arc-over at atmospheric pressure! 
Maximum pressure ratings are 45 psi 
on the glassed-in side and 30 psi on 
the reverse side of the window. ThJ 
window cover flange thickness is 0.0(1 
in. Materials used are low-loss glasl 
which is sealed into a kovar metal 
flange of appropriate dimensions.

Microwave Associates, Inc., Dept] 
ED, Burlington, Mass.

CIRCLE 40 ON READER-SERVICE CARD



iure

Concord Ave., Cambridge,

43 ON READER-SERVICE CARDCIRCLE

te on

ED, S]

E CARD

CIRCLE 45 ON READER-SERVICE CARD ►
CARD

.6 M 
olatioi

Diode Clips
Spring Loaded

Why not investigate the many advantages of 
AISiMag 196 for your application? Sketch or blue* 
print, together with details of operation, will bring 
you complete information.

VERSATILE AISiMag 196 stars 
IN SUCH APPLICATIONS AS THESE

Mounting Plates 

Spacers 

Standoffs 

Supports 

Switchbacks 

Terminal Boards 

Transformer 
Bushings 

Trimmers 

Tube Parts

Atomic 
Applications 

Appliance Parts 

Bobbins 

Bushings 

Coil Forms

Dowels 

Grommets 

High Frequency 
Insulators

A SUBSIDIARY OF
MINNESOTA MINING AND^< 

MANUFACTURING COMPANY X

The smallest size clip has been des- 
pated as X2146 when furnished 
nth a screw stud and X2147 when 
umished with a rivet mounting. The 
oiddle size clip has been designated 
is 2329 with a screw stud and 2330 
iith a rivet mount; the large diode 
b is 2339 with a screw stud and 
pfO with a rivet mount. Each of the 
Bure rivet mounted clips is available 
Lith five different shank lengths.
I Cambridge Thermionip Corp., Dept.

Two spring-loaded diode clips have 
>een designed to hold securely diode 
jigtail leads. The two, plus one other 
piously offered, can handle pigtail 
leads in sizes from 0.005 to 0.085 in.

AC Motors

Induction, Torque and Hysteresis

The 3800 Frame series of ac motors, 
esigned for induction, torque or hys- 
resis synchronous applications, is 
Bailable with input voltages of from 
ho 230 v, 1, 2, and 3 phase with an 
but frequency from 25 to 400 cps. 
lor induction applications, units in 
Jis series are offered in outputs to 1 
v torque motors 10 to 200 oz in. stall 
rque; hysteresis synchronous 1/200 
11 4 hp. Motors can be wound for 
Pgle, dual, or three speed, and can 
■ supplied as self cooled with inter- 
■ fan. Units in this frame series vary 
I weight from 8 to 11 lb. All can be 
kd as fan and blower motors and 
■ permanent magnet generators. 
■Induction Motors Corp., Dept. ED. 
■‘Main St., Westbury, N.Y.
I CIRC E 44 ON READER-SERVICE CARD

Your best buy for uses requiring rugged strength, 
low dielectric loss, precision tolerances. Dependable 
performance. Produced by the source offering widest 
choice of specialized ceramic compositions in the 
field. Withstand high temperatures. Hard. Minimize 
chipping, breaking. Chemically inert. Permanently 
rigid. Cannot rust, corrode or deteriorate with time. 
Wide latitude of shapes and sizes. Pressed . . . ex
truded . . . machined. The right equipment for every 
operation, every size order ... to improve quality, 
decrease cost. Rapid delivery of uniform parts. Proto
types available . . . small lots for test purposes with
out special tooling.

HlS|MRGI9B



New Products

No Brushes

when

For P

ELECTRONIC

4-pole, shaded pole
AC Induction Type

2-pole, shaded pole
AC Induction Type

4-pole, 4-coil, shaded
pole AC Induction Type

AC Accelerometer

CIRCLE 49 ON READER-SERVICE CARD FOR MORE INFORMATION

celerometer meets MIL-E-5272A for all conditions

CIRCLE 48 ON READER-SERVICE CARD FOR MORE INFORMATION

no commutators to arc over or *

♦General Electric Trademark for induction voltafl
regulators.

Fractional H. P. Motors

CIRCLE 47 ON READER-SERVICE CARD FOR MORE INFORMATION

RELY on GI
1/40 H. P. to 1/1100 H. P.

Your product is only as good as the motor

that powers it. Play it safe by specifying the

choice of leading O.E.M.'s — Specify G.I.!

We have the complete manufacturing facilities

and vital know-how to handle your particular

job efficiently, economically, on time. Our

design staff will be happy to work with your

engineers to solve special fractional hp.

problems. You can rely on G.l. I

Write for complete specifications and
quantity-price quotations today!

2-pole, shaded pole 
AC Induction Type

A

High Response

An ac output linear accelerometer for high re
sponse systems, this unit has an accurate, large out
put signal obtained while maintaining high natural
frequency and low cross talk. Temperature-compen
sated fluid damping maintains constant damping
over the operating temperature range without a
heater, and according to the company, provides ex
ceptionally good dynamic characteristics.

Available in a wide selection ol g ranges, the ac

with the following variations: temperature range
from —40 to 185 F; shock to 60 g; and vibration of

Typ 
.sin; 

uirerr 
ent. 
ovinj 
ed 
is

4-pole, 4-coil shaded 
pole AC Induction Type

2-pole, shaded pole 
AC Induction Type

2-pole Capacitor Reversi
ble Type AC only (for 6,

12, or 24 volts)

CD the GENERAL INDUSTRIES co.
DEPT. GJ»» ELYRIA, OHIO

30 g, 10 to 2000 cps.
Pacific Scientific Co., Dept. ED, P.O. Box 22019,

Los Angeles, Calif.

Two Phase Power Supply
Total Output of 550 VA

This supply is designed for the development and
testing of 400 cps servo systems, two phase gyro
motors and similar components. Three continuously
variable outputs—two at zero degrees and one at
±90 deg provide flexibility. No. 1 output provides
0 to 225 v, 1 a, zero phase; No. 2 provides 0 to 225 v,
1 a, zero phase; and No. 3 provides 0 to 130 v, 1 a,
±90 phase. Phase switch allows output no. 3 to be
switched to either lead or lag outputs no. 1 and no.
2 by 90 deg. Input is 115 or 200 v line to line, 400
cps, 3 phase. The unit measures 22 x 15 x 11 in
and weighs 51 lbs.

Pacific Technical Co., Dept. ED, 2047 Sawtelle
Blvd., Los Angeles 25, Calif.

G-E Inductrol
Voltage Regolato
Mean Reliability
Because it is an induction regulator, t
Inductrol maintains ^1% a-c out|
voltage without using brushes.

This means radically lower mam
nance costs than are possible with
brush-commutator type regulators. Th
are no brush inspection, cleaning.
placing, or stocking problems. There

down. General Electric Inductrols m
precise, highly reliable, economical vi
age regulation.

For more information, write Sect
425-7, General Electric Co., Schenect
5, N.Y., or contact your nearest Gen
Electric sa'es office or agent.

Tigress Is Our Most Important Prowd

GENERAL # ELECTRI
CIRCLE 50 ON READER-SERVICE CAN
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ALLIED’S

General Purpose Relay '

lator. t

main

iiical

yoltOS*

PnM

ALLIED CONTROLCE CARD

ALLIED CONTROL COMPANY, INC, 3 EAST END AVENUS, NEW YORK 11,N.Y.

For complete details send 
for Allied's GK catalog sheet.

Operating Voltages 
up to 220 volts d-c

Contact Rating:
up to 4 amperes at 150 watts

The Superior Electric Co., Dept.
ID, 83 Laurel St., Bristol, Conn.

CIRCLE 52 ON READER-SERVICE CARD

;henect
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Magnetic Voltage Regulator 
400 Cps Applications

Type TMH7101 is designed for 400 
single phase applications where re- 

iiiirements demand lightweight equip
ment. It has no tubes, transistors or 
Loving parts. The unit can be or- 
Led cradled on a shock mount. In- 
Lt is 95 to 130 v for nominal output 
Ioltage; output is 115 v nominal, ad- 
Ltable from 110 to 120 v; load is 1.0 
La; stabilization and regulation is 1.0 
[bandwidth for line voltage varia- 
|on. It measures 7-3/4 x 5 x 14-3/8 in. 
L fit military standard case MS91403-

Long life, stability and high 
reliability are the features of this 
new general purpose relay. 
Allied’s type GK relay uses twin 
palladium contacts with 
bifurcated stationary contact 
arms. Designed for a wide 
variety of Industrial and Mili
tary applications, Allied’s type 
GK relay has a capacity of 20 
springs which can be assembled 
in a variety of combinations of 
A, B, C and D contact forms.

ining. i 
There ¡ 

or w

CIRCLE 53 ON READER-SERVICE CARD
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Temperature Range: 
up to ~55°C to +85°C

Vibration:
up to 10 to 55 cps at .062 inch 
double amplitude

Operating Shock: 
up to 30 “g"

Temperature Probes
For Low Measurements

[For precise measurements at very 
k temperatures. Model S-101 is a 
pier type thermistor used for liquid 
Hen at temperature range of —185 

to —170 C. Model S-102 is designed 
[measurement of air with a range 
1-20 C to 100. The S-105 probe is 

figned to determine temperature 
fnges of electronic components, and 
prates from 0 C to 60 C with an 
turacy ±2 per cent of resistance, 
[three-point temperature vs. resist
id calibration is available for all 
Jobes except Model S-101.
ICulton Industries, Inc., Dept. ED,

MAX MAX

DIMENSIONAL
DIMENSIONTOLERANCES

MAX DIA
010DECIMALS

FRACTIONS

750

MAX 6 32 NC-2 B THD 2 F OR MOU N T ING



and 3 back set limit switches on each pen. The an 'es UP

per cent of scale span sensitivity, and maximui ine’cor

change or manual change gears for 3 speed cha iare
c *

REL-10SREL-W

THE REL-1001 AUTOMATIC 
ELECTRON TUBE ANALYZER

This 
no, pi 
ansmis

mmur 
levisio

ission 
e quid 
ons. Ir

Recording 
Potentiometer

Two Continuous Recorc

J

REL-W REL-106

a new addition to 
the Rheem Electronics 

product line
THE FIRST OF A NEW SERIES OF TEST EQUIPMENT DEVELOPED 
AND PRODUCED BY RHEEM.........................................................................

R EL-18 REL-120

REL-ia REL-Nt

REL-1»

REL-103

REL-203

R EL-251

The Rheem REL-1001 is an automatic electron tube analyzer incor
porating new concepts of design for faster, more accurate, highly 
flexible and extremely simple operation. The unit provides 17 test 
positions which can be set up to perform any combination of 19 
basic tests utilizing the “programmer” principle consisting of indi
vidual, easily inserted patch panels, each unique to a particular 
tube type. Tests may be conducted singly or in sequence, and may 
be accomplished automatically, semi-automatically or manually at 
the rate of 3000 tests per hour, to ±3% accuracy.

The accuracy and speed of the REL-1001 permits tests to be con
ducted that heretofore have not been feasible because of the high 
cost. The Rheem electron tube analyzer performs test operations 
which would require 17 skilled personnel and as many testing 
machines of the types available up to this time.

The analyzer tests practically all basic tube types. The unit will 
accommodate new types and is adaptable for special tests.

For further information, write direct to Rheem. A study of your 

REL-1« A REL-11

requirements will show how the automatic tube analyzer 
improve your quality control at a greatly reduced cost.

REL-1M

may

See Rheem Booth No. 1240 
at the I.S.A. Show 

Cleveland, Ohio, Sept. 1957

pfflCÙunÛOA 
divU’unc

11-57

ELECTRONICS DIVISION/RHEEM MANUFACTURING COMPANY
phone number: RAymond 3-8971 7777 INDUSTRY AVENUE, RIVERA, CALIFORNIA

CIRCLE 56 ON READER-SERVICE CARD FOR MORE INFORMATION

New Products

This recording potentiometer features 2 pen 

both writing margin to margin on a single 5-ii 
strip chart, producing two continuous records. Th 
recorder is available with one front set limit switc 

plifiers are completely transistorized. The instn 
ment offers 0.5 per cent accuracy on each pen, 0.1 

source impedance of 1000 ohm per mv of span. Tl 
case extends 13 in. behind the panel face. Option! 
features include transmitting slidewires, quic 

drive, selsyn motor, or synchronous motor cha 

drive, automatic reference junction compensatioi 
table or panel mounting and margin marker pens.

Westronics, Inc., Dept. ED, 3605 McCart Si 
Fort Worth, Tex.
CIRCLE 57 ON READER-SERVICE CARD FOR MORE INFORMAL

Load Sentry

Controls Overload

ie-air I 
I cps. ( 
ontrol
remo 

ritch 

echani 

fore s 

intact : 
Andre 

I. III.

ICLE 60

Load Sentry, a fail-safe electro-mechanical ove 

load control, is intended for use wherever overlo! 

of any kind may be registered on an electric mote 

It is built around the positive action of a conta 

meter-relay. It is readily hooked into start-st( 
switches. The maximum load to be permitted ( The E 
the motor being monitored is set by an adjustab tor cii 

pointer anywhere on the dial of the meter-rela y volt 

The dial has 30 divisions, ranging from zero to 11 otinuo 

per cent of normal load. Another pointer indicat icurn 

the actual running load on the motor. When t ids to 
pointers meet at an overload position, contacts lo 
and the circuit is broken. The Load Sentry will th in 10

Arseni

sound an alarm and/or shut down the system. 2 in 
Assembly Products Inc., Dept. ED, Chesterlan Electr

Ohio.
CIRCLE 58 ON READER-SERVICE CARD FOR MORE INFORMATI)
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CONSOLE RECORDING SYSTEMS
ICLE 60 ON READER-SERVICE CARD FOR MORE INFORMATION

Further technical data,
and delivery information

tart-st(

Visit
»ORMATII

Coaxial Switch
Remotely Controlled

al ove 
werloi

indicai 
Zhen tl 
acts lo] 
will th]

the 5490/5495 Console Record' 
ing Systemsand two-to eight- 
channel 5475/5480 Systems 
are available on request 
from your Sanbom Sales- 
Engineering Representa
tive or the Industrial 
Division in Waltham.

satioi 
ens.
irt Si

prices 
— on

Sanborn Booths 1318-1320 ISA Show, Cleveland, Ohio, September 9-13, 1957 

CIRCLE 62 ON READER-SERVICE CARD FOR MORE INFORMATION

DC Power Supply 
Dual Range

■ Upto eight'problem variables can be recorded in inkless, permanent,* * **w^F rectangular-coordinate* tracings—with Sanborn’s improved six- and eight-
channel 156-, 158-5490 Console Systems. Less than four feet high and about 

■^F two feet in width and depth, these Systems are completely mobile and de- r signed for maximum operating convenience. Controls and indicators on the
sloping top panel include individual-channel attenuation, position, balance, 

sensitivity and stylus heat adjustments; switch for turning off B + of output 
amplifiers; chart drive motor switch (can also be remotely controlled); code 

marker and/or one-second interval timer stylus switch. The Recorder unit, 
either six or eight channels, features paper loading from the top, and nine pre- 

cisely controlled speeds from 0.25 to 100 mm/sec. Four dual-channel DC Driver' 
Amplifiers of current feedback design are housed below the Recorder, and are 

mounted on a chassis which may be withdrawn for inspection.

Electrical specifications of the Console Recording Systems include a basic 
sensitivity of either .01 volt/chart division (5490 types) or 0.1 volt chart division 

(5495 types); linearity of 1%; drift less than 1/2 chart division/hour (5490), less than 
1/20 chart division/hour (5495); flat frequency response to 20 cps, down 3 db at 60 cps 

for all amplitudes to 5 cm peak; either single-ended or push-pull input signals of 5 
meg. impedance (each input lead to ground).

A useful companion instrument is the new Sanborn Model 183 Programmer, de
signed to provide a connecting link between an analog computer and the Console Record

ing System. Shown mounted at the top rear of the Console, the Programmer operates 
the Console in the following automatic sequence: turns recorder drive on—feeds calibra

tion signals to all channels —reads initial DC levels of computer—closes contacts to start 
computer problem — records computer output for a preset chart length—turns off recorder 

drive and resets itself for another cycle.

MRONIC DESIGN • September 1, 1957

for 
analog computer 

readout:

I modern, compact, mobile

SANBORN

The EFB de power supply is designed for tran- 
tor circuitry. Designed to operate under almost 
} voltage input condition, the unit supplied a 
ptinuous variable power source from 0 to 16 v 
current loads to 8 a, and 0 to 32 v for current 

Ms to 4 a. Current and voltages are indicated on 
pen\ al-type meters. At greatest load it has less 
f 10 mv ripple. The unit is built into a 12 x 7 x 
P in. blue hammerloid heavy steel cabinet. 
¡Electro Products Laboratories, Dept. ED, 4500 
¡Ravenswood Ave., Chicago 40, Ill.
p 61 ON READER-SERVICE CARD FOR MORE INFORMATION

This remotely controlled coaxial switch, Type 
flO, provides 4-sec switching of 3-1/8 in. coaxial 
knsmission line to standby equipment at frequen- 
k up to 1000 me. It can be used in high power 
hmunication systems, as well as uhf and vhf 
lievision stations. Use of these switches eliminates 
jnie-consuming manual changes of coaxial trans
mission line connections. Standby equipment may 
Ie quickly checked under actual operating condi- 
Lv In the event of main equipment failure, the 
Lare equipment is switched in with negligible off- 
L-air time. The switch is operated from 115 v, 
Beps. Other motors are available on special order, 
lontrol circuitry includes a wafer switch for use 
■ remote position indication circuits. The micro
fitch is mechanically linked to the switching 
lechanism so that transmitter power is removed 
■fore switching and is ’reapplied only after new 
Intact is made.
lAndrew Corp., Dept. ED, 363 E. 75 St., Chicago



New Products

RELIABILITY ANALYSIS.

COMPONENT APPLICATION.

MINIATURIZATION

ECONOMY

converts rotary m
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Temperature Indicator
Direct Reading
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ure. The entire converter is 1.87 in. in diam

Calif.
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Converter
1000 Hour Life

RESEARCH AND

DEVELOPMENT LABORATORIES

MAINTAINABILITY. HEAT TRANSFER.

This small direct-reading temperature indicato 
a self-balancing potentiometer, is designated th
NI-10. Used for flight testing, readings on the 
tentiometer are recorded by photograph, which i 
eludes other instrument readings at the same tim
Superior legibility of the NI-10 is the featured i 
provement over the familiar clock-face tempera 
gage. One model covers the —100 4-600 F ran 
and the other covers the 300 to 900 C range.

Handley Electronics Co., Dept. ED, Van Nuy

M wain
Electronic Product Design at Hughes is
the optimum of many and varied special-

has resulted in the solution of complex
packaging problems, including the air-
bome Electronic Armament System and
the Falcon guided missile.

Shaft Angle

New projects soon to be underway con-
cern developing practical solutions to the
theoretical and actual problems associ-

The shaft angle converter 

ated with Electronic Product Design. tion into an accurate coded system of numbers.

These Hughes projects have both military provides a binary decimal read-out of 1 in 3 

and commercial application, assuring you counts at 40 codes per revolution of the input sh
of an unlimited future. Engineering posi-
tions to be fdled include the following:

Special intermittent gearing and precision bearin 

Reliability, Component Application,
provide extremely low driving torque. The inp 

Electromechanical Development, Min-

prin 
•sold 
ted s 

J. Fr; 
nsyh 
IE 67

shaft can rotate at speeds up to 300 rpm in eith 

iaturization and Packaging, Chemical direction and will provide digital output codi
and Metallurgical, Applications and on-the-ny. The code drum cylinder has a 0.65 i
Precision Electronics Test-Supervisor. diameter and is approximately 1-1/8 in. long. T 
Investigate this opportunity to combine
challenging work with the ideal living

cylinder is composed of an epoxy fiber glass tu 

conditions in suburban Los Angeles. Send
with 0.005 in. thick copper tubing bonded to i 

vour resume to the address below.
outer surface. The fiber glass tubing provides 
mechanical method for supporting the code 
and rigid member for translating motion to 
first stage of gearing. The brushes are rated at 
v de at 20 ma current and can operate directly in 
most associated circuit. They operate at low noi 
and negligible bounce. The drive system transla 
each code read-out within the least significant 

2.37 in. long. It weighs slightly more than 3 oz.
total expected life is in excess of 1000 hrs.

Instrumental Development Labs. Inc., Dept. E 
67 Mechanic St., Attleboro, Mass.
CIRCLE 65 ON READER-SERVICE CARD FOR MORE INFORMATI
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Printed Circuits 
For Many Shapes or Materials

n

In applications for which they are suitable, these 
ircuits remove many of the limitations imposed by 
opper-clad printing methods. Conductive silver 
nk> are applied only where required by circuitry, 
L etching is eliminated. The silver inks though, 
L not for sale.
Circuits may be applied to a base of most any 

^metrical shape including the inside or outside of 
ibes. the surfaces of flats, cylinders, spheres, cones, 
k The choice of base material also covers a wide 
kge including cellophane, cellulose acetate and 
Ltvrate, vinyl chloride and acetate, acrylics, sty
les, polyesters (including Mylar), Nylon, CR39 
Lin, phenolics, epoxies, silicones, melamines, 
lel-F, Teflon, mica, paper, wood, ceramics and 
lass.
I Examples listed in photo are: (A) Condenser ter- 
linals printed on Teflon before die-cutting. (B) 
lubes may be printed oh outside or inside. (C) De- 
llarizing element of discone-type antenna, printed 
I Teflon. (D) Condenser terminals after die-cut- 
ng. (E) Microwave strip line filter. Solderable sil- 
Ir printed on both sides within 0.005" limits. Ends 
■ soldered. (F) Flexibility illustrated by copper- 
Bated silver circuit printed on 0.005 in. Teflon.
I]. Frank Motson Co., Dept. ED, Flourtown, 
■nnsylvania.
■IE 67 ON READER-SERVICE CARD FOR MORE INFORMATION

Single Pole Voltage Tester
6 to 250 v

■I

Fhe tip tester tests ac or de voltage from 6 to 250 
15 a single pole tester, indicating polarity on de. 
Hester clips into a pocket like a pen with no 
Dghng wires. For voltage above 250 and up to 
K an extension is supplied and converts the 
fument to a bi-polar tester. Contact point can 
ground to a needle point for puncture testing 
RwPh negligible damage to insulation.
fe Inc., Dept. ED, 2210 Hampton Rd., Erie,

Speed! Of all structural metals, Magnesium costs less to machine

In the picture above, a lathe is making a roughing cut of 
0.800" in an eight inch magnesium billet. The feed is 0.030 
inches per revolution at a speed of 630 feet per minute. In 
finishing operations, cuts of 0.500" can be made with a feed 
of 0.003 ipr and a speed of 5,000 fpm.

That’s real speed and efficiency—the kind you can always 
expect when you machine magnesium. This remarkable 
metal can be milled, drilled, sawed, reamed, bored, planed, 
tapped and threaded faster than any other structural metal! 

Faster machining means easier machining and lower cost 
machining. It means more production per hour and per 
dollar, and longer tool life.

METAL

The following table shows how well magnesium compares 
to the others:

RELATIVE MACHINABILITY
magnesium 1.0
cast aluminum 1.8
brass 2.3
cast iron 3.5
rolled aluminum 5.0
mild steel 6.5

Let us give you more information about the machinability of 
magnesium. Contact the nearest Dow sales office or write to 
the dow chemical company, Magnesium Department, 
Midland, Michigan, Dept. MA 1404R.

DOW
ORMATI®^ 68 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 69 ON READER-SERVICE CARD FOR MORE INFORMATION
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Using the diffused-meltback process
New Products

G.E. gets the most from siliconDC Microvolt-ammeter and Amplifier

Fifteen Voltage Ranges

The Model 203AR

■ • y

nii<

CIRCLE 71 ON READER-SERVICE CARD FOR MORE INFORMATION

N-TYPE DONORS

P-TYPE ACCEPTORS

COLLECTOR
DISTANCE

CIRCLE 72 ON READER-SERVICE CARD FOR MORE INFORMATION

* ~j.

DIFFUSED IMPURITY DISTRIBUTION

atta« 
inique.

19-in. rack-mountable

-65 to 400 F 
Temperature Rang

Curves illustrating impurity distribu

tion after diffusion. P-type impurities 
in the high concentration side of the 
melt back junction diffuse, within 
solid semiconductor, into “plateau’ 
region of low impurity concentration. 
High resistivity “plateau” contributes 
to elimination of punch-thru effects.

Before going through the diffused-meltback operation, 

a crystal of silicon is sawed into wafer-form: wafers are 
then diced to produce 4000 to 5000 individual silicon 
bar>*. Photomicrograph at left shows size-comparison of 
a silicon NPN bar. or pellet, with human hair (Arrow 21. 
“Tear drop" at end of bar is formed during meltback 
process. Micro-thin base, or “P”, region (Arrow 1) is 
created through G-E diffusion technique. Base regions of 
2-micron size are made with relative ease.

DIFFUSED-MELTBACK 
BAR

Designed for missile systems, this circular po
tentiometer, Type ( PO5-0101-1, is moisture-proof 
and will meet explosion-proof requirements. It has 
1-3/4 in. square base and 1/4 in. diam stainless 
steel shaft with Graphitar bearings. The tempera
ture range is —65 to 400 F; vibration 10 g to 2000 
cps. The 10,000 ohm winding is constructed so that 
it can be furnished with taps.

Humphrey Inc., Dept. ED, 2805 Canon St., San 
Diego 6, Calif.

ELECTRONIC DESIGN • September 1, 1? CTRC’

combination de microvoltmeter, microammeter, and 
low-level de amplifier. Partially transistorized, the 
unit uses chopper circuitry to provide high sensi
tivity with previously unobtainable drift-free sta
bility and high input impedance. Fifteen voltage 
ranges cover from 100 pv full scale to 1000 v full 
scale and nineteen current ranges cover from 0.001 
pa full scale to 1 a full scale. The uncluttered zero
center meter face instantly indicates polarity on 
two mirrored scales which cover all ranges. The 
instrument can measure 10 pv to lOOppa. Input im
pedance is 10 megohms on the 30 mv range or be
low and 100 megohms on the 100 mv to 100(1 v 
ranges. Impedance accuracy is ±1.5 per cent. Out
put terminals on the front panel are provided for 
its use as a low-drift de amplifier with high gain, 
high input impedance, and low output impedance. 
Maximum gain as an amplifier is 80 db, and maxi
mum output is ±1 v across 500 ohms or greater. 
Output impedance is less than 2 ohms, and drift 
less than lOpv equivalent input.

KIN TEL, Dept. ED, 5725 Kearney Villa Rd., 
San Diego 11, Calif.

EMITTER
BASE



Il put the most into transistors Set Screws

lopment came about

the market today

used for end connections: the

which G-E silicon
are

GENERAL ELECTRIC
CIRCLE 75 ON READER-SERVICE CARD FOR MORE INFORMATION

Beta 
9 to 30 

20 to 55 
45 to 100

PINHEAD
FOR SIZE 
COMPARISON

■ are 
licon

Would you like complete specification informa
tion? Please contact your nearest G-E Semicon
ductor Products district office, or write to Gen
eral Electric Company, Semiconductor Products, 
Section S2397, Electronics Park, Syracuse, N. Y.

An aging oven in 
NPN transistors

For Miniaturized 
Equipment

Potentiometer
Multiturn

result of Dr. Lesk

base lead is pure aluminum

NPN triode on

Ordering Data—G-E Silicon NPN Transistors
High Frequency Amplifier Type 
ask for: 2N429 (formerly 4JD4A2)
Computer DCTL Type

•TRONIC DESIGN • September 1, 1957

istors are constructed of high-purity materials. A

offered by any mass

open-sesame to ex

Diffusion of I 
the final step 
the stage in which the micro

All production units 
temperatures for over

150 hours. Provide- maximum sta' 
bility of I co and current gain (beta)

orm base regions are

There are no solder:

gain (beta) 
NPN trau-

The type 909 potentiometer, a 7/8 in. diam multi
turn, uses a stainless steel for the case as well as for 
major structural components, completely eliminat
ing structural parts of phenolic, plastic or other 
non-metallic materials. Cylinders of stainless steel 
tubing form the case, which is insulated from the 
mandrel by a dielectric film. The design utilizes a 
helical slip bar, which serves also as a guide for the 
wiper. The wiper assembly straddles the slip bar 
and the wiper rides on the resistance winding in the 
middle. Therefore, dual slip bar contact and, due 
to the different resonant frequencies of the two 
contacts, excellent vibration characteristics are pro
vided. By riding the helical bar, wear on the re
sistance element is eliminated and life characteris
tics are improved. Metal to glass type terminals are 
used which are welded to the case.

Typical resistance range is 100 ohms to 200,000 
ohms for a 10 turn version of the type 909. Standard 
linearity is 0.5 per cent with 0.05 per cent available 
on special order. Rated at 2.5 w at 40 C the stand
ard 909 derates to 0 at 90 C and the high tempera
ture version, available on special order derates at 
1.50 C.

Fairchild Controls Corp., Dept. ED, 225 Park 
Ave., Hicksville, N.Y.
CIRCLE 77 ON READER-SERVICE CARD FOR MORE INFORMATION

Mini-Mite No. 0, 1, 2 and 3 set screws are avail
able in socket, socket cap and slotted styles, and in 
a variety of points. The advantages of Mini-Mite 
set screws include elimination of need for special 
design set screws. They have precision, fully formed 
threads, uniformity for maximum contact with driv
ing tools and special heat-treating to give high ten
sile strength without brittleness or decarburization. 
T he set screws give maximum reduction in weight 
and bulk, without sacrificing holding power in sub 
or final assemblies. They are available in specified 
lengths, threaded lengths and special materials.

Set Screw & Mfg. Co., Dept. ED, Bartlett, Ill.
CIRCLE 76 ON READER-SERVICE CARD FOR MORE INFORMATION

pr of uncapped G-E silicon NPN diffused
Itback transistor, showing mounted silicon 
pith aluminum base lead connected. Bar 

attached using a gold-alloy mounting 
pique. No solders or fluxes are used.

base, or

maximum stability of Ico and current 
The header assemblies of G-E silicon

or fluxes, eliminating any danger of transistor 
“sleeping sickness*’ caused by corrosion at soldered 
junction points.
Outstanding For Switching Applications and 
Linear Amplifier Use. The gold-alloy mountings, 
with a melting temperature of over 350°( repre
sent the lowest melting point of the entire trans
istor assembly structure. The G-E Series 4JD4A 
silicon transistors provide reliable operation to 
150°C, with storage temperatures to 200°C.
With well-controlled high frequency characteristics 
and a low saturation resistance of 40 ohms, G-E 
silicon NPN transistors are “naturals” for switching 
applications and linear amplifier use.

Diffusion furnace. Operator places 
quartz vials, with large quantity of 
silicon bars, in furnace. Diffusion oc
curs through high-temperature heating 
cycle lasting several hours.

High degree of uniformity and control in junction 
formation. General Electric’s diffused-meltback 
process was developed by Dr. 1. A. Lesk of the 
G-E Advanced Semiconductor Laboratory. The de-

are aged at extremely higl 
150 hours. This is to providt

ged al ex
res for over

ask for: 2N430 (formerly 4JD4A3) 
General-Purpose Amplifier Types 
ask for:

2N431 (formerly 4JD4A4) 
2N432 (formerly 4JD4A5) ! 
2N433 (formerly 4JD4A6)

region is formed, establishing the final NPN trans
istor structure. Because the actual diffusion is ac
complished over a high temperature heating cycle 
lasting several hours, the need for split-second ac
curacy is eliminated. The result is a high degree 
of process control.
By proper choice of the initial impurity concentra
tions and the time and temperature of the diffusion 
cycle, heavily-doped base regions as thin as 2 
microns are easily obtained. These micro-thin, uni-

inelted-back silicon bar, or pellet, 
n the diffused-meltback process. I

tremely reliable high frequency transistor perform
ance.

High current gain. Silicon NPN transistors feature 
inherent high current gains and high frequency 
cut-offs. The diffused meltback process permits 
mass production, since it combines the principles 
of impurity segregation and solid-state diffusion.
G-E silicon NPN transistors are nominally rated 
for 25 megacycles, but with useful gain to 50 mega

efforts to create a transistor manufacturing process 
that would yield high-quality results at reasonable 
cost.
Not only does the G-E diffused-meltback process 
result in a maximum number of transistors from a 
single crystal (4000 to 5000 NPN transistors), but 
if offers an extremely high degree of uniformity and 
control in transistor junction formation.

Opens the door to high frequency performance.
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Synthane laminated plastics are at work

industry’s unseen essential.
'e an< !

Synthane-covored tin plat* rolls last three 
times as long as other materials because of 
resistance to acids and surface toughness.

DP sensi
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CHEMICAL RESISTANCE WEAR RESISTANCE

Few industries escape the multiple 
benefits of Synthane laminated plas
tics. The food industry puts Synthane 
to work as star wheels for bottling 
equipment, bread slicing guides as oil
less bearings in processing of sugar 
syrups and even in the tin-plating 
operation of metal containers.

Resistance to moisture, anti-friction 
characteristics, chemical and wear 
resistance are but a few of the reasons 
why Synthane is at work in this vital 
industry.

Synthane laminates combine in 
varying degrees—depending on which 
of the 30 or more grades you use— 
many mechanical, electrical and 
chemical properties hard to find com
bined in any other material.

You can buy Synthane in sheets, 
rods, tubes. If you prefer, your part 
can be supplied fabricated to your 
specifications. Send for our complete 
catalog for full information.

Synthane Corporation, 42 River 
Road, Oaks, Pa.

This portable wave and power meter set 
ures power and frequency from 500 to 1500

EASILY MACHINED DIELECTRIC STRENGTH

SYNTHANE CORPORATION, 1 RIVER ROAD, OAKS, PA.
CIRCLE 79 ON READER-SERVICE CARD FOR MORE INFORMATION

This feed-thru rf power monitor measures in 
dent power between 2 and 500 mc and refledj 
power and vswr between 10 and 500 mc. The 1 
strument can be calibrated and the calibration d 
be checked frequently at 60 cps with aid of a 60 4 
wattmeter. The power measuring range is 0-151 
and 0-60 w.

Electro Impulse Lab., Dept. ED, 208 River I 
Red Bank, N.J.
CIRCLE 81 ON READER-SERVICE CARD FOR MORE INFORMAL

jeratur 
eierati 
ustom< 
liniatu

power levels of 0.5 mw to 2 w average (—3 dbm ti 
—33 dbm). Model 107 consists essentially of a trans 
mission line comprising a coaxial step attenuatJ 
and a coaxial direct reading frequency meter; th 
line is terminated in a power measuring thermistq 
mount and bridge. These three principal compq 
nents are connected in series by coaxial cables an| 
are mounted on the front panel of the set. A fixei 
10 db attenuator (CN-388/UP) is provided to el 
tend the power range of the step attenuator. Th] 
frequency meter has a direct reading dial anl 
power measurements are obtained directly in db bl 
adding the meter reading and attenuator settnJ 
The set is housed in a combination type can-viil 
case with a separate lid. The carrying case is wat j 
tight with the cover on. The power input connectl 
is a coaxial series N connector on the front panel. I 
video pulse envelope detector, series BNC, is all 
provided.

The Narda Corp., Dept. ED, Mineola, N.Y. I
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Power Monitor

Radio Frequency

Wave and Power Meter Set

500 to 1500 Mc, 0.5 Mw to 2 W
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Pulse Transformers

Encapsulated

me al 
bm tl 
tranj 

auatol 
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Hermetically sealed pulse transformers are being 
manufactured to meet military specifications such 
is MIL-T-27. They will operate at ambient tem- 
jeratures up to 85 C. Special designs for high ac- 
¡eleration applications are available for specific 
customer requirements. Also available are sub- 
miniature pulse transformers for printing wiring 
bard, transistorized circuit and miniaturized cir- 
uit applications. All of the units meet the standard 
oltage, life, pull, temperature, immersion and 

Loisture resistance tests.
[Telex, Dept. ED, Telex Park, St. Paul 1, Minn.
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Signal Generator and Scope Unit

Displays Gain vs Frequency Response
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Called the Wobbulator Model 7200, this integral 
nit combines a swept frequency signal generator 
lith a built-in oscilloscope. The latest model per
ps the visual display of the gain or loss vs fre- 
pency response of amplifiers and networks in the 
Re from 2 to 1000 me. A swept frequency range 
12 to over 55 me centered anywhere in the 2 to 
r me region allows rapid play. The effect of com
ment or adjustment changes or gain and fre- 
hncy response are instantly pictured on the ert as 
■gain, or loss, vs frequency characteristics.
■The scope has a display sensitivity oi 50' pv. Since 
r maximum output voltage of the generator is 
Fe th m 0.03 v, the Wobbulator has much greater 
Ip sensitivity than older equipment offered. The 
Iphtude variation of the swept output voltage is 
ktam within -|-1 db over 40 me and constant 
|®in fractions of 1 db over 30 me. High imped- 
f an< । low impedance probes are furnished. 
|Canot a Corp.. Dept. ED, Van Nuys, Calif.

klE 84 ON READER-SERVICE CARD FOR MORE INFORMATION

Lowest Thermal Resistance 
of any Transistor!

Honeywell's New H10 Weld-Seal

Thermal resistance 0.7 C/Watt maxi
mum from the junction to the chassis. 
(0.9°C/Watt with mica washer.)

HEAT 
FLOW

• Long thermal time response of junction temperature and 
low thermal resistance make overload possible for a longer t 
period of time without permanent damage to transistor.
• Allows delivery of 10 watts to a servo motor in an am
bient of 85°C.
• Handles 15 amps.

Honeywell’s new H10 Weld-Seal has a larger collector 
area for more rapid heat dispersion. You get the lowest 

thermal resistance of any transistor!
And you get the other advantages for which all 

Honeywell Weld-Seal transistors are famous—high and 
uniform power gain over a wide range of collector cur
rents, long life, outstanding stability and economy.

Honeywell’s H10 is hermetically sealed by welding— 
so you can build ruggedness and durability into your 
equipment.

Take advantage of this new and improved transistor. 
Check to the right for the Honeywell office nearest you 
and write or phone for complete information today!

MINNEAPOLISHoneywell
CIRCLE 85 ON READER-SERVICE CARD

Typical H10 Operating 
Characteristics

Transconductance: .9 at 10 amps. 
Current gain: 18 at 10 amps.
Maximum collector current: 1 5 amps.

In applications where the capacity and capabilities of the 
H10 transistor are not necessary, the high gain H7 tran
sistor provides outstanding operating characteristics. 
Write or phone for specifications.

UNION, N. J. 
MUrdock 8-9000 

P.O. Box 161

CHICAGO
IRving 8-9266 

7350 N. Lincoln Ave.

BOSTON 
ALgonquin 4-8730 

1230 Soldier Field Rd.

MINNEAPOLIS 
FEderal 2-5225 

2749 4th Ave., So*

LOS ANGELES 
RAmond 3-6611 or

PArkview 8-7311 
6620 Telegraph Road

FOR MORE INFORMATION
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New Products

Vernier Potentiometer

CIRCLE 90 ON READER-SERVICE CARD ►

Teflon Hook-Up Wire
300 V, 32 to 22 AWG

POTTER & BRUMFIELD, ING, PRINCETON, INDIANA—SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPAN’

Unusual for a telephone type relay, the 
MG Series has excellent stability under 
high shock and vibration conditions. Tests 
show this miniature, light weight (only 
1.2 oz., open) relay withstands vibration 
of 10g 55 to 500 cycles per second and will 
operate under shock to 30g according 
to Mil-R-5757C.

The superior performance of the MG is 
due in part to its unique single stack con-

M..* NEW
POTTER & BRUMFIELD 

MG SERIES RELAY

Extruded Teflon insulated, 300 v 
hook-up wire with a wall thickness 
of extruded insulation of 0.003 in. to 
0.006 in. is available. Sizes available 
are 32 AWG to 22 AWG inclusive.

Hitemp Wires, Inc., Dept. ED, 1200 
Shames Drive, Westbury, L.L, N.Y.

CIRCLE 88 ON READER-SERVICE CARD

3 Terminal Construction
Featuring 3 terminal construction, 

for use in circuits having a common 
ground, a vernier potentiometer pro
vides single knob control of two re
sistance decades. Standard resistance 
ranges are, 1000 ohms, 10,000 ohms 
and 100,000 ohms; accuracy is ±5 per 
cent of full scale resistance; linearity 
is ±0.5 per cent; resolution is 0.1 per 
cent; power rating is 4 w when used 
as a potentiometer and 20 ma when 
used as a rheostat. Elimination of hel
ical elements allows accurate opera
tion over an unusually wide frequency 
range from de to 10 kc. No disassem
bly is required for mounting.

Research Instrument Co., Dept. ED, 
P.O. Box 9168, Portland 16, Ore.

CIRCLE 87 ON READER-SERVICE CARD

Teflon Film Capacitors
— 65 to 4-165 C Range

An operating temperature range of 
—65 to 4-165 C without derating is 
normal for a new line of hermetically 
sealed Teflon film capacitors. Special 
models are available up to 200 C. 
Multiple layer Teflon dielectric con
struction, together with glass-to-metal 
compression-type end seals, provides 
exceptionally high insulation resist
ance, low dissipation factor, and min
imum effect from dielectric absorp
tion. The1 capacitors’ service life is 
unusually long, as shown by tests.

Electronics Development Corp., 
Dept. ED, 1323 Airway, Glendale 1, 
Calif.

CIRCLE 89 ON READER-SERVICE CARD

NEW!
Miniature telephone type relay has

P&B PROGRESS/
UNIQUE DESIGN IMPROVES WEIGHT, SIZE, PERFORMANCE FACTORS

struction and to an exclusive hinge desigl 
which provides zero heel gap.

Open, dust covered or hermeticall! 
sealed, the MG is available with contac 
arrangements up to 4 Form C (4PDT). I 
is rated for ambient temperatures d 
—55°C to + 85°G A high-temperatuj 
version with a range of —65°C to+125 j 
will soon be available. Write or wire toda 
for complete specifications and delivery



HERMETICALLY SEALED

MODEL GA-1023

ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 92

numi

Pottet 8-
PRINCETON, INDIANA

Write to Dept. 14 for technical data

I I electroacousticsprecision

.Zone .State.

CIRCLE 94 ON READER-SERVICE CARD
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POLYSTYRENE 
DUST COVER

Also available is the Massa Model M-220 
DUAL CHANNEL DC AMPLIFIER 
with self-contained power supply. Sensi
tivity range is 5mV/mm to 200 volts full 
scale with compensation to yield flat 
response from de to 200 cps.

TRUE RECTILINEAR MOTION 
CRITICAL ACOUSTIC DAMPING 

WIDER FREQUENCY RANGE 
INK OR ELECTRIC WRITING

P4B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS

See our catalog in Sweet’s Product Design File.

A new departure from passive type probes, the 
Transiprobe has unity gain—which is held constant 
by a transistorized feedback amplifier, ensuring 
complete stability. The unit is powered by mercury 
cell batteries. Standard BNC connectors are pro
vided to the scope and battery-box power supply. 
Low input capacity makes it ideal for use with 
broad-band oscilloscopes and as an oscilloscope iso
lation amplifier. Features included in the Transi
probe are low power dissipation, no hum and open 
design for easy manipulation.

Frequency response is 20 cps to 15 me, 1 db down 
at 50 cps and 12 me, and 3 db down at 20 cps and 
15 me. Nominal output impedance is 50 ohms. In
put impedance: capacitive, 4 pjif; resistive, 100,000 
ohms. Maximum input voltage: 0.3 v peak-to-peak. 
Power supply: mercury cells, 800 hr life; constant 
supply over life of cells. Separate power supply and 
connecting cables provided with probe.

Kay Electric Co., Dept. ED, 14 Maple Ave., Pine 
Brook, N.J.

The Type K-l Ballistic Computer contains all 
necessary amplifiers, programming circuitry and 
balance equipment for direct hookup to thrust and 
pressure transducers, and automatically displays 
such parameters as ignition delay, action time, in
tegrals of thrust and pressure, as well as peak val
ues. The K-l can be supplied either for print-out on 
paper tape by a clary printer or on cards by IBM 
summary card punch. It is also available as the Type 
K-2 which contains special tape recording equip
ment and a play-back analyzer section for detailed 
examination of isolated portions of a record.

Allegany Instrument Co., Inc., Dept. ED, 1091 
Wills Mt., Cumberland, Md.
CIRCLE 93 ON READER-SERVICE CARD FOR MORE INFORMATION

FEATURES
LIGHTWEIGHT ELECTRODYNAMIC DRIVE for 
true rectilinear recordings free of distor
tions.
CRITICAL ACOUSTIC DAMPING eliminates 
resonant peaks overshoot and ringing.
WIDER FREQUENCY RANGE reproduces sig
nals up to 200 cps.
MICROMETER ADJUSTING SCREWS conven
iently located for accurate pen alignment. 
DECIMAL SPEED CHANGER with 3 speeds. 
Max. — 200 mm/sec.
DISPOSABLE INK CARTRIDGE hermetically 
sealed prevents evaporation and main
tains correct ink viscosity.
NEW PEN DESIGN with mechanical filter 
permits splatter-free writing at all fre
quencies.
WEIGHT 9 lbs. — Dimensions 13" L x 
4H"Wx4^"H.

Potter & Brumfield, Inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. U$MC (Ret.) 

Special Projects Engineer

Please send me complete engineering data on the MG Relay 
plus the new compact catalog of P&B standard relays.

Name____________________ 1_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Company__________________________________________________

Address____________________________________________________________

Unity-Gain RF Probe 
Employs Transistors

TERMINALS:

Open Relay: Pierced Solder Lugs.
Contacts: Two #18 AWG wires. Coil: Two #20 AWG wires.
Hermetically Sealed:

Miniature plug-in header with 7, 9 or 14 pins. Multiple Solder 
header with hook and terminals for three #20 AWG wires.
Polystyrene Dust Cover: Micro Ribbon plug-in type.
Mating receptacle: Amphenol #57-20140 or similar.

INSULATION RESISTANCE: 100 megohms min.
VIBRATION: .065" excursion 10-55 cps.

10g 55-500 cps. upon request.
SHOCK: 30g according to Mil-R-SZSZC upon request.
TEMPERATURE RANGE: -55°C to +85°C.
WEIGHT: 1.2 ozs. (open) 2.0 ozs. (sealed).
PULL-IN SPEED: Approximately 15 ms at nominal voltage.
DROP-OUT SPEED: Approximately 10 ms at nominal voltage.
CONTACTS: 3/32 silver.
CONTACT ARRANGEMENT: 4 pole, double throw (4 Form C).
COIL POWER: 3 watts max. DC @ 25°C. Continuous duty.

SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N H.

Mail the coupon below for further engineering data on P&B's MG Relay plus new 
compact catalog of standard type relays. If you need answers to a specific applica
tion problem, write in detail.

Ballistic Computer
Seven Parameter Display

Oth
SONAR TRANSDUC ERS 

ACCELEROMETERS
MICROPHONES

HYDROPHONES Z

ULTRASONIC CLEANERS 
PREAMPLIFIERS 
AMPLIFIERS

X RECORDERS

ADVANTAGES 
of the New

MASSA 
ELECTRODYNAMIC 

RECORDER



Voltage Monitor

for Power Supplies

"How would YOU measure RF power accurately...reliably?" New Products
... Lou G. Dameson, 
Chief Design Engineer, Cubic Corporation «

Designed to meet the requirements of the Military and Industry

^Manufacturers of radar and other 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 water calorimetric 
fluid is measured on precision thermometers. A power scale on 
the termination permits direct, precise power readings in watts.

Distilled water is used as calorimetric fluid because of its

For a prove-it-yourself demonstration of how you can obtain consistent, repetitive results in RF measurement, 

telephone or write...

CUBIC. 

CIRCLE 95 ON READER-SERVICE CARD FOR MORE INFORMATION

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 115 

in VSWR from 2600 to 26,500 mcs is achieved without prob
lems associated with 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 them in the same manner.

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

The series 2303 Compacts are voltage sensitive 
meter-relay controls for monitoring voltages. J 
Compact contains a VHS meter-relay, load relax 
and other components for continuous monitoring o] 
control of voltage supplies. Relay action may bi 
manual reset or automatic reset. Several variation 
are available for detecting either over-voltage, un 
der-voltage, or both over- and under-voltage, eithe 
ac or de. Specifications include: Input—10 mv de tJ 
500 v de, accuracy 2 per cent at 75 F, 4 per ced 
from —40 to 4-150 F; 250 mv ac to 500 v ac, accu 
racy 3 per cent at 75 F, 6 per cent from —40 td 
-|-150 F. Other inputs down to 0.1 mv ac or de arl 
available at reduced accuracy. The input of InJ 
range voltmeters and millivoltmeters is protectel 
against overload with Stabistors. Load switch i| 
spdt, 5 a, 125 v ac, non-inductive. Connections anJ 
mounting are 9 pin plug-in, octal type with All 
connectors and 4 hold down screws optional. Casl 
measures 1-3/4 x 4-1/4 x 4-3/4 in., and is steel anl 
dustproof with hermetic sealing optional.

Assembly Products, Inc., Dept. ED, P.O. Box Al 
Palm Springs, Calif.
CIRCLE 96 ON READER-SERVICE CARD FOR MORE INFORMATIol
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Servo Digitizer
Binary-Decimal Outpu

The servo driven digitizer, SL-1004, designs 
to digitize an ac input signal, operates directly fro 
the 400 cps line, and is packaged for inclusion 
larger equipment. It includes a miniaturized, hig 
gain transistor-magnetic servo amplifier and pow 
supply. The output is binary-decimal, and the e 
coder shaft is driven ±170 deg from null. Fd 
scale corresponds to 10 v rms 400 cps, in pM 
with the line. The static error is 0.15 per cent 
full scale, and fast rates can be followed with 
velocity error constant of 500 sec L

Industrial Control Co., Dept. ED, 805 Albin Av| 

Lindenhurst, L.L, N.Y.
CIRCLE 97 ON READER-SERVICE CARD FOR MORE INFORMATI4
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Pressure Transducer
High Output

Westinghouse SILICON ‘ RECTIFIERS putRMAT-i

more muscle in DC power converter!
izer
Outpu

design«

FIRM

Dept. EDIbin AM
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Westinghouse can supply single diodes or complete bridge 
assemblies built to your specifications. For full information 
on how Westinghouse Silicon Rectifiers can bring new 
efficiency and economy to your applications, mail the 
coupon today.

WESTINGHOUSE SILICON RECTIFIER
G-2-1-B BRIDGE ASSEMBLY

lusion I 
sed, hq 
id powi 
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lull, b

Wfestinghouse
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lUtra lyre Ennineerin" Labs

ns am
th Al

’ B( x 3308, Albuquerque, N.M.
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ADDRESS.
CITY____

de ar] 
)f loJ 

itectel

NAME. 
TITLE

WESTINGHOUSE 
SILICON RECTI
FIER WN-50S2, 
with maximum 
peak inverse volt
age ratings of 
50-400 v. (300 to 
5000 amperes in 
bridge assem
blies.)

These Magne-Speed Junior drives incorporate 
Lnamic braking and reversing. These features may 
L disconnected by the user if not required. Motors 
Lav be mounted in any position and may smoothly 
¡adjusted from zero rpm to full rated speed. Base 
Lpeed is 8000 rpm. They will operate in ambient 
Luperature of 32 to 110 F. Motor is a de shunt, 
L. n construction (closed on special order), with 
lie cast housing. The 1/8 model has ball bearings, 
Ind the 1/15 hp has sleeve bearings with thrust 
lashers. Available with or w ithout gear reduction. 
Ill motors equipped with 5 ft cable.
I Magnetic Amplifiers, Inc., Dept. ED, 632 Tinton 
Ive., N. Y. 55, N.Y .
lllCLE 99 ON READER-SERVICE CARD FOR MORE INFORMATION

WESTINGHOUSE ELECTRIC CORPORATION
P.O. Box SU. Pittsburgh M, Pa.

Please send me data on the now Westinghouse WN-5082 
Silicon Rectifier.

Please send me data on other Westinghouse Silicon 
Rectifiers. (Describe types or applications)

r cera 
accu

। The Model R-3 is similar to the standard S-3 dual 
1 transducer, except that it contains four active 

lements so that a four-arm bridge can be com
ped within the transducer. The magnetic circuit 
[¡thin the transducer is designed for applications 
Lt require very high output sensitivity. This unit 
Is adequate output to drive typical ruggedized ac 
leter movements without application and may be 
I 1 in most servo applications.
I Specifications include: pressure range, 5 to 1000 
I acceleration sensitivity 0.01 to 0.03 per cent per 
I or less, referred to full range pressure in most 
|Mi\e plane; rise time, 150 to 250 ptsec, depend- 
Kon pressure range; output sensitivity, dependent 
■‘carrier frequency and pressure range and will 
By from 600 mv v at 400 cps to approximately 
P mv v at 20 kc; zero drift with temperature, 0.06 
»’cent per deg F or less referred to full range, and 

change in sensitivity temperature is 0.09 per 
p< r deg F. or less referred to full range. It 
nr s 7/8 in. diam x 1 in. long.

Successfully proven in rigorous welding, aircraft and guided 
missile applications, Westinghouse Silicon Power Rectifiers 
offer many advantages for power supplies.
Used in the Westinghouse 50KW Power Converter to drive 
the boring mill above, the WN-5082 bridge assembly sup
plies greater power and higher efficiency in less space. The 
3-phase 60-cycle 440 v. power supply operates with a full 
load efficiency of 90% and an even higher half load effi
ciency. Regulation is approximately 8% from no load to 
full load with a Power Factor of 96 to 97.
Especially rugged for varying duty cycles, the WN-5082 
withstands heavy loads of constant on-off operation, high- 
voltage transients, alternate heating and cooling.

Variable Speed Drive 
1/8 and 1/15 Hp
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Diameter of 0.5 In

HOOKSWITCHShaft Position Encoder

BRACKETof arc. The unit consists of disc coded by

«jwr
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WE CAN 
HELP

Performance of all models is rigidly guaran
teed. Prices are net f ob Boonton, NJ. and 
subject to change without notice.

You can get hookswitches with any spring 
combination you need. Illustrated are 
two of many possible arrangements.

iy, a h 
adjust

Thls special
। I Ik yüU 3 ch0ICi .f 12 different mo«^ ng

positions. You may or« 
der it separately or with any combinat^ 
of components you need. You’ll r 
complete details in Booklet T-5005. '< 
get your free copy, write to
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A basic condenser discharge unit for most medium 
size magnets, the Model 107A provides ranges of 
12,000 and 24,000 ampere-turns. It is capable of 
saturating most instrument magnets, including the 
new core type mechanisms, using adapters or 
wire-wound fixtures. Designed for continuous 
duty. Operates from 115-volt, 60-cycle line. 
Price $530.

You can mount this special-purpose hang
up telephone almost anywhere: on desk, 
wall or piece of equipment. The handset 
shown is only one of many standard and 
special-application types you may order. 
The right-angle bracket provides 6 dif
ferent mounting positions.

A low cost, condenser discharge unit employ
ing novel, plug-in wire-wound type charging 
fixtures, the Model 1221 is designed for the 
user of small magnets. Its 10,000 ampere-turn 
output will saturate about 2" of Alnico V. 
Charging cycle rate is approximately 3 sec
onds, continuous duty, operates from 115-volt 
line. Price $180.

Therm 
«sitivi t 
¡news c<

For saturating Alnico magnets weighing up to 34 lbs. 
and high flux ceramic magnets of any shape or pole 
configuration. Operates on condenser discharge prin
ciple from regular 115-volt, 60-cycle line.

Charging outputs from 100,000 to 200,000 ampere- 
turns through plug-in transformers, up to 3600 watt- 
seconds using wire-wound fixtures. Adapters for 
multi-pole rotors, rod, bar, ring and various other 
shapes available. Designed for continuous produc
tion use with low power consumption. Price of basic 
unit is less than $2100.

Three 
pasuren

ature o 
'he sec< 
rmistor

The type RD-13 Digisyn is a high precision pho
toelectric shaft position encoder which provides 
angular position data in cyclic binary code to an 
accuracy of 13 digits, or better than three minutes

blit. T 
istors in 
w prec 
rents.

The fin 
bicro-a

STROMBERG-CARLSO 
A DIVISION OF GENERAL DYNAMICS CORPORA! 

Telecommunication Industrial Sal«* 
116 Carlson Road, Rochester 3, NewToH 
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Type AS potentiometer is rated at 0.5 continuous 
duty and measures 1/2 in. diam. The relatively 
thick molded resistance elements offer a large factor 
of safety. The brush is also molded for long wear 
and lower noise level. Type AS units are furnished 
in linear taper with locking type, screw-driver- 
slotted shafts. The units are dust-tight, splashproof 
and fungus-resistant. Terminals are gold plated to 
speed soldering. They are available in 15 resistance 
values from 100 ohms to 5 meg.

Ohmite Manufacturing Co., Dept. ED, 3630 
Howard St., Skokie, Ill.
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an array of opaque and transparent segments, a 
flash lamp to illuminate a radius of the code disc, a 
multi-element photosensitive detector to detect 
presence or absence of illumination, and a 13 chan
nel transistor preamplifier. Each channel is encapsu
lated separately and is readily replaceable. The 
flash lamp assembly also is encapsulated and can 
be replaced readily. Type 23x6a synchro mounting 
has been provided. Maximum rotation rate is 1200 
rpm for full accuracy readout: operating tempera
ture ranges from —55 to 4-85 C. Diameter meas
ures 3-1/2 in. od.

Adcon Inc., Dept. ED, 1117 Commonwealth Ave., 
Boston 15, Mass.
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Mak

MODEL 107A

MODEL 1221

Boonton

VERSAH^
MODELS

STROMBERGCARLSON
Special-Purpose

TELEPHONE HANDSET

MODEL 942
Reconi mended
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PRECISION
POTENTIOMETERS

10 TURN-1.8 IN. DIA.15 TURN-3 IN. DIA

i »«o ou

MODEL J 3015
1 K TO 50 K

.05% TO .02%
.01% ABOVE 2«LINEARITY (BEST)

57

^ners: if you are not already familiar 
he tremendous possibilities of ther- 

ors, write for details to Fenwal Elec- 
xics, Inc., 310 Mellen St., Framing- 

■ Massachusetts.

Waveguide Pressure Window 
9.5 to 10.1 KMC

Two basic circuits for temperature con- 
Iwith thermistors:

IMMEDIATELY AVAILABLE IN PRODUCTION QUANTITIES 
SAMPLES SHIPPED IN 48 HOURS

Now you con design your circuits with Analogue Controls Potentiometers with 
the assurance that they will be available when you need them I

Complete mechanical and electrical specifications of all our potentiometers are 
available. Write for Catalog Pl 03 today.

POTENTIOMETERS MEET THE REQUIREMENTS OF NAS-710

MODEL FISTO
2K TO 150 K 

.05% TO .01% 
.005% ABOVE 4 K

RESISTANCE RANGE 
LINEARITY (STANDARD) 
LINEARITY (BEST)

RESISTANCE RANGE 
LINEARITY (STANDARD)
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Using 
Thermistors

Edited by
FENWAL ELECTRONICS

200 Channel Analyzer
Simplified Circuitry

Thermistors, with their almost incredible 
itivity to temperature change, now get 

jews column all their own.

The cases in point for the first column: 
perature measurement and tempera- 
control.

Three basic circuits for temperature 
unreinen t with thermistors:

FIG. 2 FIG. 3

The first is a battery, a thermistor, and 
micro-ammeter. The second, more sensi- 
t, has a thermistor as one leg of a bridge 
cuit. The third incorporates two ther- 
istors in a bridge, making possible even 
re precise temperature differential meas- 
ments.

The Model 3302, 200 channel analyzer offers all 
the advantages of a 256 current analyzer but retains 
the simplicity of the 100 channel analyzer. Bur
roughs tubes greatly simplify the address circuits 
and a simple computer logic is used to program 
computer and other non-storage functions. The 
memory may be divided and separate data stored in 
each half. On special order, the analyzer may be 
had with the ability to store in one half the mem
ory while simultaneously printing out of the other 
half. A deadtime correction factor correlates data 
regardless of energy distribution or counting rate. 
The analyzer presents data on a cathode-ray tube 
during and after measurements. It automatically 
subtracts background and may be operated in coin
cidence with external pulses, either prompt or de
layed. Provision is made for precision recording or 
decimal printed readout which totals every 10 or 
100 channels with channel numbers printed directly.

Radiation Instrument Development Laboratory, 
Dept. ED, 5737 S. Halsted St., Chicago 21, 111.
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MODEL 13015
LINEARITY .005%

model mio
LINEARITY .01% 

HIGH

FIG. 4 FIG. 5

he first has a thermistor in series with a 
y, a battery, and a variable resistor, 
adjusting the resistor, it is possible to 
»the relay operate at any desired tem- 
ture of the thermistor..

fhe second is more sensitive, and has a 
mistor as one leg of a bridge circuit, a 
¡able resistor in another leg, and a 
rized relay across the output. Even 

re sensitive control can be had by apply- 
AC to the bridge and placing a high- 
amplifier between the bridge and the

Mok( rs of Precision Thermistors

3000 
01*.

i «TS* 88? oi*

1—2000 dia —
U-078

062
093

*0000 
.2497-0002

¿DIA.
. ■ 7000
D24D7-000R

DIA

This flange-mounted waveguide pressure window 
for use in half-X waveguide applications covers the 
frequency range from 9.5 to 10.1 kmc with maxi
mum vswr of 1.10 at the band edges. Resonant fre- 
qency is 9800 me. Designated the MA-1339 it is used 

.in 0.2 x 0.9 ID waveguide applications. Window 
flange thickness is 0.060 in. Maximum power rating 
is 20 kw. Maximum pressure handling capability is 
45 lbs on the glassed side of the window. Pressure
handling capability in the reverse direction is 30 
psi. The windows are constructed of kovar and 
glass. All metal surfaces are silver plated.

Microwave Associates, Inc., Dept. ED, Burling
ton, Mass.

tlogue Controls* Ine.
39 ROSELLE STREET. MINEOLA. NEW YORK 
PIONEER 2-8901
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New Products

Microwave Oscillator
9000 to 10,500 Me

V.

YOUR 

PROJECT 

ON TIME

FREQUENCY METER MODEL 802B 
Range of 2350 to 10,500 megacycles 
covers the most used frequencies. 
Veeder-root digital counter provides 
accurate, legible readings which are 
referred to calibration charts for fre
quency in megacycles to rated accu
racy of 0.2% without calculation. 
Completely self-contained with built- 
in detector and indicating meter.

SLOTTED LINES
MODELS 219 THROUGH 224
Six portable models, incorporating 
carriage drive mechanism integral 
with wave guide assembly measures 
VSWRs and impedances from 2600 to 
18,000 megacycles per second, cov
ering wave guide sizes from 3 X FA 
inches to .702 X .391 inches. Can be 
used with all standard military and 
commercial RF probes and detectors.

The Model 815 makes a stabilized signal source 
available for the X-band microwave region from 
9000 to 10,500 me. It delivers a nominal 40 mw of 
power from a 40/U choke flange. It offers short term 
stability of five parts in 10s and long term stability of 
one part in 10“. Stability is obtained by means of 
an invar reference cavity and a high gain, low noise 
feedback amplifiers. The direct reading dial and 
the automatic stabilization indicator make this in
strument easy to operate. The size is 19-1/2 x 
13 x 18 in., and it can be rack mounted. This in
strument is similar to the Model 814 ultrastable 
microwave oscillator covering the X-band region 
from 8500 to 10,000 me, and the Model 803 cover
ing the S-band region from 2680 to 3405 me.

Laboratory for Electronics, Inc., Dept. ED, 75 
Pitts St., Boston 14, Mass.
CIRCLE 114 ON READER-SERVICE CARD FOR MORE INFORMATION

COMPLETE LINE OF COAXIAL AND WAVEGUIDE INSTRUMENTS INCLUDES:

Travel Rate Meter

DIRECTIONAL COUPLERS 
TERMINATIONS 
FREQUENCY METERS 
HORNS 
TUNERS 
ECHO BOXES

SLOTTED LINES 
BENDS 
ATTENUATORS 
STANDARD REFLECTIONS 
BOLOMETERS 
THERMISTORS

FREE ILLUSTRATED CATALOG
contains much valuable data

Measures Linear Speed and RPM

narda
corporation

160 HERRICKS ROAD, MINEOLA, N.Y. • PIONEER 6-4650 

COMPLETE INSTRUMENTATION FOR MICROWAVE AND UHF 
CIRCLE 113 ON READER-SERVICE CARD FOR MORE INFORMATION
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< with
\z EECO
COMPUTER-SERII

PLUG-INS

The MF-2 speed-feed meter measures and indi
cates linear rates of travel and rpm by converting 
linear motion of any length of travel into an electri
cal signal. An illuminated meter gives the reading 
directly, with push-button selection of four scale 
ranges from 0-1 to 0-125 in. per min. Models are 
available with four speed ranges or with combina
tions of linear rate and rpm scales. The small fixed 
tachometer pickup has no moving parts and is 
mounted near a gear on the shaft being measured. 
Neither pickup or indicator can be harmed by over
speeding or sudden starts and stops.

Maico Co., Inc., Dept. ED, Industrial Div., 21 
North 3rd St., Minneapolis 1, Minn.
CIRCLE 115 ON READER-SERVICE CARD FOR MORE INFORMATION

Originally developed for EECO cust 
systems and proven in critical use, ■ 
EECO Computer-Series Plug-ins repres 
a refinement of the building-block cona 
to a degree hitherto unknown. Each of 1 
full line of reliable, tested, and proven! 
cuits is a complete off-the-shelf packa 
function, performance-engineered for i 
plication where ultra-conservative deal 
at the component level is essential becal 
of system complexity.
New EECO Computer-Series Plug-| 
enable you to meet your project delivi 
schedules by reducing systems-developmi 
time to a bare minimum and practid 
eliminating drafting and layout time. Y] 
engineers can concentrate on system ded 
instead of routine circuit detail. Y# 
technicians can cut fabrication time i 
step up production by performing sina 
point-to-point wiring instead of win 
complex circuits. And system prototyl 
can generally be built directly without nl 
for the “breadboard” stage.

Detailed information on new I 
EECO Computer-Series Plug-ins I 
and compatible equipment, as I 
well as on other EECO products, I 
is available in Catalog No. 856-A. I 
Write for your copy — today.

ELECTRONIC ENGINEERS AND PHYSICISTS 
— EECO offers immediate opportunities 
for qualified engineers in the transistor, 
amplifier, data-handling, pulse, timing, 
and systems-design fields. Send a resume 
of your qualifications to R. F. Lander, 
Dept. CS-2.

ENGINEERED ELECTRONICS COMMI
(formerly EECO Production Compai

mimmo 
if I affnaws

1 subsidiary of 
Electronic Engineering Cmw< 

ol California
506 EAST FIRST STREfl 
SANTA ANA, CALlFORNI
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Today, E.I.D. offers the laboratory working in 
digital techniques an unparalleled, range of 
specialized equipment and services, encompassing 
these three major areas:
(1) logical building blocks for solving logical 
problems, fast test set-ups, and testing 
components, circuits, systems.
(2) special purpose laboratory test instruments 
for performing specific digital operations.
(J) facilities for the design of complete complex 
test systems.
A brief survey of each of these three areas will 
be found on the pages following.
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It was in Burroughs' own laboratories 
that the idea first took root. For one thing, 
it was becoming increasingly obvious 
that a good testing program was a 
necessary foundation for good design . . . 
that, in fact, testing was every bit as 
important as design. At the same time, 
the undeniable advantages of digital 
techniques in testing were bringing 
increasing numbers of digital specialists 
into the laboratory. Yet the digital 
specialist, through lack of tools, had to 
spend more time breadboarding than he 
spent on digital techniques! The combined 
importance of testing and of digital 
techniques in testing led Burroughs to a 
thorough evaluation of the situation.

Burroughs found the lack of adequate 
digital tools a general condition, slowing 
progress in control and computation.

As a result, the Electronic Instruments 
Division was organized “to supply the 
digital specialist ivith the laboratory test 
equipment his technology demands."

And it has.
delivi 
ilopnJ 
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ne. il 
m desi 
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f win 
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complete systems design

Installing Magnetic Memory For large Computer

Memory Plane Tester

FOR FURTHER INFORMATION
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Complete the reply card on the other side of this 

sheet . . . insert in an envelope, or attach to a 

postcard ... and mail to Burroughs Corporation, 
Electronics Instruments Division, 1209 Vine Street, 
Philadelphia 7, Penna. Your request will be given 
prompt attention.

While Burroughs pulse control units are ideal laboratory 
tools for solving logical problems in computer design 
. . . testing individual components for pulse circuitry . . . 
performing specific digital operations . . . there are 
design and test requirements so complex as to require 
an entirely different approach. Designing and testing 
a complete core memory, for example . . . 
or building and testing complete digital computer 
subsections. Actually, both these jobs have been 
done by Electronic Instruments Division with Burroughs 
equipment. But chances are, they could not have been 
done successfully without the full-time efforts of 
Burroughs logical circuit and logical hardware 
designers . . . the men who developed the equipment. 
Should your needs be of this order of complexity, 
their experience and knowledge are available to you. 
Electronic Instruments Division can either serve you in a 
consulting capacity ... or design, develop, and install 
the entire system from start to finish.
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Exciting Thriller Breaks 
Model Shop Mystery

Regulated Power Supply 
For Traveling Wave Tubes

Optical Circular Table 
Projects Readings

. optical circular table is 
diam illuminated screen, pro

The Matrix 18-in

CIRC E 118 ON READER-SZRVICE CARD
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)ltages: 
0-1500 
0-150
0-850
0-300
0-150

150-0 
0-13 
20-150

FLYING SAUCER" FILTER

equipped with a f 
tected by armour

Ave., Flushing 55, N.Y.
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you. But if not, you can depend on 
Sprague’s three filter research and 
development laboratories, complete 
facilities for special tests and meas
urements, library of more than four 
thousand proven filter designs, mass 
production facilities on the East and 
West Coasts, and field engineering 
consulting service.

» mie-, vi vail ivi vnui 11 v-vjjjr vi
Mui DER in the model shop. 
Pubi, bed by SERVO CORPORATION 
°« Ai lerica.

Th publisher also produces SERVO- 
“OA :D. SERVOSCOPE Servosystem 
^al ¿er, etc.

plate glass, on which direct read

If you have an interference prob
lem, pick up your phone and call 
your nearest Sprague Electric Field 
Engineering Laboratory. They are 
located at 12870 Panama Street, Los 
Angeles 66, Calif. (TExas 0-7531); 
224 Leo Street, Dayton 4, O. 
(ADams9188); Marshall Street, 
North Adams, Mass. (MOhawk 
3-5311).

ings to 3 sec of arc are clearly visible. The projec
tion is accomplished by system of lenses from a 
large diameter glass circle graduated in 10 min in
tervals. This glass circle built within the table is 
supported in mounting that prevents movement 
arising from temperature change or shock.

The entire optical system is sealed against dust or 
oil and insulated from heat radiated by the projec
tion lamp. Smooth and uniform rotation of the table 
and minimum back-lash are obtained through a 
precision worm wheel drive. The table is clamped 
by two diametrically opposed clamps operated by 
a single lever.

Engis Equipment Co., Dept. ED, 431 S. Dear
born St., Chicago 5, Ill.
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contains eight output 
Helix output 
Collector output 
Grid no. 4 output 
Grid no. 3 output 
Grid no. 2 output 
Grid no. 1 output 
Filament supply 
Solenoid output

The multiple-voltage regulated power supply is 
used to operate traveling wave tubes. The supply

The usual black box filter was out 
of the question. Too much bulk to fit 
the oddly-shaped space available ... 
too little room to add components 
elsewhere in the system ...

But the problem was solved by 
taking advantage of Sprague’s as
sortment of designs including rec
tangular and cylindrical filter 
elements. Those needed were taken 
from the shelves and packaged 
together in the “flying saucer” shape 
illustrated.

Chances are that Sprague’s filter 
elements will add up to the fastest, 
most economical and efficient solu
tion to many of your filter problems 
... whether you package them your
self, or Sprague assembles them for

All voltages are continuously variable and the 
supply is designed for continuous duty operation. 
The unit features undercurrent protection on the 
solenoid voltage and provides for the application of 
external helix voltages.

This saga of the intrepid investiga
tor veers off on a taut and timely 
theme — the engineering enigma of 
that inexplicable time lag in getting 
new servosystem designs into proto
type form. Scene of the crime, 
written in a tempo of gore and gusto, 
is cued bv the title — MURDER IN 
THE MODEL SHOP.

There’s a switch in the pitch of 
this turbulent tale ... no one seems 
to care who done it! The question is, 
what can be done about it. And this 
crime has its solution too, but agree
ment with the publisher precludes 
revealing the denouement here.

A possible clue to tha answer is 
suggested by the sleuth’s bringing in 
his trusty SERVOBOARD®, that life- 

, saving instrumentality for assembl
ing models or prototypes of systems 

I in jig time. The SERVOBOARD is 
armed with a rigid aluminum base 

I plate perforated with tapped holes, 
and a comprehensive range of gear 
sets, dial assemblies, hangers, 

I clamps, and other hardware for sum
mary execution of any and all servo 
designs.

I And if there’s any question wheth
er the varmint is a true mechanism or 
a machination, the SERVOSCOPE® 

(beats out any lie detector ever con
cocted — gets the facts, ma’am, on 
gain, and phase lead or lag, digs the 
figures for plotting Nyquist dia- 

I grams, sings out with the square 
wave for transient functions.

With the latest edition now com- 
Iing off the press,MURDER IN THE 

MODEL SHOP contains fifty pulse- 
packed pages — printed on genuine 

I Pulp. You’ve never had such an 
adventure in lurid lingo, even at 
many times the price which is ex- 

I actly nothing ... to engineering and 
I design people.

SPRAGUE

SERVO 
CORPORATION

OF AMERICA

hi The

Model Shop
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MINIATURE MAGNETIC CLUTCHES
at i/ioth the usual cost !

Now . * . design single and multiple clutching’ into your 
electronic equipment at low cost. The HYCOR line of 
miniature magnetic clutches is designed around a common 
clutch body assembly, keeping unit costs low and perform
ance standards high.

Only 2 watts of power develops up to 15 oz. in. of torque 
with a response time of 5 milliseconds. Zero clutch sli 
within rated operating conditions. No maintenance—onl 
2 moving parts. Ideally compact.

Nine precision-manufactured single and multi-turn models 
for gear, cable and direct-in-line drives. Also available in 
multi-shaft drive units.

Write for Bulletin C-2 ... or for special design help from a 
HYCOR systems engineer.

INTERNATIONAL RESISTANCE COMPANY

AL PL

RAh 
IEC

ibintd f 

ohms

HYCOR DIVISION
12970 Bradley Ave., Sylmar, California
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Waveguide Window Seals 
Ranges from 0.2 - 90 KMC

BEAM

High Voltage Rectifiers 
Diameter of 0.22 In.
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The HDMP Series of high voltage medium power 
silicon diffused junction rectifiers are designed for 
applications requiring up to 1000 peak inverse 
working volts. Rated for operation in free air with 
no external heat sink, there is a choice of axial or 
single ended body construction. Maximum dimen
sions are 0.22 in. diam x 0.36 in. long. The line of 
HDMP rectifiers includes ten different models.

Hoffman Electronics Corp., Dept. ED, Hoffman 
Semiconductor Div., 930 Pitner Ave., Evanston, Ill. 
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This hermetic waveguide window seal, passes 
microwave energy with minimum reflection loss, 
and is thermally stable. The D-B seal maintains a 
constant pressure and constant dielectric inside 
when soldered directly to the waveguide flange, and 
seals out moisture, dust, oil and salt spray. The unit 
will hold hard vacuum, and withstand shock and 
vibration. Temperature1 range is from —55 to —1-100 
C, and the seal will withstand degassing by baking. 
Pressure differential is 30 psi, and vswr averages 
1.19 over the entire range. The seal is designed with 
optically clear metal-glass-mica windows, and is 
available in seven standard sizes covering the micro
wave and ultra-microwave range from 8.2 to 90 kmc.

DeMornay-Bonardi, Dept. ED, Pasadena, Calif.
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Here is a new series of light-beam galvanj 
ometers that were developed to withstand 
the extremely severe conditions of shock and 
vibration encountered in field servicing and 

testing of jet aircraft.

Through unique folding of the light bearri 
great compactness is achieved while retain 
ing sensitivity to the highest degree ... equa 
to that of laboratory instruments!

These Howell Galvanometers featuri 
excellent readability. They are readil] 
adaptable to existing instruments. They art 
competitively priced.

Resistances: 20, 100, 500 and 1000 ohms 
Short period; high speed response. Sealei 
construction.

SE FUL 

»balance« 
Killoscop 
»sensitiv 
Rich; an

ÎTAILS 

iKeithlej 
*0-2. A i 
®erhead

For full information 
please write or wire

HOWELL INSTRUMENT Company
3101 Trinity St • Fort Worth 7 Texas

SALES-ENGINEERING OFFICES
VALLEY STREAM, L.I., N.Y.: 108 So. Franklin • L01-922
DAYTON, OHIO: 209 Commercial Bldg. • Michigan 456 
COMPTON, CALIFORNIA: 105 N. Bradfield St. • NE 6-8971
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ANSISTORIZED 
ECTROMETER

Balance Bridge
For Large Systems

Intermittent Condition Analyzer 

For Radio and TV Troubleshooting

¿¡ned preamplifier and de vtvm has 
‘ohms input, / mv sensitivity

etails about the Model 220 are given 
Keithley Engineering Notes, Vol. 5

'<>• 2. A request on your company 

aierhea<I will bring a copy promptly.

igH input impedance is only part of the 

Kywith the new Keithley Model 220. 

.¿sensitive de vtvm, it’s especially convenient 

measuring voltages of transistors.

amplifiers and computers, as

ell as many electrochemical and biological 

sis. In its alternate role as a de pre- 

pplifier, the 220 has gains of 0.05 to 167 

ill suitable outputs. Uses include 

sording the variations in piezo-electric 

WpH voltages; currents in photocells, 
Lum tube grids and ion chambers; and 

kt long-term monitoring functions.

NE-OPERATED, the 220 has 8 voltage 

mges from 30 millivolts to 100 volts 

¡11 scale. With added accessories, the 

»rumen t measures voltages from 1 mv 

d20 kv. currents from 10‘s to 5 x 10'M 

mpere, resistances from 104 to 1016 ohms.

¡eful features include a 5-volt 
balanced output for amplifiers and 

tilloscopes. and a one-milliampere output 

fsensitive recorders; a polarity reversing 

*ch; and zero drift below 3 mv/hr.

|O0UCT» _____,w

SIGMA INSTRUMENTS, INC.
91 Pearl Street, So. Braintree 85, Mass.
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According to Mrs. L B. Q (who is 

pictured in the above candid photo

graph of the advertising department’s 

mail department and is in charge of 

Sigma premiums, box tops, blown tops 
and the like) Sigma’s July offer of 

free Slidecharts has turned into a 

polymorphous hydra.

Now it becomes necessary, due to 
the laws of Kirchoff and diminishing 

returns, to terminate the free offer.

Hereafter we’ll be glad to oblige, but 
at 25 C* (C. I. A.) per. (it’s either this, 

fellows, or raising the price of Sigma

Ten 4-arm gage bridge or resistive type pickups 
may be calibrated individually or simultaneously 
with a rack-mounted balance unit designed for 
large-scale instrumentation systems. The Model 228 
Bridge Balance employs individual plug-in calibra
tion resistors which are inserted from the front 
through a hinged door on the panel. Precision 10- 
turn balance and sensitivity potentiometers are pro
vided with knurled finger locks for maintaining de
sired settings. Toggle switches permit individual 
transducer calibration, or all transducers may be 
calibrated by a remote contact closure. Individual 
or common voltage supplies of 0 to 30 v may be 
used. The system is designed for 4-arm resistive 
transducers of 120 ohms or more.

Consolidated Avionics Corp., Dept. ED. 66 
Brooklyn Ave., Westbury, N.Y.
CIRCLE 129 ON READER-SERVICE CARD FOR MORE INFORMATION

This Model 828 Intermittent Condition Analyzer 
provides for faster troubleshooting of intermittent 
circuits using a new principle which makes TV or 
radio receivers supersensitive to intermittent and 
pre-intermittent noises caused by capacitors, re
sistors, tubes, coils, chokes and other components. A 
sensitive amplifier and an intermittent tracer probe 
pick up and localize the noises produced by border
line components without waiting for actual break
down to occur. Phantom probe attachments provide 
signal pickup from tubes and wiring without mak
ing actual circuit connections. A built-in line volt
age step-up transformer provides a high line voltage 
supply to make intermittents easier to locate.

Winston Electronics, Inc., Dept. ED, 4312 Main 
St., Philadelphia 27, Pa.
CIRCLE 128 ON READER-SERVICE CARD FOR MORE INFORMATION

Don’t think we do not appreciate the 

interest displayed — it’s just ..... 
Still free is the EBG reprint which 

resumes SIGMA products and is big 

enough so you can read it.

*Cash, stamps or rare fiduciary objects

KEITHLEY 1B1K1 
instruments, INC.

Euclid Ave., Cleveland 6, Ohio

KEITHLEY
Model 220 
DC VTVM



uses long-life CLARE Mercury-Wetted-Contact 
Relays to provide accurate, continuous and 
automatic control of a manufacturing process

CLARE 
RELAYS 
and AUTOMATION

Actuated by variations in the electric current set up 
by a constant intensity beam of radiation through 
a cigarette “rod,” two clare Mercury-Wetted 
Contact Relays help the AccuRay Cigarette-Gauge 
controller to proportion the weight of cigarettes as 
they are being produced.

In this way AccuRay, a revolutionary precision 
process control system, uses electronics to provide 
automatic control of cigarette and other manufac
turing production processes.

Engineers of Industrial Nucleonics Corporation, 
makers of this new process control, picked clare 
Relays to perform these important functions because 
only these relays gave the long life and low mainte
nance required. These machines wrap and cut 20 
cigarettes a second, day and night, day after day.

With a service life of billions of oper
ations it is no wonder this relay has be
come the first choice of hundreds of lead
ing designers of computing, data-proc
essing and control equipment. For com
plete information write for Bulletins 120 
and 122 to C. P. Clare & Company, 
3101 Pratt Blvd., Chicago 45, Illinois. 
In Canada: 659 Bayview Avenue, 
Toronto 17. Cable address: clarelay.
Drawings(rlght)'rom high-speed photographs show the 
cycle, (a) Filament of mercury forms between the con
tacts as they separate, (b) This becomes narrower in 
cross section and (c) finally parts at two points, allow
ing globule of mercury to fall out. Mercury flows up 
the capillary path, replaces amount lost, restores the 
equilibrium, (d) The momentary bridging of the part
ing contacts—and the extremely fast break that ends it 
—minimizes the arc and adds greatly to contact load 
capacity. Contact closure between the two liquid sur
faces bridges mechanical bounce and prevents any 
chatter from appearing in the electrical circuit.
® Industrial Nucleonics Corporation, Columbus, Ohio

FIRST in the industrial field

CIRCLE 132 ON READER-SERVICE CARD FOR MORE INFORMATION

New Products

Silicon Transistors
High Frequency

Eleven types are included which provide a range 
of current gains up to 60, and collector voltage rat
ings to 45 v. Rated for operation to 175 C, these 
units feature low collector cut-off currents. All types 
are specified for a maximum of 0.5 ga at their maxi
mum collector voltage rating. Types ST13 and ST33 
have a typical cut-off frequency of 17 me. Manu
factured by the diffusion process, close control is 
maintained on all characteristics to achieve uni
formity and interchangeability. All units are sub
jected to temperature cycling and storage, and 
other environmental tests.

Transitron Electronic Corp., Dept. ED, Melrose 
76, Mass.
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VHF Amplifier
Broadband

This automatic level controlled, broadband trunk 
line vhf amplifier is equalized to compensate for 
cable slope between 53 and 89 me with a flatness 
of ±0.25 db. It can deliver up to 0.2 v output into 
a 75 ohm load and has a maximum gain of 45 db 
on channel 6. Automatic level control uses stable, 
drift free circuits to hold the output level within 
1 db for 10 db increases of input level. The input 
stage of the amplifier uses the newly developed 
6922 long life, low noise, dual triode to achieve an 
8.5 db noise figure. A constant voltage transformer 
and silicon diodes provide a power supply that re
quires only 45 w and maintains an output stability 
of ±0.2 db for ±20 per cent line voltage variations.

Entron, Inc., Dept. ED, P. O. Box 287, Bladens
burg, Md.
CIRCLE 134 ON READER-SERVICE CARD FOR MORE INFORMATION

Positive
identjlcatic 
'or dnirim

New BRADY
Aluminum Foil Wire Markers

-Give Permanent Identificatio
Stick and stay in ele
vated temperatures, oils, 
most solvents
New Brady Aluminum Foil 
Wire Markers show which 
wire goes where at a glance. 
Permanently identify ma
chine tool electrical sys
tems, motor leads, control 
circuits, etc.
Only 3 mils thin. Self-Stick
ing Markers wrap around

wire fast. Legends imbe< 
ded in the foil stay permi 
nently legible. Markers sta 
on wire under oily cond 
tions — won’t discolor 1 
temperatures to 350°F.
NEMA and NMTBA Marl 
ers in stock for immedial 
delivery. Specials made 
your order. Write today fl 
free working sample 
prices, and name of loci 
distributor

783 W. Glendale Ave.
Milwaukee 9, Wit.w h. QQnQQ co

Est- 1914
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Manufacturer* of over 85% of the torque wrenches used in indus*'*
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DEVICESRADAR ANTENNATYPICAL EXAMPLES OF BENDIX

NATIO

, I’

AL

idustfy

Lightweight, ground-based, air-transportable, 
dual reflector, multi-band, high gain search 
antenna and control system; 2-speed data 
systems and magnetic clutch drives in azimuth 
and elevation.

nbe 
erm 
‘sst 
:ond
lor i 
F.
Marl 
edia 
ide 
ay i 
iple1 
' toe

Airborne weather radar antenna with 
line of sight stabilization for x- or c-band; 
switchable wide fan (cosecant squared) 
beam pattern for mapping or pencil 
beam for storm detection.o

7/5

Lightweight, ground-based, air-transportable 
tracking antenna pedestal for mounting 8-ft. 
diameter, s-band segmented parabolic reflector 
and nutating scanner; highly accurate 2-speed 
data systems in elevation and azimuth.

variety of exacting requirements. And, of course, 
world-famous Eclipse-Pioneer precision rotating 
components are standard in all Bendix radar 
antenna devices.

When you order from Eclipse-Pioneer, you’ll
enjoy the advantages of experienced engineering 
coupled with favorable delivery and prices that 
result from mass production techniques.
District Offices: Burbank and San Francisco, Calif., Dayton, Ohio, and Seattle, 
Wash.—Export Sales and Service: Bendix International Division, 205 E. 42nd 
St., New York 17, N. Y.

Transistor Heat Sinks 
Beryllium Copper

Beryllium copper heat sinks enable the transistor 
operate at higher levels of dissipation and pro- 

a mounting clamp for the transistor in those 
s where the transistor is suspended by its leads 

d not used with a socket. Model HS-10 is de- 
ned for the GT soldered case and Model HS-20 
i the GT version of the JETEC 30 case.
General Transistor Corp., Dept. ED, 91-27 138th 

i Jamaica 35, N.Y.
IE 138 ON READER-SERVICE CARD FOR MORE INFORMATION

Epoxy Chokes 
1.1 to 120 ph

ATIO

_ uA. MBH---------

Thirteen epoxy encapsulated chokes ranging in 
lues from 1.1 through 120 ph following preferred 
dues are available. All are 5/16 in. in diam and 
I in. long with axial pigtail leads. They are 
ilor-coded for value identification. The chokes 
reconstructed so as to have maximum ruggedness 
id resistance to moisture, temperature and other 
pironmental extremes.
James Thomas Chirurg Co., Dept. ED, 414 Park 
■.Bldg., Boston 12, Mass.
KLE 139 ON READER-SERVICE CARD FOR MORE INFORMATION

Vacuum Tube Electrometer
Measures 10-’1 A

The Model VTE-1 Vacuum Tube Electrometer 
Esures direct currents of either polarity from 10 3 
F41 a. The unit features a built-in bucking cur- 
H source, with range from IO-3 to 10” a for scale 
tension. Time constants of 0.1 to 30 sec are avail- 
k on a single rotary selector switch. Zero drift 
M per cent per day after initial warm-up period, 
r meter is available with high and low level 
p trips for process or nuclear control uses.
pliai lore Electronics Lab., Dept. ED, 6055 S. 
hland Ave., Chicago 36, Ill.

IE 14 ) ON READER-SERVICE CARD FOR MORE INFORMATION
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wendix Synchro “Supermarket”' 
also headquarters for

Doubtless you’ve learned to depend on the Bendix 
Synchro “Supermarket” for fast delivery and 
tremendous selection of precision synchros, servo 
motors and other vital electronics systems com
ponents. But did you know that Bendix is also a 
prolific producer of radar antenna devices?

Over the years Bendix airborne and ground- 
based antenna devices have been successfully 
designed by our highly specialized staff of radar 
and servo-mechanisms engineers to meet a wide

Eclipse-Pioneer Division
TETERBORO, N. J.

Airborne reflector mounting and drive 
unit for x-band antenna; 2-speed, con
tinuous rotation in azimuth, either direc
tion; 40° and 60° sector scans; remote 
manual tilt; line of sight stabilization.

AVIATION CORPORATION

CIRCLE 141 ON READER-SERVICE CARD FOR MORE INFORMATION
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New Products

CONI

Gearhead Motor
PA and-EXPEDITER AC, Oil-filled

TERMI

JAC

Photographed by

1580H East 3lst Street

CIRCLE 145 ON READER-SERVICE CARD FOR MORE INFORMATION
CIRCLE b
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Syncramental

The Model 102B serves

Angular increment per pulse is 36
15 per second

expectancy, 2 million steps
2.525" long ight, 13 oz

CIRCLE 142 ON READER-SERVICE CARD FOR MORE INFORMATION

// delivery has ever been a problem, 
try Deringer. You'll be glad you did.

FRIC' 
CONT

either direction 
load capacity,

fewer ci: 
r life n 
[Series F 
pr shod 
priatioi 
pingly « 
to manj

. maximum 
to 2 Ib. in 

, . . dimen
. . standard

kharact 
Mous 
F coil re: 
planees 
F to 1,0 
ho io

ACTUAL SIZE 1.5" DIA. X 2 525*
as either a general pur
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which is taking l/2500th second to snap shut upon a wafer. 
Talk about acceleration!— the upper ¡aw hits 60 MPH in three- 
eighths of an inch. The upper jaw and flying wafer fragments 
have been caught in many images along their paths of movement.

stepping rate, 
starting torque
sions, 1 500" di 
•Servo mounting

Wrh* for these FREE 
CONTACT CATALOGS

Here’s how Deringer Delivery saves you 
time and increases your profits.

Whether the contact you need is stand
ard or special, Deringer delivers in ac
cordance with your needs and in less time 
than others take to process an order.

Our prices are competitive. You pay no 
premium for our precision quality and 
faster delivery.

'com pit

IE h a

This oil-filled gearhead motor meets requirements 
of MIL-M-17059 and MIL-S-901, Class AI shock. 
It is a 2 speed motor, 2 pole and 6 pole, designed 
for 220 v ae, 60 eps 3 phase rated at 1/10 hp output 
at 250 rpm and 84 rpm, intermittent duty at high 
speed, continuous duty at low speed. It is equipped 
with an electrically energized brake which will stop 
motor within 0.2 sec and within 25 deg of output 
shaft of gear box. The motor is totally enclosed to 
provide protection against moisture, dust, fungus 
and salt spray. It is filled with Verselube F-50 sili
cone fluid for cooling. Ambient temperature: —65 
to 200 C, 100 per cent humidity.

Western Gear Corp., Dept. ED, P.O. Box 182. 
Lynwood, Calif.

The Syncramental Mo’or accurately translates pulses to incremental 
shaft position . . . rotates potentiometers, counters, rotary switches, 
control mechanisms Features a clutch mechanism, rather than 
ratchets, to index the shaft through action at two LEDEX Ro’ory 
Solenoids.

the "snap" in Mueller's traditionally snappy springs. These springs 
provide a mean, corrosion-cutting bite for perfect test connections.

THE NEW "70 SERIES" ALLIGATORS FEATURE:
Simple, direct, streamlined design, and lower cost than the 

famous "60 Series'*.
Faster, easier connection, whether screw type or soldered 
A new patented hinge, and cord strain relief ears. ' Fu 
WRITE FACTORY TODAY FOR FREE $b
SAMPLE PACKET SHOWN ABOVE

When You Need 
CONTACTS IN A HURRY

£ 123 WEBSTER STREET, DAYTON, OHIj
IN CANADA: Martland Engineering Ltd., Kitchener, 
IN EUROPE: NSF Ltd., 31-32 Alfred Placa, Landon, 

CIRCLE 146 ON READER-SERVICE CARD FOR MORE INFORMATION!

Isolation Amplifier
Selectable Bandwidths

Cleveland 14, Ohio

DERINGER
Metallurgical Corporation 
8117 Monticello Ave • Skokie, Illinois
PHONES: CHICAGO KEystone 9-8502 SKOKIE ORchard 5-1030

pose preamplifier or as an isolation amplifier cover
ing both audio and ultrasonic frequencies. It has a 
5-v, 50-ohm output to drive oscilloscopes, sound 
level meters and pen recorder power amplifiers. 
Frequency response is from 2 cps to 150 kc or to 
1.7 mc with selectable bandwidths and accurate 
decade gains of 0.1 to 1000. Impedence input is 
400 megohms, and noise is below lOuv with 150 kc 
response. Two accessory probes for low-capacitance 
connection to the circuit being measured are in
cluded. Typical uses include work with accelerom
eters and hearing aids, pulse amplification, and 
vibration and noise studies.

Keithley Instruments, Inc., Dept. ED, 12415 
Euclid Ave., Gleveland 6, Ohio.
CIRCLE 144 ON READER-SERVICE CARD FOR MORE INFORMATION

HAVE YOU EVER HAD THIS PROBLEM?

ELIMINATE PRODUCTION DOWN-TIME

DERINGER

Send for FREE SAMPLE PACKET of the three new
MUELLER “70 SERIES” ALLIGATOR CLIPS . 
Low-cost streamlined clips

THIS IS AN ACTUAL v *
HIGH SPEED SEQUENCE PHOTOGRAPH
OF A NEW ‘70 SERIES” ALLIGATOR CLIP

SNAP!



SPI
r Hole TolerancesPINS

////A
terminals

JACKS

OTHER UNIQUE SPIROL FEATURES
TION

USE DIAMOND H’
052'

SERIES R RELAYS
sizes up to Vj

Where the temperature hits 200°C
where aor drops to

imum

Write for literature on Spiral Pins

SPIBOL PIN
NATION

FRICTION 
CONTACTS

Send for Multi-Swage or 
Bead Chain Drive Catalogs'.

Double Pulse 
Generator

'entoi 
ches 
than 

o’ary

sizes. Other standart 
diameter.

PERFECT CHAMFER
A. Smoothly rounded radius where 
chamfer meets shank eases insertion 
into hole. No sharp break to “bite” 
and resist insertion. B. Chamfer 
angle is precisely designed to offer 
minimum thrust resistance and 
maximum compression leverage.

Differential Amplifier

Rejects Noise & Hum Pickup

MINIATURE PINS
Spirol is the only spring type pin 
available in these miniature diame-

imen- 
ndard

>N, OHI
n.r,

With SPIROL PIN, hole drilling 
is not limited to plus tolerances. 
Both plus and minus hole toler
ances are allowed because 
the spiral construction permits 
greater flexibility in expansion 
and compression. The wider hole 
tolerances eliminate precision 
reaming requirements, reduce 
drilling rejects, and cut costs.

Tronic DESIGN • September 1, 1957

also PRINTED CIRCUIT 
MINIATURE PARTS

Contact pins, terminals, jacks or 
any small tubular parts. Maximum 

diameter x 1%" length.
Send sketch for quotations.

Variable Delay and 
Width

BEAD CHAIN DRIVES
Low-speed positive drives or motion transfer 

... at far less cost!

SHOCK RESISTANCE
High resistance to shock and vibra
tion permits use of “medium duty' 
Spirol pins in a wide variety of 
materials with wide range of bear
ing loads. Heavy and Tight duty 
Spiroi. pins also available in stock.

Unique spiral cross-section retains 
flexibility and strength in smallest

58 Mountain Grove St., Bridgeport 5, Conn.
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This double pulse generator, Model B-3-2, is 
capable of generating two pulses both having re
occurrence rates of 1 me. The internal oscillator 
controls both pulses and has repetition rates from 
10 cps to 1 me, or the instrument may be triggered 
externally at rates up to 1 me. Each of the two 
pulses may be independently and continuously de
layed from 0 to 10,000 psec with respect to the 
common synchronizing pulse. Each of the two 
pulses may be continuously varied in width from 
0.08 to 10,000 psec. The two pulses are available on 
separate output jacks or may be mixed via a re
sistance mixing network so that they are both avail
able at a common output. Due to the modular 
construction of the instrument it may be expanded 
to furnish greater numbers of pulses.

Rutherford Electronics Co., Dept. ED, 8944 
Lindblade St., Culver City, Calif.

E. M. COMPANY • 86 SCHOOL ST. • DANIELSON, CONN 
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Providing high gain and stability necessary for 
strain-gage and thermocouple applications, the 
Model DA-101 wide-band differential amplifier 
handles low-level signals, including pulse signals, 
without noise or hum pickup. Noise is 6 mv re
ferred to the input with a bandwidth of 50 kc at 
the 3 db point and at 20,000 ohms differential in
put impedance. Static common-mode rejection is 
greater than 100,000 to 1. Gain is adjustable in steps 
from 100 to 2000 with a gain accuracy of 0.1 per 
cent. Linearity is ± 0.05 per cent.

The amplifier is built so that six units can be 
mounted on a 7-in. relay-rack panel.

Epsco, Inc., 588 Commonwealth Ave., Boston 
15, Mass.
CIRCLE 150 ON READER-SERVICE CARD FOR MORE INFORMATION

ters: %2" - .039'

dry circuit is downright arid ... or 
bower circuit employs 10 amperes (or even 20 amps for a 
hlife need) ... your best bet for reliability is a “Diamond 
I «ries R miniature, hermetically sealed, aircraft type relay, 
fir shock and vibration resistance you may take for granted. 
Lriations on the basic 4 PDT Series R relay perform out- 
I hngly over such a broad area that they are frequently used 
I o many different types of jobs in a given application, with 
Jultant savings in spare part inventories. Thé range of possi- 
Icharacteristics covers:
l'arious brackets of vibration resistance from 10 to 2,000 
kcoil resistances from 1 to 50,000 ohms, operational shock 
I mces of 30, 40, or over 50 “G”; mechanical shock resist- 
Fto 1.000 “G”, contact capacities from 350 V., D.C., 400 
pto 10 A., at 30 V., D.C., as well as signal circuits.

Bcomp/e/e information send for a copy of Bulletin R-250. 
k HART MANUFACTURING COMPANY 
I Bartholomew Avenue, Hartford, Conn.
1:>CLE 149 ON READER-SERVICE CARD FOR MORE INFORMATION

NON-HEAT-TREATED METALS can be specified in 
standard Spirol pins for extra corrosion-resistance or conductivity. 
Less resilient metals are usable because stress is evenly distributed 
throughout the spiral cross-section, giving maximum spring action.

a 5 a a

the Read chain mfg. co

with

BEAD CHAIN
Multi-Swage Parts



FREE SELECTION CHART New Products

SOLENOID
REFERENCEAGASTAT MATERIAL

Write for your free copy fo Dept. A26-924
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SHORT
in size

10, 20, 30 db
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NEW SODECO Type TCeBZ 
Electric Impulse Counters

1027 Newark Avenue, Elizabeth, Naw Jersey 
Pioneers in pneumatic timing.

Fixed Pad 
Attenuators

9 Galindo Street, 
Concord, Californio

Elastic Stop Nut Corporation 
of America

ELECTRONIC DESIGN • September

Now you can select exactly the right Agastat time delay relay 
for your particular timing need—in a hurry. This free selec
tion chart lists data on every popular model in the Agastat 
line—the most complete line of pneumatic time delay relays 
in the industry. They’re adjustable for timing from 0.1 second 
to 10 or more minutes, unaffected by voltage variation, dust
proof, light, and mountable in any position. And there’s an 
Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glance 
at the free selection chart tells you which model to order.

You'll wont more information on these ui 
counters. Write to—

Th« nautilus tshibits a fiorite! logarith
mic spiral ¡from Cook, T. A. Curv«i of 
lif«. New York, Honry Holt S Co., 1914).

DIVISION OF INDUCTION MOTORS CORP.
6058 Walker Avenue • Maywood, California

Send for the Informative PSP Catalog

MODEL 1200 SINE WAVE GENERATOR
Less than 0.1 % distortion at any amplitude or frequency. 
1 cps to 1 mc in 6 decades, plus overlap. 600 ohms constant 
output impedance. Many other exceptional features. Small, 
portable — 23 pounds. Complete data on request. $265.00, 
FOB Factory.

A line of silicon regulated power rectifiers supply 
up to 1500 a continuous capacity. The unit proves 
particularly useful as the de source for ground sup
port equipment and missile testing. Reliable per
formance is provided by hermetically sealed silicon 
diodes which are impervious to humidity, fungus, 
salt spray, sand and dust as well as ambient tem
peratures from —55 to -]-65 C. Standard models 
are available for 1000 a continuous capacity with 
de voltage ranges from 6 to 40 v, with de regulation 
of ±0.5 per cent, response of 0.1 sec and ripple of 
1 per cent rms. All models are built to meet the re
quirements of military specifications.

Christie Electric Corp., Dept. ED, 3410 W 67 St., 
Los Angeles 43, Calif.
CIRCLE 156 ON READER-SERVICE CARD FOR MORE INFORMATION
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The latest in the SODECO line, these new electric 
impulse counters offer designers a wonderful oppor
tunity to squeeze u high-performance impulse 
counter into a very limited space.

Look at these features:
• AC or DC Models
• Counters measure as little as 1-3/8" wide 1 

2-1/16" high x 1-3/4" deep (designed « 

flush mounting}
* 4 or 5 digit models available
• Fast—can count up to 25 impulses/»ec.
• Low power demand—as low as 1 W DC at 

impulses to 6.5 W AC max. at top apeed
• Instantaneous mechanical push-button resot

A series of precision fixed pad attenuators have 
been designed to partically absorb rf power in the 
8.2 to 75 kmc frequency spectrum. The pads are 
useful between klystrons and other elements of a 
typical waveguide test bench to counteract fre
quency pulling effects or to reduce by a known 
amount of rf power flowing in a system. Ratings 
and general characteristics include a maximum 
power dissipation of 2 w and nominal attenuation 
values of 10, 20, and 30 db. The accuracy of atten
uation measurement and limits is 1/4 db. The at
tenuation value and calibration frequency are 
stamped on each unit. The fixed pads are fabri
cated from short sections of waveguide in which 
a lossy element is mounted. Standard cover flanges 
are used at each end. All surfaces are silver plated 
throughout. Excepting flanges, external surfaces are 
finished with blue-gray lacquer.

Microwave Associates Inc., Dept. ED, Burling
ton, Mass.
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Silicon Rectifier Units 
Supply 1500 Amp

New reference data covering PSP Miniature and Sub-Mini
ature DC Solenoids are now available to aid you in solenoid 
selection for valves, computers, memory units, data proc
essing—and avionics applications. Solenoid type, size, volt
age range, temperature range, force, weight and similar 
characteristics of nine units are given. All are produced in 
accordance with MIL-S-4040A specifications.

Send for this helpful reference material today. And ask 
also for information about high voltage and high tempera
ture solenoids, high pressure types, co-axial valves and 
standard PSP Solenoids!

AGA
SOLENOIDS

nonne



EW-self-lockinq Unbrako

socket head cap screws

SO SMALL

roc

era-
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lectric 
jppor-

Available in hermetically sealed 
metal cans or plastic encased.

wid« 
ned M

For those transistorized circuits 
and other compact circuitry re
quirements. They have the de
sired quality product character
istics of all Hopkins Capacitors.

INSULATION RESISTANCE 
Will average 500 megohms X 
microfarads for units less than 
1 microfarad, when measured 
at 200 VDC for 2 minutes at 
25°C.

me also manufacture precision
•onium fasteners. Write for free

Send For Catalog 
TODAY

Write or Wire

Antenna Matching 
Transformer

Minimum Loss from 
1 to 50 Me

full PROPERTIES 

plus PRECISION
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POWER FACTOR 
Less than 1 % at 25°C and 
1,000 CPS up to and including 
1.0 M.F.D.

A 40 w, MA 215, X-band pulsed magnetron has 
been developed for operation in the frequency 
range from 8800-9600 me. The tube is rated at 40 w 
peak pulsed power output at a 25 per cent duty 
cycle for maximum pulse lengths of 5 ^sec. Sub
stantially higher peak powers may be achieved with 
shorter pulse durations and reduced duty cycle re
quirements. Frequency and amplitude modulation 
of the magnetron output pulse has been measured 
at less than ±30 kc modulation deviation in ex
perimental models. Operating efficiency of the MA- 
215 is 20 to 30 per cent. A ceramic cathode bush
ing structure is used for increased reliability. The 
magnetron weighs approximately 20 oz.

Microwave Associates, Inc., Dept. ED, Burling
ton, Mass.

X-Band Magnetron 
40 Watt

Phona: EMpira I-Ô69I

JENKINTOWN ■ PENNSYLVANIA

• Diameters: .125" to 1.000" and larger
• Tolerances: .001"
• Increments: 1/32" and less
• Lengths: up to 12 feet 

WRITE or PHONE for Bulletin T-556

TEMPERATURE RANGE
Th* operating temperature 
range is from —■55°C to + 
1OO°C.

The antenna coupling or matching transformer 
is designed to match a 700 or 200 ohm receiving 
antenna balanced transmission line to a 72 or 52 
ohm coaxial line with a minimum transmission 
loss over the range of 1 to 50 me. This transformer 
employs the use of a core material which extends 
its frequency response considerably beyond that 
of former units. The insertion loss has also been 
kept quite low, less than 1 db at mid-band. A 
spark gap arrangement has been provided for pro
tection against the effects of lightning. The trans
former and circuitry has been arranged to provide 
de continuity through the antenna for checking 
purposes. The transformer has been designed with 
an octal plug to allow easy replacement. Printed 
circuitry is used to assure uniformly high per
formance. The overall dimensions making a com
pact unit are 5-1/4x 7-7/7 x 4-1/2 in. It is encased 
in a completely watertight housing and provided 
with desiccant.

Nems-Clarke, Inc., Dept. ED, 919 Jesup-Blair 
Dr., Silver Spring, Md.
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 The Nylok* self

locking feature locks 
these screws securely 
in place, seated or 
unseated, wherever 

« you stop wrenching!They won’t work loose. Can be used 
repeatedly. Tough, resilient nylon 

B locking pellets permanently installed.■S Successfully withstand temperatures
ranging from —70 to 25O°F. Familiar 
Unbrako knurled heads for sure fin-

■H ger grip and fast assembly —accurate
. hex sockets for positive, nonslip in-d 9^1 temal wrenching. Heat treated alloy
9 steel, controlled fillets, continuous
S| grain flow lines, fully formed Class
3 IB threads for maximum strength 
« B| and exact fit. Can be used as adjust-3 ^B *n8 screws. Pellets act as liquid seals.

Standard sizes from #6 to I in. 
diameter. Also available in plated H finishes and in stainless steel. Write
for Bulletin 2193. Unbrako Socket 
Screw DiMsion, Siandard Pressed 
Steel Co., Jenkintown 12, Pa.
*TM R»g. U.S. Pat. Off., Th» Nylok Corporation

STANDARD PRESSED STEEL CO.

SOCKET SCREW DIVISION

HOPKINS COMPANY

12900 FOOTHILL BOULEVARD

p. O. BOX 191 • SAN FERNANDO, CALIFORNIA 

CIRCLE 165 ON READER-SERVICE CARD FOR MORE INFORMATION

A new high-density, uniform rod extru^^^B 
•v* ded by Tri-Point to meet strict require- 

ments of precision-machined parts.

NOW AVAILABLE, in unlimited quantities from stock;

TEFLON ROD

exclusive

! tri-point ~
176 I. U Willets Rd. • Albertson, Long Island, N Y



NEW DESIGN MINIATURE RELAY

RESISTS 15 G VIBRATION

THROUGH 500 CYCLES

The new Series 5400 Husky Minia
ture Relay is designed for continuous 
duty, general purpose DC use ... to 
give superior performance in aircraft, 
missiles, communications and other 
circuit control applications.

• Vibration Resistance: withstands 5 
to 70 cps at 0.060* double excursion 
and 15 G from 70 to 500 cps without 
chatter or transfer.

• Contacts: available in arrangements 
up to 6 Form A or 4 Form C [total of 
12 springs]. Standard contact mate
rial is palladium, rated at 3 amperes 
26.5 VDC or 115 VAC resistive. Can 
be supplied in ratings up to 10 
amperes per contact.

• Available in any standard voltage 
up to 115 VDC. Normally supplied 
with coil resistance of 280 ohms + 
10% for operation on 26.5 VDC. ~

• Weight 1.7 oz.
• Available hermetically sealed also. 

Write for Bulletin No. 6.

Frederick, Maryland

New Products
Series Summation Amplifier 

Summation and Isolation

Battery Charger 
50 to 200 Ma

A battery trickle charger with con
tinuous adjustment range of 50 to 200 
ma is available. The battery charger 
includes a meter to indicate charging 
current; output is fused to protect 
charger components. Output voltages 
are 12 and 24 v de with input voltages 
of 110 to 120 v, 60 cps. A full wave 
selenium rectifier circuit is provided.

Automatic Switch Co., Dept. ED, 
Florham Pk., N.J.

CIRCLE 168 ON READER-SERVICE CARD

A transistorized summation and isol 
lation amplifier has been designed fol 
eliminating resolver non-linearities! 
The single channel Model 807 can bl 
used with any standard 400 cps re! 
solver, Mach 4 Mod 0 or equivalent! 
With an operating life of over 800® 
hrs and an accuracy of ±0.1 per cent! 
the 807 holds phase shift errors to les! 
than 0.15 deg. Operating efficiency il 
over 90 per cent; temperature rang! 
is -55 to 4-85 C.

Maxson Instruments, Dept. EDI 
Div. of the W. L. Maxson Corp., 47-3! 
Austell PL, Long Island City 1, N.Y1
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Model “YE” by

(Test count-life over 70 million) 

Offered in TWO STYLES: 
1. Quick PUSH-BUTTON RESET 
2. Electric REMOTE RESET

First high-speed electrically actuated counters with 
added advantage of electric reset. Clean-cut, legi
ble 3/16" figures, white on black. Ideal for all 
high-speed electric counting applications — accu
rate at high, low or intermediate speeds.
DURANT MANUFACTURING CO. 
1993 N. BuHum St. 93 Thurbers Ave. 
Milwaukee 1, Wis. Providence 5, R. I. 

Representatives in Principal Cities

ALASKA GRAY 
AND SEAL BROWN

You con Rely on 
HUSKY RELAYS

Compact, with great rigidity — en
tirely enclosed against dust and 
moisture. Base or panel mount. 
Speeds to 1500 C.P.M.

PRO DUCTI METERS
SINCE 1879
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Manufacturers of Precision Springs and 
Force Measuring Instruments Since 1835.

Micrewive 
AssimMns 
Radar Components 
and Precision 
Instnimonts... 
manufactured and 
designed to 
your specifications.

TRONIC DESIGN • September 1, 1957

ore sizes. Space saving is

N.R.K. MFG. A ENGINEERING CO., 4601 W. Addison St., Chicago 41, Illinois
Eastern Sales Office: Box 445, Westfield, N. J.

West Coa*f Repretenfah'ves: Bray and Carter, 2232 W. 11th St., Loe Angeles 6, Cal.

CIRCLE 176 ON READER-SERVICE CARD FOR MORE INFORMATION

■ When you require springs, con
sult the spring engineers at John 
Chatillon and Sons. They have over 

120 years of experience in designing 

and manufacturing all types of springs 

and they can solve all your spring 
problems.

Send specifications and blueprints to 
Department D-l. I

Transmission Coupling 
Flexibility with Positive Action 

The Posiflex Coupling for transmis- 
m components permits flexibility of 
lldeg shaft to shaft angular misalign- 
pt and 1/8 in. shaft to shaft parallel 
^alignment with positive action. 
[ unit measures 1 1/8 in. long by 
|S in. diam wtih a wide range of

Products of long experience, these micro

wave horns are typical of the many that 

NRK has produced. Whatever your needs 

for radar or microwave components, 
you will find at NRK the man

. power and the machines for 

both design work and full- / 

scale production. S

Magnetic Tape Reel 
Easily Threaded

Called the C-Slot Reel, the design 
features a curved groove in the hub 
for threading. Tape is simply slipped 
into this groove in the opposite direc
tion of reel rotation and the recorder 
is ready for operation. No kinks or 
twists are made in the tape and no 
tape-ends are left sticking up. Since 
the C-Slot is self-locking, there is no 
need to turn the reel by hand. Sharp 
edges have been eliminated, including 
those on the inner surface where con
siderable tape wear takes place on 
ordinary reels. Hub construction pro
vides strong and well-balanced char
acteristics.

Audio Devices, Inc., Dept. ED, 444 
Madison Ave., New York 22, N.Y.

CIRCLE 174 ON READER-SERVICE CARD

■ A young man looks for high ten
sile strength, corrosion-resistance and 
close tolerances ... especially if he is 
a design engineer who plans to incor
porate the spring in his own machinery.

JOHN CHATILLON A SONS 
es CLIFF STREET. NEW YORK, N. V.

He by housing the gimbal joints in- 
mally in the coupling shell. All parts 
e of Type 303 stainless steel. Gimbal 
tints are heat treated for maximum 
length and precision ground assur- 
K tight backlash requirements at 
pi speeds and torque.
Fourdee, Inc., Dept. ED, P. O. Box 
1)6, Orlando, Fla.
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are also available.
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Small in cost but valuable in

contribution RELIANCE Mica
makes to so many industries
Wherever application requirements
call for mica insulation to meet

specifications, you can rely on
RELIANCE for a high quality
product Take advantage of our
design and engineering staff.
WRITE TODAY'

precious

CIRCLE 181 ON READER-SERVICE CARD

1000 Ft Remote

Gentlemen:
send literature on RELIANCE Mica.

New Reeves-Hoffman oscillators are transistorized for com

volume to sour specifications.
DIViSiON OF

CARLISLE, PENNSYLVANIA

FOR HIGH ACCURACY DISPLAY SYSTEMS

Accelerometers
Range of 0.03 to 40,000 G

Series 400 Accelerometers emplov 
barium titanate in compression and 
have a natural frequency of 75 kc.

They're sure compact, K.C. "You bet, M.C., only 1 Ya by 6V2 inches!" They operate over an acceleration 

NEW REEVES-HOFFMAN TRANSISTOR OSCILLATORS
range from 0.03 g to 40,000 g and over 
a frequency range from 0.05 cps to 
20,000 cps, with a sensitivity of SO 

pactness and crystal controlled for unerring accuracy. Each
oscillator is produced and tested with exacting care by skilled

mv/g ±5 per cent throughout the 

craftsmen using the most modern equipment and facilities usable range. Pickups are available in 
available. Reeves-Hoffman will manufacture these units in various sizes, weights and mounting

DYNAMICS CORPORATION OF AMERICA

configurations.
Columbia Research Laboratories,

341 39th St., B'klyn. 32, N. Y.

Dept. ED. Woodlyn, Pa.

to indListry

YOKE
CE

function—this is the important

RELIANCE MICA CO., INC.

close tolerances and rigid

B Please ___ _________________
Please send quotation on enclosed specs.

We specialize in the design and manufac
ture of precision deflection Yokes for mili
tory and commercial applications.
or write for immediate engineering evalu
ation of your critical display problems
Phone DAvis 7-1123. MAHWAH, N. J.

Cele®
MAHWAH, NEW JERSEY

Linear Displacement
Transducer

Operation

This linear displacement transduc
Model LD-20, features an all stainle 
housing and waterproof connect
The unit measures displacement t
motely at distances up to 1000 ft 
more, employing the variable relu 
tance principle. It is designed to ope 
.ite over a linear range of 2 in. Wi 
the use of a simple bridge, the tra 
ducer may be used at frequencies 

imeni
an 

t di 
nts. 1

60-100 cps and the output fed to 
galvanometer or recorder. Models o 
erating over a linear range of 5 i

lones-Porter Instruments Co., In
Dept. ED, Box 666, Riverdale, N.
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21st century city
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^1 SEND FOR FUSED QUARTZ-FUSED SILICA DATA FILE

CENTER FOR HIGH-PURITY FUSED QUARTZ

at all good engineering and drawing material suppliers
CIRCLE 189 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 188 ON READER-SERVICE CARD FOR MORE INFORMATION
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Neutron Detector Tubes 
For Reactor Control

Balancing Potentiometer 
2 W Rating

TAEDTLER.INC
HACKENSACK, NEW JERSEY

The shallow, plastic-faced, Geodesic dome makes 
this city of the future look strange to 20th century 
eyes. But designer Philip H. Seligson has combined 
practical economics with creative thinking in com
mitting his concept to paper. Industries are located at 
the outer circumference of the city; discharge their 
smoke through stacks that pierce the dome. Central 
air conditioning controls the temperature—winter or 
summer the climate is perfect. Instead of building 
their own four weather walls and roof, insulating 
them, heating and cooling them, people can build 
their walls merely as grilles and curtains.

No matter which of today’s ideas become reality, 
it will be as important tpmorrow as it is today to use 
the best of tools when pencil and paper translate a 
dream into a project. And then, as now, there will be 
no finer tool than Mars —from sketch to working 
drawing.

Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and Tra
dition-Aquarell painting pencils, have recently been 
added these new products: the Mars Pocket-Technico 
fur field use; the efficient Mars lead sharpener and 
“Draftsman’s” Pencil Sharpener with the adjustable 
point-length feature; and—last but not least—the Mars- 
Lumochrom, the new colored drafting pencil which 
offers revolutionary’ drafting advantages. The fact that 
it blueprints perfectly is just one of its many important 
features.

ROTOSIL 

OPTOSIL 

HOMOSIL 

ULTRASIl

«85 RAMSEY AVE. A HILLSIDE 5, NEW JERSEY

The 2886 Mars-Lumograph drawing pencil, 19 
degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button leaa holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H Mars- 
Lumochrom colored drafting pencil, 24 colors

AMERSIL service is keyed to your requirements. 
Here, at the primary source for fused quartz 
and silicaware of critical purity, several spe
cially developed production processes are used 
—each providing an end product suited pre- '
cisely to certain types of fabrication and use., <

Delivery is prompt Standard apparatus, cru- ,
cibles, trays, cylindrical containers and tubing 
(up to 25" diam.) are available for prompt 
service. Amersil engineers will be glad to assist 
in developing special equipment for your ro- /
quirements. Your inquiry is invited. A A AMERSIL 

COMPANY, ¡NC. ,

\lodel 220 measures 3/16x5/16x1 
Mounting is accomplished by 

bans of 2-56 screws through stainless 
i 1 eyelets on 3/4 in. centers. Tinned 
roper leads 1-1/2 in. long by 0.016 
I diam. permit the use of either 
tinted circuit or standard wiring 
Uniques. A 15-turn screwdriver ad- 
Unent features a self-locking shaft 
L an idling wiper assembly to pre- 
k damage from forcing adjust- 
Lnts. Power rating is 2 w. The unit 
I esigned for a maximum operating 
Lperature of 175 C. Model 220 is 
Liable in standard resistance values 
I from 100 to 20K ohms.

■Bourns Laboratories, Inc., Dept, 
b. 6135 Magnolia Ave., Riverside,

Two new neutron detector tubes for 
use in reactor control and reactor 
monitoring systems are anounced. 
Model VXN-1 is an enriched boron tri
fluoride proportional tube for count
ing thermal neutrons. It is available in 
1, 2, and 2-1/16 in. diam of various 
active lengths. Nominal operating 
voltage is 1700 v with a 250 v Mini
mum plateau having a typical slope of 
2 per cent per 100 v. The second type, 
Model VXN-2, is of the recoil type. 
It has a polyethylene inner wall and 
an ethylene filling and is used to 
count fast neutrons. Nominal operat
ing voltage is 1575 v. It is supplied 
only with a diameter with length cor
responding to standard three-chamber 
ORNL design.

The Victoreen Instrument Co., 
Dept. ED, 5806 Hough Ave., Cleve
land 3, Ohio.

CIRCLE 187 ON READER-SERVICE CARD

fused silica

AND QUARTZ

3ÍX ï 
cj C! «



New Products

■■

12 pe

mounting mechanism is internal »psuk

range of —55 to -j-125 C and to alB ohm;

Mis<

170 r
ceiver operating in the 450 or 900 TU )

COLLECTOR VOLTAGE, V« IN VOLTS

Write for complete data, application notes on voltage ratings of power transistors, and new low prices to Lansdale Tube Company, Lansdale, Pa.

B- ’

I

LANSDALE TUBE COMPANY DIVISION
LANSDALE, PENNSYLVANIA

bands to the same antenna and trai 
mission line without interaction ai

The Type 149 radio frequency d| 
plexer is a tuned cavity network da 
signed to couple a transmitter and ■

shock-mounted to meet applicali 
military specifications on shock ai 
vibration. It operates in a temperati!

RF Duplexer 
450 to 900 Mc

Philco transistors, after vacuum baking, emerge into a controlled atmosphere 
... where they are welded to insure perfect sealing for life. This process 
eliminates contamination of the transistor elements by moisture or atmosphere. 
Uniformity and quality control are strictly maintained throughout.

i switd 
up to

Dept. ED, Aero Div., Columbus, Ohl
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tudes of 60,000 ft.
The Advanced Products Co., D( 

ED. North Haven, Conn.
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Snap-Action Switch 
Handles 2 Hp

A heavy duty, snap-action 
has been designed to handle

kneter 
led at ,

mi res
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Robertshaw-Fulton Controls

FROM TRANSISTOR CENTER U.S.A.

PHILCO 60V and 80V Power Transistors
Designed for servo, control, power converter 

and power supply applications.

hp. Called the Duo-Snap, the devil 
comes in four terminal and circuit J 
rangements, permitting at least s 
circuit variations. Its snap-action 
achieved through the rolling spriri 
principle. The unit is 2 in. in lengl 
and has an electrical rating of 2 h 
230 v ac; 1 hp, 150 v ac; and for pill 
duty, 20 a, 250 v ac.

Here are extremely reliable, high voltage power transistors—im

mediately available in production quantities. These transistors 

perform with a typical thermal drop of only ll/2°C per watt . . . with 

storage temperature of 1OO°C. They have high beta at high currents 

. ;. improved alpha cut-off. . . low surface leakage currents . . . low 

saturation resistance . . . low distortion. Both transistors operate at 

power load of 12.5 watts. The unique knee-action between the alumi
num mounting clamp and the copper mount assures maximum 

dissipator contact at all times. Recent price reductions make these 

transistors the greatest value in the high voltage power transistor field.

(J O I

Miniature Timer 
Weighs 6 Oz

A timer measuring 1-1/2 in. sq ani 
weighing 6 oz is hermetically seal® 
and designed for 115 v 400 cps, 1151 
60 cps and 28 v de operation. ■

Philco cold-welding process permits hermetic 
sealing in controlled atmosphere •••assuring 
exceptional transistor life and performance!

CIRCLE 195 ON READER-SERVICE CARD 
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with negligible loss in efficiency. Wi 
the duplexer, one antenna and tra 
mission line are eliminated. High 
reduces the spurious radiation of tj 
transmitter by at least 20 db and t 
; purious responses of the receiver I 
at least 40 db. The duplexer is assej 
bled on a 3-1/2 x 19 in. panel to hl 
standard relay rack and is norma 
mounted on the same rack as the I 
dio equipment. All tuning adjd 
ments are made at the factory I 
accordance with specified frequend 
and locked to prevent movement] 
shipment or under vibration.

Budelman Radio Corp., Dept.
375 Fairfield Ave., Stamford, Conn
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630-NA

new cores can vary plus or minus 
2 per cent in the 300 to 400 ma

Bluffton, Ohio 
53 rears of experience

The National Cash Register Co., 
¡pt. ED, Day ton 9, Ohio.
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Magnetic Cores
Provide Greater Stability

Magnetic cores for transistorized 
ctronic computers are available 
jch reportedly offer the greatest 
bility yet achieved for a transistor- 
Lrated core over a wide range of 
Lperatures, currents and other dis
king influences. The result is 
Later computer accuracy and less 
Lntime for trouble-shooting. The 

res can maintain ratios of 3 to 1 or 
tter between a Read 1 and a Read 0. 
e drive current used with one of

Wire Wound Resistor
Up to 250,000 Ohms

wire wound resistor, completely 
apsulated, measuring 3/16 in. in 
eter by 3/8 in. in length and 

ed at .25 w is available. The max
im resistance on this unit is 250,- 
) ohms. All requirements of mili- 

specifications, except physical 
f, can be met by this resistor.
he Daven Co., Dept. ED, Living- 
N.J.
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666-R
Medium Size 

with
630 Features

631 
Combination 
V-0-M—VTVM

625-NA
The First V-0-M 

with 10,000
Ohms/Volt AC

630
The Popular 
All-Purpose 

V-0-M

63O-T
For Telephone 

Service

666-HH 
Medium Size 

for 
Field Testing

630-A
A Good Lab and 
Production Line 

V-0-M

310
The Smallest 

Complete V-0-M 
with Switch

630-NA
For Best Testing 
Around the Lab, 
Production Line 

or Bench

)ept.
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Missile Tracking Camera 
70 Millimeter

1 70 mm data recording camera, 
LTIDATA MOD V, specifically 
igned for missile tracking provides 
more detailed record of missile 
t than 16 or 35 mm cameras can 

rd and a larger field of view. With 
same focal length lenses, it mini- 
es the effect of tracking error and 
s keep the missile within the 
era’s 2-1/4 x 2-1/4 in. frame, 
stration pins insure precise 
e-to-frame alignment. A sturdy 
transport eliminates vibration 

permits high resolution at speeds 
W fps and at shutter openings of 
deg. Two neon lights provide visi- 
coding on both edges of film for 
ect correlation with time base, 
ight Research, Inc., Dept. ED, 
^ond, Va.
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Only Triplett affords you such a wide choice of VOMs. Whatever your application—broad 
or limited—there is a Triplett VOM ' particularly suited for it.



Production Products

Wire-Wrap Machine 
Solderless Technique

PROJECT AND SENIOR PROJECT 
ELECTRONIC

engineers
New Horizons . . . Greater Achievements . . . Challenging, 
Satisfying, Rewarding Assignments . . . await graduate EEs and 
MEs w ith three to ten years directly applicable experience 
at . . . AC, 4 he Electronics Division of (renerai Motors.

This 
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a sys 
Dona 
L Sai

CIE 2(

Our ever expanding electronic activities . . .
I he finest of facilities and test equipment . . .
Working alongside outstanding pioneers in Electronics . . .
GM s policy of complete decentralization . . .

Provides every qualified project engineer the best of 
personal development opportunities at AC.

We work in every phase of Research, Design. Development, 
Reliability and Production in these exciting fields:

AVIONICS
COMPUTERS

(Ana log-Digital)

INERTIAL GUIDANCE 
JET ENGINE 
FUEL CONTROLS

In this solderless wire-wrap unit, two lateral 
adjustable wrapping tools are mounted side 
side, spaced to accommodate the component usd 
This new technique designed for the automan 
assembly of axial-lead components. Tape-mount) 
components are fed from a reel to a set of gripd 
jaws which pluck a single component from d 
tape into the wrapping position. The compond 
leads are simultaneously placed in a set of “sid 
loading” wrapping bits, the gripper maintains 
contact with the leads at either end of the comd 
nent body. The “side-loading” bits fold the lea 
from the tangential position to an axial positu 
in the bits. The assembly (component, gripper jaj 
and wrapping tools) moves forward to a positn

The 2 
kl” j

each wrapping bit over a terminal. The wrappi® 1200

AUTOMOTIVE - AERONAUTICAL 
ELECTRO- MECHANICAL DEVICES

For immediate interview in your area or in Milwaukee (our 
expense) send resume *Mr. Cecil E. Sundeen. Supervisor 
of Technical Employment.

THE ELECTRONICS DIVISION

GENERAL MOI O R S Corporation
Flint 2, Mich. • 'Milwaukee 2, Wis.

CIRCLE 566 ON READER-SERVICE CARD FOR MORE INFORMATION

bits then rotate in opposite directions, forming 
solderless wrapped connection with each lead! 
the component. The total cycle time for this Opel 
tion is two seconds.

The process is designed to use commercial 
available components. Permanent connections w| 
the lowest known resistance and high reliability71 
made. The elimination of heat and protection pj 
vided by the gripper jaws during the operati 
gives maximum care to the component. The sil 
plicity of this type of connection results in increai 
reliability of commercial electrical equipment.

Gardner-Denver Co., Dept. ED, Keller Tool Dl 
Grand Haven, Mich.
CIRCLE 202 ON READER-SERVICE CARD FOR MORE INFORMATl
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Toroidal Coil Winder

2 to 8 In. OD Coils

ibly andring

iter.

1er ja

s opej

ED099 I

bol Di

ORMATI
CIRCLE 207 ON READER-SERVICE CARD FOR MORE INFORMATION

CRESCENT RING SPEEDS 
ASSEMBLY, DISASSEMBLY
Main clutch utilizes radially
installed series 5103 crescent

Zone State

TRONIC DESIGN • September 1, 1957
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E-RING SECURES PARTS AGAINST SPRING 
THRUST. Slip clutch assembly uses Truarc series 5133 
E-ring to hold parts on shaft. Functioning of the assem
bly is dependent upon the ring's ability to withstand 
thrust exerted by the heavy barrel spring.

WALDES TRUARC Retaining Rings. Grooving TnNs, Pliers, Applicators and Dispensers ar» protected by one or more of the follcwing U.S. Patents 2,382,948. 2,411,426; 
”411761; 2 416,852; 2.420.921; 2.428,341; 2 439,7°5, 2,441,846; 2,455,165; 2.483,379; 2,483,380; 2,483,383; 2,487,802; 2,487 803; 2,491,306; 2 491,310; 2,509 CM 
2 544 631; 2 546,616; 2,547,263. 2,558.704; 2 574,034; 2,577.319; 2.595,787, and other U S. Patents pending. Equal patent protection established in foreign countries,
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Waldes Kohinoor, Inc., 47-16 Austel Place, L.I.C. 1,N.Y. 
Please send new, descriptive catalog showing all 
types of Truarc rings and representative case his
tory applications. (Plaase print)

LOCKING PRONG RINGS PERMIT SIMPLE DESIGN. Shift slide assem
bly uses two Truarc series 5139 bowed locking prong rings to lock the parts 
together in a sliding fit. Precise amount of spring tension prevents objection
able wobble and noise, permits the key to slide smoothly in operation. Easy 
radial assembly and disassembly of rings facilitates field maintenance and 
repair. Alternative construction would have required cut washer, spring 
washer and hairpin-type spring clip on each stud.

disassembly Ring's low pro
truding shoulder provides nec
essary clearance between ring 
and the two studs. The main 
clutch operates each time a 
Deci-Magic control key is 
depressed.THE NEW MARCHANT DECI «MAGIC 

automatic-decimals calculator made by Marchant Calcu
lators, Inc., Oakland, California.

itami 
comi

Waldes Truarc Rings speed assembly, facilitate maintenance, 
improve performance of new automatic calculator

it USI 
ornai 
muni

The AMPli-var splice with its automatic ‘ Hori- 
1*1 splicing machine, is designed to produce up 
1200 per hr identical, mass produced splices on 
pel, polyvinyl acetal and similarly coated wire. 
I- splices, with multiple ring stripping action, 
fninate scraping, dissolving in solvents, burning 
I ther methods of removing insulation. There is 
I heat damage. The splice, scarcely larger than 
r wires themselves, is design-engineered to lock 
les and connector into a high tensile strength 
fee The joint is hermetically sealed during splic- 
t thus rendering it corrosion resistant. Soldering 
perial and equipment are unnecessary, less wire 
I time are required, thereby lowering installed 
1^ They can be used on solid or stranded con- 
jetors or combinations thereof.
I^IP Inc., Dept. ED, Harrisburg 13, Pa.

r 206 ON READER-SERVICE CARD FOR MORE INFORMATION

This heavy duty toroidal coil winding machine 
designed to wind medium to large size toroidal 

Us such as are used in magnetic amplifier and 
Litrol systems. The unit specifications include: 
L size, 2 to 8 in. OD; residual hole, 3/4 in.; 
Led, maximum of 500 turns per min; winding 
k 24 in. diam, 1/2 in. cross section; wire load, 
Limum 1-1/2 lb per loading. Turns are counted 
11 system incorporating thyratron pulsing circuit. 
Donald C. Harder Co., Dept. ED, 3710 Midway 
L San Diego 10, Calif.
LlE 205 ON READER-SERVICE CARD FOR MORE INFORMATION

am I 
ipom

Name........................

Title............................

Company 

Business Address

Whatever you make, there's a Waldes Truarc Ring de
signed to save you material, machining and labor costs, 
and to improve the functioning of your product.

In Truarc, you get ,
Complete Selection: 36 functionally different types. 
As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail
able quickly from leading OEM distributors in 90 stock
ing points throughout the U.S. and Canada.
Controlled Quality from engineering and raw mate-

WALDES

rials through to the finished product. Every step in manufac
ture watched and checked in Waldes' own modern plant.

Field Engineering Service: More than 30 engineer
ing-minded factory representatives and 700 field men 
are at your call.

Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 
assembly and production problems...without obligation.

TKURC
RETAINING RINGS
WALDES KOHINOOR, INC.
47-16 AUSTEL PLACE, L. I. C. 1, N. Y.

Horizontal Splicing Machine 

Joins Coated Wires



Production Products

Transistor Washer
Uses Distilled Water TAP

CAN
I

I

I

!
I j
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A special apparatus for washing and rinsing 
transistors and other small electronic parts in hot 
distilled-demineralized water has been developed. 
It has been found that rinsing in hot, highly-puri
fied, particle-free water improves quality and 
reduces rejects. This equipment incorporates con
tinuous repurification of the rinse water by ion
exchange plus activated carbon filtration followed 
by ultra-fine filtration of submicroscopic particles 
to 0.45 micron. Washing and rinsing is accom
plished in a five stage cascade type rinse tank. Rinse 
chambers are individually electrically heated and a 
regenerative heat-exchanger is employed in the 
circulating system to conserve electricity. Deminer
alizer and carbon filter are disposable cartridge 
type. Submicron filter employs replaceable mem
branes.

The final rinse water is of high electrical resist
ance, 5.000,000 (18 C) or more ohms, and is also 
free of organic impurities and submicroscopic par
ticles which often contribute to sub-standard re
sults. Complete unit is mounted on a mobile frame 
with circulating pump, etc, as illustrated.

Barnstead Still & Demineralizer Co., Dept. ED, 
2 Lanesville Terrace, Boston 31, Mass.
CIRCLE 210 ON READER-SERVICE CARD FOR MORE INFORMATION

Scotch
Magnetic Tape

Scotch
Magnetic Tape

Scotch
Magnetic Tape

Gene

109-INTERNATIONAL STANDARD-For 
moderate speeds, tensions, pressures. 1.5 mil 
cellulose acetate backing. Uniformly accurate 
because of carefully milled resinous components, 
rigidly controlled oxide manufacturing process. 
.55 mil coating of standard output oxide.

108—GENERAL PURPOSE-Uses the same 
reddish-brown oxide as offered in No. 109 In
strumentation Tape. Because of its dimensional 
stability, this tape is recommended for multi
track applications. “Weather-balanced", it's 
ideal in extremes of temperature and humidity.

128 - HIGH OUTPUT - 100% more outpB wene 
(+6db) at 15 mil wave length. This tape is specH_____  
ically designed for uses where high output B 
long wave length is required. 1.5 mil polyestB 
base achieves high dimensional stability. .M
mil coating of “High Output" oxide. ■ Hi$

Scotch
Magnetic Tape

Scotch
Magnetic Tape

Scotch
Magnetic Tape

Mg W

159—EXTRA PLAY—50% more recording time 
on the reel! Made with 1 mil polyester backing, 
.35 mil coating of high potency oxide. Offers 
improved high frequency response, improved 
short wave length output, and better head con
formity eliminates signal loss.

148—LONG WEAR—Rugged newcomer! This 
premium tape gives you 3.5 db greater output at 
short wave lengths, yet withstands heat-wear in 
temperatures up to 200°F. and eliminates head 
build-up. Has 1.5 mil polyester backing, .35 mil 
coating of "High Output” long wear oxide.

149—LONG WEAR, EXTRA PLAY—Mate! 
148 for heat-wear resistance and magnetic pr< 
erties but records 50% longer because of 
thinner 1 mil polyester backing. Selection fori 
of this tape should be based on strength vers 
playing time as the determining factor.

qua nth

Pterm “
Minn E>

CIRCLE 209 ON READER-SERVICE CARD FOR MORE INFORMATION
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Automatic Soldering System

For Printed Circuits

WHICH MAGNETIC TAPES ARE BEST FOR YOUR INSTRUMENTATION NEEDS?

CIRCLE 209 ON READER-SERVICE CARD FOR MORE INFORMATION

Measured by recording 200 non-return pulses per inch on a 0.035' track. A reduction to less than 50^ normal signal amplitude constitutes a signal error, 
terrors are measured by saturating the tape undirectionally. Each spurious signal greater than 10% of normal signal amplitude constitutes a zero error. 
Errors per roll based on recording 7 tracks on rolls %* x 2500'.
"Based on a 8750 cps signal played at 7.5 ips.

to term "SCOTCH" and the plaid design are registered trademarks for Magnetic Tape made in U.S.A, by MINNESOTA MINING AND MFG. CO., St. Paul 
Minn Export Sales Office 99 Park Avenue, New York 16, New York. © 3M Co.. 1957

TRONIC DESIGN • September 1, 1957

Choose from a complete line of 
Scotch” Brand Instrumentation Tapes 

for industry and defense

FREE BOOKLET gives you specific engineering 
data on dropouts plus complete physical and mag
netic specifications of these famous “SCOTCH" 
Brand products. Write: Minnesota Mining and Mfg. 
Co., Dept. PJ-97, St. Paul 6, Minnesota.

This Flowsolder unit is designed to eliminate 
the difficulties involved in the conventional flat 
dip-soldering of printed circuits. This unit lifts the 
molten solder up to the circuit instead of lowering 
the circuit panels down to the molten solder. The 
solder wave, 8 in. wide and free from oxide, is 
produced by pumping molten solder through an 
elongated spout by a motor driven impeller pump. 
The circuit panel is passed through the crest of this 
wave and the joints between the component leads 
and the copper conductors on the underside of the 
panel are soldered. Fresh solder is fed to the bath 
by feeder ingots; as the solder is consumed the in
got is gradually lowered into the bath. The unit is 
electrically heated and the solder temperature is 
thenno-statically controlled with normal operating 
temperature at 250 C.

Advantages over the conventional dip-soldering 
method for soldering printed circuits include: (1) 
provision for angled entry and exit by the shape of 
the solder wave, which together with the washing 
action of the moving solder, prevents trapping of 
flux or air and assures sound joints; (2) accommo
dation for panels of any length up to 7-1/2 in. wide; 
(3) automatic conveying system preventing hesita
tion or break in the production flow; (4) constant 
flow of solder which provides a more rapid heat 
transfer from solder to panel, reducing dipping 
time and eliminating surface chilling; (5) short 
panel exposure to heat, diminishing warping of the 
panel and heat damage to components; (6) con
tinuous flow of clean solder since the molten solder 
welling up through the nozzle is drawn from be
low the bath surface; (7) controlled wave level 
maintained by adjusting the speed of the metal 
pump which forces the molten solder upwards 
through the nozzle.

Electrovert Inc., Dept. ED, 489 Fifth Ave., New 
York 17, N.Y.
CIRCLE 213 ON READER-SERVICE CARD FOR MORE INFORMATION

f—Match! 
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Whatever your recording requirements,“SCOTCH" 
Brand has the right magnetic tape for you. Here’s 
the world’s fullest line of tapes for exacting instru
mentation use — and the most reliable. Every 
“SCOTCH" Brand Instrumentation Tape meets 
critical dropout specifications. In pulse recording 
these tapes average less than 1 error per roll.* In 
direct recording, these tapes conform to proposed 
Navy specifications defining dropouts as variations

>re outp 
is sped 
output I 

, polyesp 
ability I

of 22% or more in signal magnitude, lasting 300 or 
more microseconds.** All tapes shown are avail
able in standard widths of %*, %*, %* and 1*.

quantities expressed are relative to No. 109

Tape Number 
and 

Description
Stability Strength

High 
Temperature 
Performance

High 
Speed 

Performance

long Wave 
Length 
Output

Short Wave 
Length 
Output

Recording 
Timo

108 
General Purpose Best Best Good Good Good Good Normal

109 
General Purpose Good Good Good Good Good Good Normal

128 
High Output Best Best

Very 
Good

Very 
Good Best Good Normal

148 
Long Wear Best Best Best Best . Good Best Normal

149
Long Wear Extra Play Best Good Best Best Good Best Extended

159
I Extra Play Best Good Good Good Good Best Extended



New Products

CAPACITORS

LEAD CONNECTOR

SOLDER
EXPOSED FOIL

RATING VS LIFE AT ELEVATEDVOLTAGE
TEMPERATURE FOR 95% RELIABILITY

300

200COLOR CODE

100

CIRCLE 220 ON READER-SERVICE CARD >

GRAPH ABOVE shows outstanding temperature 
and voltage characteristics for 95% reliability.

PAPER AND FOIL 
WITH SOLID ■ 
IMPREGNANT

CUTAWAY VIEW OF 
PVZ CAPACITOR 

ENLARGED 13 TIMES

COMPRESSION-MOLDED 
PHENOLIC CASE

Miniature Oscilloscope 
DC to 150 Kc

Designated Mini-Scope, these oscil
loscopes feature high deflection sensi
tivity and minimum pattern distortion. 
Series 300 Mini-Scopes are supplied 
in three models with frequency re
sponse from DC to 150 kc, 3 db down, 
usable to 200 kc. Horizontal sensitivity 
is standardized at 0.5 v per in., with 
vertical sensitivities ranging from 0.5 
v to 1 mv per in. Dimensions are ap
proximately 5 in. cube, and weigh less 
than 4 lb.

Special Products Corp., Dept. ED, 
B75 Barbey St., Brooklyn 7, N.Y.

CIRCLE 218 ON READER-SERVICE CARD

SOLDER-COA' 
LEAD

This terminal block allows the 
grouping of any combination of seven 
different types of terminals in a single 
block, as required. Terminals with ca
pacities from 30 amp to 250 amp may 
be factory assembled in the particular 
combination required by the user. 
Since the various components of this 
combination block are all standard, it 
can be assembled at the factory with 
a minimum delay and free of special 
tooling costs.

Curtis Development & Mfg. Co., 
Dept. ED, 3250 N. 33rd St, Mil
waukee, Wis.

CIRCLE 217 ON READER-SERVICE CARD

• 105 115

DEGREES CENTIGRADE

150

125

Combination Terminal Block 
30 to 250 Amp.

125

-------------------- !--------------------- 1--------------------1--------------------

Dotted portion indicates
region of unreliable operation.

■ m * ■
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— !■ 3000 HOURS

1 YEAR -------------
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Potentiometer and Mv Source

Solve critical space and
temperature problems with

subminiature PVZ* capacitors

Single or Ganged"Trademark of the General Electric Co,

ELECTRIC
< CIRCLE 220 ON READER-SERVICE CARD

Now immediately available for exacting appli
cations in commercial and military electronic 
equipment, these molded paper capacitors meet 
performance requirements of Characteristic “ E” 
for MIL-C-91 A. General Electric’s PVZ capaci
tors are priced substantially lower than compa
rable metal-clad tubulars. They are designed to 
operate for a minimum of one year at + 125 C 
with no voltage derating.

'ress Is Our Most Important Product

PVZ CAPACITORS range in size from . 175* diameter by .625" are available with ±20%, ±10%, and ± 5% tolerances.The color 
length to .375* diameter by 1.0625* length. Capacitance ratings code indicates microfarads, volts, and capacitance tolerance.

• insulated body—solid impregnant
• high shock and vibration resistance
• color code for easy identification

General Electric PVZ capacitors are available 
at 100, 200,300, and 400 volts. Microfarad ratings 
range from .00047 to .15.

If you need a capacitor with the characteristics 
described above, ask your General Electric Ap
paratus Sales Engineer about PVZ tubulars. He 
can give you expert application information. He 
can also arrange for immediate delivery of PVZ 
capacitors from factory stock in most ratings. 
For descriptive data write for bulletin GEC-1452 
to General Electric, Section 447-2, Schenectady

The AM 17 circuit breaker can func
tion on either 400 cps ac or de without 
any change in rating or essential time
delay characteristics. Although manu
factured in single-pole form only, the 
breakers can be readily linked with 
others to make two- or three-pole 
units. The only operating connection 
necessary is a tie rod through the 
breaker handles; electrical tripping of 
ping of the other connected breakers. 
The breaker, which operates on the 
hydraulic-magnetic principle, does not 
require derating for either tempera- 
|ture or vibration conditions.
I Heinemann Electric Co., Dept. ED. 
453 Plum St., Trenton 2, N.J.

CIRCLE 222 ON READER-SERVICE CARD

Model P-55 can be used with any 
thermocouple, and measures any po
tential in the 0 to 55 mv range. In ad
dition, the instrument will accurately 
supply the same potential for check
out of recorders and other instru
ments. The P-55’s dual input provides 
two sets of 55-way binding posts for 
checking two thermocouples, or one 
thermocouple against a standard, etc. 
A thermometer is shock-mounted in 
the lid, and the instrument is available 
in a weatherproof aluminum case or 
in mahogany. It measures 4-l/8x4-l/2 
x7-l/2 in. and weighs 3-1/2 lb.

Allegany Instrument Co.. Inc., Dept. 
ED, 1091 Wills Mountain, Cumber
land, Md

CIRCLE 221 ON READER-SERVICE CARD

Completely solid after molding, PVZ capacitors 
feature the following advantages:

• small size

• excellent humidity resistance

• high lead-strength

ACTUAL SIZE



BALLANTINE Sen
Wide Band Electronic Vc

When used without probe, sensitivity 
is increased to 100 MICROVOLTS but 
impedance is reduced to 25 mmfds 
and 1 megohm

' 1932 x

MODEL 314
Price $285

measures 1 millivolt to 1000 volts 
from 15 cycles to 6 megacycles

Accuracy 3% to 3 mc; 5% above
Input impedance 7.5 mmfds shunted by 11 megs

Silicone

New Literature hat G
In ba

225
Brochure No. 6-206 devoted to the pro

perties and performance of silicone-greases 
is now released. Developed primarily for 
high-temperature, slow-speed bearings, it 
has become an industry standard for uses 
ranging from worm-and-pinion sets to com
pressor engine injector valves; from hold
down bolts to plastic extruder nozzles. Dow 
Corning Corp, Midland, Mich.

Paper Tape Equipment 22
Those involved in tape handling will fij 

the 4-page brochure now available interei
ing. The illustrated pamphlet describes tj 
construction of the winder and unwinder
simple terms. Whiteford Lab, 258 Broi 
St, Lynn, Mass.

Liquid Sealant

Diameter Dilemma 226
Booklet on thread gaging showing that 

variations in screw thread angle and lead, 
product misfit fasteners as readily as do 
deviations in pure diameter dimension it
self is now available. The increase can be 
considerable as shown in charts included in 
the booklet. Standard Pressed Steel Co, 
Box 202, Jenkintown, Pa.

Sensitive Relays 227

Technical Report No. 5 gives compk 
information on how to lock threaded fi 
teners with a liquid sealant. Proper sel( 
tion of grade is outlined in simple termini 
ogy so that predictable results to me 
specific locking torque requirements can 
easily obtained. Specific uses and metho 
of application are documented for stu< 
screws, nuts, and other threaded produc 
Covered are techniques for sealing ai 
soldering sleeve joints. Fundamental di 
is given on the basic principles of threa

wklet 
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fetroni 
irkets.
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Sensitive and power type relays are de
scribed in 4-page leaflet now available. The 
illustrated pamphlet gives the specifications 
and characteristics of each model. Five Star 
Co. Inc, Plantsville, Conn.

Tubing Prices 228

All Ballantine instruments are

SENSITIVE - ACCURATE - DEPENDABLE
• Same accuracy at ALL points on a logarithmic voltage scale and 

a uniform DB scale.
• Only ONE voltage scale to read with decade range switching.
• No “turnover” discrepancy on unsymmetrical waves.
• Easy-to-use probe with self-holding connector tip and unique 

supporting clamp.
• Low impedance ground return provided by supporting clamp*
• Stabilized by generous use of negative feedback.
♦ Can be used as 60 DB high fidelity video pre-amplifier.

Write for catalog for more information about this and other 
BALLANTINE voltmeters, amplifiers, and accessories.

Prices, properties, and application in
formation are given for a complete line of 
electrical tubing in a 16-page pricing guide. 
Included in the guide is a selector chart for 
plastic tubings. This chart lists application 
information, maximum recommended oper
ating temperatures, low temperature brit
tle point, durometer hardness, dielectric 
strength, dielectric constant, shrinkage, 
moisture absorption, flammability, fungus 
resistance, available colors, and applicable 
military specifications for each available 
type. A similar chart is provided for various 
types of coated tubings. The guide also 
contains data and pricing information on a 
line of telephone products, among them a 
wire vibration damper, a filled splice sleeve, 
and an open splice sleeve. Minnesota Min
ing and Mfg. Co, Irvington Div, 6 Argyle 
Terrace, Irvington 11, N.J.

locking with plastics, as well as formuB produ 
for torque determination under varyiBual re 
conditions. Physical properties of the seBred ii 
ant, both in the liquid and solid state Bit Cor 
given, including cure time, resistance I -------  
solvents and chemicals, heat aging, hi 
strength, resistance to thermal shock, elec 
trical properties. Drawings and diagraf 
illustrate the 12-page booklet. Amend 
Sealants Co, 103 Woodbine St, Hartfcl 
6, Conn.

Electronics Catalog
A 220-page catalog has been issue 

which contains extensive, detailed listiii 
of industrial electronics and public addri 
equipment as well as other electronic con 
ponents and equipment. Radio Specialty 
Co, 456 Charlotte, Detroit 1, Mich.

Plastic Wiring Ducts

Timers 229

hlLLimV: LABORATORIES.
114 Fanny Road, Boonton, New Jersey

CIRCLE 224 ON READER-SERVICE CARD FOR MORE INFORMATION

A line of electronic timers is described in 
4-page bulletin now available. This bulletin 
provides specifications, applications and op
eration of 11 timers of the repeat cycle, in
terval and delay types. G. C. Wilson & Co, 
1915 Eighth Ave, Huntington, W. Va.

Low cost plastic wiring ducts for fl 
electrical control panel wiring are featul 
in 4-page folder just released. The foil 
shows two types of non-flammable vij 
plastic ducts, both with covers that snap! 
place directly on the duct. The covers 1 
said to provide quick access to the f 
width of the duct for quick, instal 
tion, trouble-shooting and revision. Th® 
methods of mounting are also illustrate® 
speed mounting with spring steel stan® 
clip; security mounting with threaded st® 
and standard flush mounting with sc^ 
through base of the duct. Pandnit 00 
10132 S. Washtenaw Ave, Chicago 43, B

ELECTRONIC DESIGN • September 1, 1



238Weld Fasteners235tat Goes On Here?

DELAY LINES239Panel-Mounting Units
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when ordinary instruments are

CIRCLE 241 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 240 ON READER-SERVICE CARD FOR MORE INFORMATION

too big or 
inadequate .

Write today 
for Bulletin

ED 174

Write for FREE ENGINEERING GUIDE 
on Trio's complete line to Dept. ED-9 
Trio Laboratories, Inc., Seaford, N. Y.

We are prepared to design lumped constant oi 
distributed constant delay lines for your par 
ticular circuit applications.

• Band Pass Characteristics: 
Unique windings furnish 
maximum band width for 
given delay per inch.

Characteristic Impedance 
400 to 5600 ohms

4025 Merrick Rd., Sea

to keep ahead, 
the leaders rely on leaders

methods of ini
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pe, recording characteristics and the ele
mts, such as Mylar and cellulose acetate, 
uch governs the physical characteristics 
product. The booklet described indi- 
lual requirements which should be con- 
lered in choosing a tape. Reeves Sound- 
ft Corp., 10 E. 52nd St., New York, N.Y.

PACKARD BELL ELECTRONICS 
designs-in with |-trio| 
panel-mounting miniature 

electronic instruments

Trio Labs 
ford. N.Y.

These extra-compact delay lines assure a minimum 
of pulse distortion with maximum stability under 
ambient temperatures ... and in a minimum of space. 
They can be had pencil-thin in plug-in, pig tail or 
fuse-clip mounting. Available cased or dip-coated in 
epoxy resin as well as hermetically-sealed units for 
military application . . . with any desired characteris
tics of impedance or frequency response. Typical are:

nerica 
artfat

In basic, non-technical and conversa- 
ial language, the illustrated 8-page 

Lklet describes connectors, terminals, 
Les, panels, and components for the 
betronic, Appliance, Aircraft and Military 
Lkets. Burndy Corp., Norwalk, Corm.

ustratt 
stand

led sti 
th set

In a 36-page catalog and designers guide 
an entire line of miniature, panel-mounting 
electronic instruments are presented. For 
each instrument photographs, outline draw
ings, a description, mounting details, com
plete specifications, and operation theory 
are given. The catalog, sectioned for ease 
of reference, includes ac vtvm’s, de vtvm’s, 
power supplies, and special instruments 
such as multichannel vtvm’s, phase meters, 
and null meters. The designers guide aids 
in the selection and application of vtvm’s to 
measurement or monitoring problems and 
discusses the how-to phase of building elec
tronic instruments into system equipment.

Trio Model D 
AC VTVM in 
Packard-Bell's 
Missile Tester 
Consci»

Various types of weld fasteners are de
scribed in Bulletin No. 58 now released. 
Among the highlights of the catalog are

How to Choose the Right Recording 
k,” is the name of color pamphlet now 
based. The illustrated brochure offers 
Lral information on magnetic recording

ite 1 
nee ti

proving the products and reducing costs, 
production economies and others. It is well 
illustrated and complete information is 
available on all types of fasteners. Ohio Nut 
& Bolt Co., 33 First Ave., Berea, Ohio.

rmu 
arvi)

Lital VTVM Booklet 236
full line of digital voltmeters, ohmme- 
k ac-dc converters, and complete data 
Ling systems are described in twenty- 
I t page booklet just released. The book- 
■ is illustrated with charts, diagrams, and 
lotos of instruments. Non-Linear Systems, 
I Del Mar, Calif.

Hechnitroi
ENGINEERING COMPANY

1952 E Allegheny Ave., Phila 34, Pa



ímin
New Literature
Hi-Fi, PA, and Ham Products 246

Conversion Tables 2|faphs,

A series of tables which simplify conv I ¡arts
I atehsion from decimal to binary numbers,

W. Ivice versa, have been published in a pock I

5 In. Precision Pot 248

Centralab

I

I

ELECTRONIC ORGAN — PEC filter 
reduces sharp transient of keying 
to give natural touch response.

of binary numbers. Barnes Engineering 
30 Commerce Rd., Stamford, Conn.

• Broad-Bund, High Frequency Sweep
ing Oscillator With Built-In Crystal 
Calibration

JET AIRCRAFT — PEC's simplify 
assembly of instrument panels . . . 
guarantee circuit performance.

AUTOMOTIVE — PEC provides 
photo-multiplier tube socket and 
20 resistors in one unit.

PORTABLE RECORDER — PEC am
plifier provides large recorder 
quality in miniature tape recorder.

size folder. The tables should prove use I C 
to those working with coding systems

Proof of Reliability
and Versatility

TV SETS—17 PEC’s replaced over 
100 parts, simplifying assembly 
and improving performance.

85,000,000 PEC’s*
used in the past decade ...

for these and many 
other applications

ELECTRIC APPLIANCES — PEC in 
surface burner control enables 
finer selectivity of temperature.

Centralab PEC’s — combining capacitors, resistors, inductors, and 
wiring in one compact sub-assembly — were originally designed for 
military applications. And due to their reliability and versatility, 
more than 85,000,000 have been used during the past ten years to 
guarantee circuit performance in countless electronic products. 
New developments promise even greater design flexibility for 

• future applications.
Centralab — originator and undisputed leader in PEC development 

— offers you modern facilities and 35 years of experience to provide 
the packaged electronic circuit your product design requires. Write 
for complete information on products and service.

A DIVISION OF 
GLOBE-UNION INC.

In a complete catalog, electronic prod
ucts for high fidelity, PA, ham, industrial, 
and experimental applications are listed. 
The catalog contains 180 pages, 72 of which 
are devoted to PA and high fidelity items. 
Custom Electronics, Inc., 1000 S. Main St., 
Dayton 9, Ohio.

Design and Production Facilities 247
The facilities of the company’s special

ized engineering, research and product de
velopment facilities, experienced personnel 
and modern production equipment for the 
design and manufacture of electronic 
equipment and components is described in 
four page bulletin 67-193 now available. 
Hupp Electronics Co., 743 Circle Ave., For
est Pk., Hl.

General information and specifications on 
Series HP1500 5 in. high resolution preci
sion potentiometers are presented in a data 
sheet of two pages. The literature is illus
trated with a photograph and dimensional 
drawings. De Jur-Amsco Corp., 45-01 
Northern Blvd., Long Island City 1, N.Y.

Tape Noise
“Sound Talk,” Bulletin 34, discusses 1 

problem of noise in magnetic tape rccoi 
ings. Illustrated with graphs and line dra 
ings, the 5-page text tells what tape no 
is and how it is diagnosed on a tape 
corder. Among the topics considered ; 
frequency modulation noise, drop-out noi 
modulation noise causes, and erasure pn 
lems. Minnesota Mining and Mfg. Co., ( 
Bush St., St. Paul 6, Minn.

Industrial Tachometers *
A variety of generators and indicatin 

recording instruments are described in 
letin 1258A now released. The illustra 
booklet states that the instruments 
available for measuring speed of any in
trial rotating equipment, including tach 
eter generators and hand tachomet 
General Electric Go., Schenectady 5,
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NOW . . .
A Kay Mega-Sweep 

With Markers

• Combines Flexibility of Mega-Sweep 
With Accuracy Of Harmonic Crystal 
Oscillator

In addition to providing all the features 
of the Kay Mega-Sweep 111-A, the Mega
Sweep Model Marker employs harmonics 
of a crystal-controlled oscillator at 5 mc 
and 50 mc to provide two series of marks 
at high frequencies, over the entire range 
of the Mega-Sweep. The crystal calibrators 
may be switched to either 5 mc or 50 mc; 
the 5 mc crystal may be used to measure 
bandwidth, the 50 mc crystal may be used 
for determining center frequencies.

For Details on the Complete

Mega-Swap
MODEL MARKER

SPECIFICATIONS
FREQUENCY RANGE: Two bands; 10-500 me and 400- 

950 me.
SWEEP WIDTH: Continuously variable 50 Kc-40 mc 
SWEEP RATE: Variable around 60 cps. Locks at line 

frequency.
RF OUTPUT VOLTAGE: High—approx. 0 15 volts rms 

into nom. 70 ohms.
Low—approx. 0.07 volts rms into nom. 70 ohms.

AMPLITUDE MODULATION: Less than 0.1 db/mc over 
frequency sweep.

OUTPUT WAVEFORM: Less than 5% harmonic distor
tion at full output. Less than 2% at half output.

RF OUTPUT CONTROL: Uncalibrated microwave attenu
ator, continuously variable to 26 db. Attenuation 
characteristic flat over output frequency range.

FREQUENCY MEASUREMENTS: By use of a precision 
micrometer-controlled wavemeter, the mid-point 
frequency of sweep may be pre-set or frequency at 
any point on oscilloscope display determined to
within ±5 me.

SWEEP VOLTAGE: Regular sawtooth approx. 20 volts.
DIMENSIONS: 10%" x 18^" x 14%/’.
---------- ------------- - . no watts, 117-VPOWER SUPPLY: Input approx. 

(±10%), 50—60 cps ac. 
regulated.

CRYSTAL CALIBRATOR OUTPUT: 
output of Mega-Sweep.

OSCILLATORS: Internally coupled

B + electronically 

Mixed directly with 

providing a marker
demonstration directly on sweep.

STABILITY: Maintained through electronically regulated 
power supply.

ACCURACY: Crystal—± .01%
CRYSTAL CALIBRATOR FREQUENCY: Fundamental at

5 mc and 50 mc.
HARMONICS: Over whole of usable swept range of Mega- 

Sweep
PRICE: $745.00 F.O.B. Pine Brook, N. J.
Line of Kay Instruments, Write:

D

□ef 
Mai 
Po*

V-40SS

CAIdwell 6-400014 Maple Avenue, Pine Brook, N. J.Dep t. ED-9

CIRCLE 245 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 252 ON READER-SERVICE CARD FOR MORE INFORMATION
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In Canada: 804 Mt. Pleasant Rd. • Toronto, Ontario 
•Trademark (Packaged Electronic Circuits)
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hiing Device 255
Additions and replacements are easily 

¡ack in a recent loose leaf catalog and 
.fen‘nee manual on timing devices. The

raŒ pages of data, color coded for conven-
I nee are divided into six major categories :

■lays; repeat cycle timers; time delay re
vs; elapsed time indicators and stop 
locks; ac, de and chronometrically gov- 
med timing motors; and miscellaneous in- 

Jnnation and application data. The
®scriptive matter is supported by 60 photo- 

2 jlaphs, 30 dimensional drawings, and 50 
nv®arts and diagrams. There are approxi- 
rs Btely $00 catalog item part numbers. The 
oclB^' ^ay6°n Co., 232 N. Elm St., Water- 

Conn.

istra 
its

Ironic Data Processing Systems 256
Individual business applications of the 
tatron electronic data processing system 
described in a series of brochures now 
lable. The pamphlets document specific 
tions to computational problems in pay
processing, invoice billing, parts inven
controlling, accounts payable process
utility billing, and life insurance re

ding. Burroughs Corp., Div. Electro- 
a, 460 Sierra Madre Villa, Pasadena,

Servomotor-rate Generator 257
Complete specifications, characteristics, 

3-view drawing, and schematic of servomo
tor-rate generator, Model II is described in 
Data Sheet 872 now released. The sheet 
states that the unit provides fast response, 
low power input, oscillation damping, sig
nal-to-noise ratio of 25:1 and linear torque
speed curve. Beckman Helipot Corp., New
port Beach, Calif.

Variable Transformer 258
Double wound powerstat with an iso

lated secondary on a single core is de
scribed in 4-page bulletin L 3578 now avail
able. Connection diagrams and ratings are 
given as well as illustrations, outline draw
ings and technical rating data on this vari
able transformer. Superior Electric Co., 83 
Laurel St., Bristol, Conn.

Klystron Facts 259
“Klystron Facts Case No. 4” is a 24-page 

brochure summarizing recent developments 
in the field of klystron design. The illus
trated booklet contains information on de
pressed collector operation, use of klystrons 
in high power uhf SSB service, and shaped 
pulse applications. Eitel-McCullough, Inc., 
San Bruno, Calif.

FOR
SEMICONDUCTOR 

APPLICATIONS

DOPED GOLD PLATING PROCESSES
Co-deposits 24K Bright Cold and closely controlled percentages of 
Antimony, or other Croup 3 or 5 elements,—developed specifically 
for Cermanium and Silicon semiconductors. Bath operates at room 
temperatures and produces dense, fine grained, uniformly thick 
"Doped” Cold Plate precisely to your specifications. Write for tech
nical data.

Precious Metals Division
SEL.-REX CORPORATION

□ept. ED-9, 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 260 ON READER-SERVICE CARD FOR MORE INFORMATION
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If you are in the need of miniature, precision potentiometers with 
a built-in affinity for each other, you need the MODEL 319 by Daystrom 
Pacific Corporation, Potentiometer Division.

Challenging openings exist for highly-qualified engineers

POTENTIOMETER DIVISION

PACIFIC CORPORATION
A Subsidiary of DAYSTROM, INC.

11150 La Grange Avenue, West Los Angeles, California

GANGED IN ALMOST ANY NUMBER, THIS UNIQUE DESIGN OFFERS:

+ Independent phasing

★ Smallest cup depth, lightest weight on the market

★ No clamp rings

★ Excellent performance under extreme conditions

Each wiper can be independently phased without interfering 
with the phasing of the other cups in the gang, and without rotat
ing case or terminals, so that pre-assembled wiring harness can be 
used. Individual cups are one-half the length of any other similar 
potentiometer, and the high-strength, heat-resistant body reduces 
weight and eliminates insulation problems.

Available with panel or servo mount, and with ball or sleeve 
bearings. WRITE FOR COMPLETE SPECIFICATIONS.

CIRCLE 261 ON READER-SERVICE CARD FOR MORE INFORMATION
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model 4-200X

— compact, rugged 

units for

original equipment 

and lab. work

all low priced.

model 3-150XHSmodel 5-300XA

400 VDC-200 MA 
— excellent regulation
This is a versatile unit built for 
highly dependable operation. 
Regulation—for 105 to 125 V 
line: 100 MV change; NLto FL: 
100 MV change. Adjustable by 
factory from 250 to 420 VDC. 

bulletin 1025

500 VDC - 300 MA 
— adjustable, regulated 
Adjustable from 250 to 500 
VDC by simple internal 
changes. Regulation—for 105 
to 125 V line: .05% change; 
NLto FL: .05% change. Size— 
W: 5"; L: 12i/2"; H: 5%" above 
deck- bulletin 1017

300 VDC-150 MA
— Mil. Spec components 
Dependable power for mobile 
computers and amplifiers. 
Excellent regulation and low 
ripple. Factory adjust 250-425 
VDC; pot range 50 volts. With
stands high humidity.

bulletin 1023

model 28-2MX

28 VDC - 2 Amps
A compact, unregulated source 
of power for operating relays, 
motors, switching circuits, etc. 
Size: W: 3y2"; L: 9i/2"; H: 4i/2" 
above chassis, 1" below 
chassis. bulletin 1026

models .28 5MX ; .28 5MXR

28 VDC —5 Amps—adjustable 
Transformer taps on Model .28-5MX 
permit adjusting to 28 volts for varia
tions in line and load.
28 VDC-5 Amps
— regulated by mag. ampl.
Model .28-5MXR—regulation for 115V 
±10V line: ±0.25V; NL to FL: 0.5 V.
bulletin 1018 bulletin 1019

models 1.5-7OX, 2.5-70X,

Exceptionally Small Types
—W: 4%"; L: 5"; H: 4%" 
chassis; 1%" below chassis, 
below 4 MV RMS.
outputs:
150 VDC-70 MA, fixed 

(model 1.5-70X)

3-70X

above 
Ripple

250 VDC—70 MA* (model 2.5-70X) 
300 VDC-70 MA** (model- 3-70X) 
’adjustable at factory: 220-260V 

♦ ’adjustable at factory: 240-350V
bulletin 1028

models 1-20X, 1.5-20X, 2-20X

Octal plug-in units
—only 2^" wide; 2%" long; 4%" 
high. Ripple below 5 MV RMS.
outputs:
105 VDC-20 MA (Model 1-20X)
150 VDC—20 MA (Model 1.5-20X)
210 or 105 VDC @ 20 MA 

(Model 2-20X) , „ .
bulletin 102<

With the wide range of voltages and currents offered by 
these units, design engineers can quickly find a model 
compatible with their needs. Each unit features simplified 
design, highest quality components, easy-to-trace wiring, 
and high reliability.

DRESSEN-BARNES CORP.
250 N. Viñedo Ave., Pasadena, Calif.

New Literature
Extruded Acrylic Sheets

Complete information on the handling, machir 
ing, forming, cementing and annealing of low-co; 
Cadco extruded acrylic sheets is given in a R 
page bulletin now available.

Table of properties and four pages of ligi 
transmittance charts, including comparison wit 
cast sheet are also included. Cadillac Plastic 
Chemical Co., 15111 Second, Detroit 3, Michigai

Ceramic Capacitors
Ceramic capacitors are described in a six-pagi 

catalog now available. Disk, tubular, and plati 
types of ceramic capacitors are illustrated witl 
charts and diagrams. Each application for temperai 
ture compensating, stable capacitance, high volt) 
age, printed circuitry is discussed, with complete 
specifications and properties of the ceramics listed 
Special customized applications are mentioned 
Skottie Electronics Inc., Peckville, Pa.

Brass Fittings
Recently issued is a 48-page brass tube fitting^ 

catalog. It lists all available sizes and types, and ha! 
a section showing a complete line of drain and 
shut-off cocks. Other subjects covered in the catalog 
are push-pull controls, complete assembly instnic 
tions on all brass fittings, data on right and wrong 
ways for tubing a system, tube fitting data and 
tools. The Weatherhead Co., 128 W. Washington 
Blvd., Fort Wayne, Ind.

Analysis and Test Instruments
In an eight-page catalog digest of all standard 

devices, instruments are grouped by type and ap. 
plication. Depicted and described with specifics^ 
tions are subsonic, sonic and ultrasonic waveform 
analyzers; rf, vhf and uhf spectrum analyzers; spel 
cial and accessory instruments; and telemetering 
test instruments. A summary list of application! 
and a detailed table of contents help to locate 
equipment of specific interest. Panoramic Radio 
Products, Inc., 10 S. 2nd Ave., Mount Vernon, NY

Motors, Fans and Blowers
Fourteen-page catalog, No. 83 describing motors 

fans and blowers, has been released. This informal 
tive catalog offers full details, physical specifica 
tions and electrical characteristics on complete line 
of synchronous, torque, induction and gear motors^ 
centrifugal blowers and axial fans. Both standard 
and custom models are available to order for com
mercial or military applications. Ashland Electric 
Products Inc., 32-02 Queens Blvd., Long Island 

City 1, N. Y.
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273Microwave Products Catalog

ENDS STRIPPING, CLEANINGW CO!

CUTS SOLDERING COSTS I
I Wit

274Efficiency Poster

x-pagi

I. F. coll

tionei

tlenoid coil

276Resistance Elements

Standard color, red.

CIRCLE 278 ON READER-SERVICE CARD FOR MORE INFORMATION
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Any time magnet wire is your problem, consult Phelps Dodge 
for the quickest, easiest answer!

fitting! 
md ha) 
tin anc 
cataloj 
instine

wroni 
ita anc

A balance of physical, chemical and 
electrical properties permitting replacement 
of existing film wires.

Resistance to heat and solvent shock for 
safer wax or varnish treatment.

FIRST FOR 

LASTING QUALITY— 

FROM MINE 

TO MARKET I
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Automatic & Semi-Automatic Machines 275
Four specification sheets describing special auto

matic and semi-automatic machines have been is
sued. These sheets describe Machine No. 1507, glass 
tubing cutting machine; Machine No. 2070, auto
matic bulb blowing machine; Machine No. 1416, 
high-speed pneumatic base filling machine; and 
Machine No. 1708, an automatic neck sealing ma- 
ihine. Kahle Engineering Co., 1400 Seventh St., No. 

, Bergen, N.J.

Sodereze*—Phelps Dodge polyurethane magnet 
wire—provides :

An unusual training poster has been released 
recently. It is an attractive, colorful 18 x 24 in. 
sheet, addressed to assembly line operators, and 
illustrating dramatically how to do a more effective 
soldering job, eliminating costly rejects and adding 
to production efficiency. The poster is designed to 
be useful in any plant, posted along the assembly 
line. It is an appeal to the employee’s pride of ac
complishment. Multicore Sales Corp., 80 Shore Rd., 
Pt. Washington, N.Y.

Three bulletins of interest to industrial com
panies dealing in electronics are available. One 
bulletin describes the highly-individualized engi
neering manufacturing and marketing services of
fered; second bulletin deals with revolutionary line 
of resistance elements known as RdF Stikons; and 
third describes development of miniaturized high
temperature resistance thermometer probe. Arthur 
C. Ruge Assoc, Inc., 733 Concord Ave., Cambridge 
38, Mass.

INCA MANUFACTURING DIVISION
FORT WAYNE INDIANA

Short form Catalog 57-BG describes all of the 
products manufactured. Among items included are 

I pulsed and CW magnetrons, TR and ATR duplex
ing tubes, microwave silicon diodes, silicon power 
rectifiers, flange-mounted and solderable waveguide 
pressure windows, waveguide components, and test 
equipment.
Operating characteristics art* tabulated for a ma- 

inrity of the products. Microwave Assoc. Inc., 22 
Cummington St., Boston 15. Mass.

PHELPS HOOSE COPPER PRODUCTS
CORPORATION

instrumentation Tape for Telemetering 277
Type B Instrumentation tape designed specifi

cally for telemetering is described in a booklet re
cently released.

Th multi-colored booklet completely describes 
operating characteristics of the Type B tape for car- 
rier-tx pe recording, including specifications and 
Magnetic properties. The booklet covers use of the 
tape for FM/FM or FM/PM, PDM/FM, or 
BDM PM. Reeves Soundcraft Corp., 10 E. 52nd St., 
>w fork, N.Y.

Low temperature soldering—no damage to 
copper conductor. •



Sub-Miniature Metallized Pape

YOU GET

WITH THESE

NEWA
PRECISION SW||JI

NEW MODEL CM Snap Action
The big features of this new, small Aero 
precision switch are long life 
and light operating pressure —lighter 
than any other switch of its type. I
Having snap action parts of beryllium 
copper and contacts of fine silver, 
the CM offers extremely good 
repeatability and will deliver millions 
of actuations without failure. It J
can be ganged for multi-pole 
applications, will operate in a 
temperature range of 160°F, and is 
designed for use where positive control 
is required and slow actuation inherent.

NEW MODEL CS Non-Snap Action
Operation of the Aero CS switch is 
through rotary motion (either clockwise 
or counter-clockwise), with a 
spring bias provided for quick return. _ 4
Available in normally open and 
normally closed models, this new switch ®ioj 
also operates by very light pressure 
and will give extra long mechanical L«^® 
and electrical life. It’s designed for I
use where rapid actuation is inherent 
and contacts are protected against wi
vibration or shock in the 
“at rest” position.

Both the Aero CM and CS Switches are furnished with a choice of 
integral actuators to suit individual applications!

literature and engineering 
data furnished
without obligation I WoCtèkM-FùhiW

CONTROLS COMPANY

Columbus 16, Ohio

In Canada: Robertshaw-Fulton Controls (Canada) Ltd., Toronto 
CIRCLE 281 ON READER-SERVICE CARD FOR MORE INFORMATION

Trends in Components

Peter P. Grad
Aerovox Corp. 

New Bedford, Mass.

A major modification of the metallized papd 
capacitor has resulted in a 50 per cent volume rd 
duction of the smallest available units of this typd 
The insulation resistance and temperature coeffl 
cient characteristics have been improved over thl 
best commercial subminiature paper capacitors 
The small size and high precision of this componen 
make it suitable for transistor circuitry. Although 
the capacitor is not yet available on the market, tbil 
preview should be useful to the design engineen

Aside from constructional details, the impregnanj 
and the method of impregnation employed are mosl 
important in the manufacture of metallized papei 
capacitors.

It was found that a liquid imprégnant—polysilox 
anes—is the most successful for high reliability sub 
miniaturization, and for heretofore unobtainable 
electrical characteristics. Although liquid impreg 
nants were generally considered unsuitable fol 
metallized paper capacitors because of the conduc 
tive particles resulting from the self clearing burn 
out, a newly developed impregnation technique 
coupled with the properties of methyl polysiloxand 
changed this misconception.

This liquid imprégnant has many advantages 
Inherent in their chemical structure the silicone oili

S0.000

Fig. 1. Graph of insulation resistance 
vs temperature. 1.0 pf subminiature me
tallized paper capacitors impregnated 
with silicone oil and polyester resin.
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Inhibit a high degree of stability. Their resistance 
h< at and oxidation is high, and relatively slight 

Ranges in viscosity and dielectric properties take 
jace with temperature changes. Added factors are 
he high degree of w ater repellency and availability 
j viscosity ranges.

I Experimental evidence indicates that methyl 
Q| olysiloxanes partially polymerizes under the stress

arcing which occurs when the metallized paper 
mdergoes self-clearing. The1 resultant small gummy 
nasses occlude any conductive decomposition 
articles as a consequence of the paper pyrolisis. 
[his is a partial explanation for the puzzling phe- 
lomenon that silicone oil does not cause break- 
iowns whereas mineral oil, for example, is unsuit
able as a metallized paper impregnant. The? good 
«formance of the silicone oil impregnant is pred
ated, however, on its complete penetration into 
e fibrous structure of the paper.
The development of the subminiature metallized 
aper capacitor has resulted in the following: 
Insulation resistance values attained at 25 C 
lO.tXM) meg-pf) and at 85 C (300 ineg-pf) are bet- 
Tthan the highest values for commercially avail- 
ble metallized paper capacitors. See Fig. 1.
The volumes are an average of 55 per cent 

mailer than the volumes of the smallest commer- 
lally available metallized paper capacitors. A com- 
iletely assembled 1 pf unit has a total volume of 
1.1 cu in. •
A low capacitance change with temperature has 
een obtained: —2, +0.3 per cent. See Fig. 2.
Power factor values are equivalent to present 
ommercial and military standards for metallized 
aper: 0.55 per cent at room temperature.
Tolerance on capacity can be kept within ±10 
r cent.
Life expectancy is 7.5 years at 85 C and 25 v. 
Large scale production is feasible without major 
rtooling or large equipment investment.

Write for complete specifications

1, 195 87

PERCENT 
POWER FACTOR

MINNESOTA MINING & 
MANUFACTURING COMPANY' ig. 2. Graph of capacitance and power 

f actor vs temperature 1.0 pf subminiature 
m etallized paper capacitors impregnated 
v ith silicone oil and polyester resin.
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2049 South Barrington Ave., Los Angeles 25, California 

80 Washington Street, Hempstead, New York

CIRCLE 282 ON READER-SERVICE CARD FOR MORE INFORMATION

PERCENT CHANGE 

IN CAPACITANCE

-•0-40-20 O 20 40 tO OO 100

temperature *c

first in Audiofirst in Video

andfirSt in Instrumentation

pioneered and perfected tape recording techniques 
for the radio and recording industry
...First Transcontinental Broadcast of a Musical Program

(Bing Crosby Show) from Magnetic Tape...May 1948 
pioneered the recording and reproduction of off-the

air television from magnetic tape
... First Demonstration of Video Tape Recording... Novem

ber. 1951
Rülünaosooo pioneered and perfected the tight-loop drive for 
instrumentation recording on magnetic tape
...First Tight-Loop Drive Recorder.. .August, 1952
And now— GObxs@otohas perfected wide-band magnetic tape 
systems which can be used for: Radar Recording • Wide-band 
Telemetering • Waveform analysis • Spectrum Monitoring 
and Closed Circuit Television Recording
Recording capability: from DC to 2.5 Megacycles



Measuring

AC Currents

Swite

TRI/

18 K ohms

NORWALK. CONNECTICUT
0.001

0.1 pa

CIRCLE 283 ON READER-SERVICE CARD FOR MORE INFORMATION
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The requirements for an ac microammete! 
should include the following: 1. it should noi 
increase the impedance in the circuit being me J 
tered; 2. input terminals must be above ground! 
3. the frequency response should be flat over thl 
ac frequency spectrum to be applied; 4. it shoulcl 
be convenient and easy to use.

In the circuit, a Triad type HS-52 transformer 
was used, having the following specifications! 
frequency response—20 to 20,(XX) cps; imped anc. fl 
ratio—62.5 ohms to 20,000 ohms (1.320); turnl 
ratio—1:17.9; de resistance of primary—3.6 ohms! 
de resistance of secondary—780 ohms. Becausi 
the vtvm is actually measuring the current in thl

it affé 
U» i - 
o «. t -

done
st cir<OWING to the nature of audio vacuum tube 

circuits, it is possible to make fairly com 
plete analysis of an experimental circuit by 
measuring stage-by-stage voltage gains using 
conventional equipment. In transistor circuits, il 
is also desirable to ascertain current and powei 
gains. Once knowing these additional facts, it be 
comes possible to calculate actual stage-by-stage 
impedances.

Since most small laboratories are not equipped 
with low impedance ac microammeters, it is 
possible to measure signal currents as low as 0.] 
pa by using the circuit shown in conjunction with 
a vtvm.

QUALITY Control in the manufacture of elec
trical and electronic Connectors is an original 
concept rigidly adhered to by Winchester 
Electronics since this company received the 
first of many patents honoring its “original’’ art. 
This Quality Control, from design inception 
to final assembly of all its critical parts, as
sures you of the unqualified reliability of 
every Winchester Electronics Connector de
livered to you.
Specializing exclusively in Connectors. 
Winchester Electronics’ many patents ... and 
numerous other original designs . . . are the 
product of continuous research, development 
of sound ideas . . . and broad experience!

ere it 
rn nt
¡•s reg

CONTROLLED 
HIGH QUALITY 

SINCE 19«1

If a fc 
Lid I 
kifiec 
B-ohm 
kuent 
Led I 

ded tl 
ceedec

WINCHESTER ELECTRONICS, Inc. 

PRODUCTS AND DESIGNS ARE AVAILABLE 
ONLY FROM ...

bit of 
kt ca 
her de 
Due 1 
kmetc 
r circu 
& loo 
h cire 
ng cu 
b circ 
k e*

Calif,

SZ Switch Position

1 2

Secondary Impedance 180 ohms 1 8 K ohms

Primary Impedance 563 -j- 3.6 ohms 5 63 -¡- 3.6 ohms

Multiplying Factor 0.1 1 01

Min. Detectable Current* 10 pa 1 ga



ILor dary, the de resistance of the secondary has 
B el feet on the accuracy of the measurement; 
■though it does decrease the sensitivity some- 
Ibat.
I The 3.6-ohm de resistance of the primary does
L V affect the accuracy, but in a low-impedance 

Ircuit—such as a 50 ohm common-base input 
[icuit—it will reduce the input current by ap- 
Loximately 5 per cent.
I The multiplier resistances in the secondary 

■ere chosen so that the switch positions vary the 
Brrent ranges in powers of 10. The voltmeter 
Bus reads directly in current, by mentally multi- 
Bving the scale reading by the proper power

ubel

by) 

sing 
ts, it
)wei 
the 
¡tag(

10.
Switch SI is used to check the effect of insert- 

|; the device in the circuit to be measured. This 
|done by noting any change in the output of the 
1st circuit when SI is alternately opened and 
Led. With SI opened, S2 is stepped until a 
tiding effect is noticed by a slight decrease in 
Ie output voltage of the test circuit. The voltage 
lading is then noted and by means of the mul- 
llying factor is converted directly to current. 
Ilf a fourth step were added to S2, its resistance 
lould be 180 K ohms. Because the maximum 
Becified secondary impedance is 20 K ohms, the 
iO-ohm resistor would seriously degenerate the 
lequency response. Frequency response is as 
Bated by the transformer manufacturer, pro
Bed the 20 K ohm impedance rating is not 
Beeded.

meteiB Accuracy

d circuit shown is adequate to measure
g current to at least 3 per cent, which is the 
ound«^ of the Ballantine vtvm. Further improve- 
er th®^ can he obtained using a transformer of 
houl®ver de resistance and higher inductance.

■Due to temperature effects and transistor 
ormeWameter variations, most high quality transis- 
itionsm circuits make use of multiple ac and de feed 
^anc®ck ]OOpS to improve stability and linearity. 

t«rn®is circuit has been especially useful in meas- 
ohmsBjng currents and impedances in these closed 
ecaus^p circuits. John W. Sullivan. Northrop Air- 
inth^^ Experimental Flight Test, Development

TRIAD .HS-52 I x> 
r—ini

SENSITIVE RELAYS
by Iron Fireman

Qualified to MIL-R-5757
These balanced-armature relays meet or exceed 

rigid military specifications. They combine extreme 

sensitivity with rugged resistance to a wide range 

of vibration, shock and temperature.

This is why Iron Fireman sensitive relays are used 

by leading systems manufacturers. This, plus Iron 

Fireman’s reputation for prompt, on-time deliveries.

Each style pictured above is available in various 

combinations of resistance, current and power. 

Write for specifications and performance data.

5 ohms I

VTVM IRON FIREM

2810 S E NINTH AVENUE. PORTLAND 2, OREGON

CIRCLE 284 ON READER-SERVICE CARD FOR MORE INFORMATION
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Does your lead go

Write for io triplet today I
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Shielded Coil Form Data: Highly shock-resistd 
mechanically enclosed. Mount by single stud. Sin) 
layer or pie-type windings to your specification

Three things make Locktite Holder tower ovei 
other holders on the market:

This 20 page digest of the 
M & M line of environmental 
test equipment gives you quick 
facts on the application, per
formance and economies of 
Murphy & Miller equipment. 
Illustrates and describes the 
industry's most modern units— 
provides tips on selection and 
use of all types of environ
mental test units. Write for 
it today.

Gun-rifled clutch grips the lead like the jaws 
bull dog. Lead will not turn when pointe 
any type sharpener, blade or mechanical san 

Push-button control advances the lead wit 
touching fingers, thus avoiding graphite s 

Locktite is feather light, looks like a pd 
feels like a pencil. No tricked-up shape td 
used to.

Modified impedance measuring circuit

And whether you buy one or thousand 
of these Shielded Coil Forms you < et] 

CTC Reliability

A plant loudspeaker paging system was needed. 
A low-cost solution was found by improvising for 
loudspeaker enclosures as follows:

ELECTRONIC DESIGN • September 1, ’

1350 South Michigan Avenue 
Chicago 5, Illinois

Surplus metal spheres were purchased which had 
been used to hold gyros in transit. These were cut 
as shown; then the speakers were mounted in the 
half spheres, resulting in very efficient radiating 
horns.

These horns were then mounted from the ceiling 
with a resultant saving in amplifier cost because of 
the increased efficiency brought about by the horn 
effect.

Herbert Piller, National Electronics, 451 Thieriot 
Ave., N.Y. 72, N.Y.

Eliminate separate assembly operations . . . end 
separate handling, "messy gobbing." Compounds 
stable from —20° to 230° F. Shakeproof Sealing 
Fasteners include Lock Washers, Sems 
(pre-assembled screw and lock washer), KEPS® 
(pre-assembled nut and lock washer) and Thread- 
Cutting Screws.

Antenna Impedance Measurements
The solution shown here increases the utility of 

existing antenna impedance measuring equipment 
(Heathkit, etc.). It results in 1. greater frequency 
range; 2. avoids scale compression at low R readings 
and extend range to x, and 3. gives more uniform 
loading of the generator.

The variable series resistor has been replaced by 
one of fixed composition having superior frequency 
characteristics. The variable resistor is now used as 
a slide wire voltage divider across the source, as 
shown.

The bridge now balances at mid scale with a 51 
ohm Rx and gives a range of 0 to oo ohms. The gen
erator load varies from approximately 33 to 100 
ohms. A. H. Nichols, Sr. Staff Eng., Hughes Aircraft 
Co., Culver City, Calif.

or is it held in t 
bull dog grip o:

‘ AXFaber

K>* SPEAKER

WELDED

KRC
Depl

ICLE 28<

ALL ABOUT 
ENVIRONMENTAL 
TEST EQUIPMENT

Imported Castell Leads
For supreme satisfaction use Locktite with imp< 
Castell 9030 lead in 19 degrees, the same qv 
lead that made Castell wood pencil famous in t 
civilized country in the world. Call your Dealer tc

A.W. FABER-CASTELL NEWARK 3. N

line vc 
psecon 
L 0-5 i 
»2% ri 
plated i

15/ig" x 17/3z"; LS-12 (square for printed circuil 
1 2 x \2 x Wi LS-14 (double-ended version 
LS-9, with separate tuning slugs), x V/ta".

Ideal for use in IF strips, or as RF coils, oscilla 
coils, etc.

For samples, information, prices write Cambria 
Thermionic Corporation, 457 Concord Ave, Ca 
bridge 38, Mass.
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RçM (W Seal

SEAL OUT WATER, 
OIL, GASOLINE, AIR!

CASTETr„rawing 
RETOOCHWG

SHAKEPROOF
DIVISION OF ILLINOIS TOOL WORKS 

St ' Hoad E!q n Illinois



ready

MODEL UHR-220

phone: GLendale 6-8195
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Davohm Series 850 
Hermetically Sealed 
Metal Film Resistors

WILL NEVER SHORT OUT 
ORBURN UP

REGULATED POWER SUPPLY 
031 % Regulation and 0.1 Millivolts Ripple

Extensively used in critical applications 
where severe line overloads might burn 
up conventional resistors or cause them 
to short out and overload other com
ponents. While Davohm Series 850 can 
momentarily withstand large overloads, 
extreme overloading will open circuit 
them; but they cannot short out or burn 
because there are no organic compounds 
in this resistor which might carbonize or 
burn. Typical present applications—fuel 
gauges in jet planes—line terminations 
in telemetering circuits.

Write for complete information.
Now carried in stock by your local distributor.

For years, we've been custom 
making relays to fit a wide 
range of applications. 
Manufacturers everywhere 
patronize our shop. They say 
we suit them to a "T”. Our 
master craftsmen are ready to 
create a relay that will 
suit you, too.

A^Älectric COMPANY
W 3349 ADDISON ST, CHICAGO 18, ILLINOIS

to your requirements 
... for better fit 
’for longer wear

RELAYS • SOLENOIDS • COILS • SWITCHES • HERMETIC SEALING 
CIRCLE 292 ON READER-SERVICE CARD FOR MORE INFORMATION
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The KROHN-HITE 
Model UHR-220 is a com
pact POWER SUPPLY 
for applications requiring 
up to 0.2 ampere of d-c at 
0 to 500 volts with ultra
high regulation, extremely 
low ripple and unusual 
stabilization under severe 
input line voltage tran
sients. The internal impe
dance is less than 0.01 
ohm for low frequencies 
and d-c, and less than 0.1 
ohm for frequencies as 
high as 100 kc. Stabiliza
tion for ±10% change

line voltage is 0.003%. Transient response is 0.001 
Bisecond and typical 10-hour drift is 300 ppm. A 0-150 
t 0-5 ma. bias supply with 0.05% stabilization and 
|'2% ripple is available in addition to two 6.3 volt un- 
l ated a-c outputs of 5A capacity. Price S390.00, f.o.b.

In the Radio-Electric Department at the Columbus 
Division of North American Aviation, Inc., a Master 
Stabilene Film layout is being compared to a duplicate 
copy which is printed on plywood. The plywood forms 
a jig used for the manufacture of wiring harness assem
blies.

MENco
LIVINGSTON, NEW JERSEY

World’s Largest Manufacturer of Attenuators

For Fürther Details Write

KROHN-HITE CORPORATION
Dept ED, 580 Matsachutefts Ave., Cambridge 39, Mau.

ICLE 289 ON READER-SERVICE CARD FOR MORE INFORMATION

The new method uses a stable base material— 
Keuffel & Esser’s 130 H Stabilene Film, a re-stabil
ized Mylar, with a pencil and ink surface—for the 
preparation of the master layouts for wiring har
nesses. Stabilene Film comes in thickness of 0.003. 
0.005 and 0.0075 in., has a dimensional stability’ that 
averages 0.000006 in. per in. in both directions at 
temperatures from 80 to 220 F, and from 0 to 98 
per cent relative humidity.

Once the master layout has been completed on 
Stabilene Film, the layout is printed directly on 
plywood that has first been coated with white shel
lac and sanded smooth and then sensitized with a 
daylight type diazo emulsion. Printing is done by 
contact to insure accuracy in a contact printer 6 ft 
wide and 30 ft long. If more than one harness board 
is required, additional sheets of plywood can be 
printed. There is no limit as to the number of re
productions that can be made.

Once printing has been done, the Stabilene Film 
can be rolled for storage to save space. It contains 
no plasticizer and will not deteriorate in storage.

Ask also about our pilot plant service on special shapes 
engineered to your drawings. Fast deliveries. Cost savings. 

Write, wire or phone for details... 
■DIAMONITE products manufacturing co.i 

CANTON 3, OHIO
pioneers In the development of high alumina ceramics

Improved Harness Layout
A simple method for the layout of wiring harness 

assemblies, that lends itself to the accurate dupli
cation of two or more harness boards for higher 
production rates, has been developed at the Colum
bus Division of North American Aviation, Inc.

General practice has been to paste down on 
plywood boards paper blackline prints made from 
the original layout tracing. Errors occurred because 
paper prints—however accurate the original layout 
may have been—are stretched or shrunk during 
printing, developing, or mounting on the wood. 
Errors as much as 1/2 in. in 6 ft—and more in 
longer boards—have been measured.

to help you...
get your Ideas into 
production faster !

PROMPT, 24-HOUR OFF-THE-SHELF SERVICE
Hundreds of standard, different shape and size precision 
OIAMONITE parts available. Easy to adapt to your projects . . . 
save time, money in getting your ideas into production. Send 
for a copy of the DIAMONITE OFF-THE-SHELF Inventory and 
Price List No. 357.

DIAMONITE high alumina parts
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PIG-TAILORING eliminates:
6. Broken leads.

PEERLESS A DIVISION OF

ROI

ALTEE

Diagonal cutters, 

long-nose pliers. 

Operator judgment.

Short circuits from clippings. 

65% chassis handling.

Excessive lead tautness. 

Haphazard assembly methods.
4. 90% operator training time.

5. Broken components.

Electrical Products Bïüiiiîsîfal
9356 Santa Monica Blvd., Beverly Hills, Calif. • 161 Sixth Avenue, New York 13, N.Y

7.
8.

9.

10.
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PIG-TAILORING provides:
6. Individual cut and bend lengths.1. Uniform component position.

5

•PATENT PENDINO

CIRCLE 293 ON READER-SERVICE CARD FOR MORE INFORMATION

PROBI.I-WI

8. Closer cost control.

9. Invaluable labor saving.

10. Immediate cost recovery.

Uniform marking exposure. 
Miniaturization spacing control. 
”S” leads for terminals. 

"U" leads for printed circuits.

is bi 

id, ar 

ited. 1 
wge 1 

L w 
p. oi 
D.C.,

2.

3.

DESIGNERS AND

460 WEST 34th

MANUFACTURERS OF ELECTRONIC E Q U I P M f N 1

STREET • NEW YORK 1, N.Y.

"PIG-TAILORING"
, ... a revolutionary new 
mechanical process for higher 
production at lower costs, 
fastest PREPARATION and 
ASSEMBLY of Resistors, 
Capacitors, Diodes and all 
other axial lead components 
for TERMINAL BOARDS, 
PRINTED CIRCUITS and 
MINIATURIZED ASSEMBUES.

The "PIG-TAILOR” plus "SPIN-PIN" — Accurately Measures, Cuts, Bends, 
Elects and Assembles bath leads simultaneously to individual lengths and 
shapes — 3 minute set-up — No accessories — Foot operated — 1 hour 
training time.

1.
2.
3.

Radar Screen Diffraction
This report describes the results of tests to I 

termine the effectiveness of shielding screens 
surveillance radars in reducing the strength 
ground-clutter signals in critical areas. Although I 
scope of the experimental tests was very limited 
was found that properly designed screens can J 
vide a worthwhile reduction in ground-clutter | 
nal strength in areas where the subclutter visibil 
performance of the radar is inadequate. PB 1219 
Diffraction and shielding effects of radar screJ 
A. W. Randall and Roger L. Williams. U.S. d 
Aeronautics Administration, Indianapolis, Ind. O 
U.S. Dept, of Commerce, Washington 25, d 
Mar. 1957,12 pp, $0.50.

Write for illustrated, descriptive text on "PIG-TAILORING” to Dept. ED-8P

BRUNO-NEW YORK INDUSTRIES CORPORATION

Design a miniature audio input transformer for airborne operation. Transformer 
to operate in an ambient temperature of plus 85°C, and to conform to the 
applicable parts of MIL E-5400 and MIL T-27. Duty cycle to be continuous with 
a minimum life of 1000 hours. Transformer to couple a 300 ohm source to a 
tube grid. Step-up turns ratio to be 1:17 minimum, with the maximum possible 
desired. Frequency response to be flat within 0.75 db from 20 cps to 7,000 cps, 
and flat within 1.2 db from 15 cps to 10,000 cps. Maximum signal level to be 
500 mv @ 20 cps in 300 ohm primary. Electrostatic shield required between 
primary and secondary. Electromagnetic shielding to be 40 db minimum. Size to 
be kept minimum but must not exceed 1 y8 x x 1 y^ high.

SOLUTION BY PEERLESS
Audio Transformer, low level input, miniaturized. 
Construction: Grade 1, Class A, MIL T-27 
Duty Cycle: Continuous 
Life: Greater than 1,000 hours.
Ambient Temperature: +85 C max.
Primary: Three terminal, center-tapped winding, 300 ohms nominal impedance. 
Secondary: Two terminal winding, 125,000 ohms nominal impedance.
Turns ratio: 1:20>J 
Electrostatic Shield: Between primary and secondary. 
Electromagnetic Shield: 45 db 
Frequency response: 20 cps—7,500 cps, flat within 0.5 db and 

10 cps—10,000 cps, flat within 1.0 db with 
125,000 ohm load.

Maximum Input Voltage. 500 mv at 20 cps 
Dimensions: 1’ x 11/16" x 1" high +J4" terminal
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Light Magnetic Cores
A method of calculation useful wherever wd 

is a factor in the design of magnetic amplifier cl 
ponents has been devised at the Naval Reseq 
Laboratory. The method enables calculation of 
configuration of the magnetic core, case and 
yielding minimum weight for a given volt-sec| 
capacity of a magnetic core and coil. The anal 
is very general and takes into account limit 
quantities such as winding resistances and mad 
tizing currents. It can be extended to incl 
weights of other related components such as 
associated batteries merely by the addition of 
appropriate terms to the total weight equatj 
PB 121776 Design of Minimum Weight Magn 
Cores, J. W. Kallander, NRL, OTS, U. S. Depl 

Commerce, Washington 25, D. C., Jan. 1957, 8 
$0.50.

The Peerless engineering staff has had a long and successful 
history of designing transformers to unusual and difficult specifications. 
Knowledge of this outstanding accomplishment is one of the reasons 
that Peerless transformers are the first choice of engineers 
throughout the country. Uniform dependability is assured by the most 

ality control and advanced custom production techniques.
Peerless for the best solution to your quality transformer requirements.
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Log Recording System
A logarithmic recording system was designed 

provide information concerning the side-lobe st 
ture of the radiation pattern of an antenna, 
system is not limited to use with antenna pat 
ranges, but will plot any function that can be 
pressed as a voltage. The system obtains the M 
rithm of the input voltage by electromechaii 
serve techniques. A comprehensive descriptioj 
the system is given, including derivation of 
necessary design equations, a step-by-step oul 
of the design procedure, and diagrams and pad 
eters for one of the SRI-built recording systems 
124296 Economical Logarithmic Recording St/d 
Lloyd A. Robinson, Stanford Research Instil 
Menlo Park, Calif., Library of Congress, 
ton 25, D.C. June 1956, 40 pp. Microfilm M 

i photostat $7.80.
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eld Electron Emission
Boron is found to be strongly bonded to the 
hasten substrate as indicated by activation ener- 
k of 2.8 electron volts for surface migration and 
Lev for disappearance. The activation energy of 
Ire molybdenum for surface migration is 3.1 ev 
Li for the silicon deposit 2.5 ev for surface migra
te and about 4.0 ev for evaporation. Field Elec- 
L Emission, Russell D. Young and Earl C. 
loper, Pennsylvania State University, PB 123961, 
L1956, 91 p, Microfilm $4.80, Photocopy $13.80.

from Library of Congress, Washington 25, 
IC
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ckward Wave Amplifier
l new form of microwave amplifier known as the 
tkward-wave amplifier has recently become 
isible due to new discoveries. This electron tube 
tapable of covering a wide band of frequencies, 
I is actually a narrow band filter which is tunable 
varying the anode voltage. In addition to the 

king effect, the tube can have as much gain in 
I pass band as the better known traveling-wave 
Iplifier. The history of the backward-wave ampli- 
I is briefly discussed, its present status is out- 
Id, and possibilities for future work are sug- 
Ked. PB 121797, Backward-wave amplifier, a 
■age tunable micro-wave amplifier, Daniel G. 
L\ Wright Air Development Center, Dayton, 
■o. OTS, U.S. Dept, of Commerce, Washington 
■D.C., Sept. 1955,16 pp, $0.50.

s RHODIUM
PLATING...

AN ECONOMICAL, 

HARD, WHITE, 
CORROSION
RESISTANT 

SOREACE I

The characteristics of Rhodium make it extremely 
well-suited for many electrical and electronic applica
tions. It increases efficiency when a low-resistance, long 
wearing, oxide-free contact is required. It assures low 
noise level for moving contacts, no oxide rectification, 
low and stable contact resistance. Wear on slip rings and 
commutators is greatly reduced. Resistance to marine 
and practically all industrial atmospheres is so effective 
that it is widely used on safety alarm contacts, where 
positive contact must be assured after periods of long 
inactivity.

The corrosion-resistant properties of Rhodium 
Plating make it particularly applicable for printed circuits 
(long wear and low noise) and ultra high frequencies 
(eliminating partial rectification and unwanted signals).

Rhodium plated reflectors are recognized as the 
finest made. Rhodium plating is unsurpassed when used 
with the open arc.

Write for complete catalog material and details.
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Electric Panel Design
this report contains a series of graphs of phase 
kdation design curves for solid lossless flat di- 
rtric sheets. The thickness of the flat dielectric 
kts is plotted as a function of incidence angle for 
I perpendicular and parallel polarization and 
■the following constant phase retardation values: 
H 135, and 180 deg. The curves are plotted for 
fries of dielectric constants. For reference pur
ls on the same graphs the thickness of the flat 
Its are plotted as a function of incidence angle 
|he following cases: (1) with the electrical thick- 
■ equal to 90 deg, the transmission efficiency is a 
■¡mum for both polarizations, (2) with the elec- 
V thickness equal to 180 deg, the transmission 
■ency is a maximum for both polarizations, (3) 
■ the electrical thickness equal to 135 deg, the 
■mission efficiency is again a minimum for both 
■izations. and (4) with the electrical thickness 
W to 360 deg, the transmission efficiency is again 
■ximum for both polarizations. The graphs are 
■tided for use as a design tool by radome de- 
■«. PB 121783, Phase retardation design curves 
■olid lossless dielectric panels, Eino J. Luoma. 
■k Air Development Center, Dayton, Ohio. 
H I S. Dept, of Commerce, Washington 25, 
■ Feb. 1956, 27 pp, $0.75.

FINE WIRE of ductile and 
non-ductile material meets 
the expanding require
ments of industry with 
highest quality.

PRECIOUS METAL CONTACTS 
resist chemical attack and 
effects of the electrical arc 
to provide long life, un
varying performance.

SUPER - SENSITIVE OEOXO* 
INDICATOR measures the 
faintest traces of oxygen 
or hydrogen present as 
impurities in other gases.

R E S E A R C H MAINT AINS

BAKERi PRICIOUS 
' MITALS j

113 ASTOR STREET, NEWARK 2. NEW
NEW YORK • SAN FRANCISCO • LOS ANGELES -

JERSEY
CHICAGO

BAKER S LEADERSHIP IN PRECIOUS METALS
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RONIC DESIGN • September 1, 1957



o**

Since Ä 1901

CIRCLE 296 ON READER-SERVICE CARD FOR MORE INFORMATION

BASF METAL WIRES ... Very small 
diameter — for filaments, thermo
couples, resistance units.

PRECIOUS METAL WIRES . . . 

Produced in Platinum, Gold, alloys 
and pure metals — small diameter 
. . . Platinum alloy resistance wires.

COATED WIRES . . . Comprising 
an extensive range of electroplated 
grid wires . . . Enamel insulated 
wires for precision resistors and 
potentiometers.

We invite your inquiry regarding 
unusual problems or specifications 
... Write for latest List of Products.

Serving Industry—FOR OVER 56 VE/l^S

Specialists in the Unusual

SIGMUND COHN CORP. 121 So. Columbus Avenue • Mount Vernon N.Y.

Metallurgists & Specialists in Small Wire )

S rOHty\ £

Patents

Vitra

V Incorporated

BOX 544D • BRIDGEPORT 1 • CONN.

mon CAPACITORS
will help you build 

WIDE TEMPERATURE RANGE 
... into your circuit systems

VITRAMON capacitors . . . fine-silver 
electrodes fused to pure porcelain 
enamel dielectric . . . operate predict
ably over a range of more than 300' C 
and come back from the extremes — 
unaltered.

WIDE TEMPERATURE RANGE?

YES! plus...

RUGGED LOW LOSS STABLE 
VAPORPROOF 

LOW NOISE MINIATURE

The biggest names in electronics use 
VITRAMON capacitors in guided mis
siles, jet ignition, proximity fuses and 
in radar, servo, guidance, fire control, 
telemetering and carrier telephone 
systems.

If substitutes are not good enough... 
if you need the best. . . write today!

VITRAMON capacitors have low dissi
pations from —55 C to 250°C.

IMI TEMPERATURE—*C 
0 ", +»—y~MQ—i~150'

Two materials — a monolithic block 
of porcelain enamel and fine-silver 
electrodes — fused into one strong, 
stable, efficient and effectively ho
mogenous RELIABLE unit.

'4
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Magnetic Device
Patent No. 2,794,164. Shou-Hsien Chow. 
(Assigned to Burroughs Corp.)

A sub-harmonic generator of the magne
tic type uses a single magnetic core having 
a substantially square hysteresis loop. The 
core has a first winding and a capacitor in 
series with the winding to form a charging 
and discharging path. An alternating cur
rent source is in series with the capacitor 
and the first winding for charging the ca
pacitor. A resistor shunts the first winding 
and capacitor and lies in the discharge path 
for the capacitor. A biasing magnetic flux is 
induced in the magnetic core through a 
circuit inductively coupled to the core.

Stabilized Two Stage Oscillators
Patent No. 2,792,498. B. D. Pewitt. (As
signed to Radio Corp, of America)

A sine wave oscillator is described which 
uses a first and a second tube each having 
input and output electrodes. A regenerative 
oscillation amplifying loop includes a 
coupling from an output electrode of said 
first tube to an input electrode of the sec
ond tube and a coupling from an output 
electrode of the second tube to an input 
electrode of the first tube. A circuit is 
coupled to the input electrode of the second 
tube which developes a gain-limiting self 
bias voltage. A portion of this bias voltage 
is applied through a suitable coupling to an 
input electrode of the first tube.

Gain-Modulated Amplifier
Patent No. 2,974,077. C. L. Olson. (Assigned 
to Radio Corp, of America)

The amplifier described uses an amplify
ing tube having an input grid to which the 
input signals are applied and an anode. A 
pair of series connected controllable-resist
ance tubes have a unidirectional supply 
voltage applied to the anode of one of these 
tubes. A direct current connection is made 
between the common cathode anode junc
tion of the pair of tubes and the anode of 
the amplifier tube. Other signals such as 
modulating signals are applied to the con
trol grids of the pair of tubes with the 
same phase which signals control the re
sistance of these tubes.

Stabilized Direct Current Setting App&rali
Patent No. 2,792,496. R. N. Rhodes (A nput
signed to Radio Corp, of America)

It is desirable to control the level 
conduction of an electron discharge tu I 
which is supplied with a signal having r J 
ularly recurring reference portions but lafl 
ing its direct current component. The til 
has a first and a second grid such that I 
difference in potential between the gri 
determines the level of conduction of 11 
tube. A circuit is connected to the first gl 
for clamping the regularly recurring ref I 
ence portions of the signal to the sal 
voltage level. A direct current path incli 
ing an impedance is provided from j 
second grid to a point of fixed potential 
that the voltage across the impedance I 
proportional to the degree of conductiorl 
the tube.

A normally conducting electronic swi 
and an isolating device connects a sou 
of reference potential and a point of I 
direct current path for the second 0 
This switch is periodically opened coil 
dentally with the recurring portions of 
signal to produce a control signal wn 
is proportional to the difference betwl 
the reference potential and the void 
across the impedance. The control signd 
measured and applied to the clamping 
cuit to establish the clamping level.

Forcible Reversion Of Magnetic Amplil

Patent No. 2,792,507. J. P. Eckert Jr. | 
signed to Sperry Rand Corp.)

A control system of the magnetic ad 
fier type is described. The amplifier h 
core of magnetic material and a con 
winding on the core. A first circuit « 
sponsive to the input for selectively an 
ing a current flow through the coi 
winding so that the output of the amp] 
changes from a predetermined no-sij 
state to a secondary output state. A sed 
circuit is coupled to the amplifier vd 
circuit is responsive to the output stal 
the amplifier for reverting the ampl 
from the secondary output state to aj 
signal output state upon cessation oil 
input signal.
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Berheterodyne Receiver Using Resistance- 
Kacitance Tuning in Local Oscillator 
■ Radio Frequency Stage

Lt No. 2,783,373. C. J. Fowler. (As-
■J to United States of America)

• Wire* and Cables to Military and 
Commercial Specifications

• Lead Wires, UL and C.S.A. Tested

• Hook-Up Wires, UL and C.S.A 
Tested

• Microphone Cables

• Low Capacity Coaxial Cables

• P.A and Inter-Com Cables

* Telephone Wires and Cables

Write Today for Catalog
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LOCAL OSCILLATOR

nperheterodyne receiving circuits have 
: tuned by using inductances and ca- 
tors which rendered exact tracking 
cult. The inductances also have to be 
nuately shielded to avoid undesired 
pack and in addition they are rela- 
fy susceptible to damage because of 
fine wire used in the windings. The 

f t describes a circuit which uses re- 
h and capacitors in the tuning unit. 
I the circuit illustrated, the amplifier 
I two amplifying triodes 12 and 24. Pos- 
|feed back is provided through the wire 
rd resistor 36 which is adjusted so that 
I feedback is insufficient to produce os- 
|tion. Negative feedback to the triode 
¡provided through the tuning network 
insisting of resistors and capacitors and 
oiling current through a triode 39. 
tuning network functions as a band • 
¡nation filter which passes signals other 
those in the narrow band of fre- 

cies. In this narrow band the imped- 
of the network 44 is balanced and 
not pass the frequencies within the 
w band. Control of the current 

’?h the triode 39 controls current 
a?h a cathode resistor 18 which is 
¡he cathode resistor for the amplifier

RONIC DESIGN • September 1,

24
23

26 Ì34
MIXER

tube 12 and hence cancels out the positive 
feedback to amplifier tube 12 excepting 
those frequencies within the rejection band 
of the network 44.

The local oscillator of the circuit is es
sentially the same as that of the amplifier 
excepting that the resistor 84 is adjusted so 
that the feedback sets the oscillator into 
oscillation. The tuning capacitor for both 
the amplifier and the oscillator are ganged 
together.

Sweep Generator Using Nonlinear Sweeps 

Patent No. 2,791,688. B. Cutler and G. B. 
Crane. (Assigned to Gilfillian Bros., Inc.)

The sweep generator includes an ampli
fying discharge tube which is controlled by 
recurrent sawtooth waves. A source of sub
stantially continuous voltage is applied to 
the anode of the tube through a series cir
cuit including an impedance and an induc
tive load. A capacitor is coupled to the 
junction point of the load and impedance. 
It is charged by the potential through the 
impedance. The voltage developed on the 
anode of the tube controls means which 
effectively decrease the magnitude of the 
impedance in accordance with decreased 
current flow through the tube. The impe
dance has a finite impedance value at all 
times and provides a charging circuit for 
the condenser when and as the condenser 
is discharged through the tube.

1957

New England Area 
ANDERSON SALES CO.

177 State Street 
t oston 9, Mass. 

Phone: CApitol 7-2980

In Lenz you have the fortunate combina
tion of extensive resources and facilities 
plus over half a century of wire and cable 
manufacturing experience. This, plus the 
rigid quality and precision standards that 
govern all Lenz production, is your assur
ance of fault-free, "exactly-to-specifica- 
tions" production of your wire and cable 
orders.
Whatever your wire and cable problems 
may be, you can be sure that Lenz engi
neers will provide an "honest" recommen
dation and an economical solution.

CABLES and

In Business Since 1904

LENZ ELECTRIC MANUFACTURING CO
1753 No. Western Avenue Chicago 47, Illinois

SOME LENZ REPRESENTATIVES
Mid-Atlantic Area 

DANCO CORPORATION 
Germantown Pike ond Quarrv Hall Road 

Fairview Village, Pa.
Phone: CHestnut Hill 8 1619
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Environmentally
NEL CONNECTORSACK

VERSATROL Electrical Controller

Are E S connectors of value to you? Write for catalog sheet!
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CUSTOM-BUILT: Indicating 
circuit designed for your
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AMPHENOL Industrial Distributors carry stocks of standard *
AMPHENOL components in erder tu provide immediate service < n your rush 
requirements.
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PERCENT LOAD, FOOT CANDLES, ETC.
VERSATILE: Operates directly from any electrical signal. Ad
justable control point. Meter-relays interchangeable. 5 ampere 
load switch. Optional rating to 40 amperes.
SENSITIVE: Meter-relay determines sensitivity. 0/5 micro
amperes and 0/5 millivolts up, DC or AC.
ACCURATE: Indicating accuracy to 1%. Trip point, repeat
ability, control, to 0.2 5%.
SIMPLE: No vacuum tubes. Few moving parts. No mounting 
or levelling. Uses standard 115/230 line voltage.
ECONOMICAL: $99 to $240.50.

Ask for Bulletin 106.

ASSEMBLY PRODUCTS, INC.
Chesterland 17, Ohio, Phone (Cleveland, O.) HAmilton 3-4436

Booths 1020-1022, ISA Show, Sept. 9-13, Cleveland Auditorium

CIRCLE 300 ON READER-SERVICE CARD FOR MORE INFORMATION
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Monostable Multivibrator Circuit

Patent No. 2,784,309. J. D. Sable. (Assigned 
to Radio Corp, of America)

Multivibrators in their simpler form in
clude two vacuum tubes cross coupled so 
that when one tube is conducting the other 
is non-conducting. A monostable multi
vibrator is one in which one tube is nor
mally conducting and a second tube is 
normally non-conducting. Upon application 
of an input pulse the condition of conduc
tion is reversed for a period determined by

circuit values whereupon the initial coi 
tion is restored. When this type of mi 
vibrator is used with a radar system i 
particularly desirable that the circuit h 
as short a recovery time as possible in or 
to secure a wide range for the system.

In the multivibrator illustrated in 
figure, the first multivibrator tube 2: 
normally conducting and the second mi 
vibrator tube 30 is normally non-condl 
ing. The buffer tube 15 is norm| 
non-conducting and upon the application

AMPHENOL ELECTRONICS CORPORATION r " 
Chicago 50, Illinois r

AMPHENOL CANADA LTD. tor onto 9, Ontario ÂufwnMM.

Amphenol engineering has designed a new series of 
rack & panel connectors with more special features than 
we have room to describe! Here’s a brief checklist, but 
we hope you will write for the catalog sheet*

Environmentally Sealed rack & panel connectors 
designed for potting
Two Insert arrangements: 57 electrical contacts 
and 2 coaxial connectors; 75 electrical contacts 
and 3 coaxial connectors.
No air voids throughout body
Resilient face seal, chemically bonded to insert.
Female connector spring-loaded, constant pressure on face seal; 
allows for variations in rack and panel designs.
Hooded female contacts-prevent test probe damage.
Temperature Range 65°C. to + 150°C. (with use of new 
high temperature potting compounds).
Low Insertion Force—2 ounces min. to 6 ounces max. per contact.

Materials: diallyl phthalate bodies, cadmium-plated aluminum 
shells with gold iridescent indite finish, male contacts SAE 72 
bronze; female contacts bronze, alloy B, ASTM-B140. Plating on 
both contacts is rhodium over silver.
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Write today for your free copy of this technical paper

MODEL 995A/2

MARCONI SIGNAL GENERATOR

Price $940 Delivery Immediate

Try It first, at OUR cost. Full specification available, of course.
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FM 0-25 kc, 0-75 kc and up to 600 kc.
AM 0-50%.
Mod. Accuracy AM or FM —5%.
Tubes 6AK5,6AK6,6AU6,12AT7,0A2,5Z4G

RONIC DESIGN • September 1, 1957

44 NEW STREET • NEW YORK 4, NEW YORK

Engineers will appreciate the calibrated incremental frequency control 
and oscillator temperature compensation which are the latest improve
ments in Marconi 995 Signal Generators. Built-in crystal calibrator, variable 
metered deviation from 0 to 600 kc, AM without FM and precise output 
calibration are retained in Model 995A/2 AND —the price is right.

High Stability 
Wide Range 

Crystal Calibration 
Marconi Precision

Reprinted from August 1956
CONTROL ENGINEERING

Beckman?,, „/ Helipot Corp., Newport Beach, Calif.
W\ / a division of Beckman Instruments, Inc.

Frequency 1.5 to 220 Me in 5 bands.
Output ,1av to 200 mV.
Accuracy ±1 db to 100 Me, ±2 db to 220 Me.
Leakage Unmeasurable with .IgV receiver.

lorml
Datioi

BY JACK GILBERT
Norden Laboratories Division
Norden-Ketay Corporation

ositive input trigger pulse at the ter
al 9, this tube becomes conducting. The 
iode follower tube 20 also is normally 
duc ting. When the tube 15 becomes 
due ting the potential on the plate of this 
e is lowered, due to the increased cur- 
। through resistor 34. As a consequence, 
[potential of the control grid of the 
bode follower tube 20 is decreased be- 
cut-off so that this tube becomes non- 

Wucting. With the tube 20 becoming 
Conductive, a negative pulse of sub- 
hal value is generated at the cathode 
ich is transmitted through the capacitor 
I i the control grid of the first multivi- 
I r tube 25 and this tube is biased to 
Londuction. The plate voltage of tube 
Increases which increases the potential 
I lie control grid of the second multi- 
Ltor tube 30 so that it is biased to 
iuctiun. The circuit is now in its “on” 
Ltion.
lipid transition of the circuit from “off” 
[on condition is secured through the 
let feedback connection between the 
Ide of tube 25 and the control grid of 
■second multivibrator tube 30. This di
I connection is available because the 
■j current supply potentials to the 
■vibrator tubes 25 and 30. as shown in

Use Taps to
Compensate Potentiometer 
Loading Errors

the figure, have values which permit this 
direct connection.

This “on” condition, that is of non-con
duction of the first vibrator tube 25 and 
conduction through the second multivibra
tor tube 30 continues for a period depend
ent upon the time constant of the capacitor 
24 and the resistor 24'. The negative charge 
on the capacitor 24 discharges through the 
resistor 24' until the potential on the control 
grid 26 reaches a value above cut-off 
whereupon the tube 25 again begins to 
conduct current. Conduction increases 
rapidly through the first multivibrator tube 
25 which quickly lowers the potential on 
the control grid of the second multivibrator 
tube 30 below cut-off and it is restored to 
non-conducting condition. The circuit is 
restored thereby to its initial or “off” con
dition to receive a second input pulse.

The rapidity with which the transition is 
made from ‘off” to “on” condition is de
pendent upon the rapidity with which the 
capacitor 24 is charged after tube 25 be
gins to conduct. Since this charging occurs 
through the very low impedance of the 
cathode follower tube 20, charging time 
and hence recovery time is very short. The 
patent gives specific values which may be 
used for the resistors and capacitors.

GENERATES 
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Books

Another NSW VTVM from

Leering

mathematicians—not applied mathem» plan.

mission

With this conviction, he has directed 
treatment toward a development of 
damentals of analysis, simultaneously 
one variable and multi-variable fund 
Both are regarded as functions of a p 
Because of the tendency in American1 
leges to present Elementary Calculus I 
a purely theoretical point of view, cd 
topics are often slighted. The subject I 
neglected because of this type of tread 
is theory of function of several variabl

A number of clever innovations in su]

integral appears before the fundair 
theorem of calculus is discussed. Thi: 
phasizes the essential distinction bet 
integration and anti-differentiation, 
theory of (exterior) differential forr

Iters 15 
Ible to i 
ncepts 

prk the 
of neb 

peal m

place t 
r intere

lar piece of apparatus, Dr. Ryder disci) 
operating principles important to 
puters, industrial control, and servom 
anisms.

The emphasis throughout is on und! 
ing principles and basis circuits applic 
to various electronic devices and ed 
ment. Mathematics and circuit theory] 
emphasized only when they are neces 
for a lucid description or advantageod 
completely analyzing a system.

In the chapter on semi-conductors 
transistors, Ryder treats the four-terni 
network theory for transistor equivJ 
circuits. This chapter is probably I 
“strongest” in the book. Fundamental 
analog and digital computation and cir 
common to both computers are treate) 
chapters 8 and 9. Material is include!
the frequency response of amplifiers ®mporai 
both a sinusoidal and a pulse standpoiNesign e 

The portion of electronics which «adequa
clusively “radio” is not discussed in 
text.

pV/ZZiaj 
r C°-> ( 
156 pag

Advanced Calculus
R. Creighton Buck, McGraw-Hill ■ 
Company Inc., 330 West 42nd Street, I 

York, N. Y., 423 pages, $8.50. h; imp
R. Creighton Buck believes in api poles

and treatment are used to present maOjting thi 
in a lucid manner. For instance, the d<

is to “s 
W valui
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Engineering Electronics

John D. Ryder, McGraw Hill Book Co., 
Inc., 330 West 42nd Street, New York 36, 
N.Y. 666 pages, $9.50.

Fundamental concepts of electronics— 
particularly the areas of instrumentation, 
computation and general industrial usage 
—are projected to industrial applications 
and completed systems. Without letting his 
treatment become an instruction book in 
the operation or maintenance of a particu-

Custom built epseal miniaturized transformers achieve temperature 
rise as low as 50% of comparable sized units, in ambient temperatures 

as high as 125 degrees C. A new transformer encapsulation process, 
in combination with unique coil construction (patent pending), offers 

the electronics engineer reduced temperature rise in smaller and 
lighter-weight transformers. Packaged in smooth, hard-covered 

materials without bulky exterior sealing. Write for complete 
particulars and design specifications to

ELECTRO ENGINEERING WORKS • 401 PREDA STREET • SAN LEANDRO, CALIFORNIA

Proceedings of the 1956 National 
Electronics

Proceedings of the Sixth Weather Radar 
Conference

CIRCLE 303 ON READER-SERVICE CARD FOR MORE INFORMATION

A L • ENCAPSULATED TRANSFORMERS

... slash temperature rise as much as 50%

1

ncTon LABORATORIES, INC.

ACTON laboratories

533 Main St., Acton, Mass. COIonial 3-7756

Acton Laboratories has done it again! Here is 
another fine vacuum tube voltmeter, the Type 
815-A, which follows right on the heels of the 
Type 810 recently announced. The 815-A has 
been especially designed for use in the laboratory 
— on the bench or in a rack. Independent zero 
adjustments for AC, DC, and resistance measure
ments insure accurate meter readings. Regulation 
of both plate and filament voltages in the power 
supply insures stability.

The Type 815-A has 9 full scale DC ranges: 
0.1-1000 volts ( 4- or — ); 8 AC ranges: 0.1-300 
volts (rms); 9 DC current ranges: 0.001 ua to 100 
ma; 9 resistance ranges: 0.2 to 500 with multipliers 
X0.1 to X10 meg. DC accuracy is ±2%, AC 
accuracy is ±3%, both on the 1 volt range and 
higher. Frequency response is 15 cps to 100 me. 
DC input impedance is 100 meg; AC input imped
ance is 5 mmf and 10 meg.

For more information 
on the new Type 
815-A, write or call:

unique small size, 
moisture-proof cover

Minimum size J 
and weight
Meet MIL-T-27A J 
Grades 2 or 5 
requirements

High tem
perature 
operation J
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Conference, Volume XII, 1095 pages, $5.00.
Proceedings of the 1956 National Elec

tronics Conference are available in book 
form. 105 technical papers, and three lunch
eon addresses presented at the 12th Annual 
Meeting in Chicago make up the book. 
Papers are grouped and indexed in the 
table of contents to provide easy access 
without laborious title searching.

The conference is sponsored by the 
American Institute of Electrical Engineers, 
Illinois Institute of Technology, Institute of 
Radio Engineers, and Northwestern and 
Illinois University, in co-operation with 
Radio - Electronics - Television Manufac
turers Association, Society of Motion Pic
ture and Television Engineers, and Michi
gan, Michigan State, Notre Dame, Purdue 
and Wisconsin universities.
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Cambridge, Massachusetts, 1957,372 pages, 
$10.00.

Microwave engineers should find the 
Proceedings of the Sixth Weather Confer
ence interesting and informative. The 55 
papers included in the proceedings consti
tute a representative cross-section of cur
rent research in the field of radar meteoro
logy. The text of most papers is well illus
trated with graphs and photos. A list of 
symbols and abbreviations recommended 
by the AMS is given at the beginning of 
the text.
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■ iahzed to 3-space to permit a unified 
Rncnt of Stokes’ and Green’s theorems. 
Rd i tion, the 3-space technique is easily 
Red and greatly simplifies calculations 
Rving transformation of coordinates. 
■ good balance is maintained between 
Ry and application. Consistent with his 
■ion of an applied mathematician rather 
■ applied mathematics Mr. Buck pro- 
R many “tools” not found in traditional 
Reering advanced calculus course.

hscR
:o <R
x"mRical Engineering Circuits

undR Hildreth Skilling, John Wiley Er Sons, 
jiplicR 440 Fourth Ave., New York 16, N.Y., 
1 e«pages, $8.75.
eoryRctrical engineering circuits are Prof. 
leceRng’s contribution to the “cold-war” be- 
igeoiR obsolete text books and a college in-

■tor’s obligation to his students. To 
jtors R Mr. Skilling from the preface, “we 
-ternRd a book in touch with modern 
quivRht, and at the same time a good class- 
ably ■ book. First of all, indeed, the book 
lentalRl fit the needs of students.”
id cirRe text has twenty-one chapters. The 
:reateR fourteen chapters and the last two 
dudtRin standard material treated from a 
fiers Rnporary viewpoint. In all probability 
idpoiResign engineer has a text in his library 
ich iRidequately covers this material. It is 
‘d inRers 15 to 19 which will prove most

Rble to the design engineer. The mod- 
■ incepts covered in these chapters are: 
Rrk theorems; loop and mode equa- 
Hof networks; locus curves and other 

treet, ■jcaj methods; resonance of high-Q 
■ts; impedance and admittance func- 

in aPR poles and zeros in the complex fre- 
ithemRy plane; the transform concept, and 
rectecRplace transformation. The design en- 
nt of R interested in a reference work on 
leouslR subjects as well as the engineer who 
> funcR to “self-educate” himself will find 
of a At valuable.
lericanl
Iculus ■
ew’ cRmjssion Circuits
ubject ■
>f treat® Williams and J. B. Woodford, Mac- 
variablRi Co., 60 Fifth Ave., New York 11, 
is in suR)6 pages, $4.25.

ent niawing this text for teaching rather than 
, the ^Reference work has forced Messrs. Wil- 
undanRand Woodford to eliminate much of 
d. rWRtai] which is important to the work- 
on bet®£rin, ,er jn Spite of this limitation the 
iation. R engineer will find the book has many 
al fon®le features.
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Transmission line parameters and the 
theory of generalized transmission circuits 
are discussed in chapters 1 and 2. The sig
nificance of “times' peculiar to transmission 
circuits is presented in a lucid manner. The 
remaining four chapters of the book are so 
organized that a portion or chapter can be 
omitted without impairing the flow of 
thought. Subject matter is straightforward 
and rich in basic fundamentals. The engi
neer wishing to acquire a background in 
transmission circuits can use this text as a 
stepping-stone to more detailed treatments.

Relatively little on “technique” is in
cluded by the authors when they give 
practical applications of the theory. The 
omission of semi-empirical “aids” will un
doubtedly be praised by some as a thought 
provoking stimulus for the student. Others 
will view it as a foolish denial of practical 
information used by all engineers. A special 
appendix is included with the text on “Solu
tion of Transmission Circuit Problems by 
means of Electro-magnetic Theory”.

The Electrical Production of Music

Alan Douglas, Philosophical Library, Inc., 
15 East 40th Street, New York 16, N.Y., 223 
pages, $12.00.

Advantages and limitations of the elec
trical production of music are treated in 
simple and interesting terms by Mr. Doug
las. Only an elementary knowledge of 
music and electronics is assumed. The 
book travels the practical middle road be
tween academic treatises on vibrating sys
tems, and personal opinions which tend to 
be too traditional.

The experimentor or potential designer 
of electrical musical instruments is often at 
a loss to decide whether the strong pecu
liarities of the traditional instruments are 
really material to tonal effect or whether 
they are due to some limitation of design. 
At times these peculiarities are the result of 
a conflict between theoretical capabilities 
of the instrument and the effect attempted. 
By treating music as frequencies or bands 
of frequencies, which can be adjusted for 

•pitch, reinforcement by harmonics, attack, 
vibrato, reverberation and phase relation
ship to form a tone-colour, the author pre
sents his reader with a clear cut definition 
of tone-colour.

Treatment of the subject matter is simple 
without becoming trite. Adequate refer
ences are given for those who feel they 
would like to consult additional reading 
material.
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NYLON “know-how"

EXTRUSIONS -
tubing, I 

sheets, tape i

A new ultra-modern extrusion plant produces bubble-free 
nylon rod up to 3* dia.; nylon sheet and tape up to 12” wide, 
in thicknesses from .002” to J4”; and nylon hydraulic 
tubing from W O.D. to %” O.D. for 1000 psi and 2500 psi.

An extensive, ultramodern injection molding plant 
equipped with machines ranging in capacities up to 8 oz., 
and specializing in difficult precision moldings in volume 
production with accompanying economies.

mass produc 
V at low cost

A complete, high-speed plastics machining plant, geared 
to the production of innumerable nylon parts to manufac- 
urers’ specifications. Whatever your nylon part require
ments—check your methods and costs with U.S.G. 
••Know-how.”

on high s 
automatics

nited 
tates 
asket

United State* Gasket Company
Camden 1, New Jersey

OF THE GARLOCK PACKING COMPANY
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For exacting, high-temperature applications. •.

CERAMASEAL LEAK-TIGHT TERMINALS

storage tube. The four signal pulses (S) are shown together with their echos (A) rhe' 
signal is shown in line (B), the deflection voltage of reading beam in (C), and line (D) 
the scanned signal.

ELECTRONIC DESIGN • Septembe

FOR the transmission or recording of radar 
tures on magnetic tape frequency compressi 
almost always desirable because the bandd 

(which lies between 5 and 20 mc) can be ( 
pressed by a factor of 20 to 500 without loss (j 
formation. This reduction is possible becaus 
the low information content of radar pictures.

New Ben-Har Braided Lacing and Winding Tape 
combines two superior insulation materials—DuPont 
Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 
-100°F. to 500°F. They are non-absorbent and inert 
to most known chemicals and oils . . . completely 
wax-free and fungus proof.
Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples.
Bentley, Harris Manufacturing Co. 
7082 Barclay St. Conshohocken, Pa.

Assuring you savings in installation and operation, these Ceramaseal high-tem
perature terminals are 100% leak-tested and guaranteed leak-tight when shipped. 
High-alumina ceramic and metal parts of Ceramaseal terminals are joined 
by an exclusive process to form a high-strength, long-life molecular seal.
Brazing, welding or soldering techniques can be used for installation, with
out resulting damage to the seal, thus eliminating costly rework or replacement. 
For brochure and spec sheets, or complete information on special high-tempera
ture terminals, write: Ceramaseal, Inc., Box 25, New Lebanon Center, New York.

Supplying High-temperature, Quality Terminala for Five Years 

CERAMASEAL, Inc.
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For fast delivery of the best in test instruments for lab, line or shop... call your RCA Distributor!
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5" OSCILLOSCOPE W0-91A -Dual Band 4.5 Me 
scope, for waveshape observation and meas
urement, signal tracing and alignment of 
chrominance circuits and wide-band ampli
fiers—voltage-calibrated input step-attenua
tors and calibrated graph screen make pos
sible direct voltage readings as easily as with 
a VTVM. User Price $239.50*
★User Price (Optional)

COMPONENTS DIVISION

CIRCLE 471 ON READER-SERVICE CARD FOR MORE INFORMATION

JUNIOR VoltOhmyst® WV-77C —Biggest value 
in vacuum-tube volt-ohmmeters! Factory 
tested and calibrated to lab standards. 
Measures de from 100 millivolts to 1200 
volts; ac from 100 millivolts to 1200 volts 
rms; resistance from 0.2 ohm to 1,000 meg
ohms. User Price $59.50*

5” OSCILLOSCOPE WO-88A— An all-purpose scope 
for general lab use*, production-line alignment 
and testing. Built-in voltage calibrating fa
cilities permit simultaneous waveshape dis
play and peak-to-peak voltage measurements. 
Sync polarity instantly reversible with front 
panel switch. Directly coupkid, push-pull 
amplifiers in vertical circuit provide flat re
sponse down to de. User Price $179.50*

$ $
« * * *

huency compression method was used success- 
Ly of harbor-traffic radars.
The basis of the frequency compression results 
Ln the following considerations: If the highest 
tquency component of 20 me corresponds to the 
Lrtest echo-pulse duration of about 0.05 psec, then 
I number of distiguishable echos is 400 (or smaller 
I the range is less than 3 km). The azimuth resolu- 
| may be taken as 0.5 degrees so that the typical 
Lr picture consists of about 720x400 or 288.000 
Linet points. At an antenna speed of 20 rpm the 
■tire picture content must be transmitted every 
lee seconds so that a maximum bandwidth of 288,- 
■• 3 = 96 kc is required.
■For frequency compression a storage tube which 
L dual beam system is used. The “writing” beam, 
■lose deflection is synchronously controlled by the 
minal radar pulse, has its intensity controlled by 
Ie amplitude of the echo and charges an insulating 
J r, controlled by the video signal of the radar 
■aratus, along a line. The “reading beam,” which 
■ constant intensity scans the same line and pro
lies for the discharge of the charging produced by 
■ “writing” beam. These changes in charge pro
Bee the output signal of the storage tube on the 
■tai plate which is located behind the insulating 
■er. Since the deflection of the “reading” beam is 
Bwer than that of the writing beam, the output 
■nal has wider pulses and consequently requires 
■nailer bandwidth for transmission. If n is the num- 
la of echos which are reflected from a target then 
Bn scanning frequency of the “reading beam,” f2 is

ULTRA SENSITIVE DC MICROAMMETER WV-84B- 
Popular choice in industrial, chemical, general 
lab applications. Designed to measure ex
tremely "feeble” currents, extremely high 
resistances. Self-contained batteries permit 
use* almost anywhere. Ixiw-drain tubes ex
tend battery life, meter protected from acci
dental overloads. User Price $11O.OO* (less 
batteries)

the figure. As an example four signal pulses (S) 
shown together with their echos (a). The writing 

Pal is shown in line (b); the deflection voltage of 
breading” beam is shown in line (c). The factor 
p is used in the example. Line (d) shows the 
pned signal. (Abstracted from an article by H. 
p, K. Dinter, and K. Lange, Elektronische 

dschau, Vol. 12, No. 5 May 1957, pp. 155-157.)

SENIOR VoltOhmyst® WV-98 A —Improved cir 
cuit provides greater accuracy, 3% on BOTH 
ac and de measurements. Measures directly 
the peak-to-peak values of complex wave 
forms and rms values of sine waves. LARGE 
full-vision meter, with less than 1% tracking 
error, provides one of the easiest reading 
VTVM scales. User Price $79.50*

5" OSCILLOSCOPE WO-78B—Famous "engineer’-, 
choice” dual-band scope for use when extra 
sensitivity and extended frequency response 
are required. Uses flat-faced cathode ray tube 
with post-ultor potential of 3000 volts; auto
matic sync limiting; push-button for calibra
tion checking; excellent phase characteristics; 
full screen deflection over entire rated fre
quency range. User Price $475.00*

MASTER VoltOhmyst® WV-87B—Ideal for TV, 
radar and other types of pulse work. Has 
accuracy and stability necessary for laboratory 
applications. Features ±1% multiplier and 
shunt resistors; a ±2% meter movement; 
DC polarity reversing switch; zero-center 
scale adjustment for discriminator alignment; 
±3% accuracy on AC and DC voltages, 
many other features. User Price $137.50*

T OSCILLOSCOPE WO-56A—For phase measure
ments or vector display—7-inch screen plus 
trace expansion of 3 times screen diameter 
provide unusually large waveshape display 
for distant or close examination of minute 
portions of waveshapes. Frequency-compen
sated voltage-calibrated attenuators in both 
"V” and "H” amplifiers. User Price $289.50*

vif*..«......................... ... .. ..■..¿ÙÀ»

ELECTRON-TUBE MicroMhoMetef WT-100A — Accu
racy suited for electronic equipment manu
facturers, research and development, main
tenance groups. Precision tube testing under 
actual circuit conditions. Built-in "shorts” 
test; burnout protected meter; regulated 
power supplies for de voltages; measures gm 
up to 100,000 micromhos in 6 ranges. User 
Price $785.00*

FOR YOUR LAB OR LINE

CHnnRF AN RCA DFRinNVm n c i^i iv c w I I w



Abstract

Improved Transistor Biasing

Parameter Circuit of Fig. 1 Circuit of Fig. 2

Rt H- R2R3 ( R2 + R3)

(1 -a) +
Rt H- R2R3 (^2 •+• R3)

2(/c - Slco)

RMS - 1)
aSR3-(S - DfR, +R3)
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Fig. 1. Schematic diagram, 
normal Class B output stage.

Determined from allowable 
gain and voltage loss.

or the * 
and

I typica 
k = 4f

I the c 
L10 oh

he foil 
Lrity o:

Lita: a

Ri R]
R3 * Rt

■ Ri - Ri
R3 Rt

ç _ cl'

Ri Ri

R3 + Rt

E(S - 1) 
2(/c - Sleo)

. dlc
KT = ------------

dlco
of less than about three without enlarging the in-

R3J(S — 1 )Ri — R¿ 1—S( 1 a)]£
(R3 + W - S(1 — a)] — (S — 1)R|

1 - S(1 - a) 

S - 1

AN AMENDED transistor bias arrangement 
offers advantages over the conventional 

circuit in normal as well as critical applica
tions. During the design of a transistorized 
servo-amplifier intended for airborne applica
tions, it was found that the stabilization of the 
output stage needed careful attention. The resist
ance of the input transformer secondary winding, 
usually considered negligible, had an adverse 
effect on the bias stabilization. The influence of 
this resistance, and a means for overcoming it, 

are indicated here.
In Fig. 1 the usual arrangement of a Class B 

output stage is shown. The transformer secondary 
resistance is denoted by 4Rt. This resistance acts 
in series with the base of the transistor, and de
grades the stability factor. In practical designs, 
it is difficult to achieve a stability factor

Comparative Design Formulas for Two Methods of Transistor Biasing

{
D

(S- - a)]
Rl 

put transformer to obtain a lower resistance, or 
increasing Rt. Both these steps are undesirable, 
as the first wastes space while the second causes 
a loss of gain and maximum power output. In 
any case, the power dissipated in the bias net
work, denoted by Pt, is unnecessarily large.

The circuit of Fig. 2 overcomes these difficul
ties by using the transformer resistance as an ac
tive part of the bias network in place of Rg. The 
design equations used for the two circuits are 
given in the table.
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Fig. 2. Schematic diagram, 
improved output stage circuit.

"Customer Savings" is 
the Reason this is the 
Best Year in Setko's 
20-Year History.

Issue No. 7

crew Mews
Bartlett, Illinois (Chicago Suburb)

We specialize in J 
Solving Puzzling '* 

SetScrew Problems ?

Automation Edition

Now... New Developments in Set Screw Automation 
Create Greater Opportunities to CUT COSTS!

e, or I 
able. I 
mses I 
t. In 1
net-1

fieni- I 
n ac-1 
.The 
s are I

he following example will illustrate the su- 
ority of the amended circuit.

lata: a = current gain of transistor, common 
case = 0.92

Ic = required collector current per tran-
I sistor = 10 ma

Ico = collector cut-off current of tran-
I sistors ~ 0

E = supply voltage = 28 v

I S = bias stability factor = — 3
I 07 co

Atypical value for the transformer resistance 
p — 48 ohms.
I the case of Fig. 1, an acceptable value for
I 10 ohms. We then have:

R3 = 1530 ohms 
R2 = 14.3 ohms 
Pb = 0.52 w

or the case of Fig. 2 the same transformer is 
and

R3 = 2800 ohms
Ri = 4.6 ohms
Pb = 0.14 w

[he new arrangement gives the same stability 
or with only 25 per cent of the power loss. It 
[also yield more gain and maximum power 
pt owing to the lower value of Ri.
pith the data given in this example, it is pos
te to reduce the S factor to two if the power 

and the value of Rt remain at the original 
bes. A value of S as low as this cannot be 
[eved at all with the original circuit.
[ote that the de in the transformer secondary 
pin, balanced and will not alter the trans
fer design except for the small heating effect, 
his article originally appeared in Electronics 
Lnt ering of Canada, Vol 1, No. 1, May 1957. 
|atd/ior is Maurice Price, P.Eng., of Comput- 
pe ¡ ices of Canada Ltd.

Setko System Includes Both Special Automatic 
Feeding Mechanisms and Specially-Desighed 

Headless Set Screws for Hopper Feeding
The Setko System is outstand
ingly practical in quickly "auto
mating” present operations.
The left hand photo above shows 
the Setko System used in a verti
cal feeding operation. The photo 
at upper right is the horizontal 
feed Universal Model. The ad
justable work table (in circle) 
eliminates need for separate fix
tures for each type of work. 
This model can also be com
pletely automated to include 
automatic driving. Setko Systems 
provide hopper feeding of head
less set screws as small as #2 
(.086 x i/8" long).
Through use of new Setko Sys
tems—employing the exclusive 
Setko Automatic Hopper-Feed
ing Unit and specially-designed 
Hopper-Fed Headless Set Screws 
— you can "automate” many 
types of machines and equip
ment with immediate, substan
tial savings in each operation.

AVAILABLE IN 3 DIFFERENT 
TYPES OF SET SCREWS

From a vibrating hopper, this roller device 
automatically positions Headless Set Screws 
right-side-up. Available for either vertical 
or horizontal applications with drill presses, 
vertical tapping machines, rotary machines, 
etc. Shown is the photoelectric cell which 
controls the flow of screws into feed tube.
*Pat. No. 2,638,945

____

HEXAGON AND 

FLUTED SOCKET 
SET SCREWS

NEW
NEW
NEW
NEW
NEW

... 2 methods of feeding, ver
tical and horizontal!

... Photoelectric cell control of 
screw flow!

... Even nested screws can be 
hopper-fed!

....Microswitch control of 
driving!

... Adjustable work table that 
eliminates individual,high-cost 
fixtures for each type of work!

Here’s why the Setko System of feeding 
and orienting Headless Set Screws is 
really "catching on” with manufacturers 
from coast to coast:

1. Require» only l/5th to 1/1 Oth the

2.
3.

5.
6.

8.

time required for former method» 
Automatically rejects misfits 
Eliminates cross-threading, floor 
loss
Cuts set screw inventory 
Takes up less floor space 
Works with both metals, plastics 

Takes all special Setko Set Screws, 
including Self-Tapping,Self-Locking, 
Nu-Cup, etc.
Makes possible faster deliveries

Here's What Users Say.. • 
"Hopper Feeding saved uc $42,000 
in first year."
"Our production rate went from 
300 to 2000 per hour."
"Our floor loss went from 30% toO."

FREE DEMONSTRATION
Quickest way to get complete under
standing of the Setko System is to see it! 
You’re welcome to visit the factory for 
a free demonstration... or ask for the 
free loan of the new 12 minute, 16mm 
color movie on Setko System. For details 
and free copy of Catalog 21, containing 
complete data on the Setko Hopper- 
Fed* Headless Set Screw System, mail
coupon — or write direct.

SET SCREW * MFG. CO. 
265 Main St., Bartlett. III.

□
□

1489-R

Please send your new Catalog 21. Also: 
Advise how and when I can see Setko 
Systems demonstrated.
When can I borrow the new Setko movie 
for showing in my plant or office?

NAME

CO M PAN Y____________________  
(Write address in margin of this page)
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(Contents of Radiotekhnika i Elektronika, No. 1, 1957)

Distributed Amplifier as a System of Multi-Terminal
Networks, Yu. N. Prozorovski, (8 pp, 7 figs).

In conventional analysis the distributed amplifier 
is represented as two equivalent long lines formed 

complex loads, and other factors. The author pro
poses a method where the amplifier is considered as 
a system of a finite number of multi-terminal net
works (Fig. 1) and derives matrices for the indi
vidual sections of the amplifier and for the amplifier 
as a whole. Anv irregularities in the distributed pa
rameters of the amplifier can be accounted for in 
the pertinent matrix element.

The matrix element for sections I (and V) is: 

where Roa and Roc are the ohmic resistances of the 
coils and Fa and Fc are coefficients characterizing 
the dependence of the losses on the frequency.
Similar matrices can be written for the other ele
ments, and the matrix of the entire amplifier is 
merely the product of the individual matrices.

by the input and output capacitances of the tube
and by the inductances of the added coils. (See, for
example, Ginzton, Hewlett, Jasberg, and Noe, Dis-
tributed Amplification, Proc. IRE, 1948, vol 36, p
956). This approach is satisfactory only at relatively
low frequencies, breaks down near the critical fre
quencies of the elements comprising the lines, and
makes no provision for unequal individual sections,

Fig. 1. Seciion of a distributed
amplifier, broken up into several
multi-terminal networks R 
sistive loss in plate circuit, R

grid circuit.) WAVEGUIDE DESIGN

Bandwicth Occupied by Transmitted Pulses, M. S.
Gurevich (6 pp, 4 figs).

An “ideal pulse shape was derived by the author 
in a previous article (“Signals of Finite Duration,

Containing the Maximum Energy Fraction in a
Specified Frequency Band,” Radiotekhnika i Elek- 
tronika, March 1956, ED December 15, 1956). In 
this article he determines the frequency band
width occupied by several standard pulse shapes, 
arriving at the interesting results given in the fol
lowing table:

Pulse Shape

Rectangular
Trapezoidal

ratio of parallel

Triangular

Cosine-squared

Variational Method for Design of Waveguides with
Periodic Irregularities, I., Sh. E. Tsimring, (112 pp,
2 figs).

The Ritz method is used for the analysis of the 
propagation of electromagnetic waves in a periodi
cally-corrugated waveguide. A decelerating system 
with rectangular corrugations is used as an exampl

ELECTRONIC DESIGN • September 1, 195
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UHF TROPOSPHERIC PROPAGATION

fleet of the Form of the Structural Function of Ir- 
gularities in the Dielectric Constant of Air on 
ong-Distance Tropospheric Propagation at UHF, 
. N. Troitski, (4 pp, 1 fig).

Continuing his work on this subject (earlier 
articles appeared in the May and September 1956 
ssues of Radiotekhnika, ED December 1, 1956 and 
une 15, 1957), the author derives equations for the 
edian value of field intensity and for the possible 
andwidth of waves propagated in air subject to 
specified variation of the dielectric constant.

MAGNETIC FIELD MEASUREMENT

strument for Relative Measurements of Alter
ing Magnetic Fields, I. S. Shpigel’, M. D. Rayzer, 

E A. Miae, (9 pp, 7 figs).

Most instruments designed for the purpose (bal
listic, electronic integrators, etc.) do not take into 
account the residual magnetization. This instru
ment, developed to measure the field of the injec
tion electromagnetization of the 10 Bev synchro
phasotron of the USSR Academy of Science employs 
mclear magnetic resonance and is free of this 
shortcoming.

ARNOUX miniature

DEiCOM M UTATO R
FOR PAM and RDM TELEMETRY SYSTEMS

in a 
□ek- 
). In 
and- 
ipes, 

fol-

PULSE SYStEM STABILITY

Stability of Linear Pulse Systems with Variable 
Farameters, G. P. Tartakovski, (8 pp, 4 figs).

The author continues his investigations of the 
haracteristics of linear pulse systems with variable 
arameters (an article on the theory of such systems 

«as published in the November 1956 issue of 
Elektrosviaz’, ED July 15, 1957, and a discussion of 
their time and frequency characteristics appeared 
in the December 1956 issue of Radiotekhnika i 
Elektronika, ED August 1,1957). The stability anal
ysis is based on the derivation of an equation for 
the transfer function of the system, and the illustra
te example used is a frequency-pulse modulated 
ystem with pulse feedback.

f die 
riodi- 
»stem

WIDE EAM AMPLIFICATION

igh Frequency Oscillations in Electron Beams with 
eriodically-Varying Velocities, P. V. Bliokh, (12 
p).

There has been considerable recent interest in the 
ssibility of amplifying radio waves by periodic

Nation of the parameters of an etectron beam, 
as to dispense with the decelerating system em- 

loy<1 in travelling-wave tubes (see, for example 
cies by Birdsall in Proc. IRE, 1954, vol 42, p 

$28 and Peter-Bloom-Ruetz, RCA Review, 1954,
T^, p. 113). In principle, unlike the situation in 

fra ding wave tube, it is possible here to effect

WRITE FOR

ARNOUX BULLETIN 800

e

èB

ARNOUX CORPORATION
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1 1 924 WEST WASHINGTON BLVD • LOS ANGELES 66, CALIFORNIA 
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The new Arnoux Model TDS30-1 
Decommutation System is com
pletely self-contained within 
three chassis assemblies con
sisting of: Gating Unit (TOP), 
Pulse Selector (MIDDLE) and 
Regulated Power Supply (BOT
TOM). The unit handles 28 
channels of information and 
occupies only 19yj inches of 
panel height in a standard re
lay rack. Overall depth behind 
panel is 13 inches.

The Arnoux Model JDS30-1 Decommutation System is compactly designed 
for use in airborne or trailer installed telemeter receiving stations and in 
portable check-out equipment.

• Miniaturization is the natural result of a new circuit design allowing the 
entire system to contain only 76 tubes as opposed to several hundred in com
petitive systems.

• Modular construction permits easy expansion of system to any desired channel 
capacity.

• Novel circuitry design does not reflect errors due fo center frequency drift of 
sub-carrier oscillators, drift of discriminator D. C. output level, or tape play
back speed errors.

• Built-in test selector permits visual inspection of waveforms throughout system 
for quick malfunction detection.

• Neon indicators on each gating unit give continuous visual indication of correct 
sequential operation.

• System accepts all standard IRIG inputs, either PAM or PDM, at any sampling 
rate from 75 to 900 per second.

• Overall linearity is within ± ’A % at maximum level. Long term level drift is 
within ± ’A %. Gain drift is negligible.

• Modular plug-in gating units allow quick replacement of faulty channels.
• Two spare units are maintained on standby for instant use.
• Power required is 115 volts, 60 cps, single phase. Optional 115 volt, 400 cps, 

power supply available for airborne application.
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amplification even in an infinitely wide beam, with 
only the thermal motion of the electrons imposing 
an upper limit on the frequency.

The author uses kinetic theory to derive a dis
persion equation (in the small signal approxima
tion) with which the stability conditions in the beam 
are established.

DIRECTIONAL COUPLER

H01 Wave Directional Coupler for Round Wave
guide, M. V. Persikov, (10 pp, 9 figs).

Description of an azimuthal system of rectangular 
waveguides, coupled to a round waveguide by a 
longitudinal system of apertures (Figs. 1 and 2). 
Several modes propogate in the round waveguide, 
but the rectangular guide is single-mode. A model 
of this coupler was used to indicate the presence of 
the H01 mode, to measure low reflection coefficients 
(on the order of 30 to 40 db) in the round wave
guide, and to measure the power flowing past a 
given section of the guide. It also measured the at
tenuation of the Hoi wave in the individual wave
guide elements and the losses involved in the 
transformation of the HOi wave into other modes. 
A theoretical analysis of the coupler is given.

You Get Things Done Better 
By Seeing What's Happenii

«esente’— Hssasr □C?C3 »
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HERMASEAL Specialists in 
Glass-to-Metal Seals!

? MAR APR JUNE JULY I AUG SEPT

ooon «*

tasrarr 
’W'

BOARDMASTER VISUAL CONTROL
Gives Graphic Picture of Your 
Operations in Color.

★ Facts at a Glance - Saves Time 
and Prevents Errors.

★ A Simple, Flexible Tool - Easily 
Adapted to Your Needs.

★ Easy to Use. Type or Write oi 
Cards, Snap on Board.

★ Ideal for Production, Schedul 
ing, Sales, Inventory, Etc.

★ Compact, Attractive. Mode o 
Metal. 150,000 in Use.

Complete Price $495° Including Cards

24-Page ILLUSTRATED BOOKLET N-26 
Without Obligation

Hermasea/

CALL US ON STANDARD 
AND SPECIAL TERMINALS.

Hermaseal OCTAL Plug.

-------Hermaseal

. . . A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled steel) 
and matched (Kovar) to meet 
your needs.

Hermaseal NOVAL Header 
and Bracket Assembly.

Hermaseal

. . . with its expert engineering 
staff and the latest in produc
tion equipment is ready to 
serve you.
Hermaseal 10 kilovolt TERMINAL.

For further information, 
phone 2-3773 or write.

umaseOi THE HERMASEAL COMPANY, INC.
1010 N. Main, Elkhart, Indiana
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GRAPHIC SYSTEMS, 55 West 42nd St, New York 36, N.Y
CIRCLE 313 ON READER-SERVICE CARD FOR MORE INFORMATION

Fig. 1. Cutaway isometric view of the rectangu
lar waveguide coupled to the round waveguide. 
(Note the longitudinal system of apertures.)

Really Smooth Speed Control
of D-C Motors from A-C Lines

— y

Fig. 2. Cross sections of the waveguide.
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Variac® Motor Speed Controls Feature:

★ Wide Speed Range — from zero to full rated speed
★ Full Torque at ANY Speed
★ No Torque Pulsation even at lowest speed
★ High Starting Torque
★ Extra Fast START-STOP-REVERSE — dynamic braking on 

most models
★ Instant Start — no electronic tubes — no warm-up time
★ Fifteen models for controlling motors from l/15th hp anc 

less to hp
Writ* for Variac® Motor Control Bui lotin

GENERAL RADIO Company.
275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S. j

Broad Awenue at Linden. Ridgefield. N J. NEW YORK AREA 1000 N. Seward St. IOS ANOW* ” 

8055 13th St. Silver Spring. Md WASHINGTON!, O. C. 1150 York Road. Abington, Pa. PHItAOfl««* 

1182 Los Altos Ave.. Los Altos. Calif. SAN FRANCISCO 6605 W. North Ave. Oak Park. III.
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SYNCHRONIZATION

Switch Typet

Phenelic Shaft TypesTwist-Tab Mountings

SELF EXCITED OSCILLATIONS

:h»duh

Hollow-Shaft TypesATION

Plug-in Mountings

ENERGY INTERACTION
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king on

Other Articles In This Issue

-avers under the Influence of Strong Electric
Heid Malter (Malter effect) M. I. Elinson, D. V

In Canada: CANADIAN STACKPOLE LTD., 550 Evan» Ave., Etobicoke, Toronto 14, Ont.
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Mutual Synchronization of Self-Excited Generators 
at Multiple Frequencies, G. M. Utkin, (13 pp, 6

On the Transformation of Fluctuations of the Ampli
tude and Phase of Self Excited Oscillations in Res
onant Systems. G. S. Gorelik, G. A. Elkin, (6 pp, 2

FaH-Tab 
Mountings

Multiple-Unit 
Types

Printed
Wiring Types

Midgets—for transistorized 
equipment

Dual-Concentric 
Types

ANGCirS » 

iiAOSi*11* 
. -hica<w 
mation

Zen:ov, (10 pp, 4 figs). “Influence of Differentiation
Integration of Fluctuations on the Average 

Number of Swings,” V. I. Tikhonov, (5 pp, 1 fig.) 
Statistical discussion.)

Em\sion of Electrons from Complex Surfaces,” 
P V. ” mofeev (7 pp, 2 figs). “Concerning the Mech- 
misni of Electron Emission from Thin Dielectric

ELEt TRONIC DESIGN • September 1, 1957

time 
hpam

It is customary in the literature to treat this 
topic in a highly simplified manner, and to neglect 
the reaction of the “synchronized” oscillator on the 
“master” oscillator. Actually, however, this reaction 
is quite substantial over a certain band (synchro
nism zone), the width of which is determined in 
this article as applied to both frequency multiplica- 

। tion and frequency division.

A signal with random phase and amplitude fluc
tuations is traced theoretically through a circuit 
comprising a linear (resonant) and non-linear (de
tector) element. Equations are derived for the sta
tistical nature of the phase and amplitude of the 
output of such a system, given the statistical char
acteristics of the input amplitude and phase varia
tions. Refers to work by R. Mueller, G. Dalman & 
A. Rhoads, W. Gottschalk, D. Middleton (all in 
Trans. IRE, Electron Devices, vol 1, 1954), and 
several other American investigators.

for TV, 
Radio, Audio, and 

Instrumentation jobs.

OVER 300 BASIC TYPES, 
countless STANDARD modifications

Analysis of Interchange of Energy between an 
Electron Stream and an Electromagnetic Wave. 
V. N. Shevchik, (7 pp, 4 figs).

Certain problems in the interaction between an 
electron stream and a traveling electromagnetic 
wave are analyzed in this kinematic approximation. 
The grouping of electrons in the traveling wave, 
identical with the grouping process in a klystron, 
is analyzed and other factors such as maximum 
current, efficiency and synchronization are dis
cussed. The calculations are extended to include 
traveling-wave tubes and the optimum operating 
modes of backward wave oscillators at low ampli
tudes.

trol
Ines

TECH DATA ON ALL 
STANDARD TYPES & 

N F W I MODI FICATIONS. Il L ■ Write for Bulletin J
RC-1 OB or see your A 
local Stackpole B 
representative. A
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PRINTED CIRCUIT 
SOLDER POTS 

WITH MECHANICAL TYPE 
DIAL THERMOMETERS

New proven design with all controls on end of pot. 
Mechanical type dial thermometers to indicate 
solder temperature. Hydraulic thermostats. Walls 
and bottom of the solder cavities are smooth and 
free of all obstructions.

Dil
SOLDER 

POTS

All component» except the elements may be 
serviced easily without taking the pot apart. 
High-low heat switch so that pot may be 
used for hand dipping or fast machine dip
ping without excessive cycling.

25 sizes meet all requirements.

Send for new bulletin on complete line.

DEE ELECTRIC CO J 1103 N PAULINA STREET
Chicago 22, III. 
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wire 
markers 
provide...

POSITIVE IDENTIFICATION
OF ANY SIZE!

Standards and Specs
Sherman H. Hubelbank

Gage Blocks
NBS Circular 581, Metrology of Gage Blocks, 
April 1, 1957
By far the most widely used precise standards of 
length in the mechanical industry are precision gage 
blocks which by nature of their accuracy, range of 
sizes, and relatively low cost have been made avail
able to even the smallest industry. This circular pre
sents the 15 papers presented at the Symposium on 
Gage Blocks, held at the National Bureau of Stand
ards in August 1955. This 119-page publication may 
be obtained from the Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, 
D.C., for $1.50 per copy.

Tubes

RETMA RS-190, NEMA 502-D, Pin Straighteners 
and Wiring Jigs for Electron Tubes, June 1957 
This standard covers miniature button 7 pin and 9 
pin straighteners, T-3 subminiature pin straight
eners, locking-in pin straighteners, and wiring jigs 
for miniature tubes. Copies of this standard are 
available from the Radio-Electronic-Television 
Manufacturers Association, 11 West 42nd Street, 
New York 36, N.Y. for 50 cents per copy.

HELP WANTED
ENGINEER - EXECUTIVES
ELECTRONICS, NON-EXISTENT 20 
YEARS AGO, NOW ACCOUNTS FOR 
11.5 BILLIONS OF THE U.S. NA
TIONAL GROSS PRODUCT. THIS EX
PANSION MEANS THAT YOUR IN- 
DUSTRY NEEDS YOU FOR THE IM
PORTANT TECHNICAL MANAGE 
MENT JOBS.

Vi >ral

RI TX 

1957

St ndi 

i,i mi 
and 1 
mt he 
S]). til 
nn - ho 
detoni 
from 
hirers 
36, N. 
visit >n

ELECTRONIC WEEK WILL KEEP 
YOU INFORMED OF THE IMPOR
TANT DEVELOPMENTS WHICH 
YOU MUST HAVE AS A KEY MAN 
IN THE ELECTRONIC INDUSTRY.

ELECTRONIC WEEK IS THE ONLY 
WEEKLY NEWSPAPER WHICH WILL 
INTERPRET FOR YOU, THE BROAD 
AND SPECIFIC BUSINESS ASPECTS 
OF THE PRODUCTS THAT ARE DE 
SIGNED.

Sockel

RETN 
Char? 
type 1
1957 
This - 
hi ent) 
(went) 
type h 
a unibt 
TSE71 
from 
hirers
56. N2

Autom

RETV 
FOR Al 
A seri» 
to serv

ELIMINATE WIRING GUESSWORK with easy to read E-Z 
CODE Wire Markers. Patent features let you apply markers 
without affecting adhesive quality. Thousands of stock 
items in standard lengths of %" and 1%", prices start 
low as A«c per wire lead! E-Z CODE Vari-temp cloth markers 
(temperature range 300F.) meet MIL-D-10369B for fungus 
resistance; stock markers also available in aluminum foil. 
Available nationally from over 200 distributors, 

write for free working samples and catalog.
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Division of

Western Lithograph Co.
604 Eart Second St. 
Los Angeles 54, Calif.

Armorply makes shielded rooms 
easy to assemble

ELECTRONIC WEEK WILL INTER
PRET THE SIGNIFICANT FACTS, 
AND WHAT IS MORE IMPORTANT 
—WILL ANALYZE THEIR SIGNIFI 
CANCE.

Shielded rooms constructed of Armorply panels are a snap to 
put up, take down or move—with ordinary labor. And the 
room size can be expanded or altered easily, since special 
compression joints eliminate the need for soldering. Armorply 
—the metal-clad plywood—comes with faces of copper, lead, 
aluminum or other metal. (Zinc-bond steel faces are used 
in the United Air Lines room, shown above, which was built 
by Shielding, Inc., of Riverside, New Jersey.) For full infor
mation, and a free sample of Armorply, write today.

Weld wood Armorply*
UNITED STATES PLYWOOD CORPORATION

Dept. ED9-1-57, 55 West 44th St., New York 36, N.Y.
CIRCLE 320 ON READER-SERVICE CARD FOR MORE INFORMATION

YOU CAN SUBSCRIBE TO ELEC
TRONIC WEEK FOR $3.00 FOR 1 
YEAR.

INSURE YOUR FUTURE WITH 
ELECTRONIC WEEK.

TO CONVENIENTLY SUBSCRIBE 
CIRCLE NO. 549 ON READER SERVICE CARD
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Vi orators

Rl’TMA RS-187, Vibrators for Auto Radios, June
1957
kt ndards are established for vibrators having a 
|no ninal input voltage of 6.3 volts de at 115 cycles 
land 12.6 volts de at 115 cycles. Included are the 
■mechanical and electrical standards, incoming in- 
Lpection tests, interrupter vibrator test circuit, and 
I method of vibrator transformer buffer capacitance 
I determination. Copies of this standard are available 
■ from the Radio-Electronics-Television Manufac- 
Iturers Association, 11 West 42nd Street, New York 
136, N.Y. for $1.65 per copy. This standard is a re
I •' H| of REC-113-D.

CEEP 
POR- 
IICH 
MN 
RY.

INLY 
VILI 
OAD 
ECTS 
E DE-

Sockets

RETMA RS-185, Dimensional and Electrical 
(HARACTERTSTICS DEFINING MINIATURE RECEIVER

type Tube Sockets for Printed Circuits, June 
1957

rhis 42-page standard includes data sheets for 
hventy 7-pin miniature (molded phenolic) and 
[twenty 9-pin miniature (molded phenolic) receiver- 
r pc tube sockets for printed circuits. A typical type 
Lumber for a socket meeting this standard is 
[TSE7R1O2. Copies of this standard are available 
Lnm the Radio-Electronics-Television Manufac- 
Iturers Association, 11 West 42nd Street, New York 
Ij6. N.Y. for $2.80 per copy.
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<CTS, 
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OR 1

Automation Dimensions

RETMA RS-188. Standard Dimensional System 
for Automation Requirements, June 1957 

series of dimensional systems and nomenclature 
to serve as a guide in the coordination of equipment 
Resign, component design, and the design of ma- 
khinery for automatic manufacture are established 
by this standard. In the design of electronic equip
ment which may be built on automatic machines, it 
[shall be standard to make all dimensions, which 
bust be controlled for automation purposes, to be 
[multiples of 0.025 inch. This modular dimension 
pall apply to all three axes of Cartesian coordi
nates. Copies of this standard are available from 
the Radio-Electronics-Television Manufacturers As
sociation, 11 West 42nd Street, New York 36, N.Y., 
For 25 cents per copy.

MOUNTAIN VIEW, CALIFORNIA

► Reconnaissance Systems Laboratory 
Newest of Sylvania's Mountain View 
facilities offers opportunities for 
research, development and fabrica
tion of military electronic recon
naissance systems for detection 
and surveillance of electromagrietic 
radiation in «nd around the earth.

► Electronic Defense Laboratory
Research, development and fabrica
tion of electronic countermeasures 
systems and equipment.

► Microwave Physics Laboratory
Research and advanced develop
ment in guided microwave control 
devices utilizing ferrites, gaseous 
electronics, ferroelectrics and para
magnetic resonance.

► Microwave Tube Laboratory
Research, design, development and 
production of Klystron, Traveling 
Wave tubes and Backward Wave 
oscillators.

Openings in the following fields:

• Operations Research
• Guided Microwave Devices 

Research & advanced 
development

• Systems Analysis
• Systems Development
• Design & Development 

Transmitters, receivers, 
components, antennas

• Data Handling
• Electronic Packaging
• Held Engineering
• Mechanical Engineering
• Microwave Tubes 

Research, design & 
development

I

For further information on 
these West Coast opportuni
ties, send your resume to

J. C. Richards
P.O. Box 1296

Mountain View, Calif.

ENGINEERS and SCIENTISTS

Sylvania
Now

Selecting
Men

for Advanced
Electronic

Research and
Development 

in East
and West 

Coast
Locations

East or West. Sylvania Lab
oratories are in the forefront 
of advanced electronic re
search and development, offer
ing positions to men capable 
of important scientific contri 
butions...and interested in the 
rewards this growing company 
offers for creative work.

•

Salaries are entirely commen
surate with background and 
ability. Benefits arc broad, and 
include ample provision for 
graduate study. Opportunities 
for growth are genuine.

SYLVANIA
SYLVANIA ELECTRIC PRODUCTS INC

WALTHAM, MASSACHUSETTS

► Missite Systems Utoratery

Openings for senior men in weap
ons systems analyses, design, de
velopment & management.

• High Power Radars
• Electrically Scanned Antennas
e Missiles & Guidance
• Operations Research 

e Information Theory 

• Data Processing

• Electronic Physics

k Avionics Laboratory
• Electronic Systems Design

& Development
• Microwave & Antenna Research

& Development
• Electronic Packaging & 

Test Design
• Computer Systems Engineering 

& Logical Design
• Technical Coordination & Liaison

> Applied Research Laboratory
• Operations Research
• Communications Theory

• Automatic Controls
• Airborne Interceptor Radar

• Radar Simulators
e Missile Electronics

For further information on 
these East Coast opportuni
ties, send your resume to

Graydon A. Thayer 

100 First Ave., 
Waitham, Mass.

E
: CARD.

ffaput tors 1

HL-C 3871, Capacitors, Fixed, Electrolytic 
•kC., Dry-Electrolytic, Nonpolarized), Amend

t 3, 6 June 1957
Ihe list of referenced specs and publications, the re- 
luii merits for packing, packaging, and marking for 
1 ip nent have been revised. The time limit for shelf 
ife jas been changed to 18 months. CIRCLE 565 ON READER-SERVICE CARD FOR MORE INFORMATION
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GENERAL MOTORS
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PRODUCT

ENGINEERS

our beautiful sub

.1 Department Chief

York. Penna York 47-2611

CIRCLE 552 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 553 ON READER-SERVICE CARD

110

equpiment 
systems.

PROJECT and 
FIELD ENGINEERS

Mechanical 
Electrical, 
Physicist

For engineering and 

development of advanced 

airborne navigation systems 

and related test equipment.

or • Graduate Engineer with a minimum 
of experience, we have the opening tailored 
to you and to your hopes for the future.

★ DETAILERS
★ LAYOUT MEN

★ DESIGNERS
★ CHECKERS

★ SENIOR CHECKERS

will like the life ii 
urban area.
Yes, whether you bi

1. To supervise test equipment as
sembly and repair groups.

Address : Chief Engineer Dept. E

BO Ot 45th AVENUE, ELMHURST, NEW YORK • SUBSIDIARY OF StcUtdand COIL PRODUCTS CO INC.

Excellent opportunities with Kollsman, de
signers of America's finest aircraft instru
ments—a firm small enough to provide quick 
recognition, large enough to assure stability.

Attractive, responsible, rewarding assignments in 
the research, design, development and checking of component 
parts and systems in the fields of Airborne Instrumentation, 
Servo Mechanisms, Computers, Inertial Guidance, Jet Engine, 
Fuel Controls, Aeronautical and Automotive electro-mechan
ical devices.

Must have two to ten years experience in precision instru
ment fields (mechanical or electronic).

z To arrange for expense paid plant interview
X >\ or in your local area, send résumé 

__ xyT» ^f to Cecil E. Sundeen,
* __ Supersisor of Employment.

Please send resumes to 
T. A. DcLuco

NO NEED TO Ki 
UNDER YOUR

AVIATION CORPORATION

York A
____DIVISION # “
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Mechanical Eng.
This is your chance to get 
specific assignments 
at the peak of the art in

Electronic & 
Microwave 
Development 
& Design
WITH BENDIX YORK YOU GET
• Professional Achievement
• Rapid Advancement
• Security
• Responsibility
We need capable professional personnel 
al all levels to till responsible opening* 
at this steadily expanding young Division 
of the Bendix Aviation Corporation. With 
us, you will find the true opportunity to 
move up in your chosen profession. You

AC The Electronics Division

GENERAL MOTORS 
Corporation

Milwaukee 2, Wisconsin • Flint 2, Michigan



The Field
Nucleonics . . .

Applications of 
nuclear radiation 

in industry, medicine 

and research— 

the field of the 

peacetime atom— 

a field of infinite 

potential offering 

opportunities and 

challenges of 
tomorrow . . . today!

The Company 
First and foremost 

firm serving all phases 

of the nuclear field—from 

research to industry . . . 
world leader of peacetime 

uses of atomic radiation, 
continuing to pioneer in 

instrumentation, isotopes, 
X-ray and constructive 

automation!

The Positions

C
A

R
EER

S

Cl CLE 554

Unique... at various 

levels including 

engineering 
management 
in: industrial 

control, medical 
instrumentation, 

reactor 
monitoring systems 

and special nuclear 
apparatus. Assignments 

are in design, 
development, application 

and test engineering.
Bachelor's or Master's 

in electronic, electrical, 
mechanical engineering 

or physics are desired

Write in confidence to. 

IracerlaD 1 inc
1601 Trapelo Road 
Waltham 54, Mass.

ON READER-SERVICE CARD

Electronics Engineers
Is Leadership your target?

Your opportunities for personal and pro

fessional growth at Stromberg-Carlson 

are as big as your own ambition and 

initiative.

You’ll get the recognition you deserve 

in our Electronics Division because— 

among other things—the Division is 

managed by engineers. You’ll advance 
fast because the Division is growing fast 

( 10-fold expansion since 1953 . . . addi

tional 3-fold growth now under way).

You’ll like the work, too—interesting, 

challenging assignments in military and

civilian electronic equipment well above 

the present state of the art.

Living conditions in Rochester match 

the high calibre of the job assignments 

at Stromberg-Carlson. This is a beauti

ful medium-sized city of fine homes, 

excellent schools, and vast facilities for 

culture and recreation—in an invigorat

ing four-season climate.

To decide which field of work offers 

you the greatest opportunity for leader

ship, check the list of assignments at the 

right. Then send a letter or resume to:

ARTHUR N. PAUL, Director of Technical Personnel

SC
1478 N. GOODMAN STREET • ROCHESTER 3, N. Y? Wi

CIRCLE 555 ON READER-SERVICE CARD FOR MORE INFORMATION

Electronic Communication 
Systems

Telecommunications
Switching Circuits 
Carrier Circuits

Data Processing
Solid State Digital Computer 

Systems
Electromechanical Design
Radar and Countermeasures
Missile Guidance Systems
Production Engineering
Navigation Systems
Systems Test Equipment
Industrial Engineers
Electromagnetic Wave 

Propagation
Antenna Design
Search Receiver Design
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ENGINIER8 for GUIDANCE and NAVIGATION SYSTEMS

ADVANCED ENGINEERING

.. .the ability to think 

ahead of textbook engineering 

is a prime qualification 

at Sanders Associates.

Please address inquiries to D. H. Johnson.

SANDERS ASSOCIATES, INC
NASHUA NEW HAMPSHIRE

OTIS ENGINEERS DEVELOPING

ADVANCED ELECTRONIC CONCEPTS

WITH WIDE INDUSTRIAL POTENTIAL
New Electronic Division J ntensifying Research 

for Commercial as well as Military Application

Right now the emphasis here is on urgent defense needs 
Otis’ expanding Electronic Division holds contracts for basic 
development work in advanced areas of countermeasures, 
radar, missile guidance and control, ultrasonics and servo
mechanisms.

But Otis has a 105-year history of looking ahead—so its 
resources are also being used for research on industial ap
plications of the newest ideas in electronics.

Engineers who join Otis now have a chance to excel in vital 
military work—with the knowledge that their opportunities 
and rewards will expand with the electronics field itself.

Electronic and Mechanical Engineering know-how 
is required in Servomechanisms, Analog Com
puters, Pulse & Sweep Generators, Microwaves.

For additional information, contact William B. DeFrancis.

ELECTRONIC DIVISION

OTIS ELEVATOR COMPANY
35 Ryerson St. Brooklyn 5, N. Y.

CIRCLE 558 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 556 ON READER-SERVICE CARD FOR MORE INFORMATION

ENGINEERS & SCIENTISTS

If Your Goal Is
Professional Maturity & Technical Excellence-

Consider Ma^navox

When uncompromising excellence is required in the design and develop
ment of radar, communications and navigation systems, computers, and 
electro-mechanical devices, you’ll hear the name of Magnavox ... because 
Magnavox has built its reputation on quality, integrity, originality, for 
forty-six years. Engineers who share this devotion are now offered impor
tant opportunities at all levels in the following areas:

COMMUNICATIONS & NAVIGATION—airborne, shipboard 
and ground equipments.

RADAR — airborne equipments and fire-control systems. 
COMPUTERS — analog and digital techniques.
ELECTRO-MECHANICS—synchros, speakers, and components.

Choice of three locations: home office and headquarters R & D Laboratory 
in Fort Wayne, Indiana, described by Look Magazine as the happiest city 
in the United States) our brand-new electronics laboratory in Urbnna, home 
of the University of Illinoisi or our laboratory in Los Angeles, California.

Please eend resume to:
Mr. Robert B. Wright, Technical Personnel Director

THE MAGNAVOX CO
FORT WAYNE 4. INDIANA

UNDERWATER
ORDNANCE MISSILE SYSTEMS
Research and Development
Design electronic and mechanical control 
circuits for use in underwater acoustic 
homing devices and systems such as torpe
does, targets and decoys.

We have openings for engineers with either 
advanced or limited experience. There are 
openings in both Cleveland, Ohio and Key 
West, Florida.
Clevite Research Center develops new prin
ciples and new products for other units of 
Clevite Corporation. The Research Center 
provides the ideal environment for the en
gineer because it has been supplied with the 
facilities, equipment and library to provide 
new knowledge and new products for 
Clevite Corporation, a company whose 
entire product line is in the growth fields 
of electronics, semiconductors and auto
motive and aircraft power plants.

WRITE E. A. GENTRY OR CALL ULster 1-5500 COLLECT

CLEVITE RESEARCH CENTER

540 East 105th Street

Cleveland 8, Ohio

CIRCLE 559 ON READER-SERVICE CARD FOR MORE INFORMATION
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OPENINGS? WRITE TODAYICAN YOU FILL ONE OF THESE

NORTHROPAIRCRAFT, INC., HAWTHORNE, CALIFORNIA

Producers of Scorpion f 89 Interceptors and Snark SM-62 Intercontinental Missiles

CIRCLE 561 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 560 ON READER-SERVICE CARD FOR MORE INFORMATION
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Chemistry 
Metallurgical

Engineering 
Production

Engineering

Transistor 
Applications

Transistor Device 
Development

Solid State 
Physics

Transistor 
Applications

Microwave 
Techniques

Pulse and Video 
Circuitry

Radar Systems 
Design

Systems Test and 
Analysis

R F and l-F 
Circuit Design

Professional success awaits you at 
Motorola in Phoenix. Salaries are high to 
attract high-caliber men. Rapid advance
ment is more than a promise, it’s a fact (as 
our present engineering staff will testify).

Your family shares your opportunity, 
too. because Phoenix is sunny and health-

If you have had engineering experience in any of the cat
egories shown below, Northrop Aircraft has an attractive 
position for you, with many benefits. Important among 
them are high compensation, challenging assignments, 
steady advancement, recognition of initiative and ability, 
and continued interest in your progress. Many outstand
ing engineering positions are offered, as follows:

ELECTRICAL GROUP, which is responsible for the de
sign of such things as power generation and distribution 
systems, rectifiers and power converters, and auxiliary 
systems as applied to manned aircraft, guided missiles 
and ground support equipment.

COMMUNICATIONS AND NAVIGATION GROUP, which 
is responsible for the design of C/N systems in manned 
aircraft and installation of guidance systems in missiles.

FIRE CONTROL RADAR GROUP, which is responsible 
for the installation and application of the most advanced 
type of fire control systems in fighter-interceptor aircraft. 
The work covers the installation of the equipment and 
associated wiring; continuing liaison with equipment 
manufacturers; preparation of system analysis and re
ports; and follow-up of system performance in the field 
as aircraft become operational.

INSTRUMENT GROUP, which is responsible for the de
sign of instrument systems for manned aircraft and the 
installation of flight test instrumentation for guided 
missiles.

There are also opportunities for draftsmen with either 
electrical or mechanical experience.

At Northrop Aircraft you will be with a company that 
has pioneered for seventeen years in missile research 
and development. Here you can apply your skill and abil
ity on top level projects such as Northrop’s new super
sonic trainer airplane. Snark SM-62 intercontinental mis
sile, and constantly new projects. And you'll be located 
in Northrop’s soon to be completed multi-million-dollar 
engineering and science building, today's finest in com
fortable surroundings and newest scientific equipment.

If you qualify for any of these representative positions, 
we invite you to contact the Manager of Engineering 
Industrial Relations, Northrop Aircraft, Inc., ORegon 
8-9111, Extension 1893, or write to 1015 East Broadway, 
Department 4600 Hawthorne, California.

SEMI-CONDUCTOR DIVISION
A separate division developing, produc
ing and selling semi-conductor devices: 
ELECTRONIC ENGINEERS, MECHANICAL 

ENGINEERS, CHEMICAL ENGINEERS, 
PHYSICISTS, METALLURGISTS

ful, with lots of fun-things to see and do.
Take your choice for the week-end: desert, ‘
mountains, seashore, Mexico! Schools are highly-rated (including colleges 
for your own advanced courses). Smog and smoke just don’t exist... nor do 
commuting problems. Remarkably low housing costs will amaze you.

Expanding Phoenix is a vitally-important electronics center. Motorola is 
expanding, too. Grow with Motorola in Phoenix... where it’s fun to live!

Servo Mechanisms
For above positions write:

Mr. Kei Rowan
Motorola. Inc.-Dept. B-9 

Western Military Electronics Center 
8201 E. McDowell Road 

JfWik Phoenix. Arizona

WESTERN MILITARY 
ELECTRONICS CENTER 

i
Newest, most complete electronics de
velopment laboratories in the country

ELECTRONIC ENGINEERS, 
MECHANICAL ENGINEERS. PHYSICISTS

SALES PERSONNEL
Field Sales Engineers Sales Administration 

For above positions write:
Mr. Vernon Sorenson 

Motorola, Inc.-Dept. F-9 
5005 E. McDowell Road 

Phoenix, Arizona
Engineering positions also available ar
Motorola, Inc. in Chicago, Illinois and Riverside, California.

MOTOROLAInc



During World War IL Eastern Industries pio-

Experience has been a springboard to new de
velopments compactness, simplification, re
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neered cooling systems for 
systems. Now, thousands of 
and as the leader in this 
Eastern is still pioneering.

loader in the field 
engineering help.

aircraft electronic 
installations later, 
challenging field.

W«» Coast Office: 1608 Continola Avenue . • Inglewood 3, Canforate

frigeration cycles. Research and development 
continue to play their vital parts in perfecting 
systems to overcome the new problems as ex
panded aircraft performance produces fantastic 
rises in temperatures.
If you have a challenging problem, come to the
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Cubic Corp................................................
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Electro Engineering Works Inc..............
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Electro Snap Switch & Mfg. Co. ... 10,
Electronic Engineering Co.......................
Faber-Castell, A. W. Co., Inc................
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General Electric Co., Apparatus Sales 

6, 42,78,
General Electric Co., Electronic Equip

ment Sales........................................ 48,
General Industries Co..............................
General Motors Corp., AC Spark Plug

View Lal 
"thane C< 
chmtrol ] 
acerlab, 1 
° Labora 
Plett Ele 
i-Poii t M

ADVERTISING INDEX 
September 1, 1957

It lited stati 
1 “ted Stati 
( '¡ted Trai

r“na< n, I
i Koi

K ird J eoni 
( ïster Lil 
( ^tin hou

-act, rs
I -stin hou

xertiser
« Firemi
¡\ Electri 
y -.ab (S 
iti lev In 
pi ) Lab 
a .’el (fo 
ills nan I 
ph i-Hitr 
nc is & ( 
land, G 
nz Elect) 
ignavox ’ 
ire >ni In 
issa Labe 
incom Di

Acton Laboratories...................................
Aladdin Radio Industries, Inc..............
Allied Control Co......................................
American Lava Corp................................
Amersil Co., Inc.......................................
Amphenol Electronics Co.........................
Analogue Controls, Inc............................
Arnoux Corp................................................
Assembly Products, Inc............................
Baker & Co., Div. Englehard Industrii s 
Ballantine Laboratories ..........................  
Bead Chain Mfg. Co................................  
Bendix Aviation Corp., Eclipse Pioneer

Div.............................................................
Bendix Aviation Corp., York Div............
Bentley, Harris Mfg. Co..........................
Berkeley, Div. of Beckman Instruments

Div....................................................... *4,
General Radio Co......................................
Graphic Systems.......................................
Guardian Electric.....................................
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Hughes Aircraft Co....................................
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Custom-made units, with or without refrigeration 
cycles, provide a method of maintaining safe 
operating temperature limits in electronic equip
ment. Standard sub-assemblies and components 
normally are used to create a custom-made de
sign to fit your exact needs. Costs are minimized 
for these completely self-contained units by com
bining heat exchangers, fans or blowers, liquid 
pumps, reservoirs, flow switch. thermostat, and 
other common components.

Write for Eastern AVIONICS BULLETIN 340
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For full data on stock UTC transformers, 
reactors, filters, and high Q coils, write 
for Catalog A.

ilco Corp. Lansdale Tube Div. . . .
ttter & Brumfield .............................
tter Instrument Co..............................

nee Electric Corp..................................
fdio Corp, of America ......................  
LA Commercial Electronic Products

Dimensions:
(3834) 11/4 x 1% x 2*3/16'
(2000,1) 11/4 x 1% x 1%'

Dimensions:
(4682A) IV) X 2x4’

Dimensions: 
(6173) 1-1/16 x 1% x 3' 
(6174*) 1 x 11/4 x 2Ÿ4".

DISCRIMINATORS

These high Q discriminators provide 
exceptional amplification and linear
ity. Typical characteristics available 
are illustrated by the low and higher 
frequency curves shown.

500 «C
FREQUENCY

CARRIER 
FILTERS

A wide variety of carrier filters are 
available for specific applications. 
This type of tone channel filter can 
be supplied in a varied range of band 
widths and attenuations. The curves 
shown are typical units.

AIRCRAFT
FILTERS

UTC has produced the bulk of filters 
used in aircraft equipment for over 
a decade. The curve at the left is 
that of a miniaturized (1020 cycles) 
range filter providing high attenua
tion between voice and range fre
quencies.
Curves at the right are that of our 
miniaturized 90 and 150 cycle filters 
for glide path systems.
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RCA District Offices

Electron Tube Division < CIRCLE 470 ON READER-SERVIHarrison, N.J

East:
744 Broad Street, Newark, N. J. 
HUmboldt 5-3900

Midwest:
Suite 1181, Merchandite Mart Plaza 
Chicago, III.
Whitehall 4-2900

West:
6355 E. Washington Blvd 
Los Angeles, Calif.
RAymond 3-8361

To help you endow your popular-priced high-fidelity amplifier designs with a noteworthy measure of concert-hall 
presence, RCA proudly presents its latest audio-tube development—the RCA-6973. Featuring linear operation 
over a wide range of power, a pair of these beam-power, 9-pin miniatures can deliver
20 watts of audio power with only 1.5% distortion. Here, too, is a tube that offers the advantages 
of low heater wattage (6.3v at only 450 ma) I

And, for a new measure of performance in medium-priced high-fidelity FM receivers, RCA 
presents two new tubes—the 6DT8 and the 12DT8. These new RF amplifier and mixer-oscillator tube 
types can make valuable contributions to your FM-tuner designs. Both types have inter-unit 
shielding enabling you to achieve substantial reductions in antenna radiation.

For data sheets on any of these new types, or for information on other well-known RCA “audio 
tubes, such as the 12AX7 and 6L6-GB, write to RCA Commercial Engineering, 
Section I-18-Q-1, Harrison, N. J.

Your RCA representative is ready to discuss your high-fidelity tube requirements.
Why not call him today at the field office nearest you?
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	H. Elmore Blanton
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	New polyclad insulation eliminates core taping
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	An ac output linear accelerometer for high re¬

	sponse systems, this unit has an accurate, large out¬

	put signal obtained while maintaining high natural

	frequency and low cross talk. Temperature-compen¬

	sated fluid damping maintains constant damping

	over the operating temperature range without a

	heater, and according to the company, provides ex¬

	ceptionally good dynamic characteristics.

	Available in a wide selection ol g ranges, the ac¬

	with the following variations: temperature range

	from —40 to 185 F; shock to 60 g; and vibration of
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	30 g, 10 to 2000 cps.

	Pacific Scientific Co., Dept. ED, P.O. Box 22019,

	Los Angeles, Calif.

	Two Phase Power Supply

	Total Output of 550 VA


	This supply is designed for the development and

	testing of 400 cps servo systems, two phase gyro

	motors and similar components. Three continuously

	variable outputs—two at zero degrees and one at

	±90 deg provide flexibility. No. 1 output provides

	0 to 225 v, 1 a, zero phase; No. 2 provides 0 to 225 v,

	1 a, zero phase; and No. 3 provides 0 to 130 v, 1 a,

	±90 phase. Phase switch allows output no. 3 to be

	switched to either lead or lag outputs no. 1 and no.

	2 by 90 deg. Input is 115 or 200 v line to line, 400

	cps, 3 phase. The unit measures 22 x 15 x 11 in

	and weighs 51 lbs.

	Pacific Technical Co., Dept. ED, 2047 Sawtelle

	Blvd., Los Angeles 25, Calif.
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	Honeywell

	"How would YOU measure RF power accurately...reliably?" New Products

	200 Channel Analyzer

	Simplified Circuitry

	CTRONIC DESIGN

	September 1, 1957

	Microwave Oscillator

	RAh IEC

	High Voltage Rectifiers Diameter of 0.22 In.

	Silicon Transistors

	High Frequency


	Aluminum Foil Wire Markers

	Stick and stay in elevated temperatures, oils, most solvents

	Transistor Heat Sinks Beryllium Copper

	Epoxy Chokes 1.1 to 120 ph

	Vacuum Tube Electrometer

	Measures 10-’1 A

	CTRONIC DESIGN • September 1, 1957

	Series Summation Amplifier Summation and Isolation

	Battery Charger 50 to 200 Ma

	Philco cold-welding process permits hermetic sealing in controlled atmosphere •••assuring exceptional transistor life and performance!

	Magnetic Cores

	Wire Wound Resistor

	Missile Tracking Camera 70 Millimeter
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	If you are in the need of miniature, precision potentiometers with a built-in affinity for each other, you need the MODEL 319 by Daystrom Pacific Corporation, Potentiometer Division.
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	Now... New Developments in Set Screw Automation Create Greater Opportunities to CUT COSTS!
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	J. George Adashko
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	You Get Things Done Better By Seeing What's Happenii

	HERMASEAL
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	Really Smooth Speed Control
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	Sherman H. Hubelbank
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	Electronics Engineers
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	Electromagnetic Wave Propagation

	Antenna Design

	Search Receiver Design

	OTIS ENGINEERS DEVELOPING

	ADVANCED ELECTRONIC CONCEPTS

	WITH WIDE INDUSTRIAL POTENTIAL

	OTIS ELEVATOR COMPANY

	Consider Ma^navox

	UNDERWATER


	ORDNANCE MISSILE SYSTEMS

	Research and Development






