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Cat. 
Ne.

Supply 
Freq. 
C.P.S.

Power 
Out.

Watts

Volt. 
Out.

V. AC

Sig. reg’d 
for full 

Outp. MA-DC 
R in 10K R in IK

MAF-1 60 13 110 1.0 —

MAF-6 400 5 57.5 1.2 0.4

MAF-6 400 10 57.5 1.6 0.6

MAF-7 400 15 57.5 2.5 1.0

Cat. 
No.

Supply 
Freq. 
CP.S.

Power 
Out. 

Watts

Sig req’d 
for full 

outp. MA-DC

Total resis. 
Contr. wdg.

Kß

Load 
resis. 
ohms

MA0-1 60 4.5 3.0 1.2 3800

MAO-2 60 20. 1.8 1.3 700

MAO-4 60 400. 9.0 10.0 25

MAO-5 60 575. 6.0 10.0 25

Cat. 
NO.

Supply 
Freq. 

C.P.S.

Power 
Out 

Watts

Volt. 
Out. 

V. AC

Sig. req’d 
for full 

outp. MA-DC

Total resis. 
contr. wdg.

Kß

MAP-1 60 5. 115 1.2 1.2

MAP-2 60 15. 115 1.6 2.4

MAP-3 60 50. 115 2.0 0.5

MAP-3-1 60 50. 115 7.0 2.9

MAP-4 60 175. 115 8.0 60

MAP-7 400 15. 115 0.6 2.8

MAP-8 400 50. 110 1.75 0.6

Cat. 
No.

Supply 
Freq, in 
C.P.S.

Power 
Out.

Watts

Volt. 
Out.

V. AC

Sig. req’d 
for full 

outp. MA-DC

Total resis. 
contr. wdg.

Kß

MAS-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

MAS-6 400 30 115 4.0 8.0

MAS-7 400 40 119 5.5 8.0

Cat. 
No.

Hi 
Volt 
Sec. Ct

D
C

 
Vo

lts

M 
og 
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Filament 
#1

Filament
#2

MIL 
Case 
SizeVo

lt

Am
p.

 1
Vo

lt

MGP1 410/200 V 185 .070 6.3/5 2 6.3 3 HA
MGP2 650 V 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 91^ V 345 .2501 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

Cat. 
No.

Secondary Test 
VRMS

MIL 
CaseVolt Amp

MGF1 2.5 3.0 2,500 EB
^_MGF2 2.5 100 2,500 GB

MGF3 50 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 IB
MGF8 6.3 20.0 2,500 KB
MGF9 2.5 F 10.0 10,000 IB
MGF10 5.0 • 10.0 10,00 c 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 I .004 2 n.7 250
MPT3 V V •J.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 10 250
MPT5 V V 0.5/0.5/0.5 0.5-2.0 .002 3 1.0 500
MPT6 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
MPT8 V V V 0.7/0.7 0.5-1.5 .002 2 1.5 200
MPT9 V V V 1-0/1.0/1.0 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 1.7 700

Frequ re*p. SOO to 10000 cp* ± 2 OB
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„■i. Single or Single or
mg« pp platee to P.P. Grid* 10K V 90K 

Split V 10 10 4-15

MCA2 line to Voice Coil 606 
Split 4. 8, 16 0 0 4-33

Me,, Lino to Single or 
P.P. Gnd*

600 
Split 135K V 0 0 4-15

MGA4 line to lino •00 
Split

600 
Split 0 0 4-15

MGA5 Single Plate to line 7.6K 
4.8T

600 
Split 40 40 4-33

MGA6 Single Plate to Voice Coil 7.6K
4.GT 4, 1, 16 40 40 4-33

MGA7 p.p‘pi”te* to K»« 15K V 600 
Split 10 10 4-33

MGAS P.P. Plate* to line 24K V 600 
Split 10 1 4-30

MGAS P.P. Plata* to Line 60» V 600 
Split 10 1 + 27
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Model gild Digital Magnetic Tape Handlerj
I

The Ultimate in Digital Tape Handlers for High-Speed 
Computers, Electronic Business Machines, Industrial 
Control and Other EDP Applications.

Regardless of cost, many features are exclusive with Potter [
Speed and ease of operation—Up to 75"/sec in a variety of 
dual speed combinations, with 3 msec starts and stops.
Tape widths from %** to 1 ’A" are accommodated. Automatic 
threading, fast rewind, end-of-tape sensing, and front panel 
or remote control provide unmatched flexibility and ease 
of operation.

Standard 19" Rack Mounting—Hinged front panel provides 
quick access to mechanical parts and plug-in electronic 
components. Transparent dust cover protects tape and moving 
parts without hindering visual observation of tape track.

Auxiliary Equipment—A complete line of digital data-handling 
accessories is available, including record-playback heads 
(Model 6400) in numerous channel number and tape width 
combinations. Record-playback amplifiers can be furnished as 
individual plug-in units (Models 52, 53) or in complete systems 
(Model 920) for return-to-zero or non-return-to-zero recording. 
Shift registers, high speed printers and other data-handling 
components are available separately or in integrated systems 
for solving specific data-processing problems.

WRITE FOR INFORMATIVE BULLETIN ... and feel free to consult Potter 
engineers on your data-handling problems. No obligation, 
of course.

CIRCLE 2 ON READER-SERVICE CARD FOR MORE INFORMATION
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Editorial

• ìli"

Type

NEWTM, MASS.:

Size 
Dwg.

inm
CUCAN:

LIS ANEELES.

9501 Grand Ave., Franklin Park • TUxedo 9-5400

622 S. La Brea Ave. . WEbster 8 2851

RAYTHEON MFG. CO.

150 California St. • DEcatur 2-7177

589 Fifth Ave. • PLaza 9-3900

Base 
Current 
Ampi. 
Factor 

“45“ 
75

MILLIONS OF TRANSISTORS with
BILLIONS OF HOURS OF SERVICE

RAYTHEON
far more in use than any other make

)■ A Solid Foundation for Confidence when you Specify

TRANSISTORS
Raytheon Transistors offer you the superior electrical performance, relia
bility and mass production advantages of Raytheon’s jusion-alloy process.

111
0730' 
mu.

, ü420"

L 0390* J 
max.

~T

o e
±

1
1 
1

RAYTHEON LOW FREQUENCY TRANSISTORS

Type Size 
Dwg.

Collector
Emitter 

Current 
mA

Base 
Resistance 

ohms

Base 
Current 
Ampi. 
Factor

Max. 
Noise 
Factor 

db

Alpha 
Freq. 
Cutoff 

me.

Volts Meg. 
ohms

Cutoff 
mA

2N63 A -6 2.0 6 -1.0 350 22 25 0.6
2N64 A -6 2.0 6 -1.0 700 45 22 0.8
2N65 A -6 2.0 6 -1.0 1500 90 20 1.2
2N106 A -1.5 1.0 6 -0.5 700 45 12 0.8
2N130 B -6 2.0 6 -1.0 350 22 25 0.6
2N131 B -6 2.0 6 -1.0 700 45 22 0.8
2NU2 B -6 2.0 6 -1.0 1500 90 20 1.2
2N133f B -1.5 1.0 6 -0.5 700 45 6 0.8

t2N 133 with new max. noise factor limit of only 6 db

RAYTHEON RF TRANSISTORS FOR RADIO RECEIVERS

Type Size 
Dwg.

Collector Extrinsic 
Base 
Resis. 
Ohms

Base 
Current 
Ampi. 
Factor

Alpha 
Freq. 
Cutoff 

Me

Collector 
Capacity 

MM*

Gain 
(Maximum 
Available) 
at 455 KC 

db

Gain 
(Useful) 

at 455 KC 
db

Converter 
Gain 
db

Volts Cutoff 
pA

2NH1 A -6 1 50 25 3 12±6 22
2N112 A -6 1 55 30 5 12±6 25

*CK766 A -6 1 60 45 10 12±6 27
*2N111A A -6 1 50 25 3 12±2 33 28
*2N112A A -6 1 55 30 5 12±2 36 29
*CK766A A -6 1 60 45 10 12±2 38 30

RAYTHEON AUDIO OUTPUT TRANSISTORS

Type Size 
Dwg.

Collector
Emitter 
Current 

mA

Push-Pull Pair
Power Dissipation Coefficient

Class A

In Air 
•/mw

Strapped 
to Chassis 

°/mwVolts Cutoff 
mA

Gain 
db

% 
Distortion

Gain 
db

% 
Distortion

2N138 B 9 6 1 28 (100 mw) 6 0.45 0.20 30 (10 mw) 7
*CK751 C 9 6 1 24 (500 mw) 8 — 0.18 23 (50 mw) 9

RAYTHEON COMPUTER TRANSISTORS
Saturation 
Resistance 

Ic = —20 ma 
lb = —1.5 ma 

ohms

25 
25

Collector

Volts Cutoff 
mA

-6 1
6 1

Emitter 
Current 

mA

-1

Extrinsic 
Base 
Resis. 
ohms

65 
75

Alpha 
Freq. 
Cutoff

Me

"To" 
20

Collector 
Capacity 

MM*

12 
12

Grounded Emitter Switching 
lb = —1 ma Ic = —20 ma

Rise 
Time 
Msec

Storage 
Time
Msec

Decay 
Time 
Msec

0.1 0.6 0.15
0.05 0.7 0.10

RAYTHEON SYMMETRICAL TYPE TRANSISTORS

2N113 
2NH4

A 
A

MAXIMUM JUNCTION TEMPERATURE FOR GERMANIUM TRANSISTORS, LISTED ABOVE, 85°C.

Type Size 
Dwg.

Collector
Emitter 
Current 

mA

Base 
Current 
Ampi. 
Factor 
(Min.)

Base 
Current 
Ampi. 
Factor** 
(Min.)

Alpha 
Freq. 

Cutoff 
KC

Alpha 
Freq.

Cutoff* • 
KC

Saturation 
Impedance 

lb = —Ima 
Ic = — lOma 

ohms
Volts Cutoff 

mA
*CK870 A -6 6 -1 10 10 500 500 6
*CK871 A -6 6 -1 15 15 600 600 6
"Emitter and Collector interchanged.

♦New type

SEMICONDUCTOR DIVISION )N

MAXIMUM JUNCTION TEMPERATURE IStTC.

Type Size 
Dwg

Reverse Current at —20v
Beta

Base 
Resistance 

ohms

Collector 
Resistance 

kilohms

Noise 
Factor 

db (max.)

Collector 
Capacity 

MMf

Alpha Freq.
Cutoff 

KC
Collector 

mA (max.)
Emitter 

mA (max.)

CK790 A 0.2 0.2 14 1200 500 30 30 400
CK791 A 0.2 0.2 24 1400 500 30 30 600
CK793 A 0.2 0.2 16 1300 500 15 30 500

Temperature Rise (free air) 0.50°C/mW

CIRCLE 3 ON READER-SERVICE CARD FOR MORE INFORMATION

You Can’t Escape
You can’t escape transistors. They are influencing 

design thinking in practically all branches of the elec
tronic industries. Their small size, low weight, long 
life, low power consumption, and high efficiency have 
captured the imagination of many equipment design
ers. Transistorizing electronic equipment seems to be 
the order of the day.

Transistors have already found a place in many 
types of military electronic equipment. Guided mis
siles, telemetering equipment, portable communica
tion equipment, and airborne electronic devices are 
typical examples.

Transistors are also making rapid inroads in test 
equipment designs. A wide variety of portable meas
uring instruments for use in field testing as well as 
laboratory instruments like the VTVM have been suc
cessfully transistorized.

The prospect of making computers with a low 
power consumption and high reliability which transis
tors seem to afford is certainly keeping the computer 
lads interested. We can expect an increased use of 
transistors in computers as time goes on.

Transistors have literally invaded the consumer 
electronics field. Every 'hearing aid on the market is 
transistorized. Every major radio receiver manufac
turer has announced a transistor portable. Soon prac
tically all table model radios will be transistorized. 
Automobile radios are apparently headed the same 
way. Transistorized all wave portable receivers are 
being developed, and it’s no secret that the battery 
operated transistorized portable TV receiver is get
ting a lot of design attention these days. Even the 
usually conservative hi-fi field now boasts of a transis
torized preamplifier-equalizer.

Component designers were probably the first to feel 
the influence of transistors on their designs. The grow
ing list of components specifically designed for use 
with transistors indicates the results of this influence. 
As more of these components become available, we 
can expect even greater transistor application activity.

In spite of these examples, the transistor is far from 
being a panacea for all electronic design problems. 
Much work remains to be done on circuit develop
ment, components, and the transistor itself before it 
can be a real threat to the vacuum tube, especially in 
high power and high frequency applications. This is 
sometimes given as a reason for ignoring the transistor 
in its present state of development.

On the other hand, consider this: The cost of tran
sistors has steadily gone down, quality and frequency 
range have gone up, and transistor circuit knowledge 
has increased. There is no doubt that much of the 
future of the electronic industries is tied up with the 
transistor. It’s a wise man who prepares himself for the 
future . . . while it still is the future.
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Engineering Review For more information on developments de
scribed in “Engineering Review”, write directly
to the address given in the individual item.

Positive Temperature Coefficient Thermistors . . . 
Successful fabrication of thermistor materials hav
ing large positive temperature coefficients was re
vealed recently bv two Bell Telephone Laboratories 
engineers.

Speaking at the IRE-RETMA-AIEE-WCEMA 
Electronic Components Symposium in Wash., D.C., 
Harold A. Sauer and Steward S. Flaschen discussed 
the preparation of one material having a positive 
temperature coefficient from about —50 C to 110°C, 
with the coefficient reaching a value as high as 
9%/ C. Another material of slightly different compo
sition was found to have a positive temperature 
coefficient from about 50 C to 225°C, with a maxi
mum coefficient of 14%/°C.

These materials in general consist of barium 
titanate or barium-strontium titanates to which 
small amounts of lanthanum have been added. By 
properly proportioning the various components, a 
wide variety of characteristics can be obtained.

Air Force Awards Contract For “White Alice” Net
work . . . The operation and maintenance con
tract for the “White Alice” communications network 
in Alaska has been awarded by the U.S. Air Force 
to Federal Electric Corp, of Lodi, N.J., a subsidiary 
of I.T.&T. Corp.

The “White Alice” (Alaskan Integrated Com
munication Exchange) network is under construc
tion to fill the communications needs of the U.S. 
Government and commercial enterprises in Alaska. 
When completed, it will consist of a group of “over 
the horizon” and “line of sight” microwave links, in 
addition to the necessary terminal equipment for 
telephone and telegraph service.

The system will interconnect isolated cities and 
defense installations which currently are isolated 
or inadequately linked to already established net
works.

New Loudspeaker Telephone Introduced At British 
Industries Fair ... A new loudspeaker telephone 
has been developed which is said to operate suc
cessfully loud-to-loud or loud-to-soft in locations 
having an ambient noise level of 75 phons of 
“white” noise.

Called the Tellaloud, the device, manufactured 
by Winston Electronics, Ltd., Shepperton, Middle
sex, England, can be used with systems of two, 
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three, or four wires, and needs no alteration for 
use with private automatic, automatic branch, 
magneto or branch exchanges. The microphone will 
pick up speech when the speaker is up to 25 feet 
away, and the voltage across the line does not ex
ceed the output of an ordinary handset when used 
at a speaking distance of two feet.

Speech clipping does not occur even when the 
set is arranged for “no hands” loud-to-loud conver
sation and the interchange of speech is rapid. This 
is due to the time constant of the switching circuit 
which is less than 3 milliseconds.

There is a special “break-in” feature by which 
any user wishing to break in on a loud-to-loud con
versation in which he is taking part can do so by 
merely raising his voice a little as he would do in 
normal conversation.

Language Translating Machine Can Be Made . . . 
No insurmountable problems appear to exist in the 
realization of a mechanical translating machine.

According to R. E. Wall, Jr., of the Univ, of 
Washington, Seattle, Wash., speaking at a comput
ing symposium of the AIEE in San Francisco, re
search has progressed sufficiently to allow the for
mulation of a detailed program which should 
result in a commercially practical machine in a 
reasonable time.

Mr. Wall observed that translations would be 
confined to technical data and to make the machine 
competitive in cost with human translation, it would

Soldiers operate radio remote controls 
that can pilot a TV robot plane up to 40 
miles away. Soldier at left operates the 
plane's ground remote control box, 
while soldier at right works levers that 
point and focus aerial camera.

have to operate very rapidly. He feels that such a 
machine will cost as much as a modern large-size 
digital computer, which has a per-hour cost of 
about $250. This means that a $250 per hour ma
chine would have to produce about 25,000 words 
per hour, or in round numbers, about 10 w ords per 
second, in order to have a same per-word cost.

TV Equipped Aerial Drone Aids Ground Com
manders ... A TV pickup from an experimental 
aerial drone system has been designed to aid com
bat commanders in getting an immediate ground 
evaluation.

The pilotless system, developed at the Army Sig
nal Corps Engineering Laboratories, Fort Mon
mouth, N.J., consists of an L-17 modified for TV 
photo-drone operation; an auto-pilot which pro
vides effective remote control by means of on-off 
type radio signals; and a ground control station that 
can be carried in a jeep.

Signals transmitted from the ground station to 
the L-17’s 42 lb auto-pilot regulate stability, alti
tude, and airspeed. Complying with remote com
mands, the plane will perform a scheduled climb 
or glide. Special control provisions prevent stalls, 
over-speeding, excessive loss of altitude, and other 
hazardous conditions.

When the drone’s mission is completed, the 
ground controller flicks an approach switch which 
automatically positions landing gear, flaps, prop 
pitch and power in proper sequence for landing.
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Man-Made Diamonds
Diamonds in industry were highlighted recently as the 
General Electric Co., Schenectady, N. Y., presented 
some of its earliest man-made diamonds to the Smith
sonian Institution. The cluster shown above, about 1 /4" 
diam., is being compared with a Rockwell hardness 
tester. This cluster-consisted of some of the first man
made diamonds produced in the GE Research Labora
tory.

The AEL Model 126 series of Curve Tracers has been designed 
to fill the pressing need for instruments capable of not only accu
rate, versatile measurements of all types of transistors, but of 
continued usefulness and application in a rapidly changing field 
wherein the characteristics of the transistors to be considered are 
constantly being expanded.

The “126” units are flexible in that they supply wide voltage 
and current ranges, oscilloscopic switching and make available 
various outputs to any terminal of the transistor under test. The 
constant-current steps are electronically generated in order to 
provide electrically and acoustically quiet operation. The current 
steps and variable-amplitude sweep voltages are applied to the 
transistor under test and produce a family of curves for oscillo
graphic study.

Maximum stepped bias current is 120 Ma. Sweep current is 
conservatively rated at 3.0 amperes; 5.0 amperes can easily be 
obtained at slightly reduced voltages. Internal calibration and 
blanking are standard.

WRITE FOR DETAILED ADVANCED CHARACTERISTICS

American Electronic laboratories,' Incorporated
641 ARCH ST., PHILA. 6, PENNA. PHONE: LOmbard 3-8780 

* . y ________ -____________

Halogen Leak Detector
Used for the location of leaks in pressure vacuum sys
tems or for the detection of small concentrations of the 
halogens in other gases, this instrument is so sensitive 
that it can detect a leak of Arcton at the rate of 1 /50th 
of an ounce per year. The detector is manufactured by 
British Thomson-Houston Co., Ltd., of Rugby, England.
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PERKIN SALES OFFICES

Model M60V

Model
28-30 WXM

Model 
MR1040-30A

Model
MR2432-100XA

Model MR532- 15A

0-32 VOLTS

Regulation:

AC Input:

Ripple:

® 25 AMPS SPECIFICATIONS

±1% @28 Volts (Regulation Increases 
to 2% over range of 24-32 volts; does 
not exceed 2 volts over 4-24 volt range. 
Not stabilized for AC line changes.)

115 Volts, 1 phase, 60 cps (12 amps).

1% rms (@ 32 volts and full load-2% 
rms max. @ any voltage above 4 volts).

11MM

8F 12,115

6 
±10%

5-40 VOLTS ® 30 AMPS specifications

@ 30 AMPS specifications

±V2%

100-125 Volts, 1 phase, 60 cps (20 amps).
(Unit rated for DC output of 28 volts 
± 10% for 95-130 volt input.)

1% rms

Regulation:

AC Input:

Ripple:

±1% (over entire 5-40 volt range) 

100-130 Volts, 1 phase, 60 cps 

1% rms

24-32 VOLTS

Regulation:

AC Input:

Ripple:

Ripple:

@ too AMPS SPECIFICATIONS

±V2%

208, 230 or 460 Volts, ±10%, 3 phase, 
60 cps (14,12 and 6 amps respectively).
230 volt input will be supplied unless 
otherwise specified.

1% rms

24-32 VOLTS

Regulation:

AC Input:

co;

95-130 V
! 1 ptUIMMR15123-5 15-125

PERKIN...THE LEADER V

DC POWER SUPPLIES
ft

Electronic Device Controls Exposure In Motion Pic
tures . . . Designed to adapt to any motion pic
ture camera and to be used with any lenses, this 
electronic device has been developed for the auto
matic control of exposure in motion pictures.

The heart of the unit, developed by Flight Re
search, Inc., Richmond, Va., is a light-sensitive de
vice which actuates a motor to turn any number of 
lens aperture rings. Lenses can be changed readily 
because the flexible tape drive can be adjusted to 
fit many different lenses.

The entire unit is completely self-contained and 
weighs only about 3-1/2 lb, including the flashlight 
cells which drive it. The drive unit weighs only a 
little over a pound, less than many telephoto 
lenses. It is approximately 4-1/2" long and 2" diam.

An important feature called the “accent control” 
permits the photographer to intentionally change 
the aperture setting from the correct value for the 
average lighting of the scene, in order to produce 
the best exposure for the object of most interest.

Response speed can be varied to meet different 
requirements. Speeds which provide full travel 
from F-2 to F-22 in as little as 1 second can be 
achieved.

Ultrasonic Tire Tester
Silent, invisible, non-destructive beams from an ultra
sonic tester are being used to locate and measure 
flaws in new or used automobile, bus, truck, and air
craft tires. Developed by the Industrial and Scientific 
Products Div. of Curtiss-Wright Corp., Caldwell, N. J., 
it reports on an indicator such obscure imperfections as 
minute blisters and tread separations.

New York area
N J MAkt 3-1454 

Philadelphia
-BR 5-26Q0 

Chicago
Di 8-6885

St Louis
PA 5 7701

Kansas City. Mo
VA 1-5330 

Dallas
F0 8 8306 

Denver
MA 3-0343

San Francisco area
।Palo Alto)
DAvnpt 5 6136

Los Angeles
RY 1-8810 

Pittsburgh
WA 1-2959

Minneapolis 
Ml 4-7884

Seattle
• M0 4895
Albuquerque

5 9632 
Atlanta

EL 3020
Miami

M0 5-1563
Charlptte 

ED 2 7356
Winston-Salem 

4 0750
Boston 

Ml 8 0756
Canada 

Agincourt, 
Ontario 
493-R-2

Remote Sensing • Vernier Control

2-36 VOLTS ® 15 AMPS specifications

Regulation: 5-32 Volt Range: ±Mj%
2-5 Volt and 32-36 Volt Range: ±2%

AC Input: 105-125 Volts, (for 2-32 V.DC), 110-125 
V, (for 32-36 V.DC), 1 phase, 60 cps 
(8 amps)

Ripple: 1% rms max. (@ 36 volts and full load. 
Increases to 2% @ 2 volts and full load).

LEADER IN TUBELESS MAGNETIC AMPLIFIER REGULATION 
' 1

PERKIN ENGINEERING CORPORATION
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& Tubes 
Insulation 
Varnishes 
Compounds

A mobile 
loped that

This mobile tower performs the same function as a 
permanent airport installation.

The
over

SEE THE DISPLAY OF G-E TEXTOLITE COLD PUNCH 11570 

AT THE IRE SHOW BOOTH 526-530-KINGSBRIDGE ARMORY

hundred castings—some 30,000 washers—per hour

Textolite COLD PUNCH 11570

hen the properties have to be right 
specify G-E Textolite

Mobile Air Traffic Control Tower 
air traffic control tower has betm

laminate 
for today 

automation
trends...

G-E TEXTOLITE Cold Punch 11570, a phenolic paper-base 
laminate, adds new concepts to mechanized printed circuitry. This 
high insulation resistance XXXP laminate can be punched at normal 
room temperatures—eliminating dimensional changes in the ma
terial, as is the case of grades that are heated prior to punching.

The cold fabricating quality of G-E TEXTOLITE 11570 makes 
possible precision registration of printed circuits, and affords 
manufacturers the opportunity to use automatic assembly equip
ment in mounting components.

Other outstanding features of G-E TEXTOLITE 11570 include 
high flexural strength, very low power factor, high heat resistance, 
and optimum uniformity. The translucency of TEXTOLITE 11570 
permits a visual check for accuracy of circuit registration.

This new G-E TEXTOLITE Cold Punch 11570, with superior 
electrical and mechanical properties, now offers new opportunities 
to electrical and electronic manufacturers.

Zone State

Injection Molded Battery Washers
Three hundred washers at a time are formed of 
Tenite polyethylene by rapid injection molding 
use as seals in Ray-O-Vac pencil-size batteries, 
multiple molding job is processed at the rate of

performs the same function as a permanent airport 
installation. The equipment has the strategic ad
vantage of being easily movtd or flown by aircraft 
to forward areas and quickly put into operation.

The tower, developed and manufactured for the 
Air Force by Craig Systems, Inc., Danvers, Mass., 
is part of “Project Four-Wheels,” a highly mobile 
communications and navigation system that is be
ing sponsored by the Airways and Air Communi
cations Service and the Rome Air Development 
Center. Designated Air Traffic Control Central AN/ 
MRN-12, the unit may be hauled over rough terrain 
or flown by C-119 or larger cargo aircraft to for
ward areas of operation. It is designed to operate 
either independently or in conjunction with other 
airport facilities, such as radio direction finders 
and message centers.

At the operator’s finger tips is a console with in
struments to give him radio communications with 
aircraft taking off and landing, as well as with base

General Electric Company
Laminated and Insulation Products Department

Section EDL-76, P. O. Box 5911, Cleveland Ohio
( ) Please send me your new booklet, 

"A Laminate for Automation."

( ) Please have your representative call.

G-E Textolite® Laminated Sheets, Rods 
Irrathene® Irradiated Polyethylene • Silicone 
Mica and Mica Mat Insulation • Insulating 
Varnished Cloth and Tapes • Sealing and Filling



operational facilities. Telephone communications 
are also provided. A second man with identical 
controls sits at a “standby” position in the trailer 
and operates the GCA indicator and handles incom
ing phone calls.

Enclosed in a trailer approximately 13' long, 8' 
wide and 7' high, the facility has an observation 
dome that gives the operator 360° visibility of the 
airfield. The dome, fitted with special glass panels 
to prevent fogging and icing, lowers into the van 
body when the unit is being transported.

over 100 designs of lit INDUSTRIAL SLIDES

to meet every operating situation!

Sonic Photography Technique Makes Progress . . .
A research team at the Polytechnic Institute of 
Brooklyn, using ultrasonic waves in the same way 
that a photographer uses light, have evolved a 
method for translating the waves reflected from the 
object being “shot” into pictures on a TV-like 
screen.

The technique was developed by Eustace E. 
Suckling, a doctoral student in electrical engineer
ing and Prof. William R. MacLean. At the present 
time, the pictures taken with sound show with rela
tive clarity the outline of such delicate structures 
as a fish skeleton, a cat’s kidney, and the bone 
structure in the human hand.

The 1 .50" high-frequency wave being used by 
the research team has the capacity to be reflected, 
and therefore translated into a picture by an object 
of that relative size, either in width or depth. As a 
result, the possibilities for picturing nerves, veins, 
arteries, and small lesions are also definitely present.

The 1 50" of h-f sound employed in the process 
as compared with the 2" or so of ordinary audible 
sound, must be transmitted through water. When 
sent through the atmosphere, it disappears among 
the oxygen atoms. Objects being photographed by 
sound at the present time must be immersed in 
wafer.

accessibility 
space saving 

speedy maintenance

Picture of hand bone structure taken by sound.

Ask For
This Important 

Working Data

The Grant Industrial 
Slide Catalogue is a 

working manual on 

built-in accessibility. 
Ask us to mail your 

free copy.

Grant Industrial Slides afford substantial, practical mountings for nearly 
all types of assemblies—electronic, hydraulic, pneumatic, mechanical. 
They allow quick access... the pivoting types permit testing or work on 
underside as well as top of chassis... also provide for quick release of 
chassis for bench servicing. Slide mounting usually eliminates need for 
rear access doors and rear aisles—a very important saving of space. 
Grant slides are soundly engineered, durable and dependable.
Load capacities range up to 500 lbs. and more.

Grant engineers and representatives in all important industrial areas 
offer specialized experience—will aid in working out custom variations to 
adapt standard slides to especially exacting requirements.

INDUSTRIAL SLIDES
Grant Pulley and Hardware Corporation 
31-49Whitestone Parkway, Flushing 54, N.Y.
944 Long Beach Avenue, Los Angeles 21, Calif.
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in production 
quantities for immediate delivery

NEWEST MEMBERS OF

actual 
size

RADIO RECE

GOLD BONDED FAMILY

Fast recovery
High conductance
Germanium

OMPI
Kr ja »i ' '

TYPE 
” NO.

FORWARD
CURRENT (MA)

REVERSE
CURRENT

MAX. INVERSE 
OPER. VOLTAGE

REVERSE 
RECOVERY

1N191 5@1 V 400K between 10 
& 50V at 55° C 60 50K in .5 usee 

400K in 3.5 usee*

DR401 20 @ .5V 400K between 10 
&50V at 55° C 60 50K in .5 usee 

400K in 2 usee*

DR403 20 @ .5V 500K between 10 
&50V 60 80K in .3 usect

DR404 20 @ .5V 5Û0K between 10 
&50V 60 50K in .3 usect

Radio Receptor’s “gold stand
ard” for outstanding diode 
performance is met by our 
new group of glass computer 
diodes. The RRco. controlled 
gold bonding process produces 
these diodes with fast reverse 
recovery and high forward 
conductance as well as unusual 
reliability and long life. They 
are thoroughly tested, both in 
our factory and in actual com
puter service under strenuous 
conditions.

‘Switching from a forward current of 30 MA to a reverse potential of 35V. 
Switching from a forward current of 5 MA to a reverse potential of 40V. 
§Test voltage is a continuous 60 cps sine wave.

The performance characteristics listed above are typical 
of RRco. computer diodes. The complete list of types 
inclvdes many others suitable for receiving equipment, 
transistor biasing, magnetic amplifiers, modulators, 
demodulators, pulse circuitry, logic circuitry, metering 
and varistors as well as computers.

For full information, write today to Dept. R

Really

Reliable !

Semiconductor Division

RADIO RECEPTOR COMPANY, INC 
Radio and Electronic Products Since 1922
240 Wythe Avenue, Brooklyn 11, N. Y. • EVergreen 8-6000 

GERMANIUM ANO SILICON DIOOES • DIELECTRIC HEATING GENERATORS ANO PRESSES 

SELENIUM RECTIFIERS • COMMUNICATIONS, RADAR AND NAVIGATION EQUIPMENT
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Ceramic Coating Spray Gun
A thermocouple tube is being sprayed with zirconia 
using the Type P Thermospray Gun. The zirconia coat
ing, while somewhat softer than alumina, has superior 
heat insulating properties. The gun, developed by 
Metallizing Engineering Co., Inc., Westbury, N. Y., can 
apply these ceramic materials at a very fast rate—up 
to 15sq ft/hr (0.01 Q" thick)—with deposit efficiencies 
usually in excess of 95%.

Hands Free Telephone
The Tel-O-Master telephone loudspeaker allows both 
hands to be completely free to take notes, look up 
data, or refer to rate, price schedules or files. The hand
set is placed on this unit, with the result that the incom
ing conversation is amplified to a normal conversa
tional tone. Return conversation is automatically di
rected into the handset by the Tel-O-Master. Developed 
by Fisher Research Laboratory, Inc., Palo Alto, Calif., 
the device is completely portable and amplification is 
provided by 4 hermetically sealed transistors.

ELECTRONIC DESIGN • July 1, 1956



GMS

174 GMS.

STATORROTOR

engineers

TYPICAL SYSTEM MEASUREMENTS

REMARKSPhase NullsInput I Output ISYSTEM
V40ÖW Amps Watts

626+j233

1 78

55+j?30

20 ?

DUCTS
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SIZE 15
128 GMS

1>26

1>26

58+1226 

58+¡226

64+j221

748 + 1364 

32+¡68

ILLUSTRATIONS 
ACTUAL SIZE

Output 
Volts

23.6

23.3

20.8

21.8

19 5

Transmitter->-C T.

Transmitter->C T

Transmitter->C T

Transmitter->4 Parallel CT's 

Transmitter->-Diffei entral->-C.T 

Series Vector >Electrical Resolver 

Senes Vector Resolvers 

Transmitter->Receiver

SIZE 10 
50 GMS.

use ¡945
Synchros in ¡950

fn equipment which maul 
be flown, you want the leant 
possible bulk and weight.

Hi Z Load on CT

50K Load on CT 

5K Load on CT 

CT Interaction Vi° Max 

CT Output to Hi I
Eo= .19 Ei SmO i Sino t 

Eo = 2 Ei SmO । SmO: 

T >rque 2400 mg mm deg

IMPEDANCE

High-Speed Printer
This special-purpose, miniature high-speed printer can 
turn out more than 2500 lines a minute. Applied to 
printing results of numerical calculations of fast analog 
computers, the technique, developed by the General 
Electric Co. s Engineering Laboratory, Schenectady, 
N. Y., can be used for facsimile reproductions of pic
tures, line drawings, and lettered characters.

Clifton Preeighn^i new Site O nerien 
of Synchro» is in production and proriding 
the highest accuracy and reliability in the 
industry. Samples from stork. »1 rite or phone 
Hf Adison 9-2 ¡Of {Suburban Philadelphia)

problem is detected, pilot;

PANY, INC. 
PENNSYLVANIA

CLIFTON PRECISION
CLIFTON HEIGHTS

Midget TV Camera Used In Flight Testing ... A 
TV camera weighing only 1-1/2 lb and measuring 
1-3 4" x 2" x 5" has been developed to aid in flight 
testing the new Lockheed Eleotra prop-jet airliner. 
A standard box camera is 8 times as large and a net
work-type TV camera is 300 times larger.

With the remotely controlled “eye,” developed 
by Lockheed Aircraft Corp., Burbank, Calif., re
search and flight test engineers will be able to view 
operations which would bi' impossible to see with
out it. The camera can see into inaccessible areas. 
It can give a close-up view of tests a man could not 
safely watch.

As an example, it can fit inside a landing gear 
housing and relay a continuous picture to a 27" 
screen inside the plane. Observers can watch the 
gear being raised and lowered against the force of 
the slipstream. They can study gear doors to make 
sure they work smoothly in bumpy air, climbs or 
dives.

can maneuver the plane to maintain a desired test 
condition and explore all its characteristics immedi- 
atelv.

Motion Analysis Camera
A typical application of the Fairchild Camera and In
strument Corp., Syosset, L.I., N.Y., new high-speed 
“Motion Analysis camera, capable of taking high 
quality pictures at the rate of 5000 per second. Here, 
an electronic tone wheel is tested for chatter.

Sensitivity CPPC TYPES
(MV deg.)

408 CGC 8-A 7>CTC 8 A 4

407 CGC-8-A-7->CTC-8-A-4

363 CGC+ A 7->CTC 8 A 4

381 CGC-8-A-7->4ll CTC 8-A-4

340 CGC 8 A 7>CDC-8 A 1 >CTC 8-A-4

85 CVC 8-A-l->CSC 8 A-l

91 CVC-8-A l->CVC-8 A-l

- CGC-8 A 7>CRC-8 A-1

with No Sacrifice in Accuracy 
। or Reliability

LOOK TO CPPC FOR SYNCHRO PROGRESScupe

STANDARD UNITS

SYNCHRO FUNCTION CPPC TYPE Inou’ Input
V400cy Amps

Input 
Watts

^hms Output Sensitivity 
(DC) Rotor (MV deg.)

Output 
Volts

Sensitivity 
(MV deg.)

input 
Volts

■■■
Input 
Amps

Input 
Wetts

nhms 
(OC) In Zso Zrss

Pnese 
RS

Shift 
SR

Nulls 
(MV)

Passible
Error Spd.

length 1 

a inches I

Tc rque Transmitter CGC-8 A-7 26.0 100 .5 37 — — 118 200 — — — 12 54+¡260 12+Í45 76.4+119 6 8 — 30 7' 14'
1 240 1

Control Transformer CTC-8 A-l 26 0 050 .25 143 24 410 11.8 200 118 090 .23 25 220+j740 28 T ¡110 246+160 8.5° 30 7' 14'
1 240 1

Control Transformer CTC-’ A-4 — — — 381 24 410 — — 11 8 037 .09 60 508+j 1680 67+1270 640 + jl90 — 9.2° 30 7' 14'
1 240 I

Control Differential CDC 8 A l — _ — 36 11.8 200 — — 118 085 .21 25 38+J122 27+1120 48 6+113 8 - 9° 30 7' 14' 1 240 1

Electrical Resolver CSC 8-A-l 26 0 039 .43 230 23 2 400 10 6 180 11.8 .084 .27 27 280+J600 38+1136 70+J136 20° 11° 30 7' 14’ 1 240

Torque Receiver CRC « A 1 26.0 .100 .50 37 — — 11 8 200 — — — 12 54-+ j260 12+j45 85 1+120.4 8’ - 30 30' 30' 1 240

Vector Resolver CVC-8 A-l 1-26 .057 .34 78 — — 118 294 27 103+J444 28.8+127 9 10 2 — 1MV V 1 240



OAK

Laboratory
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Foreign TV: Czechoslovakia, Venezu- 
ela, Germany, Japan, Africa, Belgium 
. . . The second TV transmitter in 
Czechoslovakia was put into opera
tion in Ostrawa, shortly after the first 
of the year, and now a third trans
mitter is under construction in the 
neighborhood of Bratislawa. By 
means of relays all TV transmitters 
will be linked. A direct relay with 
the Soviet and Polish TV networks 
will be possible, via Prague, site of 
the first Czech station . . . According 
to La Electronica Venezolana, the 
first electronic plant to be set up in 
Venezuela, the manufacture of TV 
picture tubes was scheduled to start 
recently in full production ... Un
derwater TV cameras have been de
veloped jointly by two German TV 
manufacturers. Tests have been con
ducted successfully on the Rhine 
River and Lake Konigsee. They are 
aiming at the development of TV 
techniques for industrial and profes
sional applications where it is desir
able to have a camera operating ef
ficiently while submerged in water 
or other liquids . . . Production of 
TV receivers in Japan more than 
quadrupled in 1955, when 134,700 
sets were produced . . . Introduction 
of TV to South Africa continues to 
be a matter of considerable specula
tion. The Afrikaner Nationalist Govt, 
is not presently in agreement . . . 
Two TV transmitters in Brussels and 
one each in Antwerp and Liege are 
broadcasting 50 hours per week. In 
addition, Brussels has an experi
mental v-h-f transmitter.

announced for a new 18,000 sq. ft. ad
dition to Sylvania’s Microwave Tube 
Laboratory in Mountain View, Calif. 
The new wing will be devoted to in
creased research and development in 
traveling-wave tubes and other micro
wave devices.

G. C. Rich, laboratory manager, 
said that 15,000 sq. ft. of the new 
addition will be used for engineering 
laboratories and offices and 3000 sq. 
ft. for experimental tube construction. 
The laboratory presently has 40,000



OAK tuners

y solenoids

experience

device produced at OAK goeej| 
dee which electronic designers^ 

'rs have learned to depend upon 
in working out their switching and P°^r 

supply problems... a plus service bas^f®^ 
a wealth of experience, 24- ye^M^



Private Eye (Electronic) Analyzes Air
Electronic ' deteccraft Engines

switches

tuners

application-engineered and manufactured as solenoid units only

CIRCLE 10 ON READER-SERVICE CARD

rotary 
solenoids*

pansion of manufacturing activities by 
acquiring a modern facility in place 
of the present Long Island City plant; 
(4) having another manufacturer pro
duce its TV and radio sets; (5) halting 
TV set manufacture altogether; (6) 
operating on a minimum basis until 
the situation clarifies itself.

telephone: MOhawk 4-2222 
cable: OAKMANCO

Peroxide Powers British Submarine 
. . . The Explorer, Britain’s latest ex
perimental submarine, is using high
test peroxide as fuel to power it. The 
Explorer will carry no armament, nor 
will she take part in operations. How
ever, she will be capable of high un
derwater speed and long endurance, 
and will be used for training anti
submarine forces.

One of the principal advantages of 
peroxide for underwater propulsion is 
that no exhaust bubbles reach the 
surface, adding a safety factor to the 
submarine’s operation.

CBS-Columbia To Decide Future By 
July 1st . . . Pres. Frank Stanton of 
CBS said recently that the future of 
CBS-Columbia would probably be de
cided by July 1st. In a memo to all 
officers of CBS and its operating divi
sions, he stated that some of the al
ternatives for CBS-Columbia are: (1) 
a merger with or an acquisition of 
another TV manufacturer; (2) greater 
concentration on special ty pes of sets.

tives” are being used by the Air Force 
to speedily detect and pinpoint, both 
on the ground and in flight, hidden 
troubles in aircraft engines.

Developed by Sperry Gyroscope 
Co., Great Neck, N.Y., the device 
continuously and instantly provides a 
picture of what is happening in the 
inner mechanical recesses and elec
trical systems of engines.

The 75 hours it takes normally to 
check intake and exhaust valves in 
the engine of a B-36 bomber has been 
reduced 15 times to as little as 5 hours 
with the analyzer. Similar reductions 
have been made on transport planes 
with 18-cylinder engines on which 
time requirements went from 25 hours 
to three.

rotary, slider, rotary slider, lever, pushbutton and plug type 

switches in endless varieties and combinations for every low 

capacity application.

used in outstanding VHF and UHF television and pushbutton auto

motive radio installations. Designed from 24 years experience in 

making switches and electro-mechanical assemblies.

designed for extreme versatility. From four basic designs a broad 

variety of types have been built to meet widely varying individual 

requirements.

switch sections or as complete

(*Mfd. under license of G. H. Leland, Inc.)

as rotary stepping relays with 

remote control sub-chassis.

features: high temperature operation—high contact rating—un

harmed by “no load’’—available in any frequency between 15 and 

600 cycles—lightweight—low noise—miniature size.



regulated
LEACH « power

MAGNIVOLT supplies

In the above test, ‘‘Ernie” will shake the specimen 
horizontally.

PERFORMANCE SPECIFICATIONS

Use theMAGNIVOLT, 
either portable or 

easily rack mounted, 
as a dependable 

D-C voltage source 
in such demanding 

applications as 
these...

strain-gage excitation 

d-c amplifier filament supply 

computer filament supply 

incoming parts inspection 

production-line testing 

calibration reference 

standard light-source power 

radio and radar research

LEACH CORPORATION

DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U. S. AND CANADA
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Here’s a closely regulated D-C Power 
Supply accurate enough for the most 
exacting laboratory use, yet sufficiently 
rugged to use out in the plant for 
production testing and quality-control 
work. Back of this unusual combination 
is the Leach MAGNIVOLT’s construc
tion ... it uses only static components, 
contains no vacuum tubes or other 
fragile parts. Heart of the unit is a 
design based on magnetic amplifiers 
and selenium rectifiers, assurance of 
stability today and long, maintenance- 
fiee dependability for years to come.

A C Input..
D-C Output

Ratings Available

... 120 volts, 60-cycle, single phase 
3-32 volts (continuously adjustable) 

at 0 to full-rated amperage
................... 5 to 30 amperes (max.)

Voltage Regulation. ..±Y2% from 24 to 32 volts for load 
change of no-load to full-load and for suppy-voltage 

change from 105 to 125 volts
Ripple less than 1% r.m.s.
Recovery Time...less than 0.2 seconds to reach 1% of 

regulated voltage 
(no-load to full-load or full-load to no-load)

MAGNIVOLT models are available for immediate delivery

INET-PALMER DIVISION
4441 SOUTH SANTA FE AVENUE • LOS ANGELES 58, CALIFORNIA

“Earthquake Ernie” Shakes It Up, Down and Side
ways ... A new midget test device has been de
signed which is capable of generating the same 
force as an automobile crashing into a brick wall 
at a speed of 60 mph during 1/10 of a second.

Known as “Earthquake Ernie,” the shaker is 
about the size of if soapbox, and uses no more cur
rent than a common household electric iron. It can 
apply a force of 55g’s to guided missile electronic 
components weighing more than 1000 lb.

Developed by Northrop Aircraft, Inc., Haw
thorne, Calif., the device is less than 1 cu ft in 
volume and is used to test the effects of frequency 
vibration ranging from 5 to 600cy on airframe 
sections housing sensitive electronic equipment.

“Ernie” was invented to simulate conditions en
countered on a missile launch so that vibration 
effects on full-system components could be re
corded prior to actual flight. It was built to assure 
the continued high performance of Northrop’s 
Snark SM-62 intercontinental guided missile.

Heart of the device is a 2-stage electro-hydraulic 
servo valve built for Northrop by the Bertea Prod
ucts Co., Pasadena, Calif. This valve allows the 
needed precision control of the hydraulic power.

Giant “Dish” Antenna Aids Community Antenna 
System ... A giant TV paraboidal antenna sit
ting atop two 100 ft steel towers in Ventnor, N.J. is 
being used for experimental pickup of New York 
channels.

The “dish, ’ which beams in signals from over 
100 miles away, was built by Jerrold Electronics 
Corp., Philadelphia, Pa. Experiments are being 
conducted in conjunction with the South Jersey TV 
Cable Co., community antenna system serving 
Ventnor.

CIRCLE 498 ON READER-SERVICE CARD >



The antenna was hung 100 feet up in the air so 
that it wouldn’t bend or turn in the Atlantic gales 
of the Eastern seaboard. It can withstand 80 mph 
winds with 1/2" ice coating.

The Ventnor system now receives three channels 
from Philadelphia (3,6, and 10 and one (12) from 
Wilmington, Del. These signals are picked up on 
an antenna tower outside the city and are carried 
to subscribers houses by means of coaxial cables 
strung along telephone poles. The “dish” is also lo
cated at this site.

Flight Information Board
This unusual electronic flight information board at 
Cleveland s Hopkins Airport uses 14,200 bulbs to re
port the arrival and departure of some 250 flights 
daily. The board was built at a cost of $96,000 by 
Spencer Displays, N.Y. Photo is by United Air Lines.

Electronic Transmission System
A WAC pfc is at work on a transceiver similar to those 
used in the Logistical Reporting Network now in op
eration between four key signal depots and the Army 
Signal Supply Agency in Philadelphia. Information on 
stock levels of Army signal supplies is electronically in
terchanged between depots through transceivers, using 
ordinary telephone circuits, that transmit and receive 
data on punched cards.

ELECTRONIC DESIGN • July 1, 1956



what is 
grey 
matter 
worth?
For the engineer or scientist who 
has enough to make him different, 
grey matter is worth a rewarding 
life of creative achievement in 
a working climate where ideas are 
King...and the benefits measure 
up to the man and his mind.

For 56 years Firestone has grown 
on grey matter — in Research, 
Development and Production. Now, 
simply, we need additional grey matter 
for such Firestone “firsts” as the 
“Corporal” surface-to-surface ballistic 
missile. Here are just a few of the 
Engineering activities in which 
Firestone needs more grey matter:

Electronics Systems 
Mechanical Systems 
Propulsion Components 
Flight Simulation 
Mechanical Structures 

and Dynamics
Stress Analysis 
Metallurgical Lab

If you’re the man with extra grey 
matter who wants the chance to really 
use it, write us today.We’11 put you 
in touch with a Firestone man who 
has your kind of grey matter, too.

Firestone
GUIDED MISSILE DIVISION
RESEARCH • DEVELOPMENT* MANUFACTURE

“Find your Future at Firestone”- Los Angeles • Monterey
WRITE: SCIENTIFIC STAFF DIRECTOR. LOS ANGELES 54. CALIF.

CIRCLE 13 ON READER-SERVICE CARD FOR MORE INFORMATION
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NEVER
BEFORE$69.50Volt-Ohm-Milliammeter

TV In The Baltic Countries

TRIPLETT ELECTRICAL INSTRUMENT

FOR MORE INFORMATIONCIRCLE 14 ON READER-SERVICE CARD
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625-NA
The Fir»» V-O-M 

With 10,000 
Ohm*/Volt AC

630
The Popular 
All-Purpose 

V-O-M

630-T
For Telephone 

Service

310
The Smollett 

Complete V-O-M 
With Switch

666-R
Medium Size 

With 
630 Features

63O*A
A Good lab and 

Production line 
V-O-M

id can 
ind tw

2, a new 
was put

631
Combination 

V-O-M—VTVM

LINE
666-HH

Medium Size 
For

Field Testing

broadcasting station serving Stockhol

n portion of the city, it 
simultaneously transmit 
o ultra-shortwave pro-

. . . nearly double those of 
conventional testers

COMPANY • Bluffton, Ohio

... for ac
curate readings through 20,OCX) cps audio.

DC to 1200
volts, 3% AC to 1200 volts: mirror scale and 
knife-edge pointer to eliminate parallax.

on same scale.

0.1 ohms through 100 megohms.

Incorporating the famous Triplett SINGLE 
KNOB CONTROL, Model 630-NA comes 
complete with snap-out batteries (standard 
D cell for longer life), test leads, alligator 
clips, non-skid rubber feet and thorough 
instruction book. OTHER LEADING TRIPLETT 
FEATURES: Low resistance contacts through 
banana plugs—completely insulated heavy 
molded case—clear plastic front with longer 
easily readable scales—standard sensitiv
ities as used in electronics field.

has 150kw power 
one middle wave 
grams, as well as

Alloy Plate Steel Observed
Speedier production of alloy plate steel at Lukens 
Steel Co., Coatesville, Pa., is made possible by RCA 
closed-circuit TV installation of 9 separate cameras. 
They enable attendants to peer around corners for re
mote observation and control of processing opera
tions. Here, furnace-line operator studies monitor for 
guidance in switching alloy plate to next processing 
operation.

Admiral Producing 1,500 Portable TV Sets A Day 
. . . Admiral Corp., Chicago, Ill., is ahead of sched
ule in its production of 10.375" portable TV re
ceivers and is assembling them at the rate of 1.500 
a day. The sets will be introduced on a market-by
market basis.

A Norwegian TV committee is to make its report 
on TV possibilities in the country this spring. Par
liament must then consider when and how a regular 
TV service will be introduced, so a final decision 
cannot be expected until the spring of 1957, ac
cording to the RETMA International TV Hand
book. The Norweigian State Broadcasting System 
operates an experimental TV station in Oslo. There1 
were approximately 3(X) receiver sets in use as of 
Jan. 1, 1955, RETMA reports.

The Finnish Radio Co., (Yleisradio), is reported 
as being ready to install a TV transmitter in Hel
sinki on an experimental basis. The local receiver 
manufacturing industry there is prepared to pro
duce about 5,000 TV sets a year, if there is the de
mand. It will be installed in the Stadium Tower, 
while studio facilities are scheduled to be located 
in the radio station at Fredriksberg. Programming 
will be initially limited to about one hour per day.

2001 COM

/I20

MOKmIOOK 12

OUT 
PUT

6000- 
OCV

6000 
ACV

300 X 

.60 «

6000 orf 6000
1200 u—-4200.

300 A



Washington Report
Albert Warren

Washington Trends & Briefs . . . Nation’s air traf
fic control needs for next 20 years are object of 
study initiated by President Eisenhower with $300,- 
000 contract awarded to Airborne Instruments Lab
oratory, Mineola, N.Y., which will cooperate with 
Cornell Aeronautical Laboratory of Buffalo and 
Aeronautical Research Foundation of Boston. Work 
will be supervised by special presidential asst. Ed
ward P. Curtis. “The basic objective of this con
tract,” White House announcement stated, “is to 
determine for the next 2 decades the requirements 
for those aviation facilities commonly used by all 
air-space users, both civil and military, including 
navigation aids, communications, air traffic control, 
airways, and airports . . .Worldwide Transceiver 
Control Station will be established in Tulsa, Okla, 
by Air Materiel Command for purpose of handling 
requests for supplies from air commands anywhere 
in the world. Station will employ punch card ma
chines to record information obtained via radio, 
telephone and teletype circuits . . . New radio
paging service for institutions such as hospitals is 
sought by Stromberg-Carlson in petition filed with 
FCC, seeking use of 27.31, 27.35, 27.39, 27.43 & 
27.4Mc . . .

U-H-F TV Translators . . . Mountain-locked ham
lets now have final FCC go-ahead to build TV 
“translators,” tiny lOw stations on u-h-f Channels 
70 to 83—and there are predictions that the little 
repeaters will spring up by the hundreds, produc
ing a market for 1.000,000 or more u-h-f sets. Com
mission proposed the translators as a substitute for 
the illegal v-h-f radiators which have been operated 
clandestinely—having no Govt approval. However, 
w ith u-h-f having a very difficult time generally, it 
was believed little use would be made of the trans
lators even if finally approved by FCC. It now’ ap
pears that considerable demand wall develop. The 
leader in translator experimentation, Ben Adler, of 
Adler Communications Labs, New Rochelle, N.Y., 
reports he now has orders for 100 of the transmit
ters at $2750 each. Operating a Ch. 80 translator 
experimentally at New Rochelle, he says it picks up 
Ch. 4 from New’ York, rebroadcasts it without a 
hitch—including faithful rendition of color. The 
Ch. 4 signal is attenuated to levels expected at 150 
miles for typical translator operations. As set up by 
FCC, translators will merely pick up regular sta
tions’ signals, convert them to u-h-f, rebroadcast 
them. Directional antennas permitting gains of 10 
or more are allowed—to concentrate signals in di
rection of towns to be served. Minimum operating 
requirements are imposed. Stations need be checked 
only once every 6 hours, may be operated by re
mote control. Frequency tolerances are less strin- 

I gent than for regular stations.
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JPL... an Established Center 
of Research and Development

At this time we are particularly 
“ interested in interviewing 
graduate engineers and scientists 
in the fields of aerodynamics, air
craft structures, mechanical engi
neering, chemistry, chemical 
engineering, heat transfer, elec
tronics, systems analysis, electro
mechanical instrument design, 
instrumentation, metallurgy, 
nuclear physics and solid state 
physics.

These men should be definitely 
interested in scientific research 
and development relating to the 
problems of the future.

The Jet Propulsion Laboratory is a center devoted entirely to scientific 
research and development. Its prime objective is obtaining basic informa
tion in the engineering sciences related to missile development — and to 
explore the various phases of jet propulsion. In addition a large share of 
its program is devoted to fundamental research in practically all of the 
physical sciences.

The Laboratory extends over more than 80 acres in the foothills of 
the San Gabriel mountains north of Pasadena. It is staffed entirely by 
personnel employed by the California Institute of Technology and conducts 
its many projects under contracts with the U.S. Government.

Exceptional opportunity for original research coupled with ideal 
facilities and working conditions have naturally drawn scientists and engi
neers of a very high caliber. These men, working in harmony, are building 
a very effective task force for scientific attack on the problems of the future.

An unusual atmosphere of friendliness and cooperation is apparent 
at the “Lab” and newcomers soon sense the warmth of their acceptance. 
New advanced projects are now providing some challenging problems — 
and good jobs for new people.

If you would like to develop your skill and knowledge at the “Lab” 
and, at the same time, help us solve some of our problems — write us today.

CALTECH IP JET PROPULSION LABORATORY
A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY

PASADENA, CALIFORNIA

CIRCLE 15 ON READER-SERVICE CARD FOR MORE INFORMATION
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Meetings

of the coffee brewer pickedDesigners

automatic commercialof a fully

CIRCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION

Long-life reliability 
Quick, positive action 
High electrical capacity

Sept. 16-22: Second Pacific Area National Meeting 
and Apparatus Exhibit, Hotel Statler, Los Angeles, 
Calif. Sponsored by the American Society for Test
ing Materials. For information, write to American 
Society for Testing Materials, 1916 Race St., Phila
delphia 3, Pa.

micro switch units for this device 
because of their ability to meet the 
requirements of:

MICRO SWITCH gives 
push button” operation 

to coffee brewer

Mercury switch gives alarm 
protection for plant windows

A company which supplies plant pro
tection services found honeywell 
mercury switches ideally suited to 
their design requirements.

Another switch, which has high 
inrush capacity, operates the 
starting motor.
A ruggedly housed switch op
erates a 4-way solenoid pneu
matic valve to raise and lower 
the cutter frame.

washing machine. 24 switches of 8 
different types control the measure
ment of water, temperature, timing 
of washing cycle, steam injection 
and dumping water at cycle’s end. 
micro switch units were selected 
because of their long-life, depend-

Each switch performs a separate and 
distinct function. The micro preci
sion switches were selected because 
of their ability to best meet these 
diverse requirements:

A switch (shown) prevents op
eration of the cutter frame if 
the new shell is not in position.

ELECTRONIC DESIGN • July 1, 1956

The switch is attached to horizon
tally pivoted windows of the fenestra 
or projected type.
When the window is closed, the 
switch is in the normal or protected 
position. Opening of the window ac
tivates the mercury switch and causes 
the alarm to be sounded at a central 
station.
These versatile switches perform ex
cellent service in a wide variety of 
applications where tilt motion is pres
ent and low operating force is de
sired. Often the proper tilt motion 
can be developed by consultation 
with micro switch engineering 
service.

24 switches of 8 different 
types control robot 
washer operation 

Design engineers chose micro preci
sion switches to control every step

Aug. 21-24: Western Electronics Show and Confer
ence, Los Angeles, Calif. Sponsored by the Los 
Angeles and San Francisco Sections of the IRE 
and the West Coast Electronics Manufacturers 
Association. For information, write to Mrs. Jeanne 
W. Jarrett, WESCON, 344 N. La Brea Ave., Los 
Angeles 36, Calif.

Sept. 24-25: Industrial Electronics Conference, 
Cleveland, Ohio. Sponsored by the Professional 
Group on Industrial Electronics, IRE. For informa
tion, write to G. P. Bosomworth, Firestone Tire 
& Rubber Co., Engineering Laboratory, Akron 17, 
Ohio.

Aug. 20-24: Conference on Scientific and Technical 
Writing, Philadelphia, Pa. Sponsored by the Uni
versity of Pennsylvania Institute for Cooperative 
Research. The conference, open to scientists, engi
neers, editors, writers, and administrators, will pro
vide advanced study and experience-sharing in the 
art of making technical literature readable. The 
fundamental problems involved in the communica
tion of technical information will be analyzed, and 
current systems for handling these problems will 
be evaluated. For information and applications, 
write to Dr. Harry F. Arader, 3400 Walnut St., 
Philadelphia 4, Pa.

Rugged day-in, day-out service to 
precision-grind 380 piston assemblies 
an hour demands components of the 
utmost long life and dependability. 
Designers of the centerless grinding 
machine which performs these oper
ations chose three micro switch pre
cision switches to signal and control 
the various steps of the loading and 
unloading cycle.
This selection, they told us, was be
cause:

micro switch provides the 
largest selection of oil-tight 
switches of the type required. 
micro switch national distri
bution makes switch replace
ment a simple matter.
micro switch field engineering 
service is quickly available.

Four micro precision switches help 
provide precise control of every 
brewing factor of a well known com
mercial coffee maker.
These high capacity switches auto
matically measure the amount of 
water and control the temperature 
and infusion time. All switches handle 
high inrush current.

ability, and high electrical capacity. 
Their use was an important factor in 
making possible this completely au
tomatic washer.
micro switch ability to provide a 
wide range of switch types to meet 
every switch requirement is the rea
son design engineers rely on micro 
precision switches as components for 
new and improved products.

Let MICRO SWITCH 
Engineering Service be your 

short cut to better design 
micro switch Engineering Service is 
made up of experts on just one thing 
—precision switching problems. 
Whatever your design problem, its 
solution may easily be expedited by 
consultation with an engineering 
service that has helped in the solu
tion of many complex electrical 
switching problems.
micro switch may have already 
solved a problem similar to yours — 
for somebody else. Should your prob
lem turn out to be entirely new, 
micro switch can—and will—de
velop the switch you need.

Switches perform 3 different 
functions in rotary 

cutter-winder
Small, compact, well-protected 
switches were required by the de
signers of a rotary cutter-winder 
used in the textile industry.

3 switches control functions 
of precision grinder

Aug. 20-21: National Telemetering Conference, 
Biltmore Hotel, Los Angeles, Galif. Sponsored by 
the IRE, AIEE, Institute of the Aeronautical Sci
ences, and the Instrument Society of America. 
Papers will be presented on novel industrial or mili
tary applications of telemetering in remote meas
urement systems, flight test data, remote guidance 
systems, remote monitoring, and air traffic control. 
New component developments such as transduc
ers, multiplexers, data recorders, transmitters and 
receivers, pickoffs, and telemetering filters will be 
discussed. For information, write to IRE, 1 E. 79th 
St., New York, N. Y.



MKROj
P L E DESIGN...THEIR USE IS A PRINCI

NEW!
An ’’Electrical Memory” 

Toggle Sw'»'*'

Sept. 26-30: New York High Fidelity Show, Trade 
Show Building, New York, N. Y. Sponsored by the 
Institute of High Fidelity Manufatcurers. The 
Audio Engineering Society will hold its annual 
meeting at the show. For information, write to Jack 
Gilbert Associates, 1186 Broadway, New York 1, 
N. Y.

Here is the first in a new series of “electri
cal memory’’ toggle switches. It is a four- 
pole assembly with one pole to indicate 
which circuit was last operated. It prom
ises to simplify and perhaps revolutionize 
some basic circuit designs of complicated 
ground radar units, computer devices, air
craft control panels and other types of 
remote control equipment.

LEVER POSITION NO 2 
(MAINTAINED POSITION) 

4*
LEVER POSITION NO 3 A Y~\ •• * LEVER POSITION NO. I—M/*'—

Oct. 7-3: Twelfth Annual National Electronics Con
ference, Hotel Sherman, Chicago, Ill. Sponsored by 
the AIEE, IRE, Illinois Institute of Technology, 
University of Illinois, and Northwestern University. 
More than 100 technical papers and 240 commercial 
exhibits will be featured. For information, write to 
Victor J. Danilov, Illinois Institute of Technology, 
Chicago 16, Ill.

Oct. 7-3: Canadian Institute of Radio Engineers 
Convention, Automotive Building, Exhibition Park, 
Toronto, Canada. Technical papers are planned on 
medical electronics, scatter propagation, applica
tion of electronics to atomic energy projects, use of 
computers in automation and engineering problems, 
and transistors. An exposition will include many of 
the latest improvements in radio, radar, TV, con
trol mechanisms, computers, and other electronic 
items.
For information, write to Grant Smedmor, Conven
tion Manager, 745 Mount Pleasant Road, Toronto 
12, Canada.

9 Explosion-Proof Switches Control

A SWITCHES 
▼ NO. 3 AND 4

SWITCHES * 
NO. I AND 2 ▼

MICRO

1______________f

Lever Position 
No. 1

Lever Position 
No. 2

Lever Position 
No 3

Switch No. 1 N.O. To C. 
Circuit Made

N.C ToC 
Circuit Made

N.C To C 
CtrcUit Made

Switch No. 2 N.O. ToC. 
Circuit Made

N.C ToC 
Circuit Made

N.C. To C 
Circuit Made

Switch No. 3 N.C. To C. 
Circuit Made

N.C ToC 
Circuit Made

NO ToC 
Circuit Made

Switch No. 4 N.C. ToC. 
Circuit Made

♦ NO ToC 
Circuit Made

•N.C. To C. Circuit Made if Lever Last Moved To Lever Position No. 1

Oct. 1-5: AIEE Fall General Meeting, Chicago, Ill. 
For information, write to AIEE, 33 W. 39th St., 
New York 18, N. Y.

Machine Making Shell Primer Bodies
micro switch explosion-proof 
switches—of two different types— 
enable this ingenious machine to 
prepare primers, under hazardous 
atmospheric conditions, for artil
lery shells.

In one streamlined operation, all 
handwork is eliminated as this 
diaphragming machine lacquers 
the interior of the primer body; 
punches and forms diaphragms 
from a paper roll; seats diaphragms 
to proper depth and provides final

inspection of finished parts.
Shown here is the rotary index 
table which is controlled by micro 
switch explosion-proof switches. 
Five of the nine switches used 
may be seen.
This is a typical example of the 
important part played by micro 
switch products and micro switch 
engineering service in the develop
ment of automatic machinery to 
serve a wide range of industrial 
applications.

‘N O ToC. Circuit Made if Lever last Moved To Lever Position No. 3

The assembly uses three single-pole, dou
ble-throw functional basic switches and 
one single-pole, double-throw “memory” 
switch.
In application the “memory” switch indi
cates through a pilot light or buzzer which 
circuit was last operated.
The three functional switches operate at 
three lever positions: maintained center 
a nd momentary from each extreme posi t io n. 
Electrical rating of basic switches: 5 amperes 
125 or 250 volts a-c. The d-c rating at 30 
volts: inductive—3 amperes at sea level 
and 2.5 amperes at 50,000 ft.; resistive— 
4 amperes at sea level and 4 amperes at 
50,000 feet; maximum inrush —15 amperes.

Oct. 3-5: Fifth Annual Meeting of the Standards 
Engineers Society, Hotel Willard, Washington, 
D. C. Theme of the meeting is “Standards—Guides 
for Tomorrow.” Sessions are scheduled on standard
ization in the chemical industry, standards and the 
atomic energy field, the future trend of standards 
in the metals field, and creative engineering and 
standards. For information, contact the Standards 
Engineers Society, P.O. Box 281, Camden, N. J.

For more complete information on this new switch or any 
micro switch precision switch, contact the branch near you.

Send for new Catalog 83 on 
Industrial enclosed switches.

MIC«» SWITCH

MICRO SWITCH
A DIVISION OF MINNEAPOLIS HONEYWELL REGULATOR COMPANY

InCanada, Leaude, Toronto 17. Ontario • FREEPORT, ILLINOIS HMtnwu

C.RCLE 16 ON READER-SERVICE CARD FOR MORE INFORMATION

Oct. 8-9: Second Annual Symposium on Aeronau
tical Communications, Hotel Utica, Utica, N. Y. 
Sponsored by the IRE Professional Group on Com
munications Systems. The symposium will stress 
communication requirements in support of present 
and future aeronautical activities. The submission 
of papers on associated topics is invited. Titles, 
authors, and a brief abstract of 200 words should 
be submitted to Fred Moskowitz, 1014 N. Madison 
St., Rome, N. Y., before July 1. For information, 
write to R. C. Benoit, Jr., 138 Riverview Parkway 
N., Rome, N. Y.
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Milliard

CIRCLE 18 ON READER-SERVICE CARD FOR MORE INFORMATION

MULLARD OVERSEAS LTD., CENTURY HOUSE. SHAFTESBURY AVE., LONDON, ENGLAND

Mullard is the Trade Mark of Mullard Ltd. and is registered ^,¿3] 
in most of the principal countries of the world.

The British Electronics Industry is making 
giant strides with new developments in a 
variety of fields. Mullard tubes are an 
important contribution to this progress.

Supplies available from:—

In the U.S.A. International Electronics Corporation, 

Dept. ED7, 81 Spring Street, N.Y. 12, 

New York, U.S.A.

In Canada Rogers Majestic Electronics Limited, 

Dept. JH, 11-19 Brentcliffe Road, 

Toronto 17, Ontario, Canada.

Base

Small button noval 9-pin

Principal Ratings

Heater
Max. plate dissipation
Max. screen dissipation
Max. cathode current

Characteristics

Plate voltage
Screen voltage
Grid voltage
Plate current
Screen current 0.6mA

250V
140 V
—2V
3mA

Transconductance 1800 ¡xmhos

6.3V, 0.2A 
IW 

0.2W 
6mA

Another
Mullard contribution 
to high fidelity
The Mullard EF86 audio frequency 
pentode is one of the most widely used 
high fidelity tubes in Britain today. It 
has been adopted by the leading British 
manufacturers whose sound reproduc
ing equipment is enjoying increasing 
popularity in the United States and 
Canada.
The marked success of this tube stems 
from its high gain, low noise and low 
microphony characteristics.
By careful internal screening, and by 
the use of a bifilar heater, hum level 
has been reduced to less than 1.5W.
Over a bandwidth of 25 to 1,000c s 
equivalent noise input approximates 
2 p.V.
When operated below 1,000c s, in
ternal resonances of the EF86 are 
virtually eliminated. Even at higher 
frequencies chassis and tube socket 
damping are usually sufficient to make 
vibration effects negligible.
Supplies of the EF86 are now available 
for replacement purposes from the 
companies mentioned here.

Oct. 16-18: Conference on Magnetism and Mag
netic Materials, Hotel Statler, Boston, Mass. Spon
sored by the AIEE, IRE, American Physical Society, 
Amercian Institute of Mining and Metallurgical 
Engineers. Authors should submit titles of proposed 
papers by June 15 and abstracts by August 1. For 
further information, write to T. O. Paine, Measure
ments Laboratory, General Electric Co., W. Lynn, 
Mass.

Oct. 18-19: Third Annual International Meeting of 
the Institute of Management Sciences, Statler Hotel, 
Los Angeles, Calif. Theme of the conference is 
“Management Sciences—A Progress Report.” Pro
gram plans include the presentation of technical 
papers on the latest developments in the application 
of advanced sciences to business and industrial 
management. For further information, please con
tact Al N. Seares, Vice President Remington Rand, 
Sperry Rand Corp., 315 Fourth Ave., New York 10, 
N. Y.

Ocf. 22-24: AIEE Machine Tool Conference, Shera
ton Gibson Hotel, Cincinnati, Ohio. For informa
tion, write to AIEE, 33 W. 39th St., New York 18, 
N. Y.

Oct. 25-26: Second Annual Technical Meeting of the 
IRE Professional Group on Electron Devices, Shore
ham Hotel, Washington, D. C. Titles and abstracts 
of 100-200 words on papers to be offered for presen
tation should be submitted to R. L. Pritchard, Re
search Laboratory, General Electric Co., Schenec
tady, N. Y., before August 1. For other information, 
contact Prall Culviner, Sylvania Electric Products, 
Inc., 1740 Broadway, New York, N. Y.

Oct. 29-30: Third Annual East Coast Conference on 
Aeronautical and Navigational Electronics, Fifth 
Regiment Armory, Baltimore, Md. Sponsored by the 
Baltimore Section and Professional Group on Aero
nautical and Navigational Electronics of the IRE. 
Theme of the conference is “Electronics in the Jet 
Air Age.” For information, write to W. D. Craw
ford, Publicity Chairman, Westinghouse Electric 
Corp., Air Arm Div., Friendship International Air
port, Baltimore 27, Md.

Nov. 7-9: Conference on Electronic Technology in 
Medicine and Biology, Governor Clinton Hotel, 
New York, N. Y. Sponsored by the AIEE, IRE, 
Instrument Society of America. For information, 
write to AIEE, 33 W. 39th St., New York, N. Y.
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production and available immediately. Write today!All these devices in

NEW ‘GROWN-DIFFUSED’ 
TYPES COMMERCIALLY 

AVAILABLE IN 
PRODUCTION QUANTITIES

CIRCLE 19 ON READER-SERVICE CARD FOR MORE INFORMATION
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Nov. 26-30: Third International Automation Ex
position, Trade Show Building, New York, N. Y. 
Clinic sessions will be offered in electronic com
puters, process automation, machine tool automa
tion, office automation, automatic materials han
dling, servomechanisms, electromechanical compo
nents, and electronic components. More than a 
hundred exhibitors will participate in the clinics. 
For information, write to Richard Rimbach Asso
ciates, 845 Ridge Ave., Pittsburgh 22, Pa.

Oct. 29-Nov. 2: Convention on Ferrites, London, 
England. Sponsored by the Institution of Electrical 
Engineers. Program will include sessions on theory, 
preparation, and properties of ferrites, microwave 
application, square loop applications, radio and TV 
applications, and carrier frequency applications. For 
further information, write to W. K. Brasher, Secre
tary, Institution of Electrical Engineers, Savoy 
Place, London W.C. 2, England.

Dec. 5-7: Second IRE Instrumentation Conference, 
Biltmore Hotel, Atlanta, Ga. Sponsored by the Pro
fessional Group on Instrumentation and the Atlanta 
Section of the IRE. Sessions will be devoted to 
industrial applications, missile range instrumenta
tion, and the application of solid state devices. 
Prospective authors are invited to submit abstracts 
of 2(X) words or less not later than Sept. 1 to the 
program chairman, M. D. Prince, Engineering 
Experiment Station, Georgia Institute of Tech
nology, Atlanta, Ga. For further information, con
tact tiie IRE, 1 E. 79th St., New York, N. Y.

Dec. 10-12: Eastern Joint Computer Conference, 
Hotel New Yorker, New York, N. Y. Sponsored by 
the IRE, AIEE, Association for Computing Ma
chinery. “New Developments in Computers” is the 
theme of the meeting. In addition to an extensive 
program of technical papers, the meeting will fea
ture exhibits by many manufacturers in the com
puting field. For information, contact Al Forman, 
Room 639, 480 Lexington Ave., New York 17, N. Y.

Jan. 14-15, 1957: Third National Symposium on 
Reliability and Quality Control in Electronics, Hotel 
Statler, Washington, D. C. Sponsored jointly by the 
IRE Professional Group on Reliabilitv and Quality
Control, the American Society for Quality Control,
and RETMA. For information, write to IRE, 1 E.
79th St., New York 21, N. Y.
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TEXAS INSTRUMENTS PROGRESS REPORT H I G H FREQUENCY

YHF transistors NOW!

High gain vhf transistors with usable power levels and band 
widths are now immediately available from Texas Instruments . . . 
another first for the leading producer of silicon and germanium 
transistors. Your design horizons are now extended to include 
all-transistor TV, FM, and VHF receivers . . . and transistorized 
amplifier, oscillator, or switching applications in communications, 
telemetering, or radar.

LOOK TO Tl FOR: GERMANIUM VHF, 
POWER, RADIO, & GENERAL PURPOSE 
TRANSISTORS • SILICON HF, POWER
& SMALL SIGNAL TRANSISTORS •

NEW VHF GERMANIUM TRANSISTOR
Oscillating frequency is above 250 megacycles . . . alpha cutoff 
frequency is 200 me. Typical gain is 12 db at 100 me (unregenerative). 
This performance in a production transistor was unheard of prior to 
perfection of the “grown-diffused” method — an exclusive Texas Instru
ments technique.

NEW HF SILICON TRANSISTORS
Frequencies to 30 megacycles, rated 30 volts and 125° C, make 
these “grown-diffused” units ideal for high temperature military and 
commercial applications. They increase to 10 the types of silicon tran
sistors now available from Texas Instruments, and represent the con
tinual improvement in frequency, gain, and power made by the pioneer 
producer of silicon transistors.

OTHER NEW SEMICONDUCTOR DEVICES FROM Tl
New high power transistors — 12-watt dissipation germanium power 
transistor and 8.75-watt dissipation silicon power transistor, new high 
voltage rectifiers — full wave and single junction half wave 1500- 
volt silicon units stable to 150° C. new high conductance diodes — 
4 types of axial-lead silicon junction diodes with 100 ma forward cur
rents and 0.1 /ia back currents.

Texas Instruments
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What's Inside Transac
A Transistorized Automatic Computer

DIRECT coupling, low power requirements, and 
high speed operation are features and character

istics of the Transac, a transistorized.automatic com
puter using surface barrier transistors. The result 
has been a highly portable, low cost unit capable of 
performing about 416,000 additions per sec. It can 
multiply two six-digit numbers in about 48psec.

Because of direct coupling, the transistor base and 
collector are operated at the same potential. Terminal 
impedance and gain are similar to those existing under 
more common operating conditions.

A. L. Cavalieri, Jr.

Philco Corp., Government & Industrial Div.

Surface barrier transistors possess the advantage of 
higher speed performance than alloy-junction tran
sistors under these direct-coupled conditions. To ex
ploit this higher speed switching performance of 
surface-barrier transistors, a family of circuits for use 
in binary digital computers have been developed. 
Basic circuits and arithmetic units for basic operations 
are discussed in this article. Four of the simplest and 
fundamental of these, Fig. 1, show a comparison of
relay and transistor circuits 
logical operations.

for performing simple,

Basic Circuits

Four sections comprise the basis of a simple digital 
computer. They are (1) input, (2) output, (3) memory, 
(4) arithmetic and control section. The input section 
processes the input signal into a form which is accept
able to the arithmetic and control section. This may 
be an amplification or a conversion of the input to 
digital form.

The output section operates on the result of the 
arithmetic computations that have been carried out.

SUM SUM* SUM

Fig. 3. Block diagram of an arithmetic unit for addition.

ELECTRONIC DESIGN • July 1, 1956



RELAY TRANSISTOR

A THREE-INPUT RELAY OR CIRCUIT A THREE-INPUT TRANSISTOR OR CIRCUIT

Binary Addition

THREE-INPUT RELAY AND GATE THREE-INPUT TRANSISTOR AND GATE

RELAY "TOGGLE SWITCH“ STORAGE CIRCUIT TRANSISTOR Bl NARY STORAGE CIRCUIT

MONOSTABLE TRANSISTOR CIRCUITMONOSTABLE RELAY CIRCUIT

TR3 TR2

F«g 1. Comparison of relay and transistor basic computer circuits,

ELECTRONIC DESIGN

carry 
wires

Circuit of a Tran 
. Inputs are a, a'

for 3 
duces

propagated from adder to adder along the

ac binary adder is shown in Fig

One of the simpler circuits in the arithmetic and con
trol section is the binary adder. It requires provision

outputs, a sum, and a carry

It modifies or adjusts the output to fit the requirements 
of the device which is to be actuated by this signal.

The memory contains two types of information in 
two subsections. One of these sections contains the 
program for sequences of operation; the other, the data 
section, retains and will make available upon demand, 
data to be processed or compared with the input.

The arithmetic and control section is sometimes 
called the “brain” of the computer. It is more nearly 
the slave of the input and the memory, responding to 
orders more or less instinctively by virtue of the built- 
in control. Transistors fit best into this section.

shown.
In the addition process, the* three ranks are first 

cleared or set to zero. A number is entered in A and at 
a given command given to B. The sum is then trans
ferred to C. If the A rank is cleared and the new num
ber read in, and if C is transferred to B, then the sum 
of A and B will appear in C upon an add command. 
Thus, four distinct operations are required: clear, 
transfer, clear, and add. In fact, if numbers are stored 
in A and C, a four-cycle operation is required such that 
B is cleared, C is transferred to B, C is cleared, and 
A and B are added with the sum entered back in C.

Clearing requires setting the flip flop to a zero condi
tion. This can be accomplished by setting the ground 
base of the transistor to be cut off. An example of how 
this can be done in one digit of the B and C ranks, Fig. 
4, also shows means for transferring between ranks.

Note that upon command, “transfer C to B,” transis
tor 4 is caused to conduct. If transistor 6 is in a state of

b, b', c, and c'. If a one is present at input terminal a, 
for example, the corresponding transistor conducts. If 
a one is absent, then the transistor at input a' conducts.

To illustrate addition, suppose that inputs a and b 
are ones, and c is a zero. If we define an output as that 
condition in which a conducting path exists between 
the output terminals and ground, the inputs specified 
produce zero output, since no conducting path exists. 
However, transistors 2 and 5 are conducting and cause 
transistor 1 to be cut off. The negative pulse at the ter- 
v inal Z is defined as a carry output. Should input C 
also have been a 7, the only change in the result is that 
a sum output would have been produced.

Actual condition is carried out as shown diagrammati- 
cally on Fig. 3. The blocks identified by the plus signs 
are adders of the sort shown in Fig. 2. The other blocks 
are flip flop and are divided into three ranks. These 
are: input'A, slave B, and the accumulator C. These 
ranks store the addend, augend and sum, while the



OCLEAR A

-Vcc

Vcc

-Vcc

4. Clear and transfer 
digit of a transistorized

Fig. 
one

circuit for 
computer.

oCLEAR 
C

INPUT

CARRY 
INPUT

O-M

O-M

2

TRANSFER 
C-B

SLAVE RANK

1 INPUT

MASTER 

RANK

24

-Vcc

-Vcc

19 20,

Fig. 5. Complete odder section for 
one digit of a transistorized computer.

conduction, its base, as well as that of .5, will be high. 
Transistors 4 and 5 provide a path between the base 
of transistor 2 and ground causing it to be off and 1 
to be on. Thus the state of the flip flop in the C rank 
has been set up in the B rank. Were C in the opposite 
state, no transfer would have taken place. Using this 
clearing and transferring circuit, and the adder, a com
plete one digit adder section, Fig. 5, can be built.

Timing these operations requires a cascade of mono
stable circuits of the type shown in Fig. 1. Further
more, it requires a knowledge* of the time required for 
the various phases of the addition cycle. Clearing 
and transferring requires about 0.25psec. However, to 
this must be added the time required for “carry” sig-

B* TO ADDER Vcc B TO ADDER

►Z CARRY 
OUTPUT

-Vcc

OCLEAR C @

CLEAR

S 1

2 
M-S

GATING 

PULSES

S-M

CLEAR

TRANSFER

C-B

INPUT

Fig. 6. Circuit of a two shifting register for multiplication. Order of operations involved is 
indicated by the numbers of the gate pulse input terminals at the right.
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Binary Multiplication

Other Arithmetic Operations

25

1942, Sylvania has maintained its semi
conductor leadership by meeting the 
needs of designers with imaginative, 
new semiconductor applications.

Consult with Sylvania for your needs. 
A new plant at Hillsboro, N. H. is 
devoted exclusively to the manufacture 
of semiconductors to provide you with 
production quantities. Write for tech
nical data.

nals to ripple through the adder from the least to the 
most significant digit. Typical maximum addition time 
in a twenty digit Transac computer has been measured 
to be 2.5psec, of which approximately 2psec was due 
to this ripple effect.

ELECTRONIC DESIGN • July 1, 1956

Multiplication consists essentially of the formation 
of particle products which must be added to pre
viously formed and shifted partial sums. Two opera
tions are required over and above those involved in 
the addition. These are the shift of a given number to 
the right by one digit position at a time, and counting 
to determine the end of multiplication.

One approach used in Transac computers involves an 
input rank, an adder, an accumulator register, a multi
plier-quotient register, and a step-counting register. 
These three registers are identical to each other and 
are similar to the register made up of ranks B and C, 
Fig. 5. However, they include provisions for shifting 
diagonally up and down as well as straight up. In mul
tiplication, shifting straight down and diagonally up 
to the right is of importance.

Counting to determine the end of a multiplication 
involves inserting a one into the step-counting register 
through which it propagates at the same rate as the 
digits involved in the multiplication itself. Its appear
ance at a certain position in the step-counter causes 
an inhibiting signal which might open the feed-back 
loop around the timing generator allowing it to com
plete its cycle but not to recycle.

One type of two-digit register used in the Transac 
is shown in Fig. 6. Shifting and clearing are initiated 
by providing paths of low resistance either for ground
ing certain points or connecting points to be set at the 
same potential. Since multiplications is really a series 
of additions, the maximum multiplication times is 
simply the product of the number of digits in the multi
plier and the “add” time of 2.5psec. In the 20-digit 
computer, a maximum of 50iisec is required for mul
tiplication.

Transac is also capable of subtracting, dividing, and 
taking square roots. The circuits involved either bear 
great similarity to those already described or require 
a small additional section. As an example, an adder
subtracter is made up of an adder and an additional 
subtracter section. Division requires shifting left and 
subtracting as opposed to the routine in the multi
plication cycle. These processes require methods of 
handling and identifying negative numbers which can 
become quite complicated. These details have been 
avoided since they require introduction of subjects be
yond the scope of this article.

Method of control, the memory circuit, and the 
methods of transmitting information to the computer 
will be discussed in Part II of this article.

TRIPOLAR CRYSTAL DIODES 
For your microwave applications, 
first diode to provide a simplified 
approach to front-end design in 
broadband microwave circuitry.

POWER TRANSIT RS 
Low thermal resistance design 
offers dissipation up to 4 watts 
with heat sink. Current gain is 
as much as 3/2 times more than 
comparable types. Both 30 and / 
60 volt versions are available..

V.L.I. DIODES
For computer applications, 
very low impedance diode 
capable of high forward 
conductance with excellent 
sta bility and fast recovery time.

IN77A PHOTODIODE
Combines high sensitivity with 
compact design. Covers the visible 
spectrum and extends to the 
infrared region.

HIGH FREQUENCY TRANSISTORS 
NPN high frequency transistors built 
to high standards of uniformity. Feature 
low collector capacitance and ease of / 
neutralization in rf and if circuits.

created witti
your product

ELECTRONICS
CIRCLE 20 ON READER-SERVICE CARD FOR MORE INFORMATION

Each of these semiconductor develop
ments was created to introduce im
provements in the product you’re 
designing, whether it's a simple tran
sistorized radioora complex computer 
system. Whether it calls for higher 
transistor power ratings or faster diode 
recovery time.

Since producing the first commer
cially available germanium diode in

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

hi Canada: Sylvania Electric (Canada) Ltd.
University Tower Bldg., Montreal

TELEVISION • ATOMIC ENERGY

V SYLVANIA

HIGH GAIN 
AUDIO TRANSISTORS 

One of the standards for tow frequency, 
high gain applications.

Semiconductors
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3-D Flux Meter

This unusual and versatile flux meter, made in West Germany, is marketed by Federal Tele
phone and Radio Co. in Clifton, N. J. The rotating pick-up coils, which provide for 3-dimen
sional flux measurement, are located at the end of the head, shown enlarged above.

ELECTRONIC DESIGN • July 1, 1956



THIS flux meter can be used to measure the 
strength of a three-dimensional magnetic 

field in terms of its space components along each 
of the three rectangular axes. Its long thin probe 
makes it particularly suitable for taking meas
urements in narrow cylinders such as are used in 
focusing solenoids for travelling-wave tubes. It 
can be used any place for measurement of mag
netic flux intensity in the range from 2 to 1000 
gauss and its range can be extended to greater 
limits through the use of external meters.

A recent addition to a number of interesting 
and useful instruments made in Germany and 
marketed in this country by Federal Telephone 
and Radio Company, this 3-D flux meter has 
some interesting features. It is extremely com
pact and light weight (2.6 lb) with the “business 
end” out at the tip of the probe. Yet, it is 
“mighty” in the information it supplies.

In operation, the instrument is basically a d-c 
generator. The sensing elements are armatures 
rotating in a magnetic field. The voltage induced 
into each rotating coil is directly proportional to 
the intensity of the magnetic field in which it 
rotates; or, strictly speaking, proportional to one 
of its components only, which is determined by 
the axis of rotation and the commutation plane.

In this 3-D Flux Meter, two armatures in the 
form of small measuring coils located at the end 
of the probe, are driven by a synchronous motor 
back in the case at 3600rpm. These coils rotate 
about two perpendicular axes, a special com
mutator arrangement making possible the sepa
rate measurement of three field components. To 
minimize internal noise generation and maintain 
low contact resistance at the commutator, spring 
type bronze wire is used for brushes and silver 
graphite for the collectors.

The magnetic flux intensity' range of this in
strument is from 2 to 1000 gauss. Two ranges 
are provided: 200 and 1000 gauss full scale for 
each of the three space components. Both larger 
and smaller full scale values can be obtained 
with external meters; with a sufficiently sensitive 
galvanometer, the earth’s magnetic field can be 
detected. Measuring coil sensitivity is approx. 0.2 
millivolts per gauss. Controls include: power, on- 
off meter range and flux direction. Power re- 
quired for operation is llOv, 60cy at lOw. Case 
size is 6-3/4" x 3-1/4" x 4", and the probe is 
12-3/4" long x 0.435" dia.

For additional information on this product fill 
out the Reader’s Service Card and circle No. 22.

CIRCLE 23 ON READER-SERVICE CARD FOR MORE INFORMATION
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Aids

most useful for dis

STAIRCASE

OSCILLOSCOPE 
CONNECTIONS

(Zc), and thus produces a V.-L 
ment of input bias current.

The cathode-ray oscilloscope

cune for each incre

Fig. 3. Output from staircase gen 
erator”.

playing the family of curves since it can be used for 
visual monitoring or photographic recording. Since it 
is a voltage measuring device, the sweep current can 
be measured by passing it through a small precision 
series resistance to produce a voltage proportional to 
the current. To make quantitative measurements, 
screen calibration voltage should be provided, either in 
the oscilloscope or in the curve tracer.

ELECTRONIC DESIGN • July 1, 1956

A typical curve tracer is shown in Fig. 1. It consists 
of three rack mounted units: power supply, oscillo
scope, and main chassis. The block diagram, Fig. 2, 
shows the general circuit arrangement.

The stepped constant current or “staircase” output 
is produced by means of three stages: counter, stair
case generator, and staircase amplifier.

The counter consists of three cascaded binan 
counters driven by the 60-cycle line voltage. It may 
be optionally operated by a single-step push-button 
switch, which permits presentation of single transistor 
curves on screen for individual study.

The staircase generator consists of three pairs of 
diode-triode switches which are operated by the three 
binary digits from the counter. The switches control 
six currents derived from two regulated voltages—one 
positive, the other negative. These currents, which are

w eighted in the ratios of 1, 2 and 4, are added to pro
duce a staircase output of either polarity as shown in 
Fig. 3. While both polarities of staircase outputs are 
present, only one is jised at a time, the one used being 
dependent on the output current polarity selected.

Because of the wide range of output currents (Lpa 
to 120ma) which are required to test a variety of tran
sistors, the staircase amplifier circuits are divided into 
two basic ranges. The lower range consists of staircase 
outputs of 1, 2, 5, 10, 20, 50, 100 and 200pa per step; 
the upper range will deliver outputs of 0.5, 1, 2, 5, 10 
and 20ma per step.

In the lower range, the input staircase currents are 
converted to constant voltage steps by means of a 
feedback amplifier. The voltage waveform is then con
verted into output-current steps by one of a set of 
calibrated resistors. The low-range feedback amplifier

CL RVE tracers can be effectively used to evaluate 
transistors in circuit design. They are particularly 

useful in analyzing changes in transistor characteris
tics with load, operating time, and environmental con
ditions. They can also be used to compare various 
transistors oi a given type for uniformity. An under
standing of the elements that make up such equipment 
should help designers to use it effectively. Therefore, 
this article is a delineation of a typical curve tracer 
and explains how it can be used as a design tool.

1 o produce a family of transistor curves two basic 
parameters are required: a stepped constant-current 
source, and a unidirectional sweep voltage. While 
sweep currents and stepped voltages may also be used 
for curve plotting, such factors as intrinsic high col
lector resistance and low7 base resistance make con
stant currents and sweep voltages more desirable as 
independent variables. The constant current provides 
bias for the transistor under test and should in addi
tion to increasing in equal increments, cover a wide 
range of amplitudes of either polarity. The sweep volt
age should also be reversible in polarity and must be 
synchronized with the constant current steps.

To generate a typical set of transistor collector char
acteristic curves, the bias current must be applied 
to the base or emitter and the sweep voltage to the 
collector. The collector voltage (Vc) is then plotted 
against the current produced by the sweep voltage

Norman H. Goldich
Development Engineer 

American Electronic Laboratories, Inc 
Philadelphia, Pa.

Fig. 2. Block diagram of circuit employed in American Elec 
tronics Labs, transistor curve-tracer Model 126H.

Fig. 4. P-n-p collector characteristics 
for common-emitter connection.

Fig. 5. P-n-p collector characteristics 
for common-base connection.
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to participate in development of new 
techniques for measurement of 
the magnetic and electric properties 
of materials at microwave frequencies,

with experience in video amplifiers, 
pulse circuitry, coding and 
decoding circuits, and delay lines.

These positions in the 
Microwave area are open 
now in the Hughes 
Res earch Laboratory:

You are invited to send resumes 
of your education and experience 
to the address at left.

VACATIONING IN 
SOUTHERN CALIFORNIA? 
YOU ARE INVITED 
TO VISIT HUGHES.

MICROWAVE STANDARDS 
ENGINEERS

to participate in basic research 
on microwave breakdown in gases or 
wave propagation in ionized gases.

Scientific
Staß Relations

to do precise calibration from 
primary and secondary standards, using 
the finest facilities available 
for standards calibration.

with experience in magnetrons, 
klystrons, microwave transmitter and 
receiver circuitry, microwave 
mixers, duplexers and cavities.

The antenna program
on linear

Fig. 1. Rack mounted curve tracer; includes modified commer
cial oscilloscope (center), power supply (above) and auxiliary 
control cricuits (below).

The Microwave Laboratory at Hughes 
conducts fundamental research and 
long-range development in the field 
of microwave components and

Gg, 6 Common-base emitter voltage 
vs collector current curves.

RESEARCH AND DEVELOPMENT 

LABORATORIES

HUGHES AIRCRAFT COMPANY

Culver City, Los Angeles County 
California

and two-dimensional arrays of slot 
radiators; transmission and radiation 
of surface-guided waves; very high 
resolution radar antennas; and the 
development and engineering of 
airborne communication, navi-

Instrumentation is developed for new 
measurmg equipment to meet needs 
of the program. This has included 
development of automatic imped
ance and antenna pattern recorders, 
microwave power supplies stabilized 
in amplitude and frequency, micro
wave circuitry, and microwave ap
plications of ferrite devices.

performs two useful functions: It provides a low out
put impedance which permits the use of standard pre
cision resistors for controlling the current to the tran
sistor; and by having a low effective input impedance, 
it permits linear current addition in the staircase gen
erator.

In the upper or milliampere range the circuit of the 
amplifier must be entirely different, since the output 
impedance of a simple resistor would be too low to be 
a constant current supply for a common-emitter tran
sistor configuration. In the milliampere range the stair
case amplifier produces a constant output voltage 
across a series calibrated resistor and the load. How
ever the actual load voltage is subtracted from the 
feedback signal (which is derived from the amplifier 
output voltage), thus producing a new feedback signal 
proportional to the voltage drop across the calibrated



solves alignment problems

SLOTTEDWINGKNUIUD

COSTS

Illustration indicates infinite variety of po 
sitions assumed by screw fastener to com 
pensate for misalignment.

PAWL • SCREW AND SPRING * 
DRIVE RIVETS • ANCHOR NUTS • 
ENGINEERED SPECIALTIES
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One Southco grip length can meet most panel 
thicknesses on the average assembly— 

no need to specify many fastener sizes!

ELECTRONIC DESIGN • July 1, 1956

Installation of access doors and panels is made 
easy and production is speeded with Southco 
Quick-Release Fasteners. The wide alignment 

tolerances of Southco's “Floating Screw* adjust 
automatically to misalignment, saving mechanics* 

time. Also, the Southco “Floating Screw” 
insures accurate and uniform closure throughout 

the life of the equipment, compensating for warpage 
and bends resulting from hard usage.

For complete information, write Southco Division. 
South Chester Corporation 

235 Industrial Highway, Lester, Pa.

resistor. Since this voltage drop is proportional to the 
load current, the output is current regulated. The mag
nitude of the regulated current is determined by the 
value of the precision resistor which is selected.

The sweep generator delivers a unidirectional half- 
sinusoidal waveform to the transistor. The amplitude 
range and polarity can be selected, and by use of an 
adjustable autotransformer, the sweep amplitude can 
be varied within the range selected.

A germanium power rectifier is used on the lowest 
sweep range to provide very low forward impedance 
at high sweep currents (three to five amperes). On 
higher sweep ranges a silicon junction diode is used to 
provide low forward impedance (relative to a hard 
tube diode) and high back resistance.

As shown on the block diagram, also incorporated 
are an X-axis printer, a blanking circuit, and a charac
teristic selector. The axis printer places an X-axis on 
the oscilloscope screen by switching the Y-axis to 
ground when the counter stage is in seventh or last 
step. The blanking pulse, which is derived from the 
line voltage, blanks out the residual spot during the 
off half cycle of the sweep waveform when the counter 
and staircase generator are in the process of changing 
to the subsequent step. The blanking of this bright 
spot prevents halation of photographs and eliminates 
transients from the display which may occur due to 
sharp counter pulses.

Referring to Fig. 3, curve tracer action can be sum
marized as follows: During the horizontal portions of 
the staircase output, the sweep half-sinusoids are pres
ent at the other output. Axis printing occurs on the 
seventh step. Blanking occurs during the vertical por
tions of the staircase and the non-conducting portions 
of the sweep voltage. This cycle produces a set of 8 
curves: a zero bias curve, 6 active current curves, and 
an X-axis, and is repeated 7-1/2 times per sec.

The curve tracer provides three output variables for 
curve plotting: current through the transistor due 
to sweep voltage. Sweep voltage (Vf), and voltage (V;) 
across the transistor produced by the constant current. 
For most curve tracer applications with the sweep ap
plied to the collector and the constant current to the 
base or emitter, I2 and V2 are the collector current Ic, 
and voltage Vc, respectively while V, is the base Vb, 
or emitter Ve, voltage. Possible curve families which 
may be viewed for a swept collector are as follows:

Ve vs Ic; Ib (or Ie) constant
Vb (or Ve) vs Ic; Ib (or Ie) constant 
Vb (or V«} vs Vc; Ib (or Ie) constant

A family of collector characteristics is shown in Fig. 
4 for a p-n-p- transistor with common-emitter connec
tion. The collector characteristic for the same tran
sistor with common-base connection is shown in Fig. 
5. Curves of emitter voltage versus the collector cur
rent with common-base connection are shown in Fig. 
6. From the collector family, output characteristic 
(r22) can be measured from the slopes of the Vc-Ic 
curves. In a similar fashion, feedback characteristic 
(R]2) may be determined from the Vb-Ic curves. If the

"FLOATING SCREW" ASSEMBLY 

COMPENSATES FOR OUT-OF-LINE 

DOORS AND PANELS

SOUTHCO



MEMOTRON

A DIVISION OF THE HUGHES AIRCRAFT COMPANY
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Illustrated a technique for plotting a family of curves, 
representing a coupled circuit with varied parameters.

and voltages for currents collector family, an

An application ot the memotron 
is a commercial oscilloscope 
manufactured by Advanced Electronic • 
Corporation, Los Angeles. Memotron 
has an over-all length of 18% inches, 
and a neck diameter of 2'4 inches. 
It can replace most conventional 
5-inch tubes without revision of 
space requirements in the equipment.
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feedback characteristic, hls, is desired, the slopes of 
the Vb-Vc curves can be used for the determination of 
this parameter.

By the artifice of shunting a small resistance across 
the constant current staircase output, a voltage stair
case can be produced. If this staircase is applied to 
the output, and the sweep is applied to the input of 
the transistor, the h^ input characteristic can be dis
played. With the latter parameters reversed in appli
cation to the transistor, the g21 characteristic can also 
be determined.

The collector characteristic is generally the most 
useful, since it can be used to evaluate the magnitude 
and variation of current gain with respect to collector 
current.

ELECTRON TUBES^B 

HUGHES PRODUCTS 

Los Angeles 45, California

Hughes Products engineers are available for consultation on special 
memotron applications. For literature write to address below.

analogy to vacuum-tube plate characteristics may be 
readily seen. Once the collector characteristics are re
corded, load lines can be drawn and the curves can be 
used to establish optimum operating points either for 
fixed or self biased circuits. A maximum dissipation 
hyberbola can be drawn on the collector family to 
further aid the circuit designer. In the design of power 
amplifiers or large signal circuits, graphical techniques 
are often an excellent approach. As in the case of 
vacuum tubes the collector characteristic can be used 
to construct a dynamic transfer curve for such design 
problems.

Since n-p-n and p-n-p transistors may be used to 
great advantage in push-pull circuits by the principle 
of complementary’ symmetry, the curve tracer can be 
used to check the degree of symmetry' of a given pair 
by comparison of their collector curves. In certain net
works such as switching, modulation and detection 
circuits, transistors possessing symmetrical characteris
tics have many applications. To measure the symmetry 
of such devices the curve tracer can easily be em
ployed, either directly by shorting the sweep rectifier 
or by separate plots of collector families for each po
larity of collector voltage.

The collector characteristic obtained on the curve 
tracer has some of the same uses as the plate charac
teristic for vacuum tubes. If duality is applied to a 
transistor, and if currents are substituted for voltages

... a new concept in retaining transients

• Provides an instant and convenient 
permanent display of transients
• Displays traces at high brilliance 
indefinitely, until intentionally erased 
• Permits display of successive writings 
• Eliminates waste of time and film 
by eliminating need for taking 
superfluous photographs
• Can be used as a curve plotter at both 
high and low writing speeds.
Memotron is exclusive with Hughe5. 

It is the only cathode ray tube available 
which makes it possible to combine, in a 
single piece of equipment, the permanent 
writing characteristics oj a pen recorder 
together with the high-frequency response of 
a cathode ray oscillograph, memotron is 
already incorporated into equipments serving 
important laboratory functions in many of 
the country’s leading electronics research 
and manufacturing centers. Descriptive 
Product literature is available upon request

Viewing and Recording
To observe and record curve data, it is best to use 

an oscilloscope with a flat faced cathode-ray tube. The 
P-1 phosphor is the easiest to observe for extended 
periods and is adequate for photographic purposes. A 
flat-faced tube lends itself to a graticule which, if 
properly made, can minimize parallax between the 
oscilloscope screen and the scale. The type camera 
employed will depend on the users’ ultimate applica
tion of the data obtained. By taking double exposures, 
such curves as the output and feedback characteris
tics can be superimposed.
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Fig. B. Typical application of Spirap 
in a computer wiring installation.

Richmond 3, California • Telephone LAndscape 6-7730

BERKELEYS NEW 7000 SERIES TIME INTERVAL METERS 
offer direct reading of elapsed time between any two optical, 

mechanical, electrical or other physical events which may 
be represented by changing voltages. Timing may be started 

and stopped by independent voltages of either polarity. 
Exclusive features include the ability to measure “period” of an 

applied frequency for rapid and precise measurement of 
very low frequencies, and to measure the ratio of two different 

frequencies. Results are displayed in direct reading decimal form.

Berkeley Wire
7000 SERIES

INTERVAL
METERS With

Plastic

Tubing

5
6

9 
10
11 
12

0.1 v rms sensitivity
Step attenuators; trigger-adjusted noise discriminators
More stable frequency dividers
Electronic (not relay) reset
External frequency standard input connection
AC or DC coupling of all input circuits;
10 megohm input impedance
Multivoltage accessory socket to power photocells, etc. 
Binary-coded output with direct connection to digital 
printers, data converters, inline readouts, etc.
Crystal-controlled time marker output
Unitized modular design
Larger, brighter readout numbers 
Modern-styled all-aluminum cabinets

APPLICATIONS—Timing of relays, shutters, solenoids, controls; ballistics research; measure
ment of viscosity; elasticity, velocity; accurate low frequency and period measurements; 
calibration of pulse generators, precision phase measurements, frequency ratio measure
ments, etc. JT flJ if a

BRIEF SPECIFICATIONS Model 7250 Model 7260

Technical bulletins and application data files 
are yours for the asking; please address 
Department D 7.

Range: 10 a sec to 1 sec 1 a sec to 1 sec |
Accuracy: ± 10 a sec, ± 1 part in 10s ± 1 a sec, ± 1 part in 10* |
Input Requirements: 0.1 v rms, 10 megohms, ac or de—coupled - -I

Display Time: Adjustable, 0.1 to 5 seconds (automatic reset) !
• Manual reset also provided. |

Power Requirements: 117 v, ± 10%, 50-60 cps, approx. 175 watts
Dimensions, Weight: 10¥rH x 20%"W x 16¥2"D; 70 lbs.

(cabinet mount; rack mount available) |
Price: (f.o.b. factory) $595.00 1 $830.00 1

Berkeley
32

” fTiTff'fr’f?
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GENERAL ELECTRIC OFFERS WIDEST SELECTION
OF SEMICONDUCTORS AVAILABLE ANYWHERE

advanced bv

initial diameter and
to 2

Park, Wellesley, Mass that the tubing can be

ELECTRIC
CIRCLE 29 ON READER-SERVICE CARD FOR MORE INFORMATION
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GERMANIUM JUNC 
TION RECTIFIERS

Ojieration up to 2OO°C. R 
places 2 junction transis 
tors in computer circuits

Upto 150 mega 
cycle operation.

15 megacycle opei 
ation at tempera 
tures up to 85®C.

NPN 
TETRODE 

TRANSISTOR

SILICON 
POWER 

TRANSISTOR

15 megacycle operation 
Designed for printed cii 
cuit hoard insertion8 watt dissipation at 81 

centigrade.

plications for industry and the military.

See your General Electric Semiconduc
tor Specialist for detailed specifications 
of the semiconductors shown here, or 
write today to: General Electric Co., 
Semiconductor Products, Sect. X7476-1, 
Electronics Park, Syracuse, N. Y.

SILICON 
LOW CURRENT 

RECTIFIER

SILICON 
HIGH 

FREQUENCY 
TRANSISTOR

SILICON 
HIGH CURRENT 

RECTIFIER

SILICON 
DOUBLE BASE 

DIODE

HIGH & LOW FREQUENCY 
NPN TRANSISTORS

GERMANIUM 
HIGH TEMPERATURE 

AND MAGNETIC 
AMPLIFIER RECTIFIERS

HIGH & LOW FREQUENCY 
PNP TRANSISTORS

Rectifier losses reduced to or less. Stacked in 
series or parallel, ratings in thousands of watts: 4JA3011.

Now, an expanded line of G-E transis
tors and rectifiers provides greater 

power performance at extended fre
quency and temperature limits.

Recent G-E developments in germa
nium and silicon for semiconductors 
have opened roads to important new ap-

50 amps per cell at 
300 PIV. 150°C. 
rated stud temper 
ature. 200° C. stor
age temperature .

GERMANIUM MEDIUM POWER RECTIFIERS 
AND RECTIFIER STACKS

Ideal for use in mag 
netic amplifiers, high 
operating temperature 
-up to 85° C.: 1N315 
Very low reverse cur
rent, high d-c reverse 
voltage: 1N368.

NPN 
HIGH FREQUENCY 

TRIODE TRANSISTOR

is capable of handling wire 
diameter. Cable clamps may

that provides insulation and protection of the 
bundle. Individual wires may be brought out of 
the cable or entered as desired.

Called “Spirap,” the tubing is available in 1/4"

GERMANIUM RECTIFIER 
STACKS

More than 160 circuit pos 
sihilities for use up to 900
V and 10 amperes.

be used without damaging critical wire insula
tion. Both production and experimental or proto
type wiring may be facilitated.

One of the advantages cited by the manufac
turer, Computer Control Company, Inc., Babson

ABLING ¿i group of wires with twine is both 
time consuming and tedious. One solution

RF and IF amplifiers for 
broadcast receivers 
2N168. 2N169. 2N169A. 
Converters: 2N168A. Re 
liable industrial/mili- 
tary linear amplifiers: 
2N78. Computer switch 
ing: 2N167. Low level 
amplifiers at low cost: 
2N170.

removed as easily as it is put on. Standard lengths 
are available ranging from 50' to 1000'. Although 
polyethylene is the standard material from which 
Spirap is made, it can also be obtained in nylon, 
Teflon or other materials on special order. For 
further information on this plastic wire lacing 
turn to Reader’s Service Card and circle No. 28.

>4 amp per cell 
150°C. rated free 
ambient. 175°C. 
storage tempera
ture. Designed for 
machine assembly

How spirally-cut plastic tubing is applied to a bundle 
wires. Hand lacing with cabling twine is avoided.

High gain, medium power 
audio: 2N43. 2N44. 
2N45. For USAF re 
quirements: 2N43A. 
Commercial equivalent 
4JD1A17. Computer 
switching: 2N123. RF 
and IF amplifiers and 
oscillators. 2N135. 
2N136, 2N137. Hobbyist 
type at low cost: 2N1O7.

For 99% recti
fication effi- I jui 
ciency: 1N91. 
1N92, 1N93.
Single cell unit 
ratings are in
creased up to 5 
times by add
ing single copper fin. For 
500 ma output current: 
1N151, 1N152. 1N153.



Transistor Circuit Design
with Intermediate Connections Terminal

Intermediate Emitter-Base Circuit

F,g. 3. Resulting circuit with Zn Z2, Z5 oo and Z4 0Fig. 1. Basic mtei mediate circuit tor transistor-bridge com 
binahon with common-emitter connection.
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The g parameters relate the input current and out
put voltage as dependent variables to the input voltage 
and output current as independent quantities (Ref. 1, 
p 314).

In developed form Eq. (1) becomes:

special values will be assigned to some of its im
pedances. By assuming Zu Z2 and Z5 to be infinite and 
Z4 zero, Fig. 3 results. In its redrawn simplified form 
(Fig. 4) we obtain the final configuration of the inter
mediate emitter-base circuit. Consistent with estab
lished terminology, divider Z3-Z6 is connected be
tween emitter and base, and one output terminal of 
the final four-pole circuit is the “intermediate” point.

The matrix representation of the circuit equations 
of Fig. 4 can be shown to be:

The circuits of Figs. 1 and 2 are most easily ana
lyzed with the aid of matrix algebra (Chapter 15 of 
reference 1 contains a lucid introduction to this sub
ject). The details of this analysis will not be presented 
here, but it should be pointed out that by selecting the 
proper matrix for both the transistor and the bridge 
circuit, it is possible to obtain the matrix elements of 
the complete circuit by the simple process of addition.

Since we are not interested in the most general 
bridge circuit, w7hich contains a total of six elements,

configurations will yield a group of three simple cir
cuits, which are to be examined in detail. In their 
final form they can best be described as follows: In 
each one of the resultant four-pole structures, three 
terminals are connected directly to the transistor. The 
fourth is a point intermediate between any two transis
tor terminals. In accordance with the location of this 
fourth terminal, the circuits will be referred to respec
tively as “intermediate emitter-base,” “intermediate 
emitter-collector” and “intermediate base-collector.”

Transistor circuits in which the base, the emitter, 
or the collector are common to both input and 

output, have been studied extensively, and complete 
design information is available for them.1,2,3 Recently, 
however, a new, more general, class of transistor cir
cuits has been developed, which exhibits interesting 
and quite useful properties.1S The new circuits are 
more general and allow better control of impedances 
and amplification properties of the transistor.

The present article w ill be limited to low frequency 
applications of junction transistors, which will permit 
the use of purely resistive equivalent circuit param
eters. Applications at higher frequencies may be based 
on the same circuits and methods of analysis.

The most general form of the new circuit may be 
considered as a parallel-series or series-parallel combi
nation of a transistor and an impedance bridge. Since 
there are three basic types of transistor circuits, a 
total of six combinations appears possible. Figs. 1 and 
2. for instance, show the common emitter transistor 
circuit w ith the two possible bridge combinations. Re
striction of this discussion to a few special bridge 
° Now with Otis Elevator, Electronics Div.

Alfred Jorysz*
Chief Development Engineer 

Presto Recording Corp. 
Paramus, N. J.

Fig. 2 Alternative circuit to Fig. 1



The complete expressions for the g’s are:

(2)Q ii =

26

(3)
4~ 2«A

26

(4)•J 2) —
A

6
y 22 —

A

A 2]

(2a)y h = G9 X IO-4 4- -

(3a)-0.31 4- b

(4a)

(5a)g 22 = 34.5 X 104 4- b (1-6) R

For a load resistance re of 10,000 ohms and a
divider R of 100,000 ohms. Table I shows the
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DIODE LOT NO. 273

total 
vari-

g 2i = —9550 — b

1/22 1
_ _]-------------------

A 4“ 2c

BODY

WHISKER
PIN

CRYSTAL
PIN

» 0T NO. 273
WHISKER PIN

*SSfMR> V

CRYSTAL
PROCESSING
SPEC. NO 5E

CRYSTALS

JUNCTION DOPE
RUN 273

LOT NO. 273
CRYSTAL PIN

ASSEMBLY

PARTS FABRICATION
LOT NO. 273

TEST TO
CUSTOMER

SPECIFICATION
FROM

« OT NO. 275

FINAL
ASSEMBLE

^0T NO. 273
WELDER NO 260

DATE 3/19/56

100

FORM IN« PULSE
RUN 273

L. C. Clevenger, Manufacturing 
Manager, explains below the 
method used in maintaining 
lot homogeneity at PSI.

(5)

In equations (2) to (5) the g parameters are expressed 
in terms of the transistor common emitter hybrid pa
rameters. The latter are easily measured and available 
to designers in transistor data sheets published by most 
manufacturers. Hybrid parameters referred to the 
common emitter circuit are usually primed. This nota
tion will be used here. Hybrid quantities without 
prime will refer to the common base circuit.

The expression for each g parameter consists of two 
parts, the first originating in the transistor, and a sec
ond determined by the external network. Examination 
of Fig. 4 shows that shorting out Z« results in the com
mon emitter circuit with Z3 only shunting the input. 
The common base connection is obtained if Zs vanishes 
and Z6 becomes infinite. In the first circuit the g pa
rameters reduce to their common emitter values. When 
Z ( is zero, however, g\2 and g*21 differ from their com
mon emitter values by one. It can be shown without 
difficulty that these new g expressions are the common 
base g parameters. In proving this, one has only to re
member that, compared to the conventional common 
base circuit, both b and ex are reversed in Fig. 4. 
Example: We shall now discuss various properties of 
the intermediate emitter-base circuit with the aid of 
a practical example. Assume a transistor with the fol
lowing common emitter hybrid parameters: h'xl = 
1000 ohms, h\2 = 0.0009, h'21 = 19 and h'22 = 0.00002 
ohm. Use of equation (6) yields for 0.0029. If 
Z3 and Ze are both resistive and their sum is designated 
as R, Ze can be expressed as a fraction bR, where 0^ 
b^l. Equations (2) to (5) are now simply:

FAMILY HISTORY OF

“At PSI, lot identity is maintained so strictly through
out manufacturing, testing and shipping that, if 
required, we can trace a diode all the way back to the 
original semiconductor ingot, as indicated in the 
accompanying diagram.

“In each serialized production lot, every input 
parameter is kept unchanged; only one semiconductor 
ingot section is used, and production time is limited 
to a specified interval. There is one set of material
input limits, one junction-dope concentration, one 
prescribed forming pulse.

“Sampling tests of diodes from each lot, particularly 
life tests under electrical load, are used to qualify a 
lot for shipment. Maintenance of lot identity and 
homogeneity assures that control samples are truly 
representative, and that all diodes from the lot will 
meet PSI’s exacting standards of reliability!’

WHISKER 
WIRE

OF HOMOBENEOU
LOT NO. 27

SAMPLE TEST

BLUE CIRCLES DENOTE 
MAINTAINED IDENTITY

Pacific Semiconductors, Inc 
10451 WEST JEFFERSON BOULEVARD 

CULVER CITY, CALIFORNIA

SHIP TO CUSTOMER L Of S 
L

CIRCLE 30 ON READER-SERVICE CARD FOR MORE INFORMATION



Z,

-h*n-y(àg 4- g h r,

V oltage amplification:

(8)

Current amplification:

g si
(9)

R

plotting At as a function of b for a fixed value of R, 
then read off the h value required for the desired A,.

or in developed form with 
stituted:

the proper h° values sub-
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A* T h n 

h 22 + Ve

ations in input resistance, voltage amplification and 
current gain for b = 0, 0.5, and 1. This table was com
puted using the following formulae (Ref. 1, p. 336):

Input resistance:

g 2i rf

4- rf

Table I

^g 4- g U rf

b=0 b=0.5 b=l .0
rt (ohms) 859 96.3 50.9
Av —184.5 —184.5 —184.5
Ai — 15.9 - 1.77 — 0.94

It is obvious from Table I that by shifting the tap of 
the voltage divider R, a range of 17:1 in input resist
ance values can be covered and an almost equal varia
tion in current gain is obtained. Control of one or the 
other quantity is therefore possible in a simple way. 
Note that the voltage amplification remains constant 
for the range of b values assumed.

Equations (2a) to (5a) show that both g*n and g’21 
are very little affected by changes in b, while g\2 is 
effectively controlled by it. The influence of b on g*22 
is governed by the magnitude of R. Notice that g*l2, 
the backward current transfer ratio with shorted a-c 
input, can be made zero by proper choice of b.

In practical applications it may be required to ob
tain a certain current amplification using a given tran
sistor and load resistance. This is accomplished by

36

Intermediate Emitter-Collector Circuit

Starting from Fig. 2 and choosing Z3 zero, while 
Z5, Z6, and Zt are assumed infinite, Fig. 5 is obtained. 
The divider is now connected between emitter and 
collector. This circuit shows characteristics inter
mediate between the basic common emitter and com
mon collector circuits. The analysis will be restricted 
to a purely resistive divider R. The fraction bR of R, 
O^b^l, is then Z2; and Z4 equals (1-b) R.

The matrix best suited for analysis of this circuit is 
the hybrid parameter matrix in which input current 
and output voltage are the independent variables. This 
choice becomes obvious if one considers that input 
currents and output voltages are identical for both the 
transistor and the impedance bridge. Since the com
mon emitter circuit was used for the transistor, com
mon emitter hybrid parameters will appear in all 
equations. The intermediate' emitter-collector circuit 
equations are therefore:

If b equals zero and R infinity, equations (10) describe 
the common emitter circuit, while the choice of b=l, 
R=oo produces the common collector equations.

In practical designs the procedure to be followed is 
quite similar to the one outlined in the previous sec
tion. The expressions (7) to (9) have to be replaced, 
however, by (11), (12) and (13) respectively:

Fig. 5. Intermediate emitter-collector circuit.

h 22 4~ ye

Example: An example will illustrate their use. Assume 
the same transistor as in the previous example. If the 
total divider between collector and emitter is 100,000 
ohms again, and the load resistance is 10,000 ohms, 
Table II shows the variations of rH Av, and At for three 
different locations of the tap.

Table II

b—0 b—0.5 b-1.0
h (ohms) 868 1 101000 162500
Av —168.5 — 1.49 — 0.995
Ai — 14.6 —15.0 —15.4

Inspection of this table shows that for a given load 
a wide range of input resistances can be obtained, 
which is of a different magnitude than the one com
puted for the intermediate emitter-base circuit. The 
current gain remains practically constant, while the 
voltage amplification changes over wide limits. The 
change in power gain is therefore directly proportional 
to Av.

Intermediate Base-Collector Circuit

The third circuit to be discussed is the intermediate 
base-collector circuit. It can also be derived from a 
series-parallel combination of a transistor and an im
pedance bridge. We shall proceed directly to the cir
cuit containing a voltage divider between base and 
collector terminals of the transistor (Fig. 6). The final 
circuit matrix is based again on the hybrid parameters. 
It is not identical with the matrix appearing in equa-

Fig. 6. Intermediate base-collector circuit.



tions (10), however, since in the present case the hybrid 
parameters are referred to the common base circuit. 
They therefore appear without a prime in equations 
(14).

— [bn + b (1 — b) /?] ii 4- [/ti2 — b] es

1
¿2 = [Z?2i 4- b] îi 4~ ha 4------- ^2

ß

By setting b zero and R infinity, (14) reduce to the 
common base circuit equations. If b equals unity, on 
the other hand, we have the common collector cir
cuit in which the emitter is the input and the base 
the output terminal.

Circuit with Equal Input and Output Resistances

After having discussed the three types of intermedi
ate circuits, it is interesting to examine the possibility 
of devising a transistor circuit with equal input and 
output resistances based on an image impedance 
match. Such a match is accomplished for a four-termi
nal network if the generator impedance equals the 
input impedance and the load equals the output im
pedance.

The intermediate emitter-base circuit shows only 
relatively low input resistances, and, as can be shown 
by assuming a generator, fairly high output resistances. 
The intermediate emitter-collector circuit, on the other 
hand, shows a wide range of both input and output 
resistances. In this circuit it is therefore possible to 
equate the expressions given below for image matched 
input and output, (15) and (16), (Ref. 3, p. 105) and 
determine b from the resultant equation (17).

1 -*•

------ ~ ™ 22
T ' om h il h 22

1
h 12

b*2i

Pn V22

h 12
V21

1 — —

h*il h 22 — h 12 h 2i — 1

The h° parameters to be used are those appearing 
in expression (10).

A graphical solution can be obtained very simply by 
plotting both (15) and (16) as functions of b. The 
intersection of the two curves yields the value of the 
required tap location. By using this value for b it is 
possible to connect two transistors directly, as far as ac 
is concerned, and obtain optimum power gain.
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EACH KIT CONTAINS 36 resistors — 6 of each specified type — 
packaged in attractive transparent plastic boxes, plus an 

engineering bulletin. Kits will be shipped postpaid to any point 
in the United States and Canada.

For Transistor Circuitry

GLOBAR

TEST KIT 
NO. S

Type F 
Thermistors 

Price $22®°

TYPE F 
THERMISTOR KIT

Quantity Cat. No.
Body Siio Res. at M°C 

±20%

Nominal 
Temp. Coeff. 
B Constant

Nominal 
Watt LoadingLength Diameter

6 763F 5 1100 0.5

6> 763F 10 1400 0.5

6 763F w 20 1500 0.5

6 997F w 40 1450 .25

6 997F w 220 1750 .25

6 997F w 10000 1950 .25

Where the effect of temperature on transistor 
circuitry presents a problem, the Type F thermistors 
in this test kit can help you find the answer. They 
were selected to provide a useful range of resistance 
values and temperature coefficients in body sizes suit
able for this type of application.

Both Globar® 997F and 763 F thermistors are cur
rently being tested in transistor circuits or have already 
been designed into them. The 997 size is particularly 
suitable for use in miniaturized equipment.

OTHER TEST KITS of globar* Ceramic Varistors and Thermistors now available to help solve your circuitry problems include:

KIT NO. 1

-----  $29.25
TYPE F 

THERMISTORS

KIT NO. 2

$24.50
TYPE H 

THERMISTORS

KIT NO. 3

^.0.00
TYPE BNR 
VARISTORS

$ia.2b
TYPE F, 

TYPE BNR THERMISTORS 
and VARISTORS

For further information, or for FREE Engineering Bulletin on any kit, write —

GLOBAR* Division
THE CARBORUNDUM COMPANY. Niagara Falls, N. Y.
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Circuit Engineering Consultant

PRICES have come down. This has meant more 
and more transistors have been used—3-1/2 mil

lion in 1955. Almost 2 million have been sold already 
in the first quarter of 1956. As transistorized products 
hit the market, competitors are forced to redesign their 
equipment and the demand for transistors rises sharp
ly. Between 10 and 11 million are expected to be sold 
by transistor manufacturers in 1956 according to in
dustry experts. From a technical viewpoint transistors 
have improved in quality. The current gain of alloy 
types now holds up for much higher current levels. 
The spread of characteristics within any one type has 
been narrowed. Further, several new general classes 
of transistors based upon application as well as struc
ture have come about. Advances in the art of applied 
solid state physics such as “grown-diffused” units have 
been announced but are not yet available commer
cially.

The work on solid state diffusion and the advances 
in micro-techniques have been most significant. How
ever no one technique for producing very-high-fre
quency transistors is ahead as of now. Perhaps this 
will come in the next year. The most important matter 
otherwise was the government's antitrust suit resulting 
in many A.T.&T. patents being made royalty free.

The price of transistors today extends from $0.50 
for low-quality units in lots of hundred thousands 
(for toy use only), through $5 for computer units, and 
to $50 for new experimental units. The $1 special 
offered by the jobbers for the amateur is all too often 
so widespread in its characteristics from one to an
other as to lead to disgust with transistors. One manu
facturer however sets and holds reasonable limits and 
puts them on the specification sheet supplied with the 
dollar transistor. Most others will probably follow 
suit this next year.

The long standing demand by radio manufacturers 
for transistors that approach tubes in cost is being met. 
Now a radio manufacturer is considering replacing a 
tube with a transistor on the basis of cost alone. At the 
beginning of the year some transistorized computer 
packages were found to be cheaper, all things con
sidered, than the vacuum tube packages that they 
were replacing. A rough rule of thumb for today is 
that a transistor will cost about $1.00 for each unit 
of value measured as the product of a power dissipa
tion in watts at 55°C, b frequency of alpha cut-off in 
megacyles, and c common emitter current gain. Im-

Transistors in 1956

provement of these qualities has been impressing 
design engineers but this is not the entire story. The 
tetrode, which has a high figure of merit on the above 
basis, has been largely neglected. Tetrodes are proving 
desirable as r-f stages in all-band receivers.

The current gain of the alloy types has been sus
tained over longer periods by double emitter doping 
and other techniques so that power types with a 
current gain of 60 at 1 to 2amps are now obtainable. 
In the smaller deciwatt class, the sustained current 
gain now gives push-pull class B audio output up to 
more than lOOmw with less than 5% distortion at any 
level. In the high frequency p-n-p’s the current gain 
varies as little as between 60 and 80, for example, 
from tens of microamperes to tens of milliamperes 
collector current.

A year ago only one manufacturer offered standard 
units with a maximum current gain spread of as low 
as 2 to 1. Now it is almost mandatory to keep within 
that range. That same manufacturer is now offering 
units with ±20% current gain spread and even some 
rated at ±10%. This achievement of closer tolerance 
units is more superficial rather than real. Production 
line units are simply divided into groups or types 
with smaller ranges, though the production spread 
is always being lowered. The problem is mostly one 
of designation and stocking of types.

Although the practice of dividing up production 
into more types is going on, the total number of types 
is increasir»g because users are demanding transistors 
with current gains as high as 200. The author predicts, 
however, that the maximally desired current gain will 
not go much beyond 100 because at 100 the common 
emitter input and output impedances are nearly equal. 
Note that the beta spreads now obtainable are com
parable to the transconductance spreads in tubes.

Variation in external shapes structure is still much 
greater than that of tubes. In the near a watt class, 
the choice appears to be between the cartridge type 
with its large base ring contact, introduced last year, 
and a type about to be announced in which the leads 
come out at three comers of a square (one tenth inch 
on a side) protruding from the base. The overall pack
age is derby-like in shape about 1" in diameter (with 
no pipe on top) and might go to one or two watts. 
Another factor in physical non-interchangeability is 
grounding of an electrode to the shell. This procedure 
is ideal for the particular circuit for which it was de
signed. It has given headaches to circuit designers 
who try to use the unit in other circuits. In the last 

year the tendency appeared to be toward such con
nection to the shell thus multiplying the already too 
large number of types.

How to Classify

Transistors seem to be fundamentally classifiable 
on the basis of power dissipation level. Power dissi
pation is proportional to size which, in turn, directly 
limits frequency response. This natural restriction on 
the number of basic types is partially offset by the 
occasional use of a low-power transistor structure in a 
shell of greater power handling capability or vice 
versa.

The choice of semiconducting material and further 
adaption of the transistor to application has resulted 
in a settling down to certain broad types and sub
division as follows:

Audio
a. General purpose
b. Low voltage
c. Low noise
d. Subminiature
e. Deciwatt
f. Watt

Computer
a. Low frequency
b. Medium frequency
c. High frequency
d. High voltage
e. Bidirectional

Radio
a. R-f
b. Mixer
c. I-f

Servo, Control, etc.
a. High impedance
b. High temperature

Special
a. Photo transistor
b. Avalanche
c. Hook collector
d. Point contact

e. Double-base diode 
f. Field effect transistor 
g. etc.

[This year’s Electronic Design Transistor Data 
Chart follows this general breakdown using as major 
heads, general-purpose, 1-f; high-frequency and switch
ing; power transistor and special units as photo tran
sistors and tetrodes.] This breakdown shows about 
twenty natural classes most of which could be sub
divided into about twenty-six sub-classes by dividing 
current gain into ±20% segments between the values 
of ten and two hundred ( why not use standard color
coding to indicate current gain?). With transistors 
achieving clean and stable surfaces, a further break
down into sub-sub-classes is probably superfluous. A 
classification along some scheme is urgently needed.

The low noise audio units will probably become of 
lesser importance as the noise level of all units con-
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tinues to decrease and as more circuit designers be
come aware of the fact that collector voltage is a 
major factor determining circuit noise. The small size 
class is now led by the 0.160 x 0.130" audio unit. 
This is an order of magnitude smaller than last year’s 
smallest but is still an order of magnitude larger than 
need be. At the other extreme, power units are now 
available with 12w and 60v ratings. Auto radio use 
has forced standardization of the 2-w package which 
has been followed by price competition resulting in, 
to date, a price of $2.50 to set manufacturers. This 
trend has involved mostly germanium units. Silicon 
power units will have the fore next year.

Computer types continue to be sold to the cus
tomer's specifications. Each customer not only specifies 
different values but also different coefficients to be 
measured and his own way of measuring them. Lamp 
switching transistors are audio types of relatively low 
current gain, low collector cut-off current, and high 
collector voltage ratings and are now available in 
grown n-p-n and alloy p-n-p. Competition is such that 
a second manufacturer is producing alloy p-n-p bi
directional units even though no real market has been 
created as yet. There are several companies making 
the alloy n-p-n bidirectional units. Here there is a 
present demand because of the superior high fre
quency response. This type can be expected to take 
an increasingly larger share of the market.

The high-frequency alloy p-n-p is a staple item with 
more manufacturers entering the market. It is now 
also available with a restricted collector capacitance 
range for i-f work. The usable i-f gain is increased 
from perhaps 26 to 32 to 33db compared with the 
maximum available gain of 35db. The off capacitance 
units are sold as mixers. Selection by capacitance and 
gain had been offered last year by a grown junction 
manufacturer. This selection is fortunately being re
duced. However the low capacitance units now sup
plied are obtained by a decrease in cross-section and 
hence are operated very near to thermal and electrical 
maximum.

Alloy silicon units are now available in the servo, 
or power class, to increase the designer’s freedom in 
high impedance and high temperature circuits.

A photo-transistor with all three electrodes brought 
out is again available. Other special types continue 
to become available and improved upon. An emitter- 
to-base direct-coupled pair in one can is now avail
able, but at five times the price of the equivalent 
transistors. When such construction, because of a 
saving of one header can and seal, results in a reduced 
price over separate transistors it will become more 
significant.

The basic data for this article is not necessarily 
complete since but about one fifth of the manufac- 

• turers were personally communicated with to get 
information. The statements and conclusions set forth 
are therefore the author’s responsibility. Gratefulness 
is expressed to Frank Dukat and Nicholas DeWolf for 
their suggestions.
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CBS

FOR ADVANCED- 

ENOiNEERED

Have you an exacting requirement for 
stable voltage? Try the reliabilized CBS 6626 
and 6627. There are no better VR tubes made. 
They represent the most advanced engineering 
concepts in gaseous voltage-regulator tubes. 
They eliminate sudden discrete voltage shifts 
in voltage-reference circuits.

It’s only natural that CBS VR tubes should 
be the finest. CBS-Hytron specializes in VR 
tubes . . . has made over 20 millions of them. 
CBS-Hytron has originated many VR types; for 
example, the OB2, USN-OA2WA, USN- 
0B2WA, 6830, 6831 ... as well as the 6626 and 
6627. CBS-Hytron offers the widest line of 105- 
volt and 150-volt VR tubes: commercial and 
military . . . miniature and GT . . . for voltage 
regulation and voltage reference. And in
quiries are solicited for production quantities 
of specialized VR types, like the flying-lead 
6830 and 6831.

It makes good sense to think of CBS when 
you think of VR tubes. Be sure of up-to-the- 
minute design and tightly controlled quality. 
Follow the leaders, specify the leader. For 
stable, reliable, advanced-engineered VR tubes 
. . . always make it CBS.

Seen the new CBS VR Tube Manual? 4 
complete, informative, easy-to-read eight 
pages. Includes data, theory, and applica
tion on voltage regulation and voltage 
reference. ¡Trite for free Bulletin E-267 
today.

CB8-HYTRON, Danvers, Massachusetts

A Division of 
Columbia Broadcasting System, Inc.

CIRCLE 32 ON READER-SERVICE CARD FOR MORE INFORMATION



including new surface barrier type

a =
— g12 g21/g22. One set of curves

Fig. 1. Contour curves for L-5117, top, and SB-100, bottom.

Since a study of the conductance parameters satisfies 
the basic physical principles, this recent data is based

Keats A. Pullen, Jr.
Ballistic Research Laboratories 

Aberdeen Proving Ground, Md.

on gn, g22 and gc =

Transistor Contour Curves

CONDUCTANCE curve techniques, recently devel
oped for data presentation of vacuum tubes, have 

also been found useful in transistor circuit design 
(Electronic Design, July 1955, p. 22). Additional data 
has recently been compiled, with particular attention 
being given to grounded emitter characteristics. In
cluded in this article are transistor contour curves us
ing g parameters on the SB-100, L-5117, and the 2N96. 
Also, an experimental curve using h parameters is in
cluded for the 2N96.

based on h parameters has been prepared.
The g parameters for grounded-base or grounded 

collector operation may be obtained from the grounded 
emitter data. A substitution may be made of appro
priate combinations of parameters for the grounded 
emitter parameters in the amplification equation of the 
grounded emitter amplifier. The substitution is valid 

since the exact configuration of the transistor is not 
considered in the derivation of the equation. These 
substitutions are given in the accompanying table.

Analysis has shown that of the two frequency limit 
equations used with the transistor current gain, and 

has special significance. The us results from the 
finite base input impedance on transistors, and controls 
the frequency at which the input capacitance of the 
transistor must be considered. The current gain in 
tubes, as in transistors above wj, is inversely propor
tional to frequency.

The wa frequency is the frequency at which the in
put susceptance of the transistor equals the forward 
transconductance. The parameter 7 may therefore be 
defined as, approximately:

g2i

Since only the gn contains a large susceptance com
ponent, and gn<<g2n follows that w« —g21/Clv

Amplification for a transistor operating in the 
grounded emitter connection Fig. 3, left, is given by 
Eq. 1, where Ke is the common emitter voltage 
gain, Rin is the scries input resistance of the source and 
rb' is the base spreading resistance.

-200 200 -Az-mo

Fig. 2. Contour curves for 2N96 using h parameters, top, and g parameters, bottom
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Eq. 1 may be modified into Eq. 2 to include the 
effect of emitter degeneration, Fig. 3, right.

Calculation of the small-signal amplification of the 
transistor amplifiers in a completely analogous manner 
to the corresponding calculations for the tubes is pos
sible using Eq. 1 and 2.

The first step in design is the selection of a supply 
voltage and a maximum collector current. The maxi
mum collector current should be as small as possible, 
consistent with either power or impedance limitations. 
It should not, however, be small enough to make the 
variation of Ico important. Collector voltage should be 
selected to be between 1/5 and 3/5 maximum collec
tor rating. Transformer-coupled amplifiers use the 
lower values, resistance-coupled the higher. Values of 
voltage and current should be adjusted to be consistent 
with any limitations on load resistance resulting from 
frequency response requirements.

After the supply voltage and load resistance (or 
maximum collector current) have been selected, the 
load line may be drawn on the collector family (right) 
of the chart. It connects the supply voltage point Ec 
and the maximum current point of 7C. Then the load 
line must be replotted on the emitter family (left) on 
the chart. This is accomplished by reading the Ec at 
each intersection between a base current contour and 
the load line on the right, and locating the correspond
ing points on the left. A curved line may then be 
sketched through the successive points.

After the two load lines have been plotted on the 
emitter and the collector families, the values of the 
small-signal parameters for the transistor at the respec
tive intersections between the base current contour 
and the load lines may be tabulated. From these, am
plification may be calculated directly. Distortion is 
then obtained from Eq. 3.

The input and output voltage conditions may be 
found from Eq. 4 and 5. Total input voltage change 
may be found by introducing first one extreme of the 
values of eb, 4 and tc, and the other. Total change in 
output may be found similarly.

Eq. 1 may be converted to the form required for 
either grounded-base or grounded collector operation 
by the use of the relations in the conversion table. To 
make certain that base spreading resistance, r* is 
taken into account, the equations may be rederived 
into Eq. 6 for the grounded base connection, and Eq. 7 
for the grounded collector connection. The usual forms 
of the equations for triode grounded-grid or grounded- 
plate amplifiers are obtained by setting all gu and rb' 
equal to zero and gc equal to g22.

Input impedance for the general degenerative am
plifier is given by Eq. 8. For emitter followers, RL is 
zero; for ordinary amplifiers, Re is zero. Eq. 9 is the 
ratio of the input conductances of the ordinary ampli
fier to that of the degenerative amplifier. With this 
equation, since values of g21 of about 0.03 are readily 
obtainable, an Re as small as 100 ohms can reduce the 
input conductance of an amplifier to a quarter or less

MICROWAVE
SIGNAL GENERATORS 
AND SIGNAL SOURCES

for extremely 

high frequencies 
12,400 to 50,000me

Rugged, compact, completely integrated units. Designed to save 
engineering manhours in the laboratory and on the production 
line. Operate simply with direct-reading continuously variable 
dials. No calibration charts.
Frequency is measured by direct-reading reaction-type wave
meters that assure extreme accuracy. VSWR is exceptional- 
Signal Generators 1.7 to 1; Signal Sources 1.7 to 1 when attenu
ated. Calibration accuracy is given special attention.
Consult Polarad on all your EHF problems. SS 1218

For complete information write to your nearest Polarad 
representative or directly to the factory.

r------------------
Frequency Range Model Number Output Power Model Number Power Output 

(Average)

; 12.4 to 17.5 KMC SG 1218* -10 DBM SS 1218 15 mw

18.0 to 220 KMC SG 1822 -10 DBM SS 1822 10 mw

22.0 to 25.0 KMC SG 2225 - 10.DBM SS 2225 10 mw

24.7 to 27.5 KMC SG 2427 -10 DBM SS 2427 10 mw

27.27 to 30.0 KMC SG 2730 -10 DBM SS 2730 10 mw

29.7 to 33.52 KMC SG 3033 -10 DBM SS 3033 10 mw

33.52 to 36.25 KMC SG 3336 -10 DBM SS 3336 9 mw

35.1 to 39.7 KMC SG 3540 -10 DBM SS 3540 5 mw

37.1 to 42.6 KMC External Source Power Measurement 
Range 4-10 to 4-30 DBM 
Accuracy with Correction: ±2 DB

SS 3742 Approx. 3 mw

41.7 to 50.0 KMC SS 4150
L

Approx. 3 mw

Modulation:
1. Internal

1000 CPS Square Wave
2. External

a. Pulse
Pulse Width: 0.5 to 10 Microseconds 
PRF: 50 to 10,000 PPS
Pulse Amplitude: 10 volts Pk to Pk Min.
Polarity: Positive 

b. Sawtooth or Sinusoidal 
Frequency: 50 to 10,000 CPS 
Amplitude: 15 Volts RMS Min.

POLARAD MICROWAVE SIGNAL SOURCES 
12.4 TO 50.0 KMC

SPECIAL FEATURES OF 
EHF SIGNAL GENERATORS

• Unique power measurement system em
ploys waveguide components of unusual 
design - allows continuous and front 
panel monitoring.

• Attenuation is independent of power set 
and frequency.

• 1000 cycles cps square wave modulation 
and external fm or pulse modulation pro
vided over entire frequency range.

AVAILABLE ON EQUIPMENT LEASE PLAN

POLARAD ELECTRONICS CORPORATION
43-20 34th STREET, LONG ISLAND CITY 1, N. Y.

MAINTENANCE SERVICE AVAILABLE 
THROUGHOUT THE COUNTRY

A complete line of Microwave Signal Generators avail
able in a range of 950 to 11,500 MC and Signal Sources 
available in a range of 650 to 10,750 MC

REPRESENTATIVES • Albuquerque • Atlanta • Baltimore • Boston • Buffalo • Chicago • Dayton • Englewood • Fort Worth • Los Angeles • New York 
Philadelphia • San Francisco • Syracuse • Washington, D. C. • Westbury - Winston-Salem • Canada, Arnprior, Toronto

CIRCLE 33 ON READER-SERVICE CARD FOR MORE INFORMATION
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HOW

ABOUT

YOU?

MISSILES

NAVIGATION

RADAR

MASS.

42

SPARROW III SYSTEM (Navy) 
HAWK I SYSTEM (Army)

COHERENT RADAR SYSTEMS 
SYSTEMS ANALYSIS 
AERODYNAMICS 
STRUCTURES 
OPERATIONS ANALYSIS 
HEAT TRANSFER

CIRCUIT DESIGN
AIRBORNE COMPUTER DESIGN 
MICROWAVE
MECHANICAL DESIGN 
ELECTRONIC PACKAGING 
PRECISION SERVO SYSTEMS

COHERENT Al RADARS (Air Force and Navy) 
SEARCH AND TRACKING RADARS (Army) 
COUNTERMEASURES (Air Force)

w

DOPPLER NAVIGATORS (Air Force and Navy) 
ALTIMETERS (Air Force and Navy)
AIRCRAFT CONTROL SYSTEMS

RAYTHEON MANUFACTURING
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RAYTHEON) SYSTEMS
< J DIVISION

GO/MG 
PLACES

Raytheon, a leader in anti-aircraft missile and airborne radar design, announces a broad ex

pansion program creating excellent opportunities for engineers at all levels. As prime contractor 
to the Navy, Army, and Air Force on weapons systems programs, Raytheon has overall responsi
bility for system development encompassing the following fields:

of that for the straight amplifier. As a consequence, 
construction of amplifiers using r-c coupling and stage 
gain of about 25db is possible, even when several am
plifiers are coupled in a cascade.

In several of the equations, g12 has been neglected 
when it appeared in the sum: gll + gl2 + g2l + g22‘ 

Since gi2 has a value near 10'7 compared to the values 
of gu about 103, g21 about 102 and g22 about 105, it is 
evident that, unless a differencing occurs in the use 
of numbers, neglecting g12 is justified.

Sets of experimental curves on the 2N96 transistor, 
one set using g parameters, the second h parameters, 
have been prepared. Using the h parameters, voltage 
amplification is given by Eq. 10.

The main defect so far noted with Eq. 10 is the 
presence of the term (hnh22 ~ hX2h2l) in the expression. 
Since the magnitude of hxxh22 is nearly the same as 
hl2h2i, rather stringent requirements on the accuracy 
of measurement for the four components results. No 
such requirements are necessary with the g expres
sions, since the term (gug22 “ gi2g2i) ,s measured di
rectly in the form gngc.

It would appear, therefore, that the h parameters 
should be modified if they are to have maximum use
fulness. The modification would consist of using either 
(h22--hx2h2l/hll) or (hxx—hx2h2x/h>2') instead of hX2 as 
is common practice.

Some loss of physical significance appears to result 
from the use of h parameters as compared to the g 
parameters. Also, some of the complications are intro
duced into the presentation of high-frequency charac
teristics when the h parameters are used. When these 
deficiencies are added to the comparative precision 
required of the basic data for the two systems, a tenta
tive decision may be reached that the modified g para
meters are probably better than the h parameters as 
currently used.

The Missile Systems Division of Raytheon has plants at Bedford. Mass., Maynard, Mass., Lowell, 
Mass., with flight test facilities at Oxnard, Calif, and White Sands, New Mexico. The plants 
are located in areas offering a choice of urban or country living with excellent housing at a rea
sonable cost. Top-flight engineers at all levels are needed for the direction and implementation of 
advanced development work in the following fields.

Rb T VCC



Equations used with Transistor Contour Curves

021 Rl
K, = _--------------------------------------------------------------------------

I 4- 0u (rb 4- r^n) 4- g22 Rl 4“ 0n gc (rb 4- Rin) Rl

______________ Rl (gu - gn 9c Re)______________________________

14-011 Gb 4- Rjr) 4-0114-0214-^22) Rc + 922 Rl+911 9c [GV + ftfn) (Rc~YRl)+Re R l]

Ai — A2
I) = 25---------

Ai 4- A 2
(3)

Ctn = Cb + ib Rin + (h 4“ 4) Re (4)

e0 = - ie Rl (à)

Rl (021 + 022 4“ 011 0C Tb) , x
------------------------------------------ *—-------------------------------------------- (fl)

1 4" (021 4- 02’) Rin 4- 022 Rl 4" 011 (rb 4" Rin) 4" 011 9c (Rin + Rl) Gb 4" Rin)

Re (021 - 011 9c Re)
K = -------------------- ---- --------------------------------------------------------------------- (7)

1 4- 01! Gb 4- Rin) “ ^011 + 021 4" 022) Re 4- 011 9c Gb “I" Rin) Re

0ii [1 4- 9c (Re 4- Rl)]

14-011 <r/4-Rin+Rt•)4-(0214-022) Ae4-022 RlG-9h 9c (Ae4-AL)4-Rt Rl]
(8)

9ie '0u 4- 021 4- 022) Re 4~ 011 9c [#e Gb + Rin) + Re #£,]
— =--------------------------——— -------------———————————————————— -|- 1 (9 )
9id 1 + 0ii Gb 4- R,n) 4- 022 Rl 4- 011 9C Gb 4- Rin) Rl

A21 Gin Rl
K =--------------------------------------------------------------------------  (10)

1 4- G,n 4- A22 Rl 4“ Gin Rl (^11 ^22 ~ ^12 ^21)

Fig. 3. Circuit, left, for measuring 
amplification of a transistor operat
ing in the grounded emitter connec
tion, and above, modification to in
clude effect of emitter degeneration.

Table of Substitutions for finding 
grounded base and grounded collector 
parameter from grounded emitter param
eters.

Grounded ( ¿rounded Grounded
Emitter Base Collector

0ii 0114-0214-022 0n

021 ~021~022 — 011 — 021

022 022

0114-0C

0114-0214-022

9c
0114-021

9c

0ii
012 =

021
(922-g e)
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ONE... 
or 

ONE 
THOUSAND

Safeway
WOVEN HEAT ELEMENTS 

are specially made 

to fit your individual needs

A Safeway representative writes, 
phones, or if possible, visits each cus
tomer before blueprints are drawn to 
ascertain that we have all essential in
formation. As a result, every order, no 
matter how large or small, is filled ac
cording to individual specifications . . . 
tailor-made to meet your most exacting 
requirements.

An unceasing research program is 
further assurance that every unit pro
duced by Safeway, the pioneer in woven 
heat elements, is keeping pace with de
velopment in industry.

Typical applications are for helicopter rotors, 
aerial cameras, heated pipes, and propeller 
blades. Many more include heating and de
icing units in aircraft and a variety of heating 
elements for molds, dies, trays, tanks, ovens 
and dryers in industry.

For your copy of a fad-filled folder, write to:

Safeway^-
480 NEWFIELD STREET • MIDDLETOWN, CONNECTICUT
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For maximum resistance in minimum space:

Daven’s new winding technique
cuts giants down to size

Inside these fully encapsulated miniature precision wire wound resistors. Daven 
furnishes the solution to problems presented by space limitations. A new 
winding technique permits the use of extremely fine sizes of resistance wire to 
obtain two or three times the resistance value previously supplied on a minia
ture bobbin. This new development more firmly establishes daven’s leadership 
in the field of miniature and standard size precision wire wound resistors.

Types and Specifications
Wattage

Type Dia. Length Max. Res. Rating Terminals
1273 1/4 5/16 400K .1 One End #22 Gauge
1283 1 4 5/16 400K .1 Axial #22 Gauge
1274 3 16 3/8 100K .1 Axial #22 Gauge
1284 1 4 27/64 .5 Meg. .25 One end #20 Gauge
1192 14 1 1.0 Meg. .75 Axial #22 Gauge

■ Fully encapsulated.
■ Meet and exceed all humidity, 
salt water immersion and 
cycling tests as specified in 
MILR-93A, Amendment 3.
• Operate at 125°C continuous 
power without de-rating.
■ Can be obtained in tolerances 
as close as ± 0.05%.
■ Standard temperature 
coefficient is 20PPM/°C. 
Special coefficients can be 
supplied on request.

Write for complete resistor catal

-‘DAyEN
524 West Mt. »Pleasant Ave.
Route 10, Livingston, N. J.

WORLD’S LARGEST MANUFACTURER OF ATTENUATORS
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Transistorized

Pulse Programming

THIS transistorized pulse programming 
system is light enough and compact 

enough to be hand-carried and set on the 
laboratory work bench. It is designed for 
the development engineer who is working 
with transistor switching circuits, and mag
netic core logic circuits: programmed 
pulses at the voltage and current levels 
that are required for driving transistorized 
circuits are provided. The system is made 
up on miniaturized building blocks. Power 
drain is low.

Probably most important of the design 
features of the 100A logic units, made by 
the Navigation Computer Corp., 29th & 
McKean Sts., Philadelphia, Pa. is the ease 
of programming them. All of the unit inter
connections are made with small “patch 
board” plugs, at the rear of the cabinet, as 
illustrated. This simple means for inter
connection is made possible by the use of 
very low impedance outputs, with careful 
control of ground currents. A miniaturized 
power supply is completely contained in 
the bench top cabinet, which is made to 
house up to twelve plug-in logic units. 
Since the power supply need only to pro
vide two voltages, and a total of 15w, it 
allows an extremely simple test set-up.

Some of the most commonly used test 
set-ups are shown in the accompanying 
diagrams.

Diagram 1 shows the signal generator 
and the tri-delay unit being used to create 
a spaced pulse pair—such as may be used 
for driving magnetic core shift registers.

One set of outputs are d-c coupled; going 
from 20 to Ov during the pulse duration. 
Hard tube constant current drivers, like the 
6197, can be coupled directly to these out
puts. Several of the triple delay units 
can be connected in series for the sweeping 
of magnetic core memory matrices. The 
individual variable delay sections can also 
be used for pulse standardization or inver-

Patching or programming is made at rear of 
units.
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Equipment

Bench-top pulse program equipment is 
made up of transistorized building block 
units.

sion, from low level trigger pulses of any 
shape.

In diagram 2 the cycle distributor sec
tion of the programming unit is being used 
to alternately advance information from 
four indicating shift register units. The 
pulse program of “l”s and “0”s can be in
troduced from the front panel, and are 
visible in lights. High frequency clock 
pulses are turned on by the electronic 
switch to eliminate switch transient inter
ference. The channels, which can be any 
multiple of 10 bits, are re-entered on them
selves to perpetuate the pulse patterns.

The versatility of the building block units 
is shown further by the counting system in 
diagram 3. Here the indicating shift reg
isters have been connected, cycle re-en
trant, with the serial output being used as 

the advance pulse for each succeeding dec
ade. With all the registers pre-set to “one”; 
they are connected in series with the “and 
gate unit. An external gating pulse is used 
as one of the “and” gate inputs. Clock 
pulses from the pulse generator are then 
accurately counted and registered in the 
shift registers during the gating pulse 
period.

Some of the features of the new minia
ture units include: temperature compensa
tion of all timing circuits; constant voltage 
low impedance outputs of both polarities 
for driving up to ten p-n-p or n-p-n tran
sistor stages into the saturation; “hole clear
ing” pulses to accelerate fall time transients; 
and visual indication of pulse program
ming. For more information, turn to the 
Reader’s Service Card and circle No. 37.

Producing a pair 
spaced pulses. Sequenced cycle distribution. Counting applications.

ELECTRONIC DESIGN • July 1, 1956



RADAR ANTENNA DEVICES

Advanced Design and Packaging Techniques 
Cut Down on Size and Weight

As you can see, we make a wide range 
of radar antenna devices, including an 
extremely small one that’s classified. 
And, because of our vast experience in 
servo-mechanisms . . . ano in latest 
packaging techniques ... Bendix Radar 
Antenna Devices are smaller and lighter.

THE GROUND ANTENNA PEDESTAL 
(left) is air transportable. Total unit 
weight is about half that of previous 
models. Segmented parabolic reflector 
can be quickly dismantled for transit. 
Accuracy is 1.5 minutes at normal 
temperature and loading. Operational 

requirements cover ambient tempera
ture range of —65°F. to +150cF. and 
wind loading up to 50 mph.

THE AIRBORNE WEATHER RADAR 
ANTENNA (right) is designed for circular 
azimuth scanning at 15 rpm on all 
modern commercial aircraft. Available 
in both X-band and C-band. 22" X- 
band version weighs less than 25 lbs. 
For complete details on our line of 
radar antenna devices, write Depart
ment E, ECLIPSE-PIONEER DIVISION, 

BENDIX AVIATION CORPORATION, TETER
BORO. NEW JERSEY.

West Coast Offices: 117 E. Providencia Ave., Burbank, Calif.
Room 114, Administration Bldg., Boeing Field, Seattle 8, Washington 

Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y.

Eclipse
Pioneer

DIVISION

AVIATION COUPON AT ion
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AEPLACING vacuum tubes with transistors re- 
quires particular consideration of temperature 

effects, drive and impedance matching requirements, 
and frequency response. Designing transistorized test 
equipment, especially equipment to test other transis
tors, often accents these problems. Some of the design 
problems encountered in the design of a small tran
sistorized test set are discussed in this article.

Since the instrument was to.be a piece of general 
purpose test equipment, also for the field man, it was 
desirable that only the most pertinent characteristics 
of a junction triode transistor were to be measured. 
These characteristics should indicate whether the tran
sistor is good or bad, and furnish the operator with 
reliable quantitative data on how good or how bad, 
for most cases normally encountered.

Two measurements meet the above requirements; 
h2i, the short circuit current gain, and Zco, the base col
lector leakage current. By making these measurements, 
and properly interpreting them, most of the causes of 
failure of transistors may be detected. Z/21 or (3, the 
short circuit current gain in the common emitter con
nection, is a small signal measurement which can be 
made with good resolution, and is a basic indication of 
how well a transistor is operating as a device.

Leakage current Z(O across the base to collector junc
tion when reverse biased by a d-c voltage is a 
measure of the material properties of a transistor, 
the care with which it was manufactured and the 
ease with which it may be applied to circuitry. 
Measurement of Ico is made by simple d-c techniques 
and involves no particular problem.

Measurement of h21

Short circuit current gain, h2Xe, may be measured to 
an approximation as the ratio of a small change in 
collector current to the change in base current 
causing it. The smaller the base current swing, 
the nearer the conditions for measurement of true h2U 
are approached. In the design of this transistor test 
instrument, a peak-to-peak base current swing of ap
proximately 5ua was chosen for the lowest h2Xe meter 
scale. As the full-scale readings increase in value, the 
input current swing decreases, and may become as 
small as 0.25ua peak-to-peak on the highest range. 
Smallest signal swing feasible, Fig. 1, must be used to 
avoid an “integrated” h2ie reading. With small signal 
swings, the shape of the h21e vs Z, curve can be easily 
ascertained.

Errors caused by measuring values on two h2Xt vs I 
curves of different shapes, but with the same h2Uf at a

Designing
Transistorized Test Equipment

T. E. Lommasson and K. D. Hardin
Quantum Electronics Inc. 

Albuquerque, N. Mex.

common test point are avoided using measurements 
made with small signal swings.

A second condition to be met in measuring h21e is 
that the d-c collector voltage remain constant for 
changes in current through the source. In other words, 
the a-c impedance of the supply should be zero ohms. 
Practically, it is possible to lower this value to less 
than one ohm by the use of large electrolytic by-pass 
capacitors. Collector current swing must be measured. 
Therefore, series collector circuit impedance must be 
added for the current to develop a measurable voltage 
swing. This value should be kept as low as possible, 
certainly less than 100 ohms. With an RL of 100 ohms 
and the transistor’s output admittance of 400 X 10’6

mhos, as sometimes occurs in common emitter connec
tion of high gain transistors, an approximate error of 
4% is realized from this source alone.

The 100 ohm a-G- load in the collector circuit of the 
test transistor should be as nearly zero ohms to d-c as 
possible. Any d-c drop due to collector current flowing 
through the load gives rise to an actual collector volt
age operating point which is dependent upon the I. 
bias chosen for the measurement. As h2ie is voltage 
sensitive in some transistors, this situation is undesir
able. Use of a transformer to couple the signal from 
the collector circuit to the metering amplifiers, Fig. 2, 
avoids this difficulty.

Proper a-c collector load conditions must be estab-

Definitions of Common Emitter Hybrid Parameters

hlle — Input impedance with output shorted.

h12e = Reverse open-circuit voltage amplification factor.

h21e = Forward short-circuit current amplification factor.

^22e ”— Output admittance with input open.
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Fig. 1. Base current vs short circuit current gain for a typical 
junction triode transistor. Smaller base current swings result in 
reduced error in h2ie measurement.

'slope of line is 
measured hsit 
with large signal 
1« ana is equal to 

At«

slope of curve at 
point A i« true h«n, 
which is d 1c

«I«

slope of line is 
measured hue 
with small signal I, OSCILL A T OR

CALIBRATION
6 RANGE 

CIRCUITRY

’EST METERING

TRANSISTOR

DC 31AS
Circuitry

DETECTOR 
B 

METER

Fig. 2. Block diagram of ihe transistorized transistor tester.
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Calibration

CABLE- Magnetics
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lished through the transformer. Input impedance of 
the first amplifier stage must be controlled to an allow
able maximum, which means that a controlling speci
fication must be placed on the hqb and of this 
transistor. Otherwise, a high and /i21b transistor 
could cause several hundred ohms or more to appear 
as reflected load in the collector circuit, causing ap
preciable measurement error

We have taken the guesswork out of using molybdenum permalloy*powder 
cores, for Magnetics, Inc. Powder Cores are Performance-Guaranteed. 
What's more you can specify as an extra, Magnetics’ exclusive feature . . . 
color-coding. Color-coding tells your assemblers, without special testing, 
how many turns to put on these cores, for they are graded and coded accord
ing to inductance before they reach you.

Bulletin PC-103 gives you detailed information, and the Powder Core 
Color-Coding Card guides your assemblers and others with production 
responsibility. Why not write for your copies today? Magnetics, Inc., Dept. 
30-ED, Butler, Pennsylvania. *Manufactur«d under a license with Western Electric Co.

Transistor oscillator output voltage, Fig. 2, is made 
variable so that the instrument may be calibrated be
fore use. Calibration consists of adjusting the meter to 
full scale. This calibration-range determination allows 
expansion of the ranges to any desired full scale h21P 
reading between 50 and 1000 merely by changing the 
calibration procedure.

Oscillator waveform must be amplitude stable with 
time, at a given temperature. This can be accom
plished using known approaches in oscillator design, 
but care must be taken to provide enough feedback 
margin so the oscillator will function properly over 
wide temperature and battery voltage ranges.

Calibration and range determination circuitry must, 
by the definition of h le, by high impedance circuitry 
so that lb is independent of the test transistor input im
pedance. The effective signal source impedance must 
be high compared to the input impedance of the test 
transistor. Care must be taken to minimize the effects 
of capacity across the signal source impedance. Shunt 
capacitance to ground from the base terminal of the 
test transistor is less of a problem, unless the input 
impedance of the test transistor is unusually high. 
Very high-gain transistors with h21e in the neighbor
hood of 500 or more may exhibit input impedances in 
the test circuit of 40,000 ohms or more.

One requirement of the bias circuit arrangement is 
that it shunt a minimum of the signal aw’ay from the 
test transistor input terminals. Fortunately, high input 
impedance test transistors nearly always exhibit high 
gain, a condition making it easy to meet the require
ment of a high-impedance bias circuit.

Calibration and range determination circuitry, me
tering circuit amplifiers, detector, and meter were re
quired to be linear to well within the desired limits of 
accuracy for the instrument. Amplifier circuits using 
a-c and d-c degeneration were found to yield good 
linearity. Care must be taken not to operate too far 
down on the nonlinear portion of the detector charac
teristic, as error becomes appreciable in this region. 
The meter movement itself, must, of course, be linear 
within narrow limits.

Amplifier circuits are Class A, while the detector is 
a peak-to-peak circuit. Peak-to-peak sw’ing is preserved 
from test transistor input to the meter presentation. 
This technique essentially removes possible sources of 
error due to curvature of Ie vs Zb curve causing wave
form distortion, and error in measuring only one-half 
of the resultant non-symmetrical waveform.

Magnetics. Inc. makes Ilie

performance-guaranteed 
permalloy powder core



New Products
R-F Q-Meter

Has Overload-Proof Indicator

a
 The new Q- 

Meter, Model T- 
1, incorporates 
an overload
proof VTVM in- 
dicator. This 
strnment pi" 
vides a con
venient method 

for making r-f measurements of Q, inductance, ca
pacitance, and power factor at frequencies between 
lOOMc, in six frequency ranges.

Outstanding specifications of the model T-l are: 
oscillator frequency: lOOkc to lOOMc, accurate to 
±1%; vernier capacitor: calibration, ±2.5upfd; Q: 
two ranges: 10 to 100, and 40 to 400, ±5% (-{-5% 
FSD); accuracy of inductance measurement: ±5% 
(Residual inductance, 0.03uh); power supply; 117v, 
60cy a-c, 20w.

Fisher Radio Sales Co., Inc., Dept. ED, 21-21 
44th Dr., Long Island City, N. Y.
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Power Transistors
For 12 and 28v Operation

Six new germanium 
power transistors are 
available for handling 
up to 20w input. The 
transistors are p-n-p 
power junction type, and 
were originally devel
oped to meet U. S. Sig

nal Corps specifications. Types are available for 
nominal 12 and 28v operation, making them suit
able for direct use in battery powered equipment. 

They are particularly suitable for class A opera
tion in the audio output stage of automobile radios. 
The collector is electrically connected to the metal 
housing, but where it must be insulated from the 
chassis, a large mounting flange permits rapid heat 
flow through the insulating material.

Clevite Transistor Products, Dept. ED, 241 Cres
cent St., Waltham 54, Mass.

Miniature Pulse Transformers
For Service From —70 To -|-130o C

This is a new series of 
miniature pulse trans
formers hermetically 
sealed by the vacuum 
mold epoxy process. 
These units are suited to 
a wide variety of block
ing oscillator, interstage, 
and low level modulator 
applications. They are 

designed for service from —70 to -|-130oC and fully 
meet MIL-T-27 specifications.

Thirteen types cover the range from 0.05 to 
25psec pulse width with exceptionally low rise time. 
All units are three winding 1:1:1 for maximum flexi
bility of application.

United Transformer Co., Dept. ED, 150 Varick 
St., New York, N. Y.
CIRCLE 42 ON READER-SERVICE CARD FOR MORE INFORMATION

Miniature Power Resistor
In Die-Cast Aluminum Housing

A Type RH-250 minia- 
W ture power resistor is 

made with a die-cast 
aluminum housing. Small 
in size and made in ac- 

। cordance to applicable
r JAN and MIL specifica

tions, the three resistors 
are completely welded 
from terminal to termi
nal and are silicone 
sealed inside the black 
anodized radiator finned 

housing. They are 100% impervious to moisture and 
salt spray.

They have a temperature coefficient of 0.00002/° C 
and are available in tolerances of 0.05% to 5%. The 
RH-25 resistor has resistance values of 0.1 ohm to 
15,500 ohms; the RH-50 has resistance values of 
0.3 ohm to 55,000 ohms; and the RH-250 has re
sistance values of 0.3 ohm to 35,000 ohms.

Dale Products, Inc., Dept. ED, Columbus, Neb.

Transistorized Power Supplies
High Conversion Efficiency

The Series 
50T, 100T, 200T 
power supplies 
are semi-con
ductor, transis
torized, regu
lated power sup
plies which arc 
intended to re

place vacuum tube equivalents wherever used. 
These transistorized units feature high conversion 
efficiency, light weight and small size, instant warm
up time, freedom from microphonics, low heat dis
sipation, and continuous output voltage adjustment, 
zero-max.

The units are designed for all regulated voltage 
applications including laboratory experimentation, 
incorporation into equipment, and general indus
trial use.

Electronic Research Assoc., Inc., Dept. ED, 
Nutley, N. J.
CIRCLE 44 ON READER-SERVICE CARD FOR MORE INFORMATION

Delay Lines
In Four Delay Times

This is a series 
of standard de
lay lines avail
able from stock, 
presently manu
factured in four 
delay times of 
0.5, 0.25, 0.1, 
0.05 psec. Any 

number of these lines may be used in series to pro
vide any given delay for either laboratory or pro
duction use.

The building block technique permits a flexibility 
of immediate assembly for special and changing re
quirements. The delay lines are available in several 
impedance levels and several tolerance groupings.

Essex Electronics, Dept. ED, Berkeley Heights, 
N. J.
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4-Position Switch

VOLTAGE REGULATED
POWER SUPPLIES

powcnmq rff duMitf wjuipiiwi

with NEW-IMPROVED FEATURES

Rack Mount
Price

Test Probe

KR-3M
FEATURES

KR-18MC

All models available for 400 cycle operation on special order.

CIRCLE 48 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN

•Fast Recovery Time, Suit
able for Square Wave Pulsed 
loading

•Voltage Range continuously 
variable without Switching.

•Either Positive or Negative 
may be Grounded.

•Oil Filled Condensers.
•Wire Harness and Resistor 

Board Construction

•Power Requirements 105
125 volts, 50-60 cycles.

•Terminations on rear of unit.

•Locking type voltage control 
AC, DC Switches, Fuses, and 
Pilot Lights.

•Color Grey Hammertone.

•Guarantee One Year. A LINE OF 50 MODELS
Available from Stock - Catalog on Request

KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 
REGULATION: Less than 0.2 volts for line fluctuation from 105
125 volts and less than 0.2 volts for load variation from 0 to 
maximum current.
RIPPLEless than 3 mv. rms.
STABILITY: The output voltage variation is less than the regula
tion specification for a period of 8 hours.
RECOVERY TIME: Less than 50 microseconds. The excursion in 

the output voltage during the recovery period is less than the 
regulation specification.
OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance.

KR SERIES

600 ma. KR SERIES

To Include 3" Current Md Voltage Meters, Add M to Model 
number (e g. KR ft-M) Md Add 110 00 to the Price.

To include Oust Cover Md HMdles for Table Mounting, Add C to 
Model number (e.g. KR16-C) Md Add $10.00 to the Price.

Th Include Meteis. Oust Cover Md HMdles, Add MC to Model 
number (e.j KR 16 MC) Md Add $4000 to the Price.

< PRICES F.8 J. Flushing. d

300 ma. K R SERIES

125 ma. KR SERIES

12^4 
12% 
12K

For Airborne and Other Applications

■
 This is a new momen

tary switch which actu
ates 4 separate spdt con
tacts. Designed pri
marily for use as an up- 
down right-left control 
for airborne systems, 
type SlOOl’s versatility 

will permit many other applications.

A spring-centered, dynamically balanced toggle 
lever is employed to actuate the 4 snap-action 
switches, located at 90° to each other. Radial move
ment of the lever up, down, left, or right engages 
the corresponding snap switch without affecting the 
three others. Similar motion in any other quadrant 
will actuate the switch located in a corresponding 
direction. Release of the lever automatically returns 
all four switches to their normal closed position.

The entire unit has been designed to meet 
stringent military specifications for shock, vibration 
and environmental conditions. Dimensions of the 
assembly are 1-5/16" sq, 2-1/2" deep with the toggle 
lever protruding 1-3/8". Contact rating is 5amp at 
250v a-c and 4amp at 30v d-c. The 12 stud terminals 
are plated for ease of soldering.

Marsh-Theiss, Inc., Dept. ED, 184 New York 
Ave., Huntington, L. I., N. Y.
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$625 
$695

Used With Cathode-Ray Oscillographs

A fixed-ratio 
test probe has 
been developed 
which pennits

I observation of
signals in cir
cuits with high 

' .VSgSHBi* source imped
ance without 
loading the cir
cuit. Together 

with the probe, a 3" rubber viewing hood for 
cathode-ray oscillographs is available.

Offering 10 megohms input impedance, the type 
2613 fixed-ratio test probe has a frequency range 
from d-c to lOMc/sec. ’1 he attenuation ratio is 10 
to 1.

A capacitive trimmer adjustment on the probe 
permits frequency compensation by matching input 
impedances of oscillographs having inputs within 
the range of 10 to 80piif.

Allen B. DuMont Labs., Inc., Dept. ED, 760 
Bloomfield Ave., Clifton, N. J.
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INDEPENDENCE 1-7000FLUSHING 55131-38 SANFORD AVENUE
ygDKEPCO LABORATORIES

6.3V AC

Each supply 
has two 
15 Amp. 
outputs

Model Volts

KR16 0-150
KR17 100-200
KR18 195-325
KR19 295-450

Model Volts

KR8 0-150
KR5 100-200
KR6 195-325
KR7 295-450

8.3V AC

Each supply 
has two 
10 Amp. 
outputs

R 
W

ack Mou 
H

nt
0 Meo

19" 10V4" 13" $330
19" 10^" 13" $240
19" 10%" 13" »V
19" 10%" 13" $250

Model Volts

KR12 0-150
KR3 100-200
KR4 195-325
KR10 295-450

8.3V AC

Each supply 
has two 
5 Amp. 
outputs

Rack Mount
meoW H B

19" 7" 11" $270
19" 7" 11" $180
19" 7" 11" $180
19" 7" 11" $190

Model Volts

KR 11 0-150
KR1 100-200
KR2 195-325
KR9 295-450

6.3V AC

Each supply 
has one 
3 Amp. 
output

Rack Mount
PriceW H D

19" 7" 11" $180
19" 7" iy^ $ 90
19" 7" $ 90
19" 7" 7%" $97
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TV Check Tube
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AIRCRAFT
ENGINEERS

Vnt AVO

Parallel-Mounted Electron Gun

This is a versatile new TV receiver 
check tube which can be used to test 
virtually any TV receiver or picture 
tube from 10 to 27". Designated the 
8XP4, the tube is an 8-1/2" rectangu
lar tube featuring automatic self-fo
cusing and parallel-mounted electron 
gun, thereby eliminating the need for 
an ion trap.

The 8XP4 has automatic self-focus
ing, eliminating the need for external 
focusing adjustments. The tube may 
be used in receivers designed for 
either magnetic or electrostatic focus 
picture tubes. It may be used in almost 
any electromagnetically deflected re
ceiver, regardless of the deflection 
angle of the tube for which the re
ceiver was designed.

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

x Atomic
- Kp d I

Tubular Heaters
With Ceramk-To-Metal Seal

This new cerainic-to-metal seal on 
tubular and tubular finned heaters 
offers hermetic protection against 
moisture and fumes. The seal consists 
of impervious alumina ceramic. A spe
cial process bonds the ceramic to the 
metal parts, and the entire seal is 
brazed to the tubular sheath. Because 
the expansion coefficient of the cera
mic matches that of the metal parts, 
the seal flexes with the metal as it 
heats.

The seal is designed to prevent con
tact of oil, moisture, carbonaceous 
fumes, halogen gases, and other chemi
cal fumes with the heating element. 
It is recommended for use in tempera
tures up to 750° F in air and 1000°F 
in inert atmospheres.

The seal will withstand up to 4000
psi, liquid pressure. Torque resistance 
in the 0.315" diam heater is rated up 
to 35 in lb, and up to 75 in lb on the 
0.496" diam heater.

General Electric Co., Dept. ED, 
Schenectady 5, N.Y.
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General Purpose, Low Frequency
Maximum Ratings 

Manufacturer Class and Application Wc Tj (a)mw/C Vc lc 
and Type (mw) (C) (b)C/mw (volts) (ma)

Amporex electronic Corp., Hicksville, N. Y.
OC6S p-n-p fused, submin. hearing aid 35 65 0.65(b) —10 10

OC66 p-n-p fused, submin. hearing aid 35 65 0.65(b) —10

OC70 p-n-p fused, hearing aid 50 60 0.4(b) —15

OC71 p-n-p fused, hearing aid 50 60 —15

OC73 p-n-p fused, audio, high tol. 100 65 —30

Z-OC72 p-n-p fused, audio, matched pr. 100’ 65 0.3(b) —18 125

CBS - Hytron, Danvers, Mass. 

2N180 p-n-p olloy,'audio 150 75 —30

2N181 p-n-p alloy, audio 250 75 —30

Clovite Transltor Prod., Waltham, Mass. 

1032, 132O2 p-n-p alloy, audio 50 55 —25 40

1033, 133O2 p-n-p alloy, audio

1034, 1340* p-n-p alloy, audio

1035, 135O2 p-n-p alloy, audio

1036, 136O2 p-n-p alloy, audio

General Electric Co., Syracuse, N. Y. 

2N43 p-n-p fused, audio 150 100 —45 50

2N43A4 p-n-p fused, audio 2.0(a)

2N44 p-n-p fused, audio

2N44A4 p-n-p fused, audio

2N45 p-n-p fused, audio

2N186 p-n-p fused, audio output3 200 85 —25

2N186A p-n-p fused, audio output5 75 1.33(a)

2N1B7 p-n-p fused, audio output5 200

2N187A p-n-p fused, audio output5 75

2N1 88 p-n-p fused, audio output5 200

2N189 p-n-p fused, audio driver 75

2N19O p-n-p fused, audio driver

2N191 p-n-p fused, audio driver

2N192 p-n-p fused, audio driver

ZJ12 n-p-n silicon, hi-temp amp. 150 200 45 30

General Transltor Corp., Richmond Hill, N. Y.
GT14/2N63 p-n-p alloy, audio 125 85 3.5(a) —25

GT14H/2N13O p-n-p alloy, audio2 90 2.8 (a) —12

GT20/2N64 p-n-p alloy, audio 125 3.5(a) —25

GT20H/2N131 p-n-p alloy, audio2 90 2.8(a) —12

GT24H/2N133 p-n-p alloy, audio2 90 2.8(a) —12

GT34/2N38A p-n-p alloy, audio 125 3.5(a) —25

GT81/2N6S p-n-p alloy, audio 125 3.5(a) —25

GT81H/2N132 p-n-p alloy, audio2 90 2.8(a) —12

GT109/2N109 p-n-p alloy, audio p-pd 125 3.5(a) —25

GT222/2N107 p-n-p alloy, audio 90 2.8(a) -12

Hughes Aircraft Co., Culver City, Calif. 
HASOO1 n-p-n alloy, med. pwr. amp. and sw. 50Q 85 8.3(a) 30 100

HAS002 n-p-n alloy, med. pwr. amp. and sw. 20

HA5003 n-p-n alloy, med. pwr. amp. and sw. 30

HASO11 n-p-n alloy, med. pwr. amp. and sw. 40

HAS014 n-p-n alloy, med. pwr. amp. and sw. 40

National Aircraft Corp., Burbank, Calif.
JI p-n-p alloy, low power audio 150 55 —40 10

P21 p-n-p alloy, low power audio 350 55 —40 50

Nucleonics Products Co., Inc., L. A., Calif.
OC32/32O2 p-n-p alloy, audio 5025 —2525 10

OC33/3302 p-n-p alloy, audio
OC34/3 302 p-n-p alloy, audio | I

OC36O p-n-p alloy, submin. audio 35 —20

GFT2O p-n-p alloy, audio 5025 —7.5 10

Philco Corp., Philadelphia, Pa. 
2N47 p-n-p alloy, low power audio 50 65 —35 20

2N49 p-n-p alloy, low power audio 50 65

2N207 p-n-p alloy, low power audio2 25 0.7 (b) —20

2N207A p-n-p olloy, low power audio2

_________ .



Characteristics
fiora Lo NF c< fee

(m<3 1 (db) (ggf) (Me)

30 5 9 9

47 4.5 9 9

30 3 10 10

47 4.5

40 3.5

55 4.5 12 12

60 10 0.7

60 10 0.7

9-16 1 0 <12 0.6

16-32 0.8

32-50 1.0

50-72 1.2

72 min. 1.2

54 16’ 1 0 40 1.5

40 1.0

23 0.8

23 0.8

12 0.7

24 16 0.8

24

36 1.0

36 1.0

54 1.2

24 1 5 0.8

36 1.0

54 1.2

75 1.5

20 0.01 20 15 6.0

28 6 16

28 12

45 16

45 12

30 12

15 16

90 16

12

16

20 15 30

39 10 35 2.0

19 20 18 0.5

39 15 18 1.0

20 15 1.0
I 20

15 2.0

65 15 0.4

25 0.2

0.94 5 17 0.6

0.97 17 0.8

>0.97 17 1.1

>0.95 9 0.8

25 5 <20 0.8

40 10 10 0.8

40 5

65 12

7

Transistor

PICKING the proper transistor for a particular cir
cuit is a difficult job. We have selected the 

most significant guides for evaluating transistors based 
on information available to us, consistent with making 
a convenient-to-use chart. The extent to which this 
data can be relied upon will be discussed briefly in the 
following paragraphs.

Transistor type numbers are no help, and actually 
confusing, as different manufacturers use groups of 
numbers differently. For example, one manufacturer 
may use a consecutive block of numbers to describe 
transistors (of the same production run) with different 
betas. Another may use the difference between 2N180 
and 2N181, for example, to refer to different collector 
dissipation ratings, betas being the same. Likewise, 
numbering may be based on frequency of alpha cut
off instead. RETMA numbers are no reliable guide to 
similar transistors since almost any transistor can be 
registered. If it is not clearly identical with the pre
viously registered type, it is quite likely a new num
ber will be assigned.

Maximum ratings are more reliable guides than 
average or typical values since the spread of, for ex
ample, beta, or frequency of cutoff for any given pro
duction line varies widely. Some manufacturers show 
the design center and the maximum and minimum 
values of these spreads, and thus render a real service 
to the designer. Test setup used to determine such 
values as Ieo and noise are specified. Unfortunately 
some data sheets have only wishful data on them. In 
any event, manufacturers data should be consulted 
for all possible clues as to how transistors are rated. 
No comprehensive transistor data chart can list all 
explanatory notes without becoming so unwieldly as 
to be virtually worthless. For that reason we are pre
senting mainly types being made by various manufac- ► 
turers and the most significant characteristics.

Footnotes

1. With heat sink.
2. Subminiature.
3. Measured at 45v.
4. Military approved.
5. Matching not required for class B push-pull.

6. Matched pair.
7. Push-pull Class B, 160mw both units. Large signal B given.
8. Maximum.
9. Typical operating conditions.

10. At 150° C, Ic» is 50|ia.
11. Military use only, generally rated at 60° C.
12. Power gain approx. 30db at 455kc.



General Purpose, Low Frequency

Data Chart
Manufacturer Class and Application 

and Type
Wc 

(mw)

Maximum Ratings
L 
(C)

(a)mw/C Ve le
(b)C/mw (volts) (ma)

3 or a
Characteristics

’co NF 
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Ce Feo 
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How This Year’s Chart is Organized

Transistors are divided into the following tables: 
General Purpose, L-F; High Frequency, Switching; 
Power; and Tetrodes and Photo Transistors. Only data 
which is most helpful in determining the difference 
between types is listed. Wc, beta, or current gain, and 
frequency of alpha cutoff are entered next to vertical 
rules so that the eye can spot them quickly. The fact 
that transistor ratings vary with temperature is highly 
significant, especially to designers accustomed to 
working with vacuum tubes which, within limits, are 
insensitive to temperature variations. For this reason 
maximum junction temperature and a derating gra
dient is given.

The fundamental structure of transistors deter
mines maximum power ratings and frequency and is 
a basic guide to classification. Beta is largely deter
mined by the manufacturing technique and varies 
more than any other characteristic. Ic0, and noise fac
tor are indications of overall quality. Cc, related to 
structure—alloy, grown, fused, etc., and external con
figuration determines how well the transistor will be
have at high frequency.

Ratings, as mentioned depend on the testing con
ditions. Maximum collector dissipation is generally at 
25° C, lc0 at 6 to 12v reverse bias unless otherwise 
noted. Always bear in mind that values for charac
teristics are average, and the spread may vary tre
mendously. Most of the characteristics were specified 
for common emitter connection, collector voltage in 
the vicinity of -6v, emitter current 1 ma. Notable ex
ceptions are hearing air types and auto radio and 
other power types which were rated at a lower and 
higher Vc, respectively. Noise figure (NF) generally 
refers to a one frequency (mostly IKc) measurement. 
Cc was measured at average collector voltage.

13. At 85° C.
14. Measured at 455kc.
15. Add suffix A for Veb > —5 for computer use.
16. Cutoff time.
17.
18.
19.
20.
21.
22.
23.
24.

Power gain, db, at i-f frequencies.
Distortion 8.5% Class A.
Distortion 6% Class AB pair.
On mounting base at 50° C.
0.5w at 100° C with 9 sq in heat sink.
Power gain at 400cy.
With mounting flange.
Rise time = 4|Xsec. Full time = l|Xsec. Storage time = 3gsec.

25. At 45JC, submin units rated at 35mw, Vc-20.

Phllco Corp., (continued)

2N207B p-n-p alloy, low power audio2 25

1002N223 p-n-p alloy, audio driver

2N224, 2N22S® p-n-p alloy, audio out, p-p

2N226, 2N227® p-n-p alloy, audio out, p-p

Radio Corp, of America, Harrison, N. J.

2N77 p-n-p fused, low power audio 35

2N104 p-n-p fused, low power audio 50

2N105 p-n-p fused, low power audio 35

2N109 p-n-p fused, low power audio 50 7

2N175 p-n-p fused, audio preamp. 20

Radio Dev. A Research Corp. (Germanium Prod.) 

Jersey City 4, N. J.

2N97 n-p-n grown, audio 50

2N98 n-p-n grown, audio

2N99 n-p-n grown, audio and switching

Raytheon Mfg. Co., Newton, Mass.

2N63 p-n-p fused, audio

1

160

2N64 p-n-p fused, audio

2N65 p-n-p fused, audio

2N1O6 p-n-p fused, audio preamp..

2N13O p-n-p fused, audio2 U 0

2N131 p-n-p fused, audio2

2N132 p-n-p fused, audio2

2N133 p-n-p fused, audio preamp.2

2N138 p-n-p fused, audio output2, 4

CK790 p-n-p silicon, audio 2C 0

CK791 p-n-p silicon, audio

CK793 p-n-p silicon, audio preamp.

Sylvania Electric Products, Inc., Woburn, Mass.

2N34 p-n-p fused, audio 50

2N35 n-p-n fused, audio

2N2 1 3 n-p-n fused, audio driver

2N214 n-p-n fused, audio output 125

2N228 n-p-n fused, audio output 125

Texas Instruments, Inc., Dallas 9, Tex.

2N185 p-n-p alloy, audio p-p 150

300 p-n-p alloy, audio 100

301 p-n-p alloy, audio

302 p-n-p alloy, audio

310 p-n-p alloy, audio driver 2’

903 n-p-n grown silicon, audio 150

904 n-p-n grown silicon, audio

904A n-p-n grown silicon, audio

9052/N1 19 n-p-n grown silicon, audio

Transitron Electronic Corp., Melrose, Mass.

2N43 p-n-p fused, audio 150

2N44 p-n-p fused, audio

2N45 p-n-p fused, audio

2N195 p-n-p fused, audio 10 0

2N196 p-n-p fused, audio

2N197 p-n-p fused, audio

2N198 p-n-p fused, audio

2N199 p-n-p fused, audio

2N2OO4 p-n-p fused, audio

2N2O4 p-n-p fused, hi reliability

2N205 p-n-p fused, hi reliability

Western Electric Co., Inc., New York, N. Y.

2N27” n-p-n grown, audio 5 0

2N2B 1 n-p-n grown, audio

2N29” n-p-n grown, audio, switch

GA52609,, n-p-n grown, audio, switch

GA52829” p-n-p alloy, audio, switch 12 0

65

65

50

70

50

75

85

150

75

50

75
75
75
60

150

85

85

0.7(b)

0.2 (b)

0.4(b)

-18

-25

-25

-25

-30

20

60

150

150

65

60

60

35

10

20

50

50

3

10

0.8

0.8

0.2

0.2

15

50

55

44

10

10

2.7(a)

2.2 (a)

2.0 (a)

1.0 (a)

0.5 (b)

3.0 (a)

5.0 (a)

2(a)

-25

-25

-10

15

70

2

55

70 7

65

5

12

30 10 15 2

40 40

40 40

-22 10 22 6

-15 45

-12 90

-6 45

-22 22

-15 45

-12 90

-15 45

-12 20

-45 50 24 0.2

-30 45

-30 30

-40 50 0.975 -10

40 0.975 10

25 40 2003

70 200’

70 300®

-20 -150 55 -8

-30 50 0.95 -8

0.98

0.98

-20

30 25 0.925 1.0’°

0.96

0.975

0.980

-45 50 50 -4

22 —4

12 -4

-15 30 180 -3

65 -5

50

-30 40

-30 25

-36 100 45 -4

80

25

35 100 0.995 30®

30 15®

35 30 15®

30 50 0.998 6

-30 50 0.996 4.5

6.5

6.5

7.5

6®

15

10

10

0.7 
0J 
0.75

0.15

1.0

2.0

3.5

25

22

20

6«

25

22

20

10

18

18

13

20

25

22

20

25

20

20

22

22

10

18

10

18

20

12

12

15

30®

30®

30®

11.5

800 

1700 

3000

1700 

800

1700

3000

1700

0.6

0.8

1.2

0.8

0.6

0.8

1.2

0.8

30

35

35

8

8

5

6

40

0.3

0.45

0.4

0.8

0.7

1.0

1.3

4.0

5.0

8.0

6.0

0.8

0.5

0.4

1.0

0.8

0.7

0.6

0.5

1.0

1.2

0.6

1.0

0.5

1.0

2.0

1.0



High Frequency, Switching
Characteristics

Other Things to Look For

5

Co.

60

12.5

100 8 4

20

5 1.8

200

Footnotes

40 575

16. Cutoff time.

50-25 855

IV

1. With heat sink.
2. Subminiature.

50

100

100

85

55

85

-25

—20

20

40

60

6 

-6 

-5

1.5

622

18

50

8

150

8

7

65

50

50

30

100”

23. With mounting flange.
24. Rise time — 4^sec. Full time = IjAsec. Storage time = 3^sec.
25. At 45JC, submin units rated at 35mw, Vc-20.

20 

-125

-50

-10 

30

15 

6

15

15

-20

New transistors are continuously being announced. 
However, some appear to be going exclusively into 
portable radios and are not indicated by manufac
turers as being generally available. Based on the re
centness and completeness of our canvass, the tabula
tion here reflects very' accurately what is readily avail
able to both industrial and military users.

For evaluation and design purposes, small signal 
parameters must be considered. In addition to the 
familiar r and h parameters, g relations are becoming 
popular [see article Transistor Conductance Curves 
by K. Pullen, this issue]. Important g values are:

g2J—measure of the current control efficiency of the 
base. Has a value between 20,000 and 35,000 mi
cromhos per milliampere collector current. It is almost 
independent of collector voltage.

gji—the short-circuit input conductance (approxi
mately equal to g2I divided by beta). It gives a meas
ure of the input conductance. When it is given in the 
common-emitter configuration, it is almost independ
ent of the output termination at low frequency.

Also of interest is r^', base spreading resistance, the 
resistance between the base connection of the ger
manium and the active region of the base. It may 
have a value between a very few ohms and several 
hundred. It is important in the time constant Cc. 
The value Cc is a function of collector voltage, so 
only an approximate value may be given. Avalanche 
or punch-through voltage, and reverse breakdown 
voltages become important for switching applications.

For copies of this chart, turn to Reader Service 
Card and circle 300.

3.
4.
5.
6.

7.
8.
9.

10.
11.
12.
13.
14.
15.

17.
18.
19.
20.
21.
22.

Measured at 45v.
Military approved.
Matching not required for class B push-pull.
Matched pair.
Push-pull Class B, 160mw both units. Large signal B given. 
Maximum.
Typical operating conditions.

At 150° C, Ico is 50ga.
Military use only, generally rated at 60° C.
Power gain approx. 30db at 455kc.
At 85° C.
Measured at 455kc.
Add suffix A for V#b > —5 for computer use.

Power gain, db, at i-f frequencies.
Distortion 8.5% Class A.
Distortion 6% Class AB pair.
On mounting base at 50° C.
0.5w at 100° C with 9 $q in heat sink.
Power gain at 400cy.

Maximum Ratings
Manufacturer 

and Type
Class and Application We 

(mw)

Ti 

(C)

(a)mw/C

(b)C/mw
vc 

[volts]
Ie 

(ma)
ßora Ico 

(go)
NF 

(db)
Cc 

(mmT)
fco 

(Me)

Amperex Electronic Corp.

Hicksville, N. Y.

OC76 p-n-p fused, switching, converter 100 65 0.4 (b) -32 -250 -4.5

CBS - Hytron

Danvers, Mass.

2N182 n-p-n, hf, switching 100 75 2.0 (a) 25 25 3 10 5»

2N183 h-p-n, hf, switching 40 10«

2N184 n-p-n, hf, switching 60 >10»

Clevlte Transistor Products

Waltham, Mass.
139O/2N111 p-n-p alloy, rf, if 50 55 -6 -5 12 10 10 3

1400/2N112 p-n-p alloy, rf, if 5

1410/2N113 p-n-p alloy, rf, if 10

2N32 point contact, switch, osc. 40 -40 8 2.2 0.9

2N5O point contact, switch 50 -15 1 2 3

2N51 point contact, switch 100 -50 8 2.2 350

2 700
2N52

2N53

120

100

point contact, rf ose., amp. 

point contact, switch

General Electric 

Syracuse, N. Y. 

2N78 

2N123 

2N35 

2N136 

2N137 

2N167 

2N169 

2N17O 

ZJ13 

ZJ14

n-p-n grown, osc. converter 

p-n-p, switch 

p-n-p alloy, rf, if 

p-n-p alloy, rf, if 

p-n-p alloy, rf, if 

n-p-n, switch 

n-p-n grown, if 

n-p-n grown, second det.

n-p-n, osc., amp.

p-n silicon dbl. base diode, regen, sw.

General Transistor Corp.

Richmond Hill, 18, N. Y.

GT34S 

GT34HV 

GT83 

GT87 

GT88/2N7

GT122
GT759/2N111 

GT76O/2N112 

GT761/2N113 

GT762/2N114 

GT763

8

8

4.5

6.5

10

8.5

5 

3

16

p-n-p, bidirectional, clamp, det. 100 85 3.5 (a) -25 15 10 16

p-n-p, hv neon light sw. 125 -50 15 10

p-n-p, medium speed sw., computer -25 45 6 0.7

p-n-p, medium speed sw., computer 38 0.5

p-n-p, medium speed sw., computer 80 1

p-n-p, medium speed sw., computer 100 1.5

p-n-p, if, computer sw. 90 75 2.8 (a) -20 20 1 2.5

p-n-p, if, computer sw. -15 40 5

p-n-p, rf, computer sw. -12 75 10

p-n-p, rf, computer sw. -6 100 20

p-n-p, rf, computer sw. -6 120 30

Hughes Aircraft Co.

Culver City, Calif.
HA5001 n-p-n alloy, switching 500 85 8.3(a) 30 100 39 10 35 2
HA5O11 n-p-n alloy, If switching 1 1 40 1 20 1 1

HA5O14 n-p-n alloy, switching | ¡40 | 20 | 2

National Aircraft

Burbank, Calif.

HF1

HS1

HS2

HS3

HS4 

IF1

p-n-p alloy, rf

p-n-p alloy, high-speed sw. 

p-n-p alloy, high-speed sw. 

p-n-p alloy, high-speed sw. 

p-n-p alloy, high-speed sw. 

p-n-p alloy, if

5 

3

5 

10

15 

3

Phllco Corjs.

Philadelphia, Pa.

SB 1OO p-n-p surface barrier, osc., if 85 -4.5 5 20 3 12 40

2N12B4 p-n-p surface barrier, rf, video, comp. 30 35 2 I 60

2N1294 p-n-p surface barrier, rf, video, comp. 30 20
2 1

40
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High Frequency, Switching

Manufacturer Class and Application 
and Type

Philco Corp, (continued)

L5108 p-n-p surface barrier, rf

15121 p-n-p surface barrier, computer

L51 22 p-n-p surface barrier, computer

Radio Corporation of America

Harrison, N. J.

2N139 p-n-p fused, if

2N140 p-n-p fused, converter

Radio Development and Research Corp. 

(Germanium Prod.) Jersey City 4, N. J.

2N99 n-p-n grown, osc., if, computer

2N100 n-p-n grown, osc., if, computer

2N160'5 n-p-n silicon hi temp., rf, video

2N161’5 n-p-n silicon hi temp., rf, video

2N162,S n-p-n silicon hi temp., rf, video

2N163U n-p-n silicon hi temp., rf, video

1

Raytheon Mfg. Co.

Newton, Mass.

2N111 p-n-p fused, if

2N112 p-n-p fused, if, osc., converter

2N1 1 3 p-n-p fused, rf, computer sw.

2N1 14 p-n-p fused, rf, computer sw.

Sprague Electric Co.

North Adams, Mass.

SB 100 p-n-p surface barrier, osc., if

5 A point contact, switch

Sylvania Electric Products, Inc.

Woburn, Mass.

2N94 n-p-n fused, if

• 2N94A n-p-n fused, switch

2N193 n-p-n fused, osc.

2N194 n-p-n fused, mixer

2N21 1 n-p-n fused, osc.

2N212 n-p-n fused, mixer

2N216 n-p-n fused, if

Texas Instruments, Inc.

Dallas, Tex.

2N124 n-p-n grown, switch

2 N1 2 5 n-p-n grown, switch

2N126 n-p-n grown, switch

2N145 n-p-n grown, 455 kc if

2N146 n-p-n grown, 455 kc if

2N147 n-p-n grown, 455 kc if

2N148 n-p-n grown, 262 kc if

2N148A n-p-n grown, 262 kc if

2N149 n-p-n grown, 262 kc if

2N149A n-p-n grown, 262 kc if

2N1 50 n-p-n grown, 262 kc if

2N150A n-p-n grown, 262 kc if

2N172 n-p-n grown, 455 kc converter

Western Electric Co., Inc.

New York, N. Y.

2N2 1n point contact, switch

* 2N67” point contact, switch

2 N110n point contact, switch

GA52837n point contact, switch

GA52996” point contact, switch

GA52830” p-n-p alloy, switch, mag. core drive

Maximum Ratings 
Wc Tj (a)mw/C Vc Ie

(mw) (C) (b)C/mw (volts) (ma)

85 -4.5 5

10 I -5 15
10 1 -6 15

35 70 -16 15

35 70 -16 15

50 75 2(a) 40 10

25 50 2 (a) 25 5

150 175 40 25

145 85 2.4(a) -30 225

85 -4.5 5

80 -50 10

50 75 1 a) 20 50

20

15 

15 

10 

10 

15

50 75 0.7(b) 10 8
50 1

50 J

65 20 5

16 

32 

16 

32 

16 

32 

16

120 -100 40

100 40

200 50

120 40

250 50

500’ 80 -40 500
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Typical Switching Operation

Characteristics
ß or a

12

7.0

0.12N51

4

1

101

40

6

Sylvania Electric Products, Inc.
8

0.3 0.4 0.6 5 0.1 70

3.5’*0.15 0.3
6

1.8 55 1.0

0.2 0.2SA

10

20 0.95 100GA52830” 0.250.5 0.3

<0.3

<0.3

20

30

30

48

48

400

450

3

2

2

6

6

10

10

60

65

65

3

5

10

20

5

3

3

5

5

Sprague Electric Co< 

North Adams, Mas*.

2N124

2N125 

2N126

2N99

2N100

<0.2

<0.2

6

6

0.04

0.27

50

70

25

30

45

75

15

15

25

250

300

450

750

3.5 

5

5 

10

6

3

5

3

4

6

6

1

3 

0.99

2

2

0.01

Radio Development & 

(Germanium Prod.) 

Jersey City, N. J.

Cc

Western Electric Co., Inc 

Now York, N. Y.

Clavito Transistor Product* 

Waltham, Mat*.

Toxas Instrument*, Inc.

Dalia*, Tex.

Woburn, Mass. 

2N94A

General Electric Co.

Syracuse, N. Y.

2N123

2N167 

ZJ14

6 

1.5

40

150 

0.93 

0.965 

0.975 

0.98

NF
(db)

fc.

(Mc)

Manufacturer 
and Type

Time(psec) Leak. 
Cur. 
(pa)

Sat. 
Volt.
(v)

“BT 
Beta 
(avg)

Rise Fall Stor
age

Amperex Electronic Corp 

Hicksville, N. Y.

OC76

CBS - Hytron 

Danvers, Mas*.

4.5 0.25 22

2N182 0.7 0.5 0.8 0.15 25

2N183 0.5 0.3 0.7 50

2N184 0.3 0.2 0.6 100

7

20 3 12

50

6'« 5 15 11

IO’4 5 15 10

ó’4 10

7’4 5 15 10

ó’4 10 15 10

7.5'4 10 15 11

2 7 10

2

2

31.5’7 0.2 17

34.5’7 15

37.5’7 13

33.5’7 18

33.5’7 18

36.5’7 14

36.5’7 14

39.5’7 12

39.5’7 • 12

25’7

General Transistor Corp

Richmond Hill 18, N. Y.

Research

GT83 1.4 1.4 1.8 6 0.3 9U

GT87 1.6 1.4 1.8 8’«

GT88/2N77 1.1 1.2 1.6 10’4

GT122 0.8 1.0 1.4 10’4

GT759/2N111 0.7 0.8 0.8 1 14’4

GT76O/2N112 0.3 0.4 0.6 18’4

GT761/2N113 0.2 0.3 0.5 20’4

GT762/2N114 0.1 0.3 0.4 25’4

GT763 0.0Ó 0.1 0.4 30’4

Hughes Aircraft Co.

Culver City, Calif.

HASOO1 0.2 0.2 0.5 0.2 40

HASO11 0.3 0.3

HAS014 0.3 0.3

Corp.

Raytheon Mfg. Co. 

Newton, Mass.

2N112 0.8 1.0 0.5 0.25 0.15 36

2N113 0.1 0.15 0.6 54

2N114 0.05 0.10 0.7 90

18

36

75
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Perwer Transistors

UM

Manufacturer Class and Application 
and Type We 

(W)

Maximum Ratings

T| (a)W/C V.
(C) (b)C/W (volts)

lc 
(amp.)

||M
CBS - Hytron, Danvers, Mass.

2N1 56 p-n-p alloy, pwr. amp.

2N1 58 p-n-p alloy, pwr. amp.

1.5

1.5

85

85

0.1 (a)

0.1 (a)

-30

-60

3

3

B Clevito Transistor Products

Waltham, Mass.

CTP1OO2 p-n-p, pwr. amp., high current

CTP1003 p-n-p, pwr. amp., high current

CTP1004 p-n-p, auto radio output, 5 w Class A

CTP1OO5 p-n-p, auto radio output, 5 w Class A

CTP1OO6 p-n-p, auto radio output, 5 w Class A

25’ 85 0.4 (a) -60

-60

-40

4

Delco Radio Div., Kokomo, Ind.

2N173 p-n-p alloy, Vc = 12, 16 w Class A”

2N174 p-n-p alloy, Vc — 12, 80 w Class AB”

55’

55’

90

90

1.2 (a)

1.2 (a)

-60

-80

12

12

General Electric Co., Syracuse, N. Y.

ZJ16 p-n-p silicon, servo amp. 8’3 200 -75 0.5

Minneapolis-Honeywell Regulator Co.

Minneapolis, Minn.

H3A p-n-p, servo amp.

H4A p-n-p, servo amp.
H5 p-n-p alloy, servo amp., converter24

H6 p-n-p alloy, servo amp., converter24

H7 p-n-p alloy, servo amp., converter24

XH10 p-n-p alloy, servo amp., converter

320 

320

20’0

3520

95 0.072 (a) 

0.072 (a) 

0.45 (a)

0.83 (a)

-60

-60

-80

-60

0.35 

0.5

3

10

Nucleonics Products Co., Inc.

Los Angeles, Calif.

GFT26 6 -10 2

il 1 

■

Sylvania Electric Products Co. 

Woburn, Mass.
2N6B p-n-p alloyed, pwr. output

2N95 n-p-n alloyed, pwr. output

2N101 p-n-p alloyed, pwr. output

2N1O2 n-p-n alloyed, pwr. output

2 N141 p-n-p, pwr. output

2 N142 n-p-n, pwr. output

2N143 p-n-p, pwr. output

2 N144 n-p-n, pwr. output

4

4

2 

2

4 

4

2 

2

75 0.08 (a)

0.08 (a) 

0.16(a) 

0.16(a) 

0.08 (a) 

0.08 (a)

0.16(a)

0.16(a)

-30 

30

-30 

30

-60 

60

-60 

60

1.5

0.08

Toxas Instruments, Inc.

Dallas, Tex.
951 n-p-n grown silicon, audio, servo amp.

952 n-p-n grown silicon, audio, servo amp.

953 n-p-n grown silicon, audio, servo amp.

970 n-p-n grown silicon, audio, servo amp.

I2’

8.75

175

150

50

80

120

120

0.06

0.05

0.04

0.14

Transitron Electronic Corp.

Melrose, Mass.

2N83 p-n-p, pwr. amp.

2NB3A p-n-p, pwr. amp.

2NB4 p-n-p, pwr. amp.

2NB4A p-n-p, pwr. amp.

10 85 0.03 (a) -66

-66

-50

-50

2

3

2

3

Western Electric Co., Inc.

New York, N. Y.

2N66” p-n-p alloy, pwr. output, converter 2’ 80 -60 0.8

Westinghouse Electric Corp.

Youngwood, Pa.
XD5OB123 p-n-p, audio output, switch

XD5OB2 p-n-p, audio output, switch

85

85

3.5 (b)

3.5 (b)

-35

-35

2

2

L vi



Useful Interrelations

Characteristics
B A useful tabulation of interrelations are:

at lc Ico f;o
amp. (ma) (Mc) 022

Tn —
011022 ~ 012021

44/0.36 0.15 0.3
46/0.18 0.7 0.3 “012

712 —
011022 “ 012021

30/2 2 0.7 — 021
20/2 0.4 721 ~

011022 — 012021
20/2 0.4
25/2 0.5 011 1

722 — " ■- - =30/2 0.7
022011 — 012021 0c

55/7 0.1 0.6
1

/ill =
22 ¡7 0.2 0.2

011

20/0.5 0.1
021

^21 —
011

10/0.1 0.25
20/0.1 0.25 — 012 (0c ~ 022)
30/2 0.7 h12 — —
42/2 011 021
60/2
20/10 1.0 1

— Oe =

0.96 0.3
Th

011 — rnr22 — 7i272i

50 0.1 0.4
40 — r 12
50 012 —

711722 — 7i2721
40

— 721
021 —

711722 — 7)2721

30«

18/0.5 0.1 0.35

17/0.5 0.085 0.4

21/0.5 0.11 0.4

20/0.5 0.095 0.45

25 1 0.2

48/1.5 0.5 0.01

48/1.5 0.5 0.01

Footnotes

1. With heat sink.
2. Subminiature.
3. Measured at 45v.
4. Military approved.
5. Matching not required for class B push-pull.

6. Matched pair.
7. Push-pull Class B, 160mw both units. Large signal B given.

8. Maximum.
9. Typical operating conditions.

10. At 150* C, /«• is SOga.
11. Military use only, generally rated at 60° C.
12. Power gain approx. 30db at 455kc.
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022

(ÌC

011
012 = (022 — 0c) -----

021

-, , 012021
0c = 022 ~

022 —

, 1
021

022

0110110c

3

(Je

011 4- 021

9ì\rc

PHILCO SBT1
Td = — 

0c

021 
ß = — 

011

021 
rm = -----  
0110c

021

011 4* 021

e 12^21

Now Available
FIRST HF TRANSISTORS

now in production, meeti

Army Signal Corps Stantia
The following are approximate re

lations between equivalent T param
eters, re, Tb and rc, and g parameters:

A wide variety of military 
equipment, once impossible to 
transistorize due to frequency 
limitations of available tran
sistors, is now being developed 

with Philco Surface Barrier 
Transistors.

SURFACE BARRIER TRANSISTORS
(Type 2N128 and 2N129)

Meet MIL-T-12679A Military requirements

Check These Features
9 High frequency performance
* Extreme reliability
• Uniformity of characteristics
O Rigid quality control
• Minimum battery drain
• Low leakage currents
* Low operating voltage

, • Absolute hermetic seal
• Meet MIL-T-12679A Military 

requirements

Now available for large volume military and industrial applications . . . the high 
frequency Philco Surface Barrier Transistors that were developed for the Army Signal 
Corps to meet the stringent requirements of field use in military electronics equip
ment. Advanced precision techniques used in fabricating the Philco Surface Barrier 
Transistors make possible rigidly controlled automatic manufacture with its resultant 
uniformity, reliability and high volume production. These reliable transistors point 
the way to new fields in transistorization. Make these reliable high frequency Philco 
Surface Barrier Transistors part of your forward looking plans.

13. At 85° C.
14. Measured at 455kc.
15. Add suffix A for V.b > —5 for computer use.
16. Cutoff time.

For complete technical information on these High Frequency transistors write 
Dept. ED-3, LANSDALE TUBE CO.7 Lansdale, Pa. a division of philco corf.

56

Power gain db, at i-f frequencies.
Distortion 8.5% Class A.
Distortion 6% Class AB pair.
On mounting base at 50° C.
0.5w at 100° C with 9 sq in heat sink.
Power gain at 400cy.
With mounting flange.

24. Rise time = 4|Xsec. Full time=l|Asec. Storage 
time = 3|Asec.

25. At 45JC, submin units rated at 35mw, Vc-20.

CIRCLE 301 ON READER-SERVICE CARD ►

PHILCO CORPORATION
LANSDALE TUBE COMPANY DIVISION

17.
18.
19.
20.
21.
22.
23.

LANSDALE, PENNSYLVANIA



Tetrodes

Books on Transistor Circuits

50 75 30 5

Texas Instruments, Inc.

Western Electric Cp., Inc.

3N22” n-p-n, video, rf 30 10 10 15

1

V

viii

3N23

3N23A

3N23B

3N23C

n-p-n grown, osc., converter, rf 

n-p-n grown, osc., converter, rf 

n-p-n grown, osc., converter, rf 

n-p-n grown, osc., converter, rf

25

125

125

75

150

150

2

10

10

p-n-p, grown diffused, vhf osc.

n-p-n, grown diffused, silicon, if amp.

n-p-n, grown diffused, silicon, if amp.

Bevitt, W. 1)., Transistors Handbook, Prentice-Hall. 
Inc., Englewood Cliffs, New Jersey, 1956, $9.00.

Bell Telephone Laboratories, Inc., The Transistor, 
Office of Technical Services, U. S. Dept, of Commerce, 
Washington 25, D. C., 1951, $20.00.

Shea, R. F., Transistor Audio Amplifiers, John Wiley 
& Sons. Inc., New York, 1955, $6.50.

Shea, R. F., Principles of Transistor Circuits, John 
Wiley & Sons, Inc., New York. 1953. $12.75.

Dallas, Tax.

501

925

926

We 
(mw)

Captain W. I. Bull, U.S.N.
Assistant Chief (Electronics) 

Bureau of Ships

Coblenz, A., and Owens, H. L., Transistors: Theory 
and Applications, McGraw Hill Book Company, New 
York, 1955, $6.00.

-15

30

30

RCA, Transistors 1, RCA Laboratories, Princeton, New 
Jersey, 1956.

Lo. Endres, Zawels, Waldhauer & Cheng, Transistor 
Electronics, Prentice-Hall, Inc.. Englewood (Jiffs, New 
Jersey, 1955.

Maximum Ratings 
T¡ (a)mw/c Ve 

(C) (b)C/wm (volts)
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Manufacturer Class and Application 
and Type

Radio Development and Research Corp.

(Germanium Prod.) Jersey City 4, N. J.

(ma)

Characteristics
Pwr. Ico NF Ce feo
Gain (go) (db) (mmO (Mc)

12 10 2 >20

14 >35

15 >50

17 1 >ec

10 25 25 200

15 0.2 18 12.5

14 0.2 18 30

What's Needed in Transistor Components

Photo Transistors

Maximum Ratings
Ie 

(ma)

Characteristics
Manufacturer Class and Application Wc 

(mw)
T¡ 

(C)
(a)mw/C
(b)C/wm

Vc 
(volts)and Type

Clevite Transistor Products 

Waltham, Mass.

10A Germanium, detector, switch 100 50 15 10 4 ma at 3 v. d-c, 300 ft. c.

10B Germanium, detector, switch 100 50 15 2

500 pa dark current at 3 v. d-c.

100 pa at 3 v. d-c, 300 ft. c.

General Transistor Corp.

Richmond Hill, N. Y.

GT66 p-n-p 90 75 -12

500 pa dark current at 3 v. d-c.

Sensitivity = 0.16 v./ft. c.

Texas Instruments, Inc.

Dallas, Tex.

BOO n-p-n grown 22

Gain = 100

1.7 ma (« 3 v. d-c, 100 ft. c.

275 pa dark current (« 3 v. d-c.

THE military and industry in general must have a 
full line of parts to properly exploit the full ad

vantages of the transistor. New transistor components 
will have to be scaled-down sizes of parts comparable 
to the size of transistors rather than to that of sub
miniature electron tubes. Such scaling down of part 
size will impose many part design and fabrication 
problems more acute than heretofore encountered. 
Here are some general requirements of components 
required to complement the transistor.1

Capacitors—For capacitors, the main differences be
tween the types needed for transistor circuits and 
those presently used for electron tube circuits will be 
in the capacitance values required and the lower 
working voltage range (5 to 50v d-c) required for the 
transistor circuit types. Capacitors required for tran-

® Based on a talk delivered May 1956 to the 1956 Electronic 
Components Symposium, Washington, D. C.

sistor circuits may be divided conveniently into five 
classes as follows:

Class 1—Low frequency (audio frequency) applica
tion types with capacitance values ranging from 1 to 
20pfd with a tolerance from 0 to ±50%. The presently 
available tantalum electrolytic types will meet this 
Class 1 capacitor need up to 115° C but as tempera
ture ranges go up new types will have to be devel
oped.

Class 2—The Class 2 are wide tolerance capacitors 
similar in characteristics to the Class 1 types except 
that the required capacitance values will range from 
those exceeding 20ufd to thousands of microfarads.

Class 3—Class 3 capacitors would need to be made 
in capacitance values of from 1 to lOpfd with ±10% 
capacitance tolerance, capacitance stability to within 
0.02% per degree Centigrade and capacitance retrace 
values within 0.5%.

Class 4—Class 4 capacitors are the low capacitance 
units which are required to have 1 to 2% capacitance 
tolerance and a stability in capacitance 3 or 4 times 
better than for the Class 3 capacitors. Practically all 
presently available mica dielectric type capacitors 
meeting these electrical requirements are too large for 
use with transistors.
. . Class 5—The final Class 5 capacitors requirt'd are 
precision types of the order of ±1/2% with electrical 
characteristics equal to, or better than presently avail
able, silvered-mica types which are too large for use in 
transistor circuits.

Inductors—Inductor characteristics required for use 
in transistor circuits will range in inductance value 
from Imh to lOOh with 10 to 20% tolerance. Magnetic 
saturation effects will impose some limit on the degree 
of inductor miniaturization possible. Minimum direct 
current resistance requirements for the inductor wind-



Leading transistor radio manufacturers agree

ENERGIZERS
provide greatest power outputample, photographic etch

class

CIRCLE 302 ON READER-SERVICE CARD FOR MORE INFORMATION
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No. 226 
NEDA 1600

No. 276 
NEDA 1603

No. 216 
NEDA 1604

■ Simplifies battery replacement 
by user.

■ Wide variety of "Eveready" 
Energizers to meet every power 
supply problem.

is required is resistors of l/10w rating or

FREE BATTERY ENGINEERING BULLETIN NO. B 
gives detailed information on 

“Eveready” Energizers. If you are 
now designing transistorized elec- 

mbo «00^1 tronic equipment, write for your 
copy to: Battery Engineering 

- I Dept., National Carbon Co., at 
-• 30 East 42nd Street, New York 17,
N. Y. or 2770 Leonis Blvd., Los Angeles 58, Cal.

ties based on

9 Portable transistor radios cost less to make, 
less to run when powered with a single ‘‘Eveready” 
brand Energizer. The unique flat cell construction of 
“Eveready” Energizers allows for more active ingredients 
. . . delivers several times the energy output of 
ordinary batteries. More power, longer life in 
less space. Lowest cost-per-hour of operation.

■ Eliminates expensive spring clips 
simpler cabinet design.

per unit volume 
per unit weight

per unit cost

ings may impose? further limitations since the re
sistivity of very fine wire (as fine as #50 B. & S.) re
quired for compact windings is high.

Production of small size inductors employing such 
fine* wire will pose problems associated with the me
chanical fragility of fine copper wire and some devel
opment work may be founel necessary to increase the 
wire tensile strength. It may even be necessary to in
vestigate and develop inductor winding fabrication

1 Based on Bell Telephone Laboratories studies for the 
military.

“Eveready” and “Nine Lives” with the Cat Symbol are registered 
trade-marks of Union Carbide and Carbon Corporation

NATIONAL CARBON COMPANY 
A Division of Union CarMo ami Carbon Corporation • 30 East 42ni Street, New York 17, N.Y. 

Sales Offices: Atlanta, Chicago, Pallas, Kansas City, Los Angeles, New York, 
Pittsburgh, San Francisco

IN CANADA: Union Carbide Canada Limited, Toronto

ing processes rather than wire. Different transformer 
types are, of course, required and most of the above 
criteria which apply to inductors apply equally to 
transformers.

Resistors—In general, transistors will require the 
same types of resistors as those used for electron tube 
circuits, except that the types required will be smaller. 
Three main classes are, of course, general purpose, 
precision, and power types. In the general purpose

less with the finished resistor having wire leads of 
lOmil diameter or less. In the precision type resistor 
class, values from 1 ohm to 100,000 ohms are required 
with a permissible change due to ageing of 1%. Pre
cision wire wound resistors need extra fine wire about 
5mil diameter with higher operating resistivity. In the 
power types the answer seems to lie in developing 
better heat sinks, perhaps by utilizing metal cased 
types. Potentiometers will have to be low wattage 
types with voltage ratings of 50v or less.

The small size of transistors and comparable size 
parts (when such parts become available) will nat
urally lead to “transistorized” packaged subassemblies 
for use in military electronic equipment and fabri
cated by mechanized or completely automatic means.

Such fabrication techniques will undoubtedly im
pose the need for changing part designs to eliminate 
the following undesirable mechanical characteristics:

1. Wire lead terminals which vary too widely 
among various part categories with respect to diame
ter and length and stiffness.

2. The leads of transformers and crystal diodes 
which are not properly polarized.

3. Parts which are not proportioned in modular 
steps of length.

4. The too few parts designed with rectangular 
cross-sections for maximum packing efficiency.

The trend is definitely toward printed circuit cards; 
this type of construction lends itself to automatic as
sembly but does put a new requirement on component 
configuration and construction.

The military is stepping up research of its own in 
these areas including that of obtaining components 
with higher temperature ratings. As always the team
work of both the military and industry will be neces
sary to bring these developments about at the earliest 
date.
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HUBBELL
/m ie rloek plugs

provide a dependable, low contact 
resistance Jumper System for

CYPAK'

SELF-LOCKING

CIRCLE 303 ON READER-SERVICE CARD FOR MORE INFORMATION

X

A

ir Further Information, Write Dept. C

vs how the Interlock 
in the Cypak Problem 
builhin panel eyelets, 
r Cords are available 
jm 6" to 36" or longer

HARVEY HUBBELL, INC.
Interlock Electronic Connector Dept., Bridgeport 2, Conn.

•Trade Mark

Transistor . 
Components 

Chart

THE REVOLUTIONARY, NEW

Westinghouse

System Control

The unique Cypak System introduces 

static control—with life at least 15 
times that of conventional relays— 
from units that fit in the palm 
of your hand, and which have 
no moving parts to wear or erode. 
Using a logic function approach, 
decision elements are jumpered 
together by automatic locking 
Interlock Plugs and Jumper Cords, 
which afford a constant low contact 

resistance. Interlock Plugs were also 
specified by Westinghouse, because 
eyelets were simple to install in 
quantity within a small area.

Just as Cypak offers a longer life and 
a higher degree of reliability than 
conventional relays, so Hubbell 

Interlock Plugs offer more dependable 
connections, through a locked 
contact, than other connectors 
on the market.

AB .... Allen-Bradley Co., 
136 W. Greenfield Ave., 
Milwaukee 4, Wis.

AC .... Arnhold Ceramics Inc., 
1 E. 57th St., 
New York 22, N. Y.

AM . . . American Phenolic Corp., ■
Chicago 50, Ill.

AS .... Astron Corp., 
255 Grant Ave., 
E. Newark, N. J.

AUT .. Automatic Mfg. Corp.,
65 Gouverneur St., 
Newark 4, N. J.

CAM .. Cambridge Thermionic Corp., 
» Cambridge, Mass.

CEN . . Centralab, Div. of Globe Union, 
Inc., 914 E. Keefe Ave., 
Milwaukee 1, Wis.

CTC . . Chicago Standard Transformer 
Corp., 3580 Elston Ave., 
Chicago 18, Ill. *

CJ .... Cinch Mfg. Corp., '
10265 Homan Ave., 
Chicago 24, Ill.

CP .... Columbia Process Co., Inc. 
Columbus, Ind.

CD .... Comell-Dubilier Electric Corp., 
S. Plainfield, N. J.

DA .... Dale Products Inc., 
Columbus, Neb.

ELC .. Elco Sales Co., 
190 Glenwood Ave., 
Philadelphia, Pa. < i

ELD .. Eldema Corp.,
9844 Remer St., 
El Monte, Calif.

FM ... Fansteel Metallurgical Corp.,
2200 Sheridan Rd.,
N. Chicago, Ill. I

FOR .. Forrest Mfg. Co., 
Culver City, Calif.

FL .... Fortiphone, Ltd.,
247 Regent St., London, Wl, 
England (Imported)

FTC .. Freed Transformer Co., Inc.,
1736 Weirfield St., 
Brooklyn 27, N. Y.

GDB .. General Dry Batteries, Inc., *
Cleveland, Ohio

GE .... General Electric Co., 
Electronics Park, 
Syracuse, N. Y.

ELECTRONIC DESIGN • July 1, 1956



Three of the virtues of transistors are their extremely low voltage require
ments, small size, and long life. These factors favor the development of 
miniature, lightweight, and more reliable electronic equipment.

Component designers, to take advantage of this feature, have been de
signing smaller resistors, capacitors, and associated parts to be used espe
cially with transistorized devices. Because of the circuit characteristics of 
transistors, many of the components are not suitable for use in conventional 
electronic circuits. Specialized components presently available from manu
facturer’s stock are listed in this Transistor Components Chart.

Cd .... General Instrument Corp., 
829 Newark Ave., 
Elizabeth 3, N. J.

GL .... Glenco Corp., 
Metuchen, N. J.

GU .... Gulton Industries Inc., 
212 Durham Ave., 
Metuchen, N. J.

HY .... Hydro-Aire, Inc.,
3000 Winona Ave., 
Burbank, Calif.

HYC . . I lycon Eastern Inc.,
1360 Soldiers Field Rd., 
Boston 35, Mass.

1C .... Illinois Condenser Co.,
1616 N. Throop St., 
Chicago 22, Ill.

IH .... Industrial Hardware Mfg. Co. 
Inc., 109 Prince St., 
New York 12, N. Y.

JE .... Jensen Mfg. Co.,
6601 S. Laramie Ave., 
Chicago 38, Ill.

KES ... Kessler Co., Frank,
41-45 47th St.,
Long Island City 4, N. Y.

K.V .... Knowles Electronics, Inc., 
9400 Belmont Ave., 
Franklin Park, Ill.

LE . ... Lewis Co., E. B.,
11 Bragg St., 
E. Hartford, Conn. 

LF .... Lafayette Radio,
100 6th Ave., 
New York, N. Y. 

MAG .. Magnavox Co., 
Fort Wayne 4, Ind. 

MAL .. Mallory & Co., Inc., P. R., 
3029 E. Washington St., 
Indianapolis 6, Ind.

MEP .. Mepco Inc., 
Morristown, N. J.

MT .... Microtran Co.,
84-13 Rockaway Beach Blvd., 
Rockaway Beach 93, N. Y.

MI .... Miller Co., J. W.»
5917 S. Main St., 
Los Angeles 3, Calif.

MU .... Mucon Corp.,
9 St. Francis St., 
Newark 5, N. J. 

MYX . . Mycalex Corp, of America, 
Clifton, N. J.

ELECTRONIC DESIGN • July 1,

NC .... National Carbon Co.,
30 E. 42nd St., 
New York 17, N. Y. 

NET . . New England Transformer Co., 
Somerville, Mass.

OHM .. Ohmite Mfg. Co.,
3683 Howard St., 
Skokie, Ill.

PI . ... Polyphase Instrument Co., 
705 Haverford Rd., 
Bryn Mawr, Pa.

RC .... Radio Condenser Co., 
Camden, N. J.

RCA . . Radio Corp, of America,
Tube Div., 
Harrison, N. J. 

REM .. Remco Electric Co., 
Maynard, Mass.

REN .. Reon Resistor Corp., 
117 Stanley Ave., 
Yonkers, N. Y.

REP .. Resistance Products Co.,
914 S. 13th St., 
Harrisburgh, Pa.

SI .... Sickles, F. W., Div.,
General Instrument Corp.,
165 Front St., 
Chicopee, Mass. 

SPR . .. Sprague Electric Co.,
125 Marshall St., 
N. Adams, Mass. 

SUP ... Superex Electronics Corp., 
4-6 Bradford Pl., 
Yonkers, N. Y.

TE .... Telex, Inc., 
Telex Park, 
St. Paul, Minn.

TI .... Texas Instruments, Inc.,
6000 Lemmon Ave., 
Dallas 9, Texas

TM ... Thordarson-Meissner Mfg. Div., 
Mt. Carmel, Ill.

TT .... Triad Transformer Corp., 
4055 Redwood Ave., 
Venice, Calif.

UL .... Ultra-Temp Transformer Inc., 
Groton, Conn.

UT .... Utah Radio Products Co., Inc., 
1123 E. Franklin St., 
Huntington, Ind.

VO .... Vokar Corp.,
7300 Huron River Drive, 
Dexter, Mich.

1956



Compone

Component

mts Designed for Transistoi

Use/Characteristic

Circuits j

Manufacturer

Batteries

Zinc-carbon

Mercury

Capacitors

Ceramic

Electrolytic-tantalum 

or aluminum

Variable

Coils*

Antenna 

l-F transformer

Oscillator

Toroids

Crystals

Quartz

Hardware

Loudspeakers 

PM

Microphones

Magnetic

Resistors**

Deposited carbon

Molded composition

Thermistors

Trimmer, printed ceramic 

Wirewound

Sockets

5 pin, and polarized

4 pin, and polarized

3 pin, and polarized

3 pin

Assorted types

Transformers*

Chokes

Driver

Input

Interstage

Output

Power 

Pulse

*Code numbers indicate 

specifications.

**Consult also manufact

Vs w resistors.

Transistor power supplies

Transistor power supplies

Subminiature coupling type

25 wvdc

75 wvdc

Bypass, filtering; high capacity—low 

voltage

Broadcast tuning

Loop, broadcast

Tapped for impedance matching, adjust

able, 262 and 455 kc

For broadcast superhetrodyne receivers

To 2h

Oscillator, lOOkc

Filters

3attery clips for one or two cell mercury 

batteries

Indicator light, neon

Low impedance

High impedance, 800 ohms, center-tapped 

coil

Hearing-aid type, 1000-2000 ohms

Stable type, ’/8 watt and less, 10 ohm to 

500 k ohms

Gen. purpose 1/10 watt

Temperature compensating

Volume control, to 625 k ohms

Precision type 0.1 watt, 1 ohm to 600 k 

ohms 5/16" long by y4" diam.

General purpose & special mounting

General purpose & special mounting

General purpose & special mounting

Printed circuit

General purpose & special mounting

General purpose

Single-ended or push-pull

High impedance primary

Low-impedance primary

500 ohm to 100,000 ohm primary

48 ohm—500,000 ohms primary

For junction transistor oscillator

Pulse width range from 0.2 Ji sec to

100 sec

manufacturers stocking these items. Other t)

urers of MIL-R-10509A, DC-1/» types for a

BB, GDB, NC, RCA

GDB, MAG, MAL, NC, RCA

MU

GU

AS, Bl, CD, FM, GE, GL, IC, 

MAG, MAL, OH, SPR

Gl, LF, RC, TM

LF, Ml, SUP, TM

AUT, Ml, SI, TM, VO

Ml, SI, TM, VO

FOR, REM

LE

HYC

CAM

ELD

JE, LF, RCA

UT

KN

AC, DA, MEP

AB

GE, GU

CEN

REN, REP

CJ, ELC, HY

CJ, ELC

CJ, ELC, IH, MYX

ELC, IH

AM

MT, TI

CP, FL, FTC, MT, TM, UL, UT

CTC, CP, FTC, NET, MT, TI, 

TM, UL

1 TM, UL

CTC, CP, FTC, KES, NET, MT,

TE, TI, TM, TT

CTC, CP, FL, FTC, KES, NET, 

MT, TI, TM, UL, UT

FL

PI

,pes may be made to customer

dditional sources of miniature

xi
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Equipment for Testing Transistors
Sol Prensky

TRANSISTOR TEST EQUIPMENT 

Laboratory Instruments

Analyzers

Manufacturer
Model 

and 
Price

Description Tests Performed
Auxiliary 

Equipment 
Required

Baird Associates, Inc.

33 University Road 

Cambridge 38. Mass.

GP 

$475

Transistor Test Set.
Table model—22" x 10" x 

13" high, 70 lbs., battery 

powered; also available for 

rack mounting.

Transistor Beta Tester.
Portable—5" x 8" x 5". 

Battery powered.

Analyzes P.C., n-p-n and p-n-p types, 

GB and GE. Measures hi ], h]2, h21, 

h22, fao, f£o, Veh, Ico, Cc, ye, *yb, Pe, 
rb, Pc, a and 3 over a freq, range from 

100 cy. to 1 Me.

Measures Ico and (3- (Collector voltage 

variable in I’/i v. steps to 7Yi v.; Ie con

tinuously variable from 0.5 to 10 ma.).

Audio oscillator and VTVM.

External meter for measur

ing Ico below 1 pa.

Oscilloscope for monitoring 

collector waveform.

CG Electronics Corp.

305 Dallas St. N. E. 

Albuquerque, N. M.

TR-2 Transistor Tester.
Portable—M x 4" x 7Yi 

high, 3 lbs., battery powered; 

a-c model also available.

Analyzes n-p-n and p-n-p types. Meas

ures a, 3 and Ico-

None. Has built-in transis

torized audio oscillator.

Electronic Research 

Associates, Inc.
67 East Centre St.

Nutley 10, N. J.

AT-10 

$325

Transistor Alpha Tester. 
Cabinet size 8" x 1 1 * with 

sloping panel. For a-c opera

tion.

Analyzes all types. Direct readings of 

a and as function of emitter and

collector bias, at frequency of 240 cy. 

With external oscillator, tests can be 

made to 5 Me.

External oscillator not 

required but can be used 

to extend alpha frequency 

to max. of 5 Me.

TT1 1 A

$279

Transistor Comparison 

Tester.
Cabinet size 8" x 11 " with 

sloping panel. For a-c opera

tion. Sweep voltage at 1 20 cy.

Compares re, rb, Pc, gain and stability 

with standard transistor.

"Go - no go” or quantitative measure

ments as selected.

None.

Owen Laboratories

412 Woodward Blvd.

Pasadena 10, Calif.

210
$475

Transistor Test Set.
Table model—15" x 1 3" x 4" 

high, 1 8 lbs.; for a-c opera

tion.

Analyzes P.C., n-p-n and p-n-p types. 

Measures hi 1, hl 2, h22, Ol, (3, Ico, fao, 

f/5o and Cc; the last three parameters 

obtainable only by using an external 

oscillator and VTVM. Test frequency with 

built-in oscillator is 1.5 kc.

An audio oscillator and 

VTVM must be supplied to 

check fao, f^o and Cc-

Quantum Electronics, Inc.

1921 Virginia St. 

Albuquerque, N. Mex.

JHI 
$245

Transistor Analyzer.

Battery powered.

Analyzes n-p-n and p-n-p types. Meas
ures (X, ¡3, and Ico; also fao using external 

audio generator. Internal test frequency 

is 2 kc.

Audio generator necessary 

for measurement of fao.

Norden-Ketay Corp.

99 Park Ave. 

New York 16. N. Y.

BTS-400 Transistor Tost Set.
Table model—14* x 19" x 

14*, 40 lbs.; for a-c opera

tion.

Analyzes all types GE and GB, in power 

ratings to 50w. Measures h,n hi 2, h21, 

and h22-

None.

Increased activity during the past year on 
transistor circuit design and application of tran
sistors in electronic equipment has increased the 
need for test equipment to evaluate their charac
teristics. Also, the increasing number of transistor 
radios, hearing aids, etc. has brought about a 
need for test equipment to determine when 
transistors have1 deteriorated to a point where re
placement is necessary. Some of this equipment 
is suitable for quick checking of transistors in the 
laboratory and is listed in the accompanying 
table along with laboratory-type analyzers.

It may appear that there are not as many’ new 
test instruments as might be expected consider
ing the advance of the art during the last year; 
however, lack of transistor standards to date may 
be partly responsible for this. Most of the more 
complex equipment available is still relatively' 
expensive. It is not designed for extremely rapid 
checking of characteristics, but supplies informa
tion on all basic characteristics with considerable 
accuracy for use in design evaluation.

To help the designer select test equipment 
suitable for his needs, we have grouped the 
equipment in the table under two categories: 
Laboratory Instruments, and Service Instruments. 
The Laboratory Instruments are further classi
fied as: (1) transistor analyzers, (2) curve tracers, 
(3) noise testers, and (4) miscellaneous laboratory 
testers.

Principle of Transistor Testing

Most of the analyzers listed in the table can 
be represented in their test function by the block 
diagram as shown. The audio frequency signal 
oscillator and the a-c vacuum tube voltmeter are 
generally incorporated within the analyzer to
gether with facilities for selecting the charac
teristic to be measured. The meter scale is usually 
calibrated to read directly a or (3 or both. Tol
erances are generally ±5%. The audio-frequency 
signal oscillator supplies its signal to the tran
sistor under test through a high series resistance 
to insure substantially constant current input.

In operation, the “calibration control” sets the

r 
t



pportunity in Arizona

irmi

Transistor Power Supplies

Other Test Equipment

Send your inquiry to: Dr. Virgil E. Bottom

XIII

encouragement to 
c ongestion, fumes, 
and bad weather. 
Bureau data, Phoe¡

MOTOROLA, INC.
Semiconductor Products Division, Dept. ED 

5005 East McDowell Road, Phoenix, Arizono

Salary levels are open and will be commensu
rate with the high level of technical competence 
required. Work where there is room to grow and 
it’s fun to live.

Write today sending full biographical informa
tion. An immediate interview will be arranged.

MOTOROLA. me

Phoenix is rapidly becoming a center for elec
tronic research and manufacture, and gives special

ELECTRONIC DESIGN • July 1, 1956

enjoys the sunniest, driest, 
in the entire country.

Motorola in Phoenix has immediate 
openings for:

© Transistor application engineers
© Semiconductor device 

development engineers
© Physicists
© Metallurgists
© Physical chemists
© Production engineers

Transistor equipment development requires 
non-electronic test equipment, as well as circuit 
testers, to assure that such equipment meets 
military and commercial quality-control stand
ards. An example of such equipment is a special 
component shock tester developed and manufac
tured by the JAN Hardware Manufacturing 
Company, Inc., of Brooklyn, N. Y. It is designed 
for ultra-short very high deceleration testing in 
the range from 250 to 2000 g’s at 1.4 to 2.2msec.

research by its freedom from 
humidity, noise, heavy traffic 
According to U. S. Weather

IN PHOENIX, Arizona, MOTOROLA recently 
opened the country's newest and most complete 
semiconductor research, development and produc
tion facility. The opening of this facility creates 
unusual career opportunities for qualified scientific 
personnel to contribute to this integrated expansion 
program.

The new building is designed specifically for 
semiconductor work. The equipment includes full 
air conditioning, central gas and distilled water sup
plies, humidity and dust control and acid proof 
piping. Scientific library facilities and adequate in
strumentation provide exceptional working condi
tions in a campus-hke atmosphere.

Liberal employee benefits including an attractive 
profit sharing plan make Motorola an ideal place to 
work. Arrangements with the University of Arizona 
enable qualified technical and scientific employees 
to earn advanced professional degrees.

Motorola in Phoenix offers association with men 
of the highest technical competence in the field of 
semiconductor research and development. Numer
ous consumer, commercial and military needs re
quire immediate mass production of Motorola’s new 
transistor.

metering range of the internal a-c VTVM to in
dicate a full-scale reading corresponding to the 
desired full-scale |> reading. The d-c operating 
voltages for the transistor under test are set by 
appropriate controls. Then the “functions” switch 
is placed in the test position. The collector a-c 
output current flows through a low value of load 
resistance, constituting a practical simulation of 
the short circuit output condition. The a-c voltage 
across this load is displayed in the indicating 
meter as a direct reading of a or (3.

Laboratory type power supplies for develop
ing transistor circuits are necessarily somewhat 
different from those required for vacuum-tube 
circuit work. They must have multiple outputs, 
be closely regulated, continuously variable, and 
with almost micrometer-like voltage adjustment. 
Since supplies of this type are frequently made 
up on order, no listing is given here. However, 
there are some commercially available supplies 
on the market. Companies supplying such units 
are Dressen Barnes Corp., Pasadena, Calif., 
Electronic Measurements Co., Eatontown, N. J., 
Electronic Research Associates, Inc., Nutley, 
N. J., NJE Corp., Kenilworth, N. J., Baird Asso
ciates, Cambridge, Mass., Kepco Laboratories, 
Flushing, N. Y., Universal Electronics, Los An
geles, Calif., and Arnold Magnetics Company, 
Culver City, Calif.

MOT&fHNLfl



Curve Tracers

Manufacturer
Model 

and 
Price

Description Tests Performed

American Electronic 

Laboratories, Inc.
641 Arch St.

Philadelphia, Pa.

126H

126HS

Transistor Curve Tracer. 

Comprises two relay-rack 

units mounted in table cabinet 

—21 x 15’/4r x 22%" high; 

weighs 100 lb. approx.; for 

a-c operation.

Oscilloscope unit also 

available.

Analyzes all types. Plots family of curves 

Vc—k for GB and GE; also, GE feed

back characteristic superimposed on R22 

curves, and GB feedback curves. Seven 

curves, corresponding to seven current 

steps, are shown, plus a zero-voltage 

axis, 7Yi times per sec.

Magnetic Amplifiers, Inc.
632 Tinton Ave.

New York 55, N. Y.

200A
$685

Transistor Curve Tracer. 
Table model, one unit; 16" x 

10" x 8" overall; 18 lbs.; for 

a-c operation.

Plots curves for all types of transistors, 

GB or GE; collector family or feedback 

curves. Entire family can be presented 

automatically or each curve can be 

plotted individually.

1 1

300A

$785

Power Transistor Curve 

Tracer.
Similar to Model 200A; 16" x 

10" x 13"; 28 lbs.; for a-c 

operation.

Will plot collector or feedback curves 

of n-p-n and p-n-p power transistors in 

GB or GE connection, automatically.

r Norden-Ketay Corp.

99 Park Ave. 

New York 16, N. Y.

BCT-300 Circuit Analyzer.
Table model—7" x 19" x 12", 

20 lbs.; for a-c operation.

Analyzes all types in forward or reverse 

direction, GB or GE. Calibrates both 

axes of oscilloscope for curve tracing.

II

Polyphase Instrument Co.

Bryn Mawr, Pa.

TA-1A
$1225

TA-2A
$745

Current Gain Meter and 

Curve Tracer.

Table model; one unit.

Negative Resistance and 

Characteristic Curve 

Tracer.
Table unit.

Plots a vs le and ¡3 vs lb as an oscilloscope 

display. Measures current gain of all 

types on direct reading meter.

Traces negative resistance curves of P.C. 

type transistors. Traces collector and 

transfer characteristics of all types, 

GB and GE.

Hl *

Noise Testers

TA-3A 

$645

Family Curve Tracer.

Single unit in table cabinet.

Analyzes all types. Displays Rl 2, R22, 

Hi 2 curves in GB connection and R22 

curves in GE connection. Has internally 

generated calibration signal.

Manufacturer
Model 

and 
Price

Description Tests Performed

Electronic Research 

Associates, Inc.

67 East Center St.

Nutley 10, N. J.

NFC>12

$275

Noise Figure Calibrator. Supplies reference noise figure values 

for calibration and reference. Range: 

5 - 60db in 5db steps.

NFT
$675

Transistor Noise Figure 

Meter.
Table model unit; 8%" x 19" 

panel x 14" depth.

Automatically measures noise figure of 

all types of transistors and transistor 

amplifiers, directly on meter.

Range: 5 - 65db at 1000 cy. center freq.

Radio Receptor Co., Inc.

240 Wythe Ave.

Brooklyn, N. Y.

—

Transistor Noise Meter.
Table unit; 21 Yt" x 10%" x 

16’4'.

Shows noise figure directly on 5 - 25 or 

25 - 45db range. A-g-c.

H
xiv



Miscellaneous Test Instruments

Aux. 
Equip 
Req.

Manufacturer
Model 

and 
Price

Description
Aux. 

Equip. 
Req.

None with 

Model 126HS. 

Oscilloscope 

required with 

Model 1 26H.

American Radio Co., 

Subsidiary of CFS 

(Compagnie Generale 

de TSF, Paris, France)

445 Park Ave.

New York 22, N. Y.

Minority Carrier Meter.

Four units mounted in a relay 

rack.

None specified.

Baird Associates, Inc. 

33 University Road 

Cambridge 38, Mass. 
Cathode-ray 

oscilloscope 

with d-c 

amplifiers.

D-C oscillo

scope.

D-C oscilloscope 

for curve trac

ing. Oscillator 

for determining 

parameters to 

1 Mc.

Electrical and Physical 

Instrument Corp.
25 W. 43rd St.

New York 36, N. Y.

Oscilloscope.

General Radio Co.
Oscilloscope. 275 Massachusetts Ave.

Cambridge 39, Mass.

Oscilloscope
Marconi instruments

44 New Street 

New York 4, N. Y.

— Transistor Power Tester.

Two units vertically mounted 

in table cabinet; 21* x 21% ' 

xl 5%'. For a-c operation.

External meter 

for measuring 

only.

JJ1 Minority Carrier Lifetime Preamplifier

$2540 Test Set.
Uses principle of conductivity 

modulation by pulsed infra

red radiation.

and

oscilloscope.

— Semiconductor N-P None specified.

— Tester.
Portable bench unit. For a-c 

operation.

«

JN Semiconductor Resistivity 

Test Set.
Three units; designed for 

bench use.

None specified.

100 Square Pulse Generator. Oscilloscope

200 Single unit; for relay rack with good

300 mounting. Difference in models transient

340 is number of pulse outputs— 1, 

2, 3, and 4 respectively.

response.

561-D Vacuum-Tube Bridge. Audio gene

— Table unit; 1 8% x 1 53A x 

1 2" high; 60 lbs.

rator;’power T
source (prefer

ably batteries).

B601 Wayne-Kerr Admittance Signal source

and

B801

Bridge.
Table unit. Both models re

quired to cover entire range.

and/detector.

Aux. 
Equip. 
Req.

None.

Manufacturer
Model 

and 
Price

Service Instruments
Aux.

Description Equip.
Req-1 1

General Electric Co.

Electronics Park 

Syracuse,N. Y.

$39.95

Transistor Tester.

Portable; battery powered.

None.

V

None.
Radio City Products 

Co., Inc.

Easton, Pa.

325 

$129.95

Multi-Conductance Tube- 

Transistor Tester.

Portable; for a-c operation.

None.

J

None. Superior Instruments Co.

2435 White Plains Road 

New York 67, N. Y.

TV-12 Trans-Conductance Tube 

Checker.

Portable; for a-c operation.

None.
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Tests Performed

Germanium Diodes Transistors Silicon Diodos

30 volts 
100 mw 
100 ma

Measures low-frequency forward and 

reverse parameters of all transistors.

Measures types p-n-p and n-p-n. Checks 

for short circuits, opens, leakage, and 

current gain.

Measures all h parameters. Has jack for 

external measurement of Ico- 

Freq, range» 200 Cf. to 200 kc.

For accurate investigation of semicon

ductor material. Accurately measures 

minority carrier life times from 1 /¿sec 

to 5 m sec.

Measures impedance parameters of tran

sistors to 1 % accuracy up to 5 Me and 

2% to 100 Me.

Measures current gain under full load for 

p-n-p and n-p-n types. Average current 

gain readings are shown for 1 2 transistor 

types.

Measures resistivity of semiconductor in 

range of 0.1 to 100 ohm-centimeters. 

Reproducibility better than ^5%.

Collector Voltage, V,e at 75°C 

Power Dissipation
Collector Current

Bulk lifetime value of semiconductor ma

terial can be read directly from meter 

in range from a few fl sec to 1 m sec. 

Measures phase difference between two 

semiconductor characteristics: photo- 

magneto-electric effect and photo- resis

tive effect.

military
Features

■ DESIGNED TO MIL-T-25380/5

transistor■ RELIABLE OPERATION UP TO 75°C

■ WELDED HERMETIC SEAL

■ RIGID PRINTED BOARD MOUNTING

■ UNIFORM CHARACTERISTICS

■ SMALL SIZE

MAXIMUM RATINGS

TYPICAL CHARACTERISTICS

Tests Performed

CIRCLE 309 ON READER-SERVICE CARD >

For sample testing. Sample contamination 

is minimized by using spectographically 

pure graphite ehctrodes. Electrode heat

ing is controlled by front-panel switches.

Analyzes P.C., n-p-n and p-n-p types. 

Provides dynamic test of characteristics.

Silicon Rectifiers

Determines characteristics of high-fre

quency transistors; fao can be calculated 

from rise-time; and gain measurements 

can be accurately made (input pulse can 

be varied in amplitude continuously from 

6 to 100 mv).

Common Emitter Current Gain, B 45
Common Emitter Power Gain 40 db
Input Resistance, hi 32 ohms
Collector Cut-off Current, l«.o 4 ua

Transitron’s military type 2N2OO germanium 
transistor is designed for use in electronic 
equipment where high ambient temperatures 
and severe environmental conditions require 
an extremely reliable transistor.
The 2N200 meets all of the requirements of 
MIL-T-25380/5, and due to its improved case 
design, is the preferred type for all transistor 
applications. It is the recommended replace
ment for the 2N43A.
Send for Bulletin TE-1320.

electronic corporation • melrose 76, massachusetts
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Available now! XH-10 HIGH POWER

WW MINNEAPOLIS WHoneywell
First in Power Transistors

_

Input Resistance 
Power Conductance 
Current Gain, Median

H5 H6 H7
24 —48 ohms 27—54—48 ohms 30—60—48 ohms
17.5—35 mhos 35—71—35 mhos 71— 141—35 mhos
30 40 60

(for collector current of 2 amps.)

A complete line of power transistors—to meet your specific needs

4°®^ H©ro@^TO7@0D

Actual size

They’re welded —so you can build new ruggedness and durability into 
your equipment! And the new line of Honeywell transistors gives you 
superior electrical performance and high, uniform power gain over 
a wide range of collector current values. You get long life, outstanding 
stability and performance.

Take advantage of these new and improved transistors now.
Look below for the Honeywell office nearest you, and write or phone for 
complete information today!

Note these new specifications—developed with the design engineer in mind

WELD-SEAL TRANSISTOR The giant of the industry- 
with 10 Amp. maximum collector current.

Additional information on the Honeywell transistor line will 
be found in the data chart section of this magazine. Write or 
phone for complete specifications, prices and list of literature.

UNION. NJ. MINNEAPOLIS
MUrdock 8-9000 • P.O. Box 161 FEderal 2-5225 • 2749 4th Ave. So.
CHICAGO LOS ANGELES
IRving 8-9266 RAmond 3-6611 or PArkview

7350 N. Lincoln Ave. 8-7311 • 6620 Telegraph Road
BOSTON 
ALgonquin 4-8730 
1230 Soldier Field Road

C:RCLE 306 ON READER-SERVICE CARD FOR MORE INFORMATION



SHOWN
ACTUAL SIZE riiSilicone Rubber Compounds

Same Shrinkage As Organic 
Rubber

Designated SE-361, SE-371, and 
SE-381, these Class 300 compounds 
are making possible the molding of 
silicone rubber parts in the same molds 
used for organic rubber parts. They 
also permit specification of closer tol
erances than before feasible with sili
cone rubber.

These compounds achieve their un
usually low compression set without 
toxic additives, permitting use in 
equipment for food and drug indus
tries. In addition to increasing the ap
plications in which low compression 
set rubber can be used, the elimina
tion of toxic additives simplifies the 
handling of Class 300 compounds.

Silicone Products Dept., General 
Electric Co., Dept. ED, Waterford, 
N.Y.

CIRCLE 53 ON READER-SERVICE CARD

Hexagonal Nut
Internally or Externally Wrenched

This is a lightweight full-strength 
hex nut that can be wrenched inter
nally or externally. Designed with an 
elliptical self-licking shape, the new 
stamped hex nut is particularly adapt- 
abe to the requirements of aircraft, 
guided missile, and electronic equip
ment designers.

The internal wrench adapter is in
tended for use where space is at a 
premium and there is insufficient 
clearance for wrenching in the con
ventional external manner by sockets 
or open end wrenches. Therefore, the 
nut may be nestled closer to adjoining 
structure and spotface diameters and 
flange widths may be substantially re
duced.

These nuts are approved under ap
plicable Air Force-Navy specifications 
and conform to Air Force-Navy 
Standard Drawings AN363, AN364, 
and AN365. They are made in a com
plete range of sizes from No. 4-40 
through No. 5/16"-24.

The Kaynar Co., Dept. ED, Los 
Angeles, Cal.

CIRCLE 54 ON READER-SERVICE CARD

CIRCLE 55 ON READER-SERVICE CARD >

2N223

{udio-trio
medium power transistors

Regardless of your requirements in medium 

power audio circuits, Philco ’’Audio-Trio” PNP 
transistors provide driver and push-pull perform
ance at maximum power with minimum distortion 
.. . over a wide range of operating voltages I

Extremely linear DC current amplification up to 
100 milliamperes of collector current assures low 
distortion output at battery supply voltages of 3 to 
12 volts in class B push-pull operation.

Philco ’’Audio-Trio” transistors are specifically 
designed for the audio stages of transistorized 
radios. Available in production quantities, Philco 
’’Audio-Trio” PNP transistors have inherent sta
bility . . . excellent uniformity . . . reliability 
assured by meticulous manufacturing control and 
absolute hermetic sealing. Put these ideal char
acteristics to use in your mass produced elec
tronic products.

m
2N224

2N226

The output honsistors 2N226, 2N224 

can be mode available m matched pan'

PHILCO PNP GERMANIUM TYPE ALLOY 
JUNCTION TRANSISTOR

. -
2NZ24 2N226

2N22? I

MAXIMUM RATINGS 
(absolute values) 
Collector Voltag« (v) —25 —25 — 13 I

Collector Currents (ma) — 150 —150 —60 1

Collector Dissipation 
at 45°C (m w) (with heat sink) 100 100 100

Storage Temperature (°C) —40 ta +65 —40 te +65 —40 to+65

TYPICAL OPERATION 
Collector Voltage (v) —.6 —.6 —4.5 1

Collector Current (ma) — 100 — 100
—2 1

Largo Signal Beta 65 35

Alpha
.905 I

Saturation Voltage (v) —25 —.25

Base Input Voltage (v) —.30 —.35

Output Impedance 
(megohms) 1

For Complete Technical information write Dept. ED-4.

LANSDALE TUBE COMPANY, A Division of Philco Corporation, Lansdale, Penna.

LANSDALE. PENNSYLVANIA



APPLICATION

Typical Analysis

Earths and Alkalies (as SO4) 0.08 %

CIRCLE 60 ON READER-SERVICE CARD

J. T. Baker Chemical Co.
Phillipsburg. New Jersey

Model 
is com- 99.9 % 

0.015% 
0.006% 
0.03 % 
0.025% 
0.030%

Assay (MnO2) 
Insoluble in HCI 
Chloride (Cl) 
Nitrate (NO3) 
Sulfate (SO4) 
Iron (Fe)

The
144NX

Electrical Circuit Analyzer 
Tests 144 Circuits In Seconds

Baker also supplies Manganese Carbonate, 
Manganese Sesquioxide, and Manganese 
Sulfate to the specific needs of the ceramic- 
electronic industry. Write to our Technical 
Sales Department for samples and addi
tional information.

DESIGN I SALES

electronic 
engineers

there’s

room to

&in Texas

mechanical 
engineers

The rapidly broadening scope of HTL operations has 
opened key engineering positions — offering you room for 
rapid advancement and professional growth. Immediate 
opportunities exist in the following fields:

SALES—Field work in expanding line of specialized record
ing instruments.

INSTRUMENTATION-Electronic engineers experienced in 
design and application of recording instruments and auto
matic controls. Mechanical engineers with background for 
design problems in automatic controls, transducer design, 
magnetic recording, and/or packaging of electronic 
instruments.

TRANSISTOR CIRCUITS - Electronic engineers experi
enced in circuit design for application of transistors to 
various types of servos and petroleum instruments.

COMPUTER DESIGN - Electronic engineers for design of 
special purpose analog and digital computers for the 
petroleum industry.

At HTL, the fast-growing Instrumentation subsidiary of 
Texas Instruments Incorporated, you will enjoy many ad
vantages — including new, modern plant facilities near 
Houston’s most attractive suburban residential areas, and 
the pleasant, year-round living and recreational freedom 
of the Gulf Coast area. You will find our engineering poli
cies, growth opportunities, and personnel advantages 
excellent.

Contact immediately, or forward your qualifications to
Dr. Hal J. Jones, Chief Engineer

Houston Technical Laboratories
2424BRANARD • HOUSTON 6. TEX AS

instrumentation subsidiary of

Texas Instruments

Portable Pyrometer
Accurately Measures Hot Glass

Applicable in a 
wide temperature 
range from 200°F to 
1800°F, the new in
strument, the Land 
glass pyrometer, will 
measure the tem- 

’perature of plate 
glass before entering the lehr; bottles and other 
molded glass products coming from the molding 
machine, and such glass items as TV tubes in vari
ous stages of manufacture.

It consists of a measuring head mounted on an 
adjustable metal pole which can telescope to a 
length of 9 feet, and a small galvanometer tempera
ture indicator. In accurately detecting the tem
perature of hot glass, the pyrometer utilizes long 
wave (over 5 microns) infra-red radiation, which 
responds to normally transparent or translucent 
glass as an opaque surface. The device is fully 
compensated for all temperature variations, such as 
ambient temperatures and heating of the instru
ment.

Fielden Instrument Div., Robertshaw-Fulton 
Controls Co., Dept. ED, 2909 N. Fourth St., Phila
delphia 33, Pa.
CIRCLE 58 ON READER-SERVICE CARD FOR MORE INFORMATION

This new uni
versal automatic 
electrical circuit 
analyzer is de
signed expressly 
for military use.

pletely water
proof, shock
proof and vibra

tion resistant. Its quality, flexibility and simplicity 
of operation in the field and on the flight line have 
been proved by extensive tests under every condi
tion.

The instrument automatically tests up to 144 cir
cuits in seconds. Electrically complex, intercon
nected, multiple circuits are tested for continuity 
or shorts with accuracy at extremely close prede
termined values.

Faults are detected and identified immediately 
on the matrix chart. Tests may be made at both 
high and low voltages.

Electronics Div., DIT-MCO, Inc., Dept. ED, 911 
Broadway, Kansas City, Mo.
CIRCLE 59 ON READER-SERVICE CARD FOR MORE INFORMATION

Baker 
MANGANESE 
DIOXIDE, Powder 

(MnOJ

For 
The 
New 
Cermet 
Industry

• A product of synthesis
• High purity
• Low Sulfate, Earths and Alkalies

Baker Manganese Dioxide . . . synthe
sized to exacting specifications...offers 
high purity and controlled particle size 
to manufacturers of ceramic-electronic 
components. Each lot is consistently 
low in Sulfate content and Earths and 
Alkalies thus assuring that poisoning 
impurities are kept at low levels...note 
the typical analysis below.
This high quality Baker product should 
not be confused with less pure man
ganese dioxide or hydrate made by the 
upgrading of variable ores.
Baker Manganese Dioxide of reagent 
purity7 priced at less than $1.00 per 
pound, is finding increasing uses in the 
manufacture of high quality ferrites 
and thermistors.
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a complete line of 
Printed Circuit Hardware 

and 
Terminal Inserting Equipment

VTVM
Features Compact Size

Tubular Pin Terminals—Insert automati

cally into printed circuit board at huge 

production savings. Snap into position 
with positive locking action by means 

of self-retaining snap-in feature. Dou
ble ends permit wrapping or inserting 
leads at either end. Ask for Bulletins 

550 and 551.

Solderless Wire Disconnect Femole Terminals— 

Speedily applied to leads by means of 

cost-saving automatic equipment. Fits 
quickly and firmly to tubular pin 

terminals. Solderless wire crimp can 

be varied to fit various size insulated 
wires. Ask for Bulletin 553.

The new 
Model 21-56 
“Compact” VT
VM retains all 
the perform- 
ance features of 
its prototype 
(Model 20-55), 
including fullv 
automatic range
switching, auto
matic scale in
dicator lights, di
rect reading on 
an 8-1/2" meter 
(without zero 

multipliers) and complete burn-out protection up 
to 2000v.

In addition, Model 21-56 is notably compact in 
size (10" x 8-1/2" x 6"—weight: 11 lb) and con
venient to service, with easy access (through a re
movable back plate) to batteries, fuses and controls.

The instrument measures a-c and d-c voltages 
from 0.1 to 1500v. It is particularly useful when 
dealing with unknown voltages. In measuring re
sistance, the instrument permits automatic reading 
from 0.5 to 1 billion ohms in 6 ranges.

Leitch Engineering Corp., Dept. ED, Manchester. 
N.H.
CIRCLE 63 ON READER-SERVICE CARD FOR MORE INFORMATION

Dual TR Shutter Tube
Has Integral Shutters For X-Band

Line Cord Interlock Terminals—For single or 

multiple lead connections. Another 

Malco automation development to 

provide production short cuts and as
sembly economy. Terminals are staked 

quickly and firmly into printed circuit 

boards. Ask for Bulletin 554.

The BL-317 is a new 
dual TR tube with in
tegral shutters for X- 
band. It is designed to 
give complete crystal 
protection over a fre
quency range from 8500

to 9600Mc, when used between a balanced pair 
of shot-slot hybrid couplers.

The shutters operate on 28v d-c with a maximum 
current requirement of 320ma. The ignitor dropping 
resistors of 5.2 megohms are included and attached 
to the ignitors with leads brought to solder termi
nals on the terminal board. The ignitor voltage 
required on these terminals is — lOOOv d-c mini

Malco printed circuit hardware can be engi
neered to your specific requirements. Give us 
the facts about your operation. We'll show you 
how your costs can be lowered and your pro
duction increased. Ask for Bulletin 551.

TOOL and MANUFACTURING CO.
4027 W. Lake St., Chicago 24, III.

mum.
The maximum cubic volume required for the BL- 

317 is only 10.2 cu in. The total weight increase 
resulting from the shutter mechanism is approx 4 
oz.

Bomac Laboratories, Inc., Dept. ED, Salem Rd., 
Beverly, Mass.

CIRCLE 62 ON READER-SERVICE CARD CIRCLE 64 ON READER-SERVICE CARD FOR MORE INFORMATION
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BLILEY ELECTRIC COMPANY
ERIE. PENNSYLVANIA

CIRCLE 71 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCLE 67 ON READER-SERVICE CARD FOR MORE INFORMATION

PRECISION- 
PHASE 
METER

A HIGH PRECISION lOOkc CRYSTAL UNIT 
FOR SECONDARY FREQUENCY STANDARDS ..

WRITE FOR 
BULLETIN #492ADVANCE 

ELECTRONICS LAB., INC.
451 Highland Avenue • Passaic, N.J.

Measuring a fraction of 1* with excellent stability .3 volt 
sensitivity.
0-18° full scale direct indication of Phase angle in degree.
No amplitude adjustment.

TYPE 405 SPECIFICATIONS
Frequency Range: 8 cps to 100 kc.
Phase Ranges: 0-18, 0-36, 0-90, 0-180 or 180-198, 180-216, 180-270, 

180-360 degrees.
Accuracy: ’A* relative ± 2% or±1c absolute
Input Voltage .3 volt to 75 volts.

( PRICE: $485 FOB Passaic, N.J.

A t

of

on
JEWEL

CASE

SET SCREW
IDEAS

Get your copy of this 
colorful, deluxe folder, 
illustrating and describ

ing over 30 completely 
different Setko set

keys. It's actually a 
condensed catalog of the complete 

Setko line.
Also tells you how you can obtain one of the handsome 
Jewel Cases of Set Screw Ideas, sent on loan, without cost 
or obligation, to those responsible for set screw selection. 

Simply Write Your Name and Address 
on the margin of this page and mail to us to get your 

C°Py ^ase Brochure.

A ^«crew 265 Main St., Bartlett, III. WB WLMffCo (Chicago Suburb)

II f SpfCiL

Variable Reactance
Rated at 300kw Peak Power

Model 910 is 
a new versatile 
high power vari
able reactance 
for the 8.20-12.4 
kMc frequency 
range. This in
strument is used 
to introduce a 
standing wave 
of desired mag

nitude and phase in a waveguide transmission line.
Rated at 300kw peak power in matched line, it 

operates directly at any power level up to the 
breakdown power level of the waveguide. The 
magnitude of the standing wave ratio in the line 
can be varied from 1.02 to 2.0 by means of a 
micrometer adjustment on the top carriage. The 
residual VSWR is less than 1.02 and the phase of 
the standing wave is separately variable by the 
movement of the carriage. Phase adjustment is 
greater than one-half wavelength at the lowest 
frequency. The phase scale offers direct reading to 
0.5mm with vernier reading to 0.05mm.

Applications of the Model 910 are: high power 
breakdown studies, plotting Rieke diagrams, de
termining characteristics of high power magnetrons 
and klystrons, and determining breakdown power 
of system components.

Narda Corp., Dept. ED, Mineola, N.Y.
CIRCLE 69 ON READER-SERVICE CARD FOR MORE INFORMATION

Threaded Studs
For Potting Compounds

Threaded studs for 
molding in plastics, 

A rubber, die castings, or
H potting compounds

have been added to this 
threaded insert line. 
They are designed to 
be molded into the 

product at time of fabrication; no secondary op
erations for inserting or locking are required.

The studs are made with a knurled head to pre
vent rotation in use, and are provided with two 
circular relief bands as added protection against 
pullout.

They are made in all regular thread sizes from 
#2 to 3/8" for both NC and NF threads. Standard 
material is brass, but studs may be made to order 
from steel, aluminum or stainless.

Standard Insert Co., Dept. ED., 12270 Montague 
St., Pacoima, Calif.
CIRCLE 70 ON READER-SERVICE CARD FOR MORE INFORMATION

TYPE 
BG9D-S

UNION STATION BUILDING

'INDUSTMAL

This precision sealed- 
in-glass crystal unit 
provides exception
al stability with mini
mum ageing. Incorpor
ates a DT- cut ele
ment designed espe
cially for use in temper
ature controlled ovens.

SUBMINIATURE 
AND 

TRANSISTOR 
Sockets...

Manufactured to RETMA 
standards for commercial 
and military applications.

INSULATION: Low-loss mica filled phenolic.

CONTACTS: Beryllium copper.

PLATING: Silvei coated. Other finishes available.

Novel Chamfer design at the top surface allows easy insertion of deli
cate tube or transistor leads.
Generous tail spacing, laterally, provides ample soldering room and 
greater protection against shorts.
Can be supplied with retaining rings.

Wrilt for samples 
and information.

Our extensive design and production 
facilities are available for develop
ing your special requirements and 
applications. Representatives in prin
cipal cities throughout U.S.A.

INDUSTRIAL HARDWARE
Manufacturing Company, Inc.

109 PRINCE ST.,NEW YORK 12,N.Y.

CIRCLE 68 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE 72 ON READER-SERVICE CARD FOR MORE INFORMATION
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auto

Hove Air Dielectric

For descriptive literature please write: hughes

SEMICONDUCTORS

A DIVISION OF THE HUGHES AIRCRAFT COMPANY

CIRCLE 76 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN

quency 
matically

All Hughes diodes resemble each other— 
externally. Germanium point-contact or 
silic on junction, they are all glass-bodied** 
and tiny (actual dimensions: 0.265 by 
0.123 inch). But minute, meticulously con
trolled variations in the manufacturing 
process impart individual characteristics 
to the diodes, make them just right for 
specific applications. This gives you the

was manufactured first of all for reliability.
•Nowhere else have glass packaging 

techniques been developed to a compa
rable extent, for the Hughes process has 
many unique aspects. They are difficult to 
duplicate, yet are instrumental to the 
manufacture of diode bodies which are 
completely impervious to contamination 
and moisture penetration.

THEY MAY LOOK ALIKE-BUT 
there is a difference... and the difference 

is inside, where it counts.

opportunity of selecting from a line which 
includes literally hundreds of diode types.

So, when your circuitry requires varying 
combinations of such characteristics as .. . 
high back resistance... quick recovery ... 
high conductance ... or high temperature 
operation, specify Hughes. You will get i 
diode with mechanical and electrical sta
bility built in. You will get a diode which

digital form. Frequencies measured may be periodic 
or random; lOcy to 220Mc. In addition, the counter 
may be used to measure time intervals, pulse 
lengths, repetition rates, frequency drift, total 
events, etc.

The basic feature of the unit is a precision time 
base generator, operating from a crystal-controlled 
lOOkc precision oscillator, which opens and closes 
a gating circuit. This allows the signal under 
measurement to actuate a counting circuit for a 
known time interval, thus giving a direct reading 
of cycles per unit time or frequency. The counting 
circuit reads directly in kilocycles.

Period or time intervals are measured by revers
ing the roles of the time base generator and the 
signal under measurement. One cycle of the signal 
opens, the succeeding cycles closes the gating cir
cuit, thus allowing the known frequency of the time 
base generator to be displayed.

Northeastern Engineering, Inc., Dept. ED, Man
chester, N. H.
CIRCLE 74 ON READER-SERVICE CARD FOR MORE INFORMATION

A commercial 
version of the 
military type 
AN / USM - 26, 
this frequency 
meter is a preci
sion direct read
ing type, which 
displays the 
measured fre-

K
 Designated subminia

ture trimmer series 75, 
the new units are de- 

। signed for tab mounting 
on dip-soldered printed 
wiring boards or screw
mounting on convention- 

I al chassis. The capacitors 
measure just 25/64" x 

7/16" x 17/32" behind mounting surface.

They have a minimum effective capacity range 
of 5, 10, and 15p|if. The nominal minimum capacity 
of the units is 1.2, 1.2, and 1.5|xpf.

The brass stator and rotor assemblies and rotor 
contact spring are silver plated. The units are easily 
adjusted by means of a screwdriver slot provided in 
the rotor shaft.

Radio Condenser Co., Dept. ED, Davis & Cope
wood Sts., Camden, N. J.
CIRCLE 75 ON READER-SERVICE CARD FOR MORE INFORMATION

HUGHES PRODUCTS 

Los Angeles 45, California

Electronic Frequency Counter
Measures Periodic or Random Frequencies



3302 Pacific Highway • San Diego, California
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Convair announces very special and immediate opportunities for experienced

Acceleration-Sensitive Switch
Operates at Pre-Set “G” Level

Suitable for use where 
instruments, controls, or 
safety devices are re
quired to operate at a 
pre-determined accele
ration level, the accelera
tion-sensitive switch has 
a snap-action switch ele

ment capable of being set precisely to open or close 
when the desired “g” level is reached.

Two basic styles are available: a momentary- 
contact unit that operates at the rated “g” level and 
snaps back to its initial position when the accelera
tion falls below this level, and a manually reset unit 
that latches on its operated position until the reset 
button is pushed. Both styles are available in ex
plosion-proof case, or in hermetically sealed hous
ing.

These switches are rated at 30v, 1 amp inductive 
or 2amp resistive load. They can be furnished to 
operate at any level from 2.5 to 15g absolute with 
precision of ±0.2g; higher “g” ratings are available 
on special order. Frequency range is 0 to lOcy; 
shock resistance is 25g for 11 millisec, on all three 
axes. These switches are designed to function 
through a temperature range of —60 to 4-180oF 
and to withstand 100% humidity at 160°F.

Maxson Instruments, Div. of the W. L. Maxson 
Corp. Dept. ED. 47-37 Austell Pl., Long Island Citv 
1, N. Y.
CIRCLE 79 ON READER-SERVICE CARD FOR MORE INFORMATION

within a new division currently being formed for the design, development and construction 
of the intercontinental ballistics missile — THE ATLAS! For information 

concerning new engineering positions related to this tremendous project, 
please write at once. Address correspondence, including resume to: 

Mr. H. T. Brooks, Engineering Personnel, Department 1019

CONVAIR
GD A Division of General Dynamics Corporation cv

Dual Servo Balancer
Provides Transducer Excitation

This new de
vice provides 
transducer exci
tation and can 
handle multi
channel inputs in 
either a-c or d-c 
form. Tlie out
puts of the unit 
consist of the sum 
of the integral of 

the input plus a signal proportional to the ampli
tude of the input. The outputs have a 0 and 180° 
phase relationship to the input.

The proportional channel has an adjustable 
scale factor and the integral channel has an adjust
able time constant. The phase relationship of the 
proportional channel to the integral channel can be 
either in phase or 180° out of phase.

Transval Engineering Corp., Dept. ED, 10401 
Jefferson Blvd., Culver City, Calif.
CIRCLE 80 ON READER-SERVICE CARD FOR MORE INFORMATION



meets MIL-STD-21,2 and 

NAVORD OSTD
600-7-3.02.29(int.)

Nyloclips fill the bill completely on all applications 
requiring light, self-insulating cable clamps. Sev
enty per cent lighter in weight than comparable 
metal clamps. Smooth, non-abrasive surfaces; 
rounded edges will not chafe conductors or cause 

grounds or shorts. Insulating properties reduce 
failures caused by groundsand shorts. Insoluble in 
common solvents, alkalies, dilute mineral acids 
and most organic acids. Retains strength at tem
peratures up to 300° F, (150° C.), and is unaf
fected by petroleum oils and greases, lubricants, 
hydraulic fluids, lactic acid and photographic solu
tions. Good for — 60° F. to 300° F.
iAMfUS of these Burndy Nyloclips will be sent fou without 
cost upon your written request.

CIRCLE 151 ON READER-SERVICE CARD FOR MORE INFORMATION

pre -formed - moulded

NYLOCLIPS

For Critical Applications a

MlNiA U IE
INDUCTION MOTOR

HOWARD
MODEL 2500

(1/300 to 1/1400 H.P.)

DESCRIPTIONS & APPLICATIONS
Howard 2500 capacitor type induction motors are available in several 
models to meet various requirements.
(1) Standard Non-Synchronous Capacitor Motors-For general alter

nating current applications requiring stable speed induction motors.
(2) Torque Motors-Equipped with special high resistance rotors for 

high starting torque and variable speed operation.
(3) Standard Synchronous Motors-Recommended for instruments 

and timing devices and other work requiring exact, constant speed.
(4) Hysteresis Synchronous Motors-For constant speed applications 

requiring higher starting torque and quieter operation.
Available with or without gear heads with ratios from 6:1 to 3600:1. 
Write today for complete data.

DIPT. ED-7 • HOWARD INDUSTRIES, INC. • RACINE, WIS.
DIVISIONS: ELECTRIC MOTOR CORP. • CYCLOHM MOTOR CORP. • RACINE ELECTRIC PRODUCTS
CIRCLE 152 ON READER-SERVICE CARD FOR MORE INFORMATION

Digital Ohmmeter
5-Digit Display

This is a new digi
tal ohmmeter that 
automatically meas
ures and digitally 
displays resistance 
measurements to 5 
digits. Called the 
Model DO50, it has

a range of 0.1 ohm to 10 megohms, and is accurate 
up to 0.01% ±1 digit, depending upon the range. 

Electro Instruments, Inc., Dept. ED, 3794 Rose
crans St., San Diego 10, Calif.
CIRCLE 153 ON READER-SERVICE CARD FOR MORE INFORMATION

D-C to D-C Power Supplies
Have Switching Transistor Circuit

Small size, light 
weight and elimination 
of moving parts are fea
tured in this line of 
switching transistor d-c 
to d-c power supplies. 
These compact units in
vert low-voltage d-c to 

higher voltage d-c. Standard models operate from 
an input of 28v d-c. Outputs are available in 100, 
250, 300, 400 and 600v, with power up to 60w max.

Arnold Magnetics Co., Dept. ED, 5962 Smiley 
Dr., Culver City, Calif.
CIRCLE 154 ON READER-SERVICE CARD FOR MORE INFORMATION

Fast Pulse Transmission Equipment
From D-C To 1 Millusec Pulses

This line offers 
most equipment 
needed for wide 
band pulse 
transmission 
problems from 
d-c to 1 milli
microsecond rise 
time pulses (0 
to 350Mc).

Standaid co-axial cables are prefabricated to any 
des ned length with any desired standard con
nectors.

Coaxial line terminations from any impedance 
from 50 to 200 ohms, impedance matching boxes 
for joining different impedance lines, pulse splitting
mixers, pulse attenuators, and variable pulse delay 
boxes are included.

Electrical and Physical Instrument Corp., Dept. 
ED, 42-19 27th St., Long Island City 1, N. Y.
CIRCLE 155 ON READER-SERVICE CARD FOR MORE INFORMATION

TORRINGTON 
can make your 

small precision 
metal parts 

faster, better 
and for less 

than you can make them 
or buy them elsewhere!

These are typical of parts that Torrington produces 
daily by the hundreds or millions. If you use similar 
small precision parts, mail the coupon today for the 
Torrington Small Precision Parts condensed catalog. 
Even better, send a sketch, blueprint or sample part. 
We will give you a prompt quotation which will mean 
substantial savings to you.

ORRWGTON COMPANY

: □ w«« -<> sml"
■ Parts condensed catalog
■ □ Please have a salesman call

am«'----------------------

2 Title----- --- --------------■ _ ____ _____■ Company----------------------

£ Address
■ r Zone-------- State___
■ City--—■»■■■■

THE T0RRINGT0N COMPANY
I vU* I Specialties Division

37 Field Street, Torrington, Conn.

TORRI NGTOW/WMETAL PARTS
Makers of Torrington Needle Bearings

CIRCLE 156 ON READER-SERVICE CARD FOR MORE INFORMATION
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Hi-1
DIVISION

AEROROCK*

means 
more value in
every

Hi Plate Assembly
Something has been added - a brand new protective 
coating — AEROROCK. Which means that Hl-Q Plate Assemblies 
now offer: still greater mechanical strength in withstanding rugged 
handling and assembling operations; some flexing; higher 
insulation resistance; greater immunity to moisture and other 
climatic conditions; still higher stability.
These handy unitized components are more popular than ever. 
The radio-electronic designer can start with entire block-diagram 
sub-assemblies instead of individual components, 
thereby saving untold time, labor, space, and even on overall 
cost. Wide choice of pre wired capacitor-resistor combinations. 
With wire leads or with lug terminals for printed-wiring assemblies.

GET THE FACTS . . .
Write on business stationery for engineering 
data. Let our specialists collaborate with you 
on unitized or modulized assemblies.

In Canada: AEROVOX CANADA LTD.. Hamilton, Ont.

Export: Ad Avriomo, 89 Broad St., New York, N. Y., Cable: Auriema, N. Y.

CIRCLE 86 ON READER-SERVICE CARD FOR MORE INFORMATION



PREDETERMINED 
COUNTER

(COUNTS ELECTRICALLY and CLOSES

SWITCH AT END OF PRE-SET COUNT

DURANT
Sfeeltcc "SP"

Microwave Signal Generator
Covers Frequencies of 4,200 to 11,000Mc

cies—4200 to ll,000Mc-with a

This is a new 
ultra broadband 
microwave sig
nal generator 
covering a fre
quency range 
equal to two or 
more present 
day units. The 
MSG-34 covers 
S, C, and X 
Band frequen- 

power output of
imw. It is equipped with uni-dial construction 
which provides complete integration and simple 
operation. Large, direct-reading dials indicate fre
quency and attenuation.

Other features of the signal generator are: provi
sion for external modulation by multiple pulses; 
automatically tracked power monitor; and non-con
tacting oscillator choke.

The modulator, utilizing printed circuit tech-
niques, permits internal pulse and square wave 
modulation from 10 to 10,000pps at pulse widths of 
from 0.2 to lOpsec.

Polarad Electronics Corp., Dept. ED, 43-20 34th 
St., Long Island City, N. Y.
CIRCLE 87 ON READER-SERVICE CARD FOR MORE INFORMATION

Pulse Transformers
Have Fast Rise Times

This is a complete line 
of miniature and sub- 

__  miniature pulse trans-
formers offering very fast 
rise times and high duty 
cycles. These compo
nents will greatly extend 

the use of pulse transformers in blocking oscillator 
and coupling circuitry for high-speed digital com
puters—especially airborne types. Some of these 
transformers have been operated at repetition rates 
of 5 to 6Mc and it is possible to obtain up to 40% 
duty cycle without backswing.

The transformers are either molded in epoxy 
resin, wound in a ferrite potcore, or encased in an 
aluminum can. They are constructed either as en
capsulated or plug-in types. The latter type has a 
7-pin molded glass base to fit a miniature 7-pin 
socket. The variety of core materials and winding 
methods makes possible a wide range of electrical 
characteristics.

Allen B. DuMont Labs., Inc., Dept. ED, 750 
Bloomfield Ave., Clifton, N.J.

COMPACT • RUGGED
FAST ACCURATE

STOP «r
START a
MACHINE

LIGHT
A LIGHT

Eliminates costly over-runs 
or time consuming under
runs. Actuated by Photo 
Electric Cell, Tube, Relay, 
or Contact Switch. Counter 
can be located where de
sired. Predetermined count 
may be set at any figure 
to 99,999. Hundreds of 
applications in all phases 
of production and instru
ment work.

Send for Catalog No. 56

DURANT MFG. CO. 
1993 N Buffum St., Milwaukee 1, Wi». 
193 S. Water St., Providence 3, R.l. 
Representative; in Principal Citint

RING

PRODUCTIMETERS 
SINCE 1879 flaunt ZuetuflunG

CIRCLE 89 ON READER-SERVICE CARDCIRCLE 88 ON READER-SERVICE CARD FOR MORE INFORMATION
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Digital Timer

1500 volt! Has High Accuracy

now available from

Texas Instruments
Radically higher operating voltages 
are now obtainable with new Texas 
Instruments grown junction silicon 
rectifiers . . . featuring a single 
/unction element. High forward 
current ratings (to 100 ma) ... plus 
stable operation up to 150° C make 
TT rectifiers ideal for use in com
pact, high voltage power supplies. 
These hermetically sealed units 
eliminate the need for filament 
pow’er ... are available in five types 
. .. both half wave and full wave.'

also

new

Actual Size

high conductance 

silicon diodes
* 

of TI silicon junction diodes greatly 
improves performance in your ap
plications ... such as magnetic am
plifiers, modulators, demodulators, 
and compact power supplies. Four 
new glass-encapsulated types—with 
100 ma forward current and 0.1 /xa 
reverse current — are available with 
peak inverse voltages up to 200 volts.

WRITE TODAY for complete information!

Texas Instruments

Model 210 
digital timer is 
a compact, 4- 
decade, electron
ic counting in
strument. Glow
tube decades 
and simplified 
circuitry are 
employed to 
achieve high ac

curacy and extreme reliability in a volume less than 
1/5 cu ft.

The 210 may be used as an electronic counter at 
rates as high as 60,000cy. Time is indicated in units 
of 100 or lOOOusec. Maximum indicated time using 
one-millisecond unit is 10 sec.

Time is registered by counting pulses generated 
by an internal lOOkc crystal-controlled oscillator, 
for an interval determined by externally applied 
Start and Stop impulses. Each timing cycle is in
itiated by momentarily pressing an internal or ex
ternal reset button.

Hupp Instru/Mation, Dept. ED, 2119 Sepulveda 
Blvd., Los Angeles, Calif.
CIRCLE 92 ON READER-SERVICE CARD FOR MORE INFORMATION

Charge Storage Tube
For Use With Computers

This charge storage tube, 
called the “Radechon,” is in
tended for use with computers 
and a variety of other type of 
information - processing sys
tems. Design of the tube 
(RCA-6499) permits informa
tion in digital or analogue 
form to be introduced to the 
active elements, stored for a 
period of time controllable 
from microseconds to minutes.

and then extracted at a rate the same as or different
from the writing rate.

Features of the 6499 include an electron gun 
capable of providing an electron beam having high 
current density and relatively small cross-sectional 
area at the focus plane, and a storage surface hav
ing uniform secondary emission to provide a uni
form output signal. Electrostatic deflection of the 
beam is utilized to permit the design of deflection 
circuitry having relatively low power consumption 
and providing high speed of response.

The Radechon is 12-7/32" long and 3.35" diam.
Radio Corp, of America, Tube Division, Dept. 

ED, Harrison, N.J.
CIRCLE 91 ON READER-SERVICE CARD CIRCLE 93 ON READER-SERVICE CARD FOR MORE INFORMATION
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actual size

-a complete line 
designed for 
high range- 

with stainless steel 
or beryllium copper 

construction.
Bourns-designer and manufacturer of its own Bourdon tubes —now brings this 
proved component to absolute and differential pressure potentiometers. Three instru
ment models are provided for an extensive range of applications.

Model 704
Differential Pressure Potentiometer - for corrosive fluids 
This unit has a stainless steel Bourdon tube and fittings, 
to withstand fuming nitric acid and other corrosive fluids. 
All mechanical joints are Heli-arc welded. The instrument will 
measure differential pressure between two high pressure sources.

Model 705
Absolute Pressure Potentiometer
This absolute pressure potentiometer measures pressures 
in ranges of 0-100 to 0-1000 psia—extending the range 
of Bourns Aneroid Capsule instruments.

Model 706
Differential Pressure Potentiometer —/or non-corrosive fluids 
The Fourdon tube in this high range instrument is made 
of berryilium copper for use with non-corrosive fluids.
With the low pressure port vented to the atmosphere, 
this unit can be used as a gage pressure instrument.

All models have a durable stainless steel case... compact 
configuration...excellent linearity, resolution and hysteresis. 
The rugged linkage system and Bourdon tube assembly 
provide excellent shock, vibration and acceleration characteristics. 
All models are now in quantity production.
Write for new literature.

COPR. BL

California

CIRCLE 94 ON READER-SERVICE CARD FOR MORE INFORMATION
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Photo courtesy of Hughes Aircraft Company, Culver City, California.

Billions of operations here 
with Bristol Syncroverter® 

high-speed relays
How do you build reliability into a fire control system for 

interceptor planes—a system containing as many compo
nents as 200 TV sets; but occupying only 29 cubic feet?

The obvious solution is to use reliable 
components, so the design engineers at the BMB| 
Hughes Aircraft Company selected Bristol S 
Syncroverter high-speed relays for the high- S inBB 
speed relay requirements of the Hughes Fire 
Control System. H

Their operation is unaffected during ^B BHH 
.hock up to 30G’s, and vibration (10-55 cps) 
el 10G. This high-speed relay, v liic h meets Q 
inihtan spt cifiv.itn ms is uiniph teh o hiMr 
in dry-circuit applications as well as in low- 
power applications. Bris|o| Syncrovertcr

relay. Covered by patents.

Versatile relays meet a wide variety of requirements
Your applications of high-speed relays in such equipment as 

air-to-ground telemetering, analog and digital computers, air
craft or missile control, carrier current switching and the like 
may call for different specifications from those below. You’ll find 
the high-speed relays you need—including miniature (70 gram) 
relays—in Bristol’s broad Syncroverter line. Write us. The Bristol 
Company, 151 Bristol Road, Waterbury 20, Conn.

TYPICAL PERFORMANCE CHARACTERISTICS
Temperature range: —55°C to 100°C.

Operating shock: 30G; 11 milliseconds duration.

Vibration: (10-55 cps): 10G

Contact ratings: up to 28v, 200 ma.

Stray contact capacitance: less than 15 mmfd.

Pull-in time (including bounce): as low as 200 microseconds.

Drop-out time: 300 microseconds.

Life: At least 1000 hours at 400 operations per second.

Mounting : Octal tube socket.

BRISTOL Points the Way in 6.15

Human-Engineered Instrumentation

AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 

CIRCLE 96 ON READER-SERVICE CARD FOR MORE INFORMATION

Electronic Load

regulatedcomplete testing of 
power supplies.

Has Mechanical Keying Device

Model 102 
electronic load 
is a precision de
vice which com
bines in a single, 
compact unit all 
of the conven
tional instru
mentation re
quired for the 

and unregulated

The unit comprises a group of parelleled power 
tubes, a wide band modulation amplifier, a variable 
bias supply, a mechanical keying device, and an a-c 
vacuum tube voltmeter.

Built in controls provide for simulation of a wide 
range of static loads and measurements of dynamic 
characteristics under any conditions within the in
strument’s range. Physical size, compactness, ease 
of operation and reliability in continuous use make 
the unit suitable for field production testing as well 
as for laboratory use.

Electronics Div., Bristol Engineering Corp., Dept. 
ED, Bristol, Pa.
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Bonding Process
For Printed Circuit Laminates

This new bonding process results in faster pro
duction, fewer rejects and better printed circuits. 
The process is being adopted to form a new line 
of copper clads designated as the HP series.

The new copper clads possess double bond 
strength (12 to 15 lb) and a much higher dip sol
der temperature resistance (30 sec at 500°F). Pro
duction-wise, the HP series speeds up the operation, 
provides cleaner soldered joints, and minimizes 
bridging in the printed circuit. The materials also 
exhibit high retention of bond strength after re
peated heating and cooling.

The process includes a method for uniformly con
ditioning the bonding surface of either electrolytic 
or rolled copper foil. Combined with this is the use 
of a stronger adhesive for bonding the treated cop
per surface to the laminate. The process applied to 
the HP series forms a thin, pure cupric oxide layer 
which acts as a primer coat for the subsequent ad
hesive coating.

National Vulcanized Fibre Co., Dept. ED, 1055 
Beech St., Wilmington 99, Del.
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Here Really ACCURATE

Automatic Voltage Regulation
Voltage Held Constant to ±0.25% 

Extra-Fast Response: 1 Volt per 0.1 Sec. 
Extra-High Power: 50 Amperes (6 KVA) 

No Noise — No Clacking — No Transient Pulses from Relays
This Regulator consists of a VARI AC® continuously-adjustable 

autotransformer, a servomechanism circuit which samples output 
voltage and a servo-motor which drives the VARIAC to correct line
voltage fluctuations.

For really ACCURATE voltage regulation, this regulator has no 
equaL Type 1570-ALM Line Voltage Regulator (illustrated). 115-volt, 

table model: $465. Five other models for 115 and 230 volts, 
table, relay rack or wall models.

Write for our VOLTAGE REGULATOR Bullet!

GENERAL RADIO Company
275 Massachusetts Avenue, Cambridge 39, Massachusetts^USA

90 West Street NEW YORK 6 • 8055 13th St., Silver Spring, Md. WASHINGTON, O. C.
1150 York Road, Abington, Pa. PHILADELPHIA

920 S. Michigan Ave. CHICAGO 5 • 1000 N. Seward St. LOS ANGELES 38
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New Solder Terminal 
Kit Complete with Tools

A new solder 
terminal board kit 
containing all 
needed tools has 
just been an
nounced by Cam
bridge Thermionic 
Corporation.

This “package’* 
unit contains 100 
each of the popu

lar types of the CTC solder terminals, together with 
anvils and punches for making assemblies. All ter
minals are supplied for Vie" thick boards and are 
standard CTC grade with silver plating and water 
dip lacquer.

The kits are suitable for prototypes and sample 
terminal boards for laboratory work. Terminals sup
plied are designated X1558, X2027, X1785, X2040, 
X2041, X2042, X2043, X2044, X1548 and 1724.

Manufactured to CTC’s rigid quality standards. 
For specifications and prices write direct. Cambridge 
Thermionic Corporation, 457 Concord Ave., Cam
bridge 38, Massachusetts.
CIRCLE 100 ON READER-SERVICE CARD FOR MORE INFORMATION
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Germanium or Silicon Diodes
For Transistor Bias Stabilization

These new circuit ele
ments are germanium or 
silicon diodes produced 
to close tolerance limits 
in the forward direc
tion. They exhibit rela
tively high resistance in 
the pre-threshold region, 

then break sharply with the dynamic resistance 
dropping to the region of 10 ohms or less.

The stabistors are particularly useful for transis
tor bias stabilization, and significantly reduce bias 
power requirements. Their predictable temperature 
coefficient allows compensation for the effects of 
temperature on transistor circuits.

Transitron Electronic Corp., Dept. ED, Melrose 
76, Mass.
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Wire-Wound Controls
For Printed Wiring

For fast, efficient in
sertion in printed-w’iring 
assemblies, this rede
signed version of the 
space-saving Series 39 
Humdinger” control has 

been developed. Mount
ing is by two tabs for positive locking to printed- 
wiring board.

The control is rated at 2w. Resistance range is 
from 4 ohms to 5000 ohms. It measures 3/4" diam 
by 3/8" deep. Adjustment is by screwdriver slot.

Clarostat Mfg. Co., Inc., Dept. ED, Dover, N. H.
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Electric Oven
Operating Range 100 To 850° F

This is a new line of 
electric ovens capable 
of operating in the range 
of 100-850°F. The unit 
is particularly adaptable 
for aircraft component 
laboratories and test fa
cilities or as a small pro
duction unit for silicone, 
teflon and other high 
temperature curing pro
ductions, Four standard 

sizes are available. Special instrumentation may be 
provided as an extra.

Steiner-Ives Co., Dept. ED, Springfield Rd., 
Union, N. J.
CIRCLE 104 ON READER-SERVICE CARD FOR MORE INFORMATION
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CBS

POWER TRANSISTORS 

with uniform characteristics

in mass production

\X hether your requirements are for a dozen 
or a million . . . for standard or special 
types . . . CBS is prepared to supply you with 
power transistors. And in a variety of metal 
cases designed to solve problems of mounting 
and heat dissipation.

The many advanced-engineering features of 
the CBS 2N156 (12-volt) and CBS 2N158 
(28-volt) are ideally suited to high-power 
audio amplifiers, servo amplifiers, power 
converters, and low-speed switches.
The CBS type 2N155 is especially 
designed for optimum performance in 
single-ended audio output stages of 
automobile radios.

Note the many features of these PNP junction 
transistors. Write for free bulletin E-259 
giving complete data. Let us help you also 
with your circuit designs for these versatile 
and dependable CBS power transistors.

FEATURES OF CBS PNP 
JUNCTION POWER TRANSISTORS

1. High current gain at high current
2. High power-handling capabilities
3. High peak-back voltages
4. Stable, uniform characteristics 

(special selection unnecessary)
5. Low input impedance
6. Low saturation voltage
7. Low saturation current
8. Choice of hermetically sealed designs

Reliable products
through Advanced-Engineering

semiconductors

CBS-HYTRON
Semiconductor Operations, Lowell, Mass 
A DIVISION OF COLUMBIA BROADCASTING SVSTEM, INC.

CIRCLE 105 ON READER-SERVICE CARD FOR MORE INFORMATION
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Opportunity in southern california KA-Band Barreter

excellent career opportunities for

COMPUTER

who can fill key creative posts

in long-range, non-military

research and design

BUSINESS

i storage

For further information, write Director of Personnel

CIRCLE 110 ON READER-SERVICE CARD
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For instruments and controls. 
Unique shaved-flush letters on lami
nated plastic increase reading angle. 
Stand out clearly white by day, 
sharply red when edge-lighted at 
night. Flush-letter panels keep clean, 
are impervious to abrasion, water, 
temperature and vibration. Panels, 
knobs, dials, switch assemblies, 
available to your specifications.

developed 
ation and 
ments in 
region.

Storage Oscilloscope
Retains Traces Indefinitely

UNITED CABLE 
DIVISIONSENIOR DIGITAL COMPUTER 

ENGINEERS

For projects in advanced computer 
design, development and application. 
Must have thorough knowledge of 
digital computer logic and circuitry, 
input-output devices, programming.

for r-f attenu- 
power measure- 
the 26.5-40kMc

NEW!
Read “FLUSH-LETTER' 
panels from wider 
angle. No crevices to 
collect dirt.

NEW!
THIS FLEXIBLE 
TERMINAL BLOCK 
RESISTS VIBRATION... 
SHOCK ...IMPACT... 
CHEMICAL CORROSION

TRANSISTOR CIRCUITRY
ENGINEERS

For advanced research and design in 
computer transistor circuitry. 
Capabilities should include ability 
to direct others in new project work.

“GROUND FLOOR” OPPORTUNITY WITH UNUSUAL STABILITY

Openings listed here are for the basic organization of the
NCR Electronics Division. If you qualify for one of them, you’ll be a 
key member of this fast-developing division of one of America's 
top companies. You’ll enjoy the freedom of a small, select research 
group — operated by engineers for engineers — as well as the exceptional 
financial stability of a large, long-established firm. A full program 
of employee benefits, too. New, modern, air-conditioned plant with 
every modern research and development facility in a conveniently 
situated Los' Angeles suburb. oscilloscope. It forms and retains traces at a constant 

intensity until they are deliberately erased by the 
operator. This feature permits the study of tran
sient electrical phenomena as short as 10|xsec in 
duration, presentation of tube and transistor char
acteristics without the necessity of repetition, dis
play of frequency response curves without the need 
of a sweep generator, spectrum analyses, etc.

Advanced Electronics Mfg. Corp., Dept. ED, 
2025 Pontius Ave., Los Angeles 25, Calif.
CIRCLE 109 ON READER-SERVICE CARD FOR MORE INFORMATION

OPPORTUNITY FOR ELECTRONIC OR ELECTRICAL ENGINEERS

Background in one or more of the fields below equips you for excellent 
career positions with NCR Electronics Division:
LOGICAL DESIGN • FERROELECTRICS • MAGNETIC CORES • COMPUTER 
SYSTEMS • TRANSISTOR CIRCUITS • INPUT-OUTPUT DEVICES 
APPLICATIONS OF PHYSICS • COMPUTER SYSTEMS SPECS 
PEF OF SYSTEM REQUIREMENTS

UNIVERSAL AVIATI 
WR ~ DIVISION

Use it to solve design problems 
where electronic and electrical 
equipment must operate under 
severe conditions. 12 poles. Capacity 
15 amps, 380 volts. Dimensions: 
4%" x x Can be easily seg
mented into smaller units. Captive 
brass binding screws.

Electronics Division 1401 East El Segundo Bild, Hawthorne, Calif

SENIOR ELECTRONICS 
ENGINEERS

To specialize in research and design 
for advanced business computer sys
tems. Must have exceptional creative 
ability, plus knowledge of vacuum 
tuj>e circuit design, transistor 
circuitry.

Interchangeable Coaxial Cartridge

j This coaxial type bar
I Bh reter (bolometer) has been

Hysteresis Clutch 
140 Oz In Torque

This hysteresis clutch 
has been designed for 
use in applications re
quiring proportional 

/ torque control.

ÿw Torque generated in
the clutch is 140 oz in

$ WBk ' with input power of
65ma at 78v d-c. The 
coil resistance at 25° is 
1200 ohms. Overall di

mensions are approx 3-5/8" OD and 4-1/2" length. 
American Electric Motors, Div. of American 

Electronics, Inc., Dept. ED, 655 West Washington 
Blvd., Los Angeles 15, Calif.
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Designated as the MA
B 571, the unit is housed in
■ B a coaxial cartridge which
B B is physically interchange-
B B able with th(' 1N53 mixer
B B diode. This ft ature allows
LrJ its use in any tunable IN53

crystal holder. For opti
mum performance, the d-c 

bias is adjusted to approximately 6ma, which al
lows operation of the barreter at 200 ohms resist
ance.

Microwave Associates, Inc., Dept. ED, 22 Cum
mington St., Boston, Mass.
CIRCLE 107 ON READER-SERVICE CARD FOR MORE INFORMATION

IDEAS

Mutual electronic industries



Aircraft-Marine Products. Inc.

Harrisburg.Pa.
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CELLULAR, 

SHIELDED FÆTCHCORD 

FEôOOTUTkLÆTÆIlSrO SYSTEM



-MF’S

The illustration shows how Berkeley Division 
of Beckman Instruments, Inc.
is using A-MP’s new Patchcord System 
in its new EASE* 1200 Analog Computer.

revolutionary Cellular, Siiieldecl 

Patchcord Programming System 

is constructed of molded nylon blocks alternated

I with interlocking metal strips. The hole in each 

block accommodates: standard patchcords, co- 

' axial (shielded) patchcords, or special “L” type 

shielded patchcords.

L This cellular system of construction pre-

B vents current leakage from one circuit to an- 

M other, while providing all the advantages of 

a metal patchboard. Its insulated surface and 

■ flexibility of arrangement, spa< ing and color 

coding offer exceptional versatility on corn

el puters, test equipment, business machines, 

M and all types of automated industrial and

■ military equipment.

JVirora.ft-lÆsiriri.e Products, Ino.
GENERAL OFFICE: HARRISBURG, PA.

A-MP of Canada, Ltd., Toronto, Canada
A-MP—Holland N.V., 's-Hertogenbosch, Holland 
Aircraft-Marine Products (G.B.) Ltd., London, England 
Société A-MP de France, Courbevoie, Seine, France

shield

--spring

contact tip
Trade mark, Berkeley Division of Beckman Instruments, Inc.
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Carbon Microphone
Moisture-Proof

This new car- 
b o n micro- 
phone, built for 
extreme rug
gedness in mo
bile communi
cations use, can 
be shielded 
with a special 
rubber boot 
making it com
pletely moisture
proof.

Known as the C504C, the microphone has a 
Bakelite case, is 2-1/8" by 1-5/16" in size, and 
weighs but 9 oz. With a 40 ohms impedance and 
a frequency response in the 200 to 5000cy range, 
the microphone is suitable for use as a close talk
ing unit.

Elgin National Watch Co., Dept. ED, Elgin, Ill.
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Gram Gage
From 0.5 To 5 Grams

it's that simple!
Draftsmen want to use STANPAT in place or 
the old-fashioned time-consuming method of 
re-drawing and re-lettering specification and 
revision boxes, standard symbols, sub-assemblies, 
components, and cross sections.

STANPAT reprints your standard drawing details 
oh acetate sheets with adhesive on front or back. 
Guaranteed not to dry out, come off, or wrinkle. 
Reproductions come crisp and clear. Save drafting 
time and money; use STANPAT whenever drawing 
details re-appear on your tracings.

Prove to yourself how STANPAT saves time, 
effort, money. Send us your drawing details 
now for quotation without obligation.

STANPAT CO., Whitestone 57, N. Y., U. S. A.

STANPAT CO., Whitestone 57, N. Y„ U.S.A. 
Phone: Flushing 9-1*93-1611 Dept. E-7 
~| Pleas« «Mt« «n «nd«Md samples

r~] Kindly send me STANPAT literature and samples 
NAME_________ ,_________________________________

COMPANY________________________________ _
ADDRESS.

This is a gram gage for 
measuring minute pressures 
having a range of 0.5 to 5 
grams. Illustrated in use for 
checking brush tension on 
a synchro, this tool will be 
the answer to problems con
cerning measuring of ex
tremely low pressure. The 
line now covers a total range 
from 0.5 grams to 1000 grams 
or its equivalent in ounces, 
using only 9 gages. The first 
6 gages have a dial diameter 
of 1-1/2" and the 3 larger 
ones 2-1/2" diameter.

George Scherr Co., Dept. ED, 200 Lafayette St., 
New York 12, N. Y.
CIRCLE 113 ON READER-SERVICE CARD FOR MORE INFORMATION

Radiant Heating Units 
Wide Range of Applications

A much wider range of application is the principal 
advantage offered by two new types of radiant 
heating equipment. The new style radiant heating 
components include: (1) quartz lamp oven sections, 
and (2) radiant rod oven sections, both designed for 
easy assembly into complete infrared ovens.

The Fostoria Pressed Steel Corp., Dept. ED, Fos
toria, Ohio.
CIRCLE 114 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE 111 ON READER-SERVICE CARD
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RADAR TRANSFORMERS AND INDUCTORS

ONE OF MANY TESTS made on G-E oil-filled components is this six-hour Vibration check.

PRETESTED G-E RADAR TRANSFORMERS HELP YOU

Speed Up Production of Your 
Radar System

Have you ever had to stop pro
duction to replace a faulty com
ponent—or to retest all units of 
one kind? Headaches like these 
make production engineers turn 
gray. Install pretested G-E oil- 
filled radar transformers and in

ductors for more dependability.
Thermal cycling, vibration, 

moisture resistance, and special 
ultraviolet leak detection tests 
are made in addition to routine 
electrical tests to provide more 
reliable units and cut time losses.

Tigress Is Our Most Important Product

GENERAL^ ELECTRIC

SEND ME YOUR NEW RADAR COMPONENT BULLETIN
General Electric Co., Section D 43^-3 

Schenectady 5, New York

Name

Address

City

CIRCLE 115 ON READER-SERVICE CARD FOR MORE INFORMATION
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Dowel Pins
#303 Stainless Steel

CIRCLE 118 ON READER-SERVICE CARD
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A subsidiary of 
Minnesota Mining and 
Manufacturing Company

CORPORATION
CHATTANOOGA 5, TENN.
SSTH YEAR OF CERAMIC LEADERSHIP

Branch offices in those cities (see your local telephone directory): Cam
bridge, Mass. * Chicago, III. * Cleveland, Ohio • Dallas-Houston, Texas 
Indianapolis, Ind • Los Angeles, Calif. • Newark, N. J. • Philadelphia, Pa. 
St. Louis, Mo. • South San Francisco, Calif. * Syracuse, N. Y. • Tulsa, Okla. 
Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 
757, London, Ontario. All other export: Minnesota Mining & Manufacturing 
Company, International Division, 99 Park Ave., New York, N Y.

Thin • • • Sttp«e
Electron Tube Spacers as thin as .009" 
have remarkable strength. Similar parts 
might solve other application problems 
where superior insulation is needed.

Precision Finishes
Smooth, easily coated AISiMag Cores 
for Ink, Metal Film and Carbon De
posited Resistors.

AISiMag Alumina Ceramics 
open new fields for designers • . . 

permit designing to higher temperatures, 
higher frequencies, greater strengths.

Add Resistent
Rotary Seals and Plungers. Extraordi
nary wearing qualities. Surface finishes 
to most exacting specifications.

Herd
AISiMag Tool Tips for cutting and 
machining strongest alloy steels.

Abrasion Resistant
Send Blest Nozzles. Spray Nozzles. 
Herd, homogeneous, long-lived. Suited 
to the most exacting uses.

Now-lnductivo
Alignment Tool Blades. Non-metallic, 
for sensitive mechine and instrument 
settings—other demanding applications.

Precision Tolerances
Minute, yet strong tubing of AISiMag 
Alumina. Parts in inset magnified three 
times (smaller one .013" OD); others 
approximate actus* size.

Durable
Rollers for flattening inductance wire 
a new application for AISiMag.

Kent Resistant
Support Rings for Heat Treating Fix
tures. Welding Jigs. Hold-down Jigs 
for heat applications.

Higher Amplification Factor

Designated Type 5998, this tube is 
recommended for use when circuit 
conditions demand a tube with higher 
amplification factor than provided by 
Chatham type 6AS7G or the 6080. 
Features of the 5998 twin power 
triode include very low microphonics, 
improved triode balance, reduction of 
plate current drift and absence of grid 
current.

Electrical data include: a mu of 5.5; 
transconductance of 14,000|imhos; and 
a plate dissipation of 13w/plate.

Chatham Electronics, Div. of Gera 
Corp., Dept. ED, Livingston, N.J.

Type #D2 precision ground dowel 
pins are available in the following 
basic diameters 1/32, 1/16, 3/32, and 
1/8", the most common used in the 
instrument field. They are available in 
lengths from 3/32" to 7/8" long and 
are held to precision tolerance within 
± 0.0001 on the diam.

Material is #303 stainless steel and 
finished to a fine ground surface. It is 
clear passivated to remove any for
eign substances.

PIC Design Corp., Dept. ED, 160 
Atlantic Ave., Lynbrook, L.I., N.Y.

For Designing Printed Circuitry

This is a new layout paper with re
producible grid, designed especially 
for the easier drafting of printed cir
cuitry drawings. Although the grid 
pattern is drawn to 1/10" segments, 
drawings made on it may be two, 
three or four times actual size for 
clearer and cleaner reproduction after 
reduction to actual size.

This new reproducible-grid paper 
is of 12" x 24" sheet size, and is avail
able in lots of 100, 200, and 500 sheets 
at cost comparable to regular drafting 
paper stock.

Photocircuits Corp., Dept. ED, Glen 
Cove, N.Y.

Designers are generally familiar with the plus values of 
AISiMag technical ceramics for standard industry appli
cations. However, recent developments—particularly 
in new, high-strength, high-temperature AISiMag 
Aluminas—have greatly enlarged their range of use
fulness.
Do you need a material with such versatile character
istics as shown on this page? AlSimag technical ceram
ics have helped many designers solve problems . . . 
may help solve yours. Send blueprint with complete 
operating details for our recommendations.

PLANTWIDE VACATION—First Two Weeks of July



Have you 
received your copy?

wow and flutter errors, 
not exceed ± 0.015g at

Genisco, Inc., Dept. 1
Angeles 64, Calif.

Rate-Of-Turn Table
For Testing Rate Gyros

VALUABLE NEW 
TECHNICAL DATA

DESIGN IDEAS 

MATERIEL INFORMATION

This rate-of-turn table, 
for use in calibrating 
and evaluating rate gyros 
has an accuracy of set
ting and repeatability of 
within 1%. Angular ve
locity is constant within 
approximately 0.25%, in
cluding cumulative drift, 

Vibration accelerations do 
frequencies up to 500cy. 
ID, 2233 Federal Ave., Los
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Rotary Multipole Switch
Has 16 Contact Positions Section

Send for

"Introduction to 
Fiberglas Fabrication" 

by 
KOCH FIBERGLAS

TENTH ANNIVERSARY 20-PAGE 
ILLUSTRATED MANUAL

Every day, Koch Fiberglas is 
filling new uses in your industry

Koch cases for electronic equipment 
will not dent, are impervious to mois
ture, vapor, fungus, mildew and cor
rosion. They are shock and vibration
proof when fitted to Koch specifica
tions with special hair-latex shock 
pads. Can be self-palletized for fork 
lift. Can be insulated by Koch with 
foamed-in-place plastic. Koch cases 
are air-tight; require no paint or outer 
packaging for long-range storage or 
overseas shipment. Re-usable, so cost 
amortizes through re-use. Withstand 
parachute drops from any height, free 
falls onto water or snow from 500 
feet, or submersion.

For manual, write on your business 
letterhead to Dept. DEA.

The new Type HT ro
tary multipole switch has 
twice as many contact 
positions per pole as pre
vious switches of the en
closed type. It is designed 
for tap, transfer and se
lector service requiring 
interrupting rating up to 
5 amp, 125v a-c. The 
make and break of the 
switching action is fully 

enclosed within the molded phenolic structure of 
each section. The switch will carry lOamp at 125v 
a-c. All-silver contacts provide low contact resist
ance, 0.001 to 0.005 ohm.

Electro Switch Gorp., Dept. ED, Weymouth 88,
xMass.
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Silicon Diodes
Have High Conductance

KOCH
PRONOUNCED "KOKE ' 

FIBERGLAS
CORTE MADERA, CALIFORNIA

High voltage and cur
rent ratings, combined 
with operation up to 
200 C, make this rugged 
silicon diode suitable for 
printed-board rectifier 
service in transistor or 
other power supplies.

Gombined with forward current ratings up to 
200ma, these units have inverse currents or less 

One of the world's largest fabricators 
of molded Fiberglas products

CIRCLE 120 ON READER-SERVICE CARD

than 0.25pamp at voltages up to 225v. Two type 
IN486. A diodes can deliver up to 400ma at 65v d-c 
in a full-wave center tapped single-phase circuit.

Transitron Electronic Corp., Dept. ED, Melrose 
76, Mass.
CIRCLE 123 ON READER-SERVICE CARD FOR MORE INFORMATION
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mai 
Suiti 

an Itad

write for 

details 

and prices

min.

#22 

tinned 
copper

used by r LEADING MANUFACTURERS!
of transistorized radios

TRANSISTOR I. F

2 RI*transiJU
designed to meet any transistor impedance

available in wired or printed circuit types

type 1 type II type III
W.C. P.C. W.C. P.C. W.C. P.C.

capacity 65_450
in mfd. 450 65-450 125-450 125-450 140-450 140-450

“Q” 200 max. 200 max. 200 max. 200 max. 110 max. 110 max.
dim. "A” 45/64 27/32 37/64 23/32 37/64 23/32

low voltage class 2 
DISC CAPACITORS 

RI«CAP K-5OO series
UOj 

max

'Above values also available in 20% tolerant*

cap. in mfd.* 
4-100% -20% .001 .005 .01 .02 .03 .05 .10 20

“A” dim. .285 .285 .340 .400 .575 .595 .720 .720

W.V.-30 VDC P.F.—3% max.at 1 Kt

I.R.—2500 megohms T.V.—2 X rating 
min.

T.C.—from 25°C to 10°C not greater thAn 
20%, and 25°C to 65°C not over W% .

built by Rl economical quantity production process

RADIO INDUSTRIES, INC.
5225 no. ravenswood ave. • Chicago 40, ill.
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Flint 2, MichMilwaukee 2, Wis

AC
THE ELECTRONICS DIVISION 

OF
GENERAL MOTORS

Our current monthly turn

over figures are phenomenally 

good. Have been, we are proud 

to say, for years. It speaks 

well for the job opportunities, 

working conditions and the 

wages we pay our Engineers 

and Designers. Investigate 

for your future. Write 

us today.

PIONEERING 
OPPORTUNITIES 

in the following fields! 

e MISSILE GUIDANCE 
SYSTEMS

e JET and TURBO PROP 
ENGINE CONTROLS

• BOMBING 
NAVIGATIONAL 
COMPUTER SYSTEMS

• AIRBORNE FIRE 
CONTROL

• U.H.F. 
COMMUNICATIONS

• MICRO-WAVE 
EQUIPMENT

6Ó

Write today for Employment Application:
Mr. John F. Hettinger, Supervisor of Salaried Personnel

AC SPARK PLUG THE ELECTRONICS DIVISION
GENERAL MOTORS CORPORATION
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Miniature Trimming Potentiometer 
From 25 to 100k Ohms

Miniature trimming 
potentiometer, Model 
303-00, offers a broad 
range of resistance val
ues from 25k to 100k, 
with wide applications 
in electronic, electric or 
electro-mechanical sys
tems. The unit measures 
only 0.750" sq by 0.280" 
thick with a 6.5 gram 
max weight.

Daystrom Potentiometer Div., Daystrom Pacific 
Corp., Dept. ED, 3030 Nebraska Ave., Santa 
Monica, Calif.

DO YOU NEED 

a really 

RUGGED* 
COMPACT 
SENSITIVE

LIGHT-BEAM

GALVANOMETER
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Free Gyro
Compact and Versatile

Compact versatility is the 
primary characteristic of 
Model F10A-1 free gyro. 
Compactness centers around 
its dimensions—length 
6.2.50", diam 3.297" and 
weight, 4.5 lb. An unusual 
feature is the a-c pickoff ad
justment which can be made 
on the exterior of the gyro 
case, leaving the hermetic

seal unbroken. D-c pickoffs are furnished in resist
ance ranges from 100k to 500k. A-c pickoffs can be 
either synchro or two-phase resolver.

American Gyro Corp., Div. of Daystrom Pacific, 
Dept. ED, 3030 Nebraska Ave., Santa Monica, 
Calif.
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* Will take

this is it...
Here is a new series of light-beam gal
vanometers that were developed to with
stand the extremely severe conditions of 
shock and vibration encountered in field 
servicing and testing of jet aircraft.

Digital Magnetic Tape Handler 
Start-Stop Time Less Than 5millisec

Increased reliability 
for digital computing 
and data processing sys
tems is provided by new 
Model 101 digital mag
netic tape handler. Mag
netic amplifier reel ser
vos provide improved 
dependability, greater 
output, and smaller size

than the vacuum tube amplifiers they replace.
Key Electric Corp., Dept. ED, 287 Post Ave., 

Westbury, L.L, N.Y.
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Through unique folding of the light 
beam, great compactness is achieved A 
while retaining sensitivity to the highest 
degree... equal to that of laboratory in
struments!
These Howell Galvanometers feature 
excellent readability. They are readily 
adaptable to existing instruments. They 
are competitively priced.

SPECIFICATIONS:
Sensitivity to .105 microamperes per millimeter 
Resistances: 20, 100, 500 and 1000 ohms. Short 
period; high speed response. SIZE: ONLY 2.6" 
x 3.62” x 3.615” Sealed construction.

For full information hr* hf1 
please write or wire

HOWELL INSTRUMENT Company
3101 Trinity St • Fort Worth 7, Texas
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Precision Stampings
For Aircraft and Electronic Equipment

about a 
Servosystem Analyzer I

Seems to me that a really good ■ 
servosystem analyzer must fill two 
important requirements. First, it ■ 
must give an engineer more accurate I 
and faster results than a home rig. ■ 
And secondly, it must be able to ■ 
quickly test a variety of equipment I 
and systems. ■

We produce a servosvstem analyz- ■ 
er at Servo Corp.—the Servoscope® I 
—which meets these requirements.

The Servoscope gives you faster, I 
more accurate results because it pro- | 
vides a direct method for measuring _ 
gain and phase shifts of any com- I 
ponent or system in the lower fre- | 
quency ranges. There’s nothing 
complicated about using it. Just by I 
turning the big dial, you get phase ■ 
lead or lag. Signal amplitude is read ■ 
directly from the associated indicator. ■

Servoscope is an extremely versa- I 
tile test instrument. Its applications 
include: automatic flight and ship I 
control design, testing computer re- I 
sponse, checking vibration, testing 
response of servosystems and fire I 
control systems. I

If you’d like-additional informa
tion on the Servoscope and its use, I 
please fill out your name and title in I 
the space below. Attach it to your 1 
company letterhead and mail it to me. I

• 9 9 • •

Electro
mechanical 

Control Systems 
and Components 

for Industry by

SERVO
CORPORATION

OF AMERICA

Chief Control Systems Engineer

■ Tom Westover, Dept. W-ll 
Servo Corporation of America

120-20 Jericho Tpke., New Hyde Park, L.I., N.Y.
Please send me more information on 

Servoscope.

■ Name.................................. .............................
Title..................................................................
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Precision 
stampings of 1075 
or 1095 carbon 
spring steels, are 
available an
nealed or tem
pered (clock 
spring steel), 
spring brass, 
phosphor- 
ous, bronze, alu

minum, beryllium copper, or stainless steel. Appli
cations include use in aircraft, guided mis
siles, and electronic equipment. Available in short, 
experimental, or pilot runs, these stampings are 
formed to close precision tolerances.

California Spring Co., Dept. ED, 8401 E. Slauson 
Ave., Los Angeles 22, Calif.
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Miniature Choppers
Rigidly Mounted

Types 175 and 
300 miniature 
choppers are 
available with 
several mount
ing adapters. 
The illustration 
shows two of
the more popu
lar adapters: one 

for horizontal mounting, the other for vertical 
mounting.

Airpax Products Co., Dept. ED, Middle River, 
Baltimore 20, Md.
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Pulse Generator
Metered Current Output

Model 1050 pulse 
generator is a new 
laboratory or pro
duction line pulse 
equipment for the 
generation of high 
current pulses at 
high frequencies, 
with full control
over frequency, du

ration, rise time, and amplitude.
Rese Engineering Co., Dept. ED, Pliiladelphia, 

Pa.
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Precision Frequency Source...

Hycon Eastern’s new Ultra Stable 
Oscillator is a one megacycle signal 
source of exceptional stability. It is 
useful wherever precise time meas
urements or frequency control are 
required, as in reinsertion of carrier 
in suppressed carrier systems, tele
metry, astronomical measurements, 
navigation systems, geophysics or 
other critical applications.

4 STABILITY! 1 PART IN 10*

• FXfQUENCV STABILITY: DRIFT RATE LESS THAN I PART IN 10* 
PER DAY AFTER ONE MONTH’S OPERATION.

• FREQUENCY: I MEGACYCLE, VARIABLE OVER A RANGE OF I 
CYCLE. AVAILABLE AT OTHER FREQUENCIES ON SPECIAL ORDER.

• CRYSTAL OVEN: STABILIZED TO BETTER THAN 0.01 *C BY TEMPER

ATURE-SENSITIVE RESISTANCE BRIDGE. OVEN CONTAINS NO MOV
ING PARTS.

• DISSIPATION IN OSCILLATOR CRYSTAL: STABILIZED AT A POWER 
LEVEL LESS THAN ONE MICROWATT.

• 2 OUTPUTS: SINE WAVE—4 VOLTS RMS; PULSE—I VOLT.

• OUTPUT IMPEDANCE: APPROXIMATELY 250 OHMS.

Write for Ultra Stable Oscillator Bulletin

HYCON EASTERN, INC.
75 Cambridge Parkway Dept. F-7 

Affiliated with HYCON MFG. COMPANY,
Cambridge 42, Matt. 

Pasadena, California
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Aircraft Compass System
High Accuracy Directional Gyro

'TEMPBRAID” FOR -90°C. TO +250°C. OPERATION

CIRCLE 136 ON READER-SERVICE CARD FOR MORE INFORMATION

Vaneaxial Fan
Miniaturized for Missile Use

WITH TWO TUNING HEADS

herebystruction
volts

2 to 30 conductors in sizes 12

conductor

that conform to MIL-W-16878 CIRCLE 137 ON READER-SERVICE CARD FOR MORE INFORMATION

and a combination of coaxial

cables.
High Voltage Connectors

In Two and Three Contacts

two andNATIONAL RANUStNTATlVtt nectors

CIRCLE 139 ON READER-SERVICE CARDcircle 135 on reader-service card for more information CIRCLE 138 ON READER-SERVICE CARD FOR MORE INFORMATION
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58cfm at free delivery and 35cfm at 2" static pres
sure. The entire unit weighs only 4 oz.

Rotron Mfg. Co., Dept. ED, Schoonmaker Lane 
Woodstock, N. Y.
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Check these outstanding features
• Low noise input, less than 0.5 mici

TEMPBRAID’* cables come in

Inquiries invited

ailable with Teflon insulated

Panoramic Spectrum

15 South Second Avenue, Mount Vernon, N.Y. 
MOunt Vernon 4-3970

that the motor is of 
the inside-out con-

mv nm t Kv mash
P»< Disl'ibutors

740 04 town i y »ost' 
MnSuHSy Vrw Voti

three contacts designed 
for an AN24 shell. 
These connectors were 

developed for altitude applications where leads are 
required for pressure-tight instrumentation.

Dejur-Amsco Corp., Dept. ED, 45-01 Northern 
Blvd., Long Island City, N. Y.

the electrical rotor 
and the air moving 
impeller are inte
grally cast in one piece.

Only 2" diam and 1-1

PANORAMIC 
hadm products. INC

This is a new group 
of precision high volt
age pressurized con-

Tuning Heads
RF 2 50 me- 250 me 
RF-3 220-mc-4000 me in five ranges

W herever cost, space, weight and 

production time are a problem . .. 

such as in electronic computer 

installations—telemetering equipment 

and missile and aircraft wiring

sensitivity
10 MC maximum swecpwidth, continu
ously reducible to 0 MC
Continuously variable differential mark
ers, ±50 kc to ±5 me
Continuously variable resolution (I.F. 
bandwidth 9 kc to 100 kc
1 cps to 60 cps sweep rate, continu
ously variable with single control.
DC coupled video amplifier for analysis 
of CW signals.
Three selectable amplitude scales. 40 
db log. 20 db linear and square law. 
Low frequency ¿wept oscillator pro
vides high inherent stability.
Excellent construction and design make 
the equipment unparalleled for mini
mum down time.
Optional bezels and CRTs for visual 
examination or camera use.
Low cost.

Analyzers for special problems Write today 
for descriptive literature

_ Designated
Hkgthe Type MA-1,

ill» ....... p I <

11 r -
rosined dm« 
lion al system 
designed for use 

x under all oper
ating conditions 

including high altitudes. Engineering features of 
the MA-1 include: high accuracy directional gyro 
with a random drift rate of less than 4°/hour; tube
less amplifier using silicon transistors and magnetic 
amplifiers, total weight only 16.7 lb., compact pack
aging of gyro and amplifier; printed circuits; and 
multiple indicators.

Lear, Inc., Dept. ED, Grand Rapids, Mich.

Mf«M AN «ASMKfM 
Rly JoAmIm Co 

ÜIXB fwwfcwltev 
Seattle. WaV - ÿ ■ 
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Turner 
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»3» Anott BMt 
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CONDUCTORS AND HARNESS-100°oTEFLON

to 4000 me

METALBRAID

PANORAMIC 
SPECTRUM 
ANALYZER

A flat harness woven 
of tin/lead or silver 
plated copper. This

lacing cord, binding 
posts, cable clamps.

IT SOLDERS
IN PLACE



Momentary Contact Switch
Features A Normally “On” Position

This is a single-cir
cuit momentary-contact 
switch featuring a nor
mally “On” position. It i^ 
especially recommended 
for automatic control of 

lights, as in door openings.
Switch No. 29 is rated for 0.75 amp at 125v in 

a-c circuits. It has a molded-phenolic case and 
nickel-finished metal parts. Wiring into circuits is 
simplified by use of 6" wire leads permanently at
tached to the switch.

Dimensions are: 1/2" wide, 1/2" thick, and 1" 
long. The stem has a 15/32" diameter and 9/32" 
length.

McGill Mfg. Co., Dept. ED, Valparaiso, Ind.
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Sweep Circuit Analyzer
Leakage Tests Up

Save time and labor with the 
“TAPER-WEDGE” design.. 
a permanent, precision cutting 
edge that bites into metal 
and plastic. WALSCO Pioneer 
Chassis Punches make hole 
punching faster, easier, more 
accurate Complete size range 
available at Parts Jobbers 
everywhere.

No drilling ... chassis punching 
is done quickly, economically 
with a hammer. Change dies 
in less than 20 seconds.
WALSCO Ham-R-Press cuts 
exact, clean mounting holes 
in all chassis, metal panels, 
plastic sheets, etc. Many sizes 
of WALSCO “TAPER-WEDGE’ 
punches and dies available. 
See your Parts Jobber.

WALSCO ELECTRONICS CORP.

To 50 Megohms
This is a new TV 

test instrument for 
dynamic trouble 
shooting of horizon
tal and vertical deflec
tion and sync circuits. 
The Model 820 sup
plies 60cy sawtooth, 
15kc horizontal saw-

tooth and horizontal output transformer drive for 
rapid trouble shooting of both sync and sweep cir
cuits by signal substitution. Accessory probes pro
duce the synchronization pulses.

In addition, the instrument provides a positive 
test of flyback transformers and yokes, using an os
cillating neon indicator. The continuity test func
tion of the analyzer checks insulation leakage up to 
500 Megohms and provides a fast condenser test for 
open or leaky capacitors.

Winston Electronics, Inc., Dept. ED, 4312 Main 
St., Philadelphia 27, Pa.
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4

Particle Accelerator
Vertical or Horizontal Mounting

This new 3-million-volt Van de Graaff particle 
accelerator is designed to produce nearly all the 
fundamental radiations — electrons, x-rays, positive 
ions or neutrons. The accelerator can be shifted 
from electron processing to x-ray production by 
replacing the beam scanner of the machine with 
a special heavy metal target 1" diam and 1/8" thick.

High Voltage Engineering Corp., Dept. ED, 
7 University Rd., Cambridge 38, Mass.3602 Crenshaw Blvd., 

Los Angeles 16, Calif.
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*0-4

115 Volt 60 cyclo blower.
100 CFM at 2.5" water tauga

A15BD-0
115 Valt 00 cycle table 
Viewer. 40 CFM at 21* static

A16AD3
115 Valt 60 cycle axial 
blower. 15 CFM at 2* static

B20B-7

115 Volt 00 cyclo (or 400 
cycle) blower. 50 CFM at 
14* static pressure.

AIR MARINE MOTORS

rotating equipment

propeller 
using 4" 
Delivers 
0 static

air-marine
369 Bayview Avenue

use the 
without

n gIe phase 
type blower 
4-blade fan
250 CFM at 
pressure.

. . and 
servicesAir Marine advisory 

obligation.

motors, ine.
• Amityville, N Y

venue • los Angeles 25, Calif

Air Marine Motors 
equipment features 
stainless steel 
thru-bolts . . . die-cast 
aluminum housings . . . 
riveted stators . . . 
positive bearing 
alignment . . . uniform 
air gap . . . ball 
bearings . . . shock and 
vibration resistance . . . 
humidity and fungus 
resistance . . . 
omni-position 
mountings . . . 
temperature 
lubrication.

outstanding source for fans, motors 
and blowers to meet most 
sub-fractional power requirements



General type
Reduced Size and Weight

standard

miniature
PROGRAMMABLE screws

regatron power pack windings. At present, facilities
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Subminiature Interlock Switch

STANDARD PRESSED STEEL CO

SOCKET SCREW DIVISION

JENKINTOWN PENNSYLVANIA
CIRCLE 149 ON READEIT-SERVICE CARD FOR MORE INFORMATION

2 to 3 lead 402/3 Series

2 to 5 lead 500 Series

CURRENT CIRCLE 147 ON READER-SERVICE CARD FOR MORE INFORMATION

INFORMATIONADDITIONAL
patented techniques shown above make itusing the
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MODEL 231 A 
MODEL 232 A
MODEL 233 A

MODEL 212 A
MODEL 213 A
MODEL 214 A

VOLTS
0-300 
0-300
0-300

0-100 
0-50 
0-100

0-100 
0-200 
O 300

Contacts 
and lead 
assembly 
molded as 
integral 
insert.

4 to 11 lead Non- 
Interchangeable Senes

TRANSISTOR 
POWER 
PACK

ALDEN "IMI”
(integral molded insulation)

TECHNIQUE

Semi-Rigid Epoxy 
High Electrical Resistance

up to 2kva.
Signal Transformer Go., Dept. ED, 2518 Goney 

Island Ave., Brooklyn 23, N. Y.

These Unbrako miniature screws, made to Class 3 fit, 
meet the most severe requirements in modern minia
ture devices. They have accurate sockets, continuous 
grain flow lines, fully formed threads for tight wrench
ing and precision fit. Available in heat treated alloy 
steel or stainless, in a variety of standard lengths. See 
your authorized industrial distributor for details. Or 
write us for literature and samples. Unbrako Socket 
Screw Division, Standard Pressed Steel Co., 
Jenkintown 12, Pa.

Proper retention 
force of resili
ent punch press 
contacts main
tained by insu
lation relieving 
feature.

EPOGAST 15 is a new modified epoxy resin sys
tem developed and designed especially for elec
tronic insulation applications requiring a semi-rigid, 
low modulus material that will still offer high elec
trical resistance throughout the temperature range 
of —65°F to at least -|-300rF. It combines good 
flexibility' with outstanding properties as a dielectric 
material.

Furane Plastics, Inc., Dept. ED, 4516 Brazil St., 
Los Angeles, Calif.

0-100 MA
0-1000 MA
0-1000 MA

Set screws and socket head cap 
screws, sizes # 0 through # 3

possible to mold the insulation directly around the con 
tacts and leads in one compact, lightweight assembly.

This advanced technique has now made pos
sible a whole new series of reliable connec
tors and unit cable assemblies. Write today a ~ 
for the new Alden “IMI” Connector Guide. w -
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• MAIN AND VERNIER CONTROLS
• AUXILIARY BIAS AND 

FILAMENT OUTPUTS 
(GENERAL TYPE)

• DESIGNED FOR AUTOMATION. 
TRANSISTORS. TEST CON
SOLES. COMPUTERS

• IDEAL FOR LABORATORY AND 
PRODUCTION PURPOSES

• UNUSUALLY LOW-PRICED. 
HIGH-QUALITY UNITS

A new trans
former manufac
turing technique 
has been de
veloped that re
sults in size and 
weight reduc
tion. The design 
is applicable to 
all types of units 
and finds partic
ular advantage 
in heavy current 

are limited to sizes

type 7AC1-T, is used to automatically cut off power 
when the service door is opened. By pulling a rod 
actuator to the maintained contact position, it is 
possible to check circuits with the power on. The 
rod automatically returns to normal position when 
the door is closed.

'fhe total travel in either direction of the actuator 
plunger is 5/32" approx. The overall size of the 
assembly is 1-13/32" x 23/64" x 1-1/8".

Micro Switch, Dept. ED, Freeport, Ill.

MEASUREMENTS COMPANY INC 
EATONTOWN. NEW JERSEY

EATONTOWN 3-0300

NOW — for the first time 
— you can have sealed con
nectors without tedious prepa
ration, intricate assembly, or 
lengthy curing time.

INSTEAD — Alden “IMI”

I nique circuit design of these newly 
developed power supply units is intended 
for applications requiring remote control 
and/or programming according to com
mands from an operator or control system 
—such as in tube-test programming, auto
matic production testing, and other auto
mated processes. Also useful for general 
applications, all models feature main and 
vernier controls. Regulation applies over 
full range and for all load conditions; 
0.1% or 0.1 V; ripple 1 V. V.

For Radio, Radar Cabinets

This is a new sub- 
gk miniature door inter

lock switch tor use 
on radio, ladar, 

' s r o tud i4hi 1 h tz
rjigWj unions high fn

* quency equipment
- cabinets.

This tiny switch, • Positive Moisture Seal '
• Perfect Strain Relief
• Arc-over Prevention s
• Corona Suppression 
IN SIMPLE, RUGGED 
CONNECTORS USING _

ALDEN PRODUCTS COMPANY
7139 N. MAIN ST., BROCKTON, MASS.



• Vac-u-Sel is a trade-mark of the General Electric Co. It 
designates top-quality selenium rectifier cells manufactured 
by a unique sphere-type vacuum-evaporation process. 
Vac-u-Sel rectifiers are produced by the Rectifier Depart
ment, Lynn, Mass., headquarters for silicon, germanium, 
selenium, and copper-oxide component rectifiers.

CIRCLE 82 ON READER-SERVICE CARD

Classified Security Log
208 Pages, Registers Secret 

Information

Tigress Is Our Most Important Product

You can save design space and initial cost by taking ad- . 
vantage of the unique characteristics of General Electric 
Vac-u-Sel rectifiers . . . and still satisfy the requirements of 
your toughest military applications.

SMALL SIZE: Vac-u-Sel rectifiers can be made up to 50% 
smaller than ordinary selenium stacks for many specific appli
cations. This is possible, because of the individual cell’s 
ability to carry much greater than normal currents, and be 
operated at full-rated voltage at elevated ambients. You can 
often specify a G-E Vac-u-Sel rectifier that is smaller and 
lighter, but still fully within MIL specifications. These smaller 
stacks cost from 30 to 50% less than ordinary selenium.

WIDE TEMPERATURE RANGE: The 45-volt Vac-u-Sel rectifier 
stack (63 volts peak inverse) is capable of full-voltage and 
full-current operation from — 65 C to 110 C without derating.

A full line of Vac-u-Sel rectifiers is available. Contact your 
G-E Apparatus Sales Office, or write for bulletin GEA-5935 
to: Section 461-40, General Electric Co., Schenectady 5, N. Y.

DESIGNED TO MEET MIL SPECIFICATIONS, Vac-u-Sel rectifier 
stacks are available in (1) metal-clad, (2) open-stack, (3) oil- 
immersed, and (4) glass-melamine housings, and in special 
finishes. Wide range of ratings is available.

UP TO 50% SMALLER—On one typical military appli
cation, a Vac-u -Sel rectifier of 5 one-inch-squart cells 
was used to replace a 9-cell 11 ^-inch- square ordinary 
rectifier. Both were identically rated for the condi
tions of the application.

GENERAL ELECTRIC

The Defense Department requires 
that all prime and sub-contractors 
maintain a register of all classified in- ; 
formation received, reproduced, origi- I 
nated, dispatched and destroyed. A I 
separate log must be used for secret F 
and confidential classifications. Each * 
department operated by the contractor 
must keep its own registers.

The first page of Classified Security 
Log outlines with examples how en
tries are to be made covering all 
movements of classified material with
in and outside the plant. 206 pages 
form the log with an eleven column 
ruled form and appropriate headings.

The log page size is 8-1/2" x 14". 
Each page is numbered. The book is 
sewed, case (hard) bound and covered 
with buckram for long life. The price 
is $25.00 per copy for 12 or under.

Riverbank Laboratories, Dept. ED, 
3630 Eastham Dr. Culver City, Calif.

Encapsulating Material
For Electrical Circuits

Lockfoam is a gas-expanded, 
foamed-in-place, cellular plastic de
veloped for use in the electrical and 
electronic industries as a potting and 
encapsulating material.

By its nature, this organic material 
makes an ideal potting medium for 
delicate electronic instruments, and 
an excellent barrier against deteriora
tion of electrical wire connections, 
resistors, capacitors, electron tubes, 
etc.

Lockfoam’s light weight and 
strength, resulting from its closed cell 
structure, assures a tamper-proof as
sembly that protects sensitive instru
ments against shock and vibration, 
corrosion, dampness, and fungi 
growth. Its high heat resistance and 
ability to withstand thermal distortion 
make it a suitable material for heating 
systems.

Nopco Chemical Co., Dept. ED, 
Harrison, N.J.
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WHEREVER SPACE SAVINGS ARE IMPORTANT . . .

G-E l/acirJSeC Rectifier Reduces 
Design Space 50% and Costs Less Too



ACTUAL SIZE

SILICON POWER RECTIFIERS

TYPICAL DATA FOR 25C AMBIENTS

Pittali Laads Pigtail Leads

Stud-Mount
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1,50
2.00

”4440 
1N441 
1N442
1N443 
1N444 
1N445 
1N53O
1N531 
1N532 
1N533 
IN 534

lUTOMATIC 
MANUFACTURING

100 
200 
300 
400 
SOO 
SOO 
100 
200 
300 
400 
5OU

»00 
300 
300 
300 
300 
JOO 
300 
300 
300 
300 
300

1NS35 
IN560 
1N5S1 
IN 550 
1N551
1N552 
1N553 
1N554 
1N555 
IN 582
1N563

300 
300 
300
500 
500 
500 
SOO 
500 
500 
500
500

0.03
0.075
0.10
0.1S
0.10
0.20
0.30
0.75
1.00
1.50
1.80

600
800 

1,000
100
200

400
SOI 
600 
800 

1,000

(uÃ) 

2 00 
1,50

At150°C quality Automatic Silicon Power Rectifiers really per
form, featuring negligible reverse leakage current and sharp 
zener breakdown, plus the exclusive ALL WELDED CONSTRUC
TION on both stud-mount and pigtail lead types. These field- 
proven units are available in quantity.
Automatic Silicon Power Rectifiers are your best buy for switch
ing circuits, blocking circuits, magnetic amplifiers, power sup
plies, and dozens of other applications.
Write or wire today for complete technical data. Automatic can 
supply types 1N253, 1N254, 1N2S5, 1N256 in conformance with 
JAN specifications.

DIVISION OF GENERAL INSTRUMENT CORPORATION

65 GOUVERNEUR STREET NEWARK 4, NEW JERSEY

Reverse
Average Leakage

□C Output At Rated 
Type Ne. P. I. V. Current P. I. V. Moui

Standard-Circuit Modules
Speeds Up Prototype Assemblies

These standard-circuit modules and 
handy breadboard are designed for 
simplifying and speeding up experi
mental and prototype assemblies. En
gineers, technicians, experimenters, 
and special equipment builders can 
work up breakboard layouts by sim
ply plugging in complete basic-cir
cuit modules in the breadboard sock
ets, and completing the necessary con
nections with banana plug jumpers 
plus the basic bus-bar wiring of the 
breadboard.

They are now available in seven 
popular and basic circuits or block 
diagrams. Each module includes all 
necessary components on the stacked 
wafers wired together by the riser 
conductors and provided with base 
prongs for plugging into a socket.

Aerovox Corp., Dept. ED, New 
Bedford, Mass.
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Photocells
In 11 Sensitivity Categories

Power sufficient to operate a relay 
at normal daylight levels is featured 
by this new line of cadmium sulphide 
photocells. The highly miniaturized 
unit will control a commercial sensi
tive relay without amplifications.

Called ‘Powermaster Photocells,’ 
these elements are light sensitive over 
the entire visible spectrum, with a 
peak sensitivity to a blue-green color. 
They have a low noise level and high 
dark resistance.

The photocells are divided into 11 
sensitivity categories. Low impedance 
cells are intended primarily for direct 
relay operation, while high impedance 
cells are intended for use with an 
amplifier. The sensitivities range be
tween 20 and 1500pamp (5megohms 
down to 67,000 ohms) at the very low 
illumination of 1 foot candle. With 
proper amplification, these photocells 
will detect O.OOlfoot candle.

Hupp Electronics Co., Div., of 
Hupp Corp., Dept. ED. 743 Circle 
Ave,., Forest Park, Ill.

CIRCLE 157 READER-SERVICE CARD

IN PRODUCTION QUANTITIES

ONLY available source in 
all welded construction

JMmr •
STUD MOUN1

1 PIGTAIL



Delay Lines
Pushbutton Decade Units

... about Design I 
Breadboards

Flexibility is one of the most important 
qualities in u design breadlxiard.

Over 250 standard components and parts 
make each new, improved Servoboard* 
electro-mechanical assembly kit one of the 
most flexible breadboards you can purchase.

It is easy to test ■ multitude of original 
designs with the wide variety of Servo
board components. Among the standard, 
precision parts are 14 pre-bored hangers 
which accept over 150 standard electronic 
servo components ... a complete line of 
spur and pinion gears available in either 
solid set screw or split hub . . . and such 
brand new components as: magnetic 
clutches — differentials — shaft adapters 
— limit stops — adapter gears — anti
backlash gears—terminal assemblies—dial 
assemblies and calibrated inertia load discs.

Servoboard electro-mechanical assem
bly kits are being widely used for the de
sign and test of guidance and control 
systems; high accuracy analog computer 
sub-assemblies; instrumentation, servo- 
mechanisms: motor drives; gear trains; 
timers; and regulators.

The economical Servoboard kits come 
in three models to meet every design and 
test need from the basic essentials to the 
most complex applications. Parts and 
comjxments can be purchased separately.

lor the full story on the new Servo
board kits and components, please fill in 
your name and title in the section below. 
Attach it to your company letterhead and 
mail it to me You will receive a 16-page. 
fully illustrated brochure by return mail.

Manager of 
Engineering 

Services

These 8 new 
pushbutton dec
ade delay lines 
are ideally 
suited for labo
ratory applica
tions to facilitate

the development of advanced computer and radar 
systems. Designated as Series #200 and Series 
#200-R, the units can be terminated in their charac
teristic impedance at the selected tap.

ESC Corp., Dept. ED, 534 Bergen Blvd., Pali
sades Park, N. J.
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Revolution Counter

Tachometer Servo Motor

Q
____ 4
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For Use On Tape Recorders

Model KU 142 revolution 
counter is designed for use 
on tape recorders on dic
tating machines to indicate 
position on the tape. The 
unit is essentially a mne
monic device whereby the 
location of the message or 
any portion of the message 
is indicated by clock posi

tion rather than direct numerical values.
This unit can be furnished with or without an 

illuminated dial, and for different types of mount
ing and different types of drives out of the back. 
Overall size is 1-13/32" x 1-13/16" x 1-29/64". The 
diameter of the clock face itself is 1-13/64".

Presin Co., Dept. ED, 12128 W. Pico Blvd., Los 
Angeles 64, Calif.
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Electro-mechanical 
Control Systems 
and Components 

for Industry by

SERVO 
CORPORATION

OF AMERICA

Lloyd Knight, Dept. IC-11
Servo Corporation 4 America
20-20 Jericho Tpke , New Hyde Park, L.I., N.Y.

• Please send me more information nn 
Servoboarri

ELECTRONIC DESIGN • July

Has Low Null Voltage

This is a size 15 ta
chometer servo motor 
combination featuring an 
accurate and stable ta
chometer section. The 
unit passes all military 
qualification tests without 
deviations.

The drag cup type ta
chometer has an extremely low null voltage. Null 
voltage is a maximum of 0.008v a-c fundamental and 
0.013v a-c rpm. Output voltage is 3.2v a-c/1000rpm.

Input is 115v a-c 400cy on single-phase and 115 
or 230v a-c on the control phase. Torque is 1.5oz 
in at stall. No load speed is 4500rpm.

Basler Electronics, Inc., Dept. ED, Highland, Ill.
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NEW! BENDIX-FRIEZ 
DESIGNER’S THERMISTOR KIT

COMPLETE 
WITH 
DATA 

SHEETS

12 Individually Packaged Rod-Type Elements, 
25 to 1,000,000 ohms range

Here’s a real time-saver for the busy designer from Bendix-Friez.* 
This new Rod-Type Thermistor Kit contains twelve standard 

elements for applications in sensing, controlling and indicating 
devices. Handy compartment case keeps thermistors separate and 

ready for quick use. Indexed boxes save time, 
assist in specifying and ordering.

These twelve thermistor elements range in resistance from 
25 ohms to 1,000,000 ohms. Kit comes complete with 

specifications, covering dimensions, voltage-current character
istics and temperature resistance relationships. An up-to-date list 

of references are cataloged for your convenience according to 
thermistor applications. Mass quantities available for any 

or all of these 12 different thermistors.
*Reg. U. 5. Pat. Off.

Order your kit now. Or write for 
completo information.

Bendix-Friez

1406 Taylor Avenue

Baltimoro 4, Maryland

Gentlemen.
Enclosed is my check for $ .(odd .50 per

FRIEZ INSTRUMENT DIVISION 
BENDIX AVIATION CORPORATION 

BALTIMORE 4, MD.

kit for packing and shipping charges). Please send___  
No. 100 Designer’s Thermistor Kits. C.O.D.’s accepted.

Name

Export Sales and Service: 
Bendix International Division 

205 E. 42nd St., N. Y. 17, N. Y„ U. S. A.

Street

State
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starting of
electric
motors

lly-actuatedon energizing and de-energizing
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KEITHLEY
Model 2OOB 
do vtvm

The new Keithley 200B DC VTVM 
couples an extremely high input impedance 
with sensitivity to measure voltages 
down to 800 microvolts. It is over 100 times 
as sensitive as other Keithley Electrometers, 
is battery-operated, and can be used 
in the laboratory or field. Typical uses are: 
measuring transistor and electrochemical 
potentials, voltages of charged 
capacitors, de amplifiers and computers.

adjustable ranges of from 
to 275°F.

Chief characteristics of the Model 200B 
include an input impedance of over IO14 ohms, 
a grid current less than 5 x IO14 ampere, and 
full-scale accuracy within 2%. Voltage ranges 
are 0.008, 0.02, 0.08, 0.2, 0.8, 2, 8 and 20 
volts full scale of either polarity.

With accessories, the 200B can be used as a 
direct-reading micro-microammeter, kilovolt
meter or megohmmeter, measuring currents as 
low as 5 x 10 14 ampere, resistances above 
IO16 ohms and voltages up to 20,000 volts.

Other features include excellent zero 
stability, a constant zero from range to range 
and a polarity switch for the meter.

More details on the 200B are available in the 
latest Keithley Engineering Notes, Vol. 4 No. 1 
A request on your company letterhead will 
bring a copy promptly.

Ideal for aircraft, guided missiles, motors, wave 
guides, crystal ovens, precision instruments, radar, 
and other “tight spot” applications. Write for free 
bulletin, Aviation Products Division, Fenwal In
corporated, 97 Pleasant St., Ashland, Mass.
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Pioneers in pueumal c timing
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time delay switch, remote push button control, her
metically-sealed units.

Write our application engineers for help with
your timing problem. Address Dept. A25-724.

Elastic Stop Nut Corporation 
of America

AGASTAT
Tim« / Delay / Relay

Sturdy Fenwal 
miniature controls 
are versatile, space
saving units that 
utilize the famous 
Fenwal thermo
switch * principle. 
The outer shell is 
the positive activat
ing element. It is 
sensitive to temper
ature change over 
its entire area. 
Fenwal Miniature 
units may be con
trolled within 2° to 
6°F — even under 
5G acceleration. 
They have fully 

20° to 200°F or -20°

Advertisement

Accurate Temperature Control 
in “Tight Spots” . . .

Fenwal Miniature controls ideal for 
aircraft and other applications

ELECTRONIC DESIGN • July 1, 1956

Keithley Instruments, Inc.
3866 CARNEGIE AVE., CLEVELAND 15, OHIO

Thermostats
High Capacity Ratings

This is a new series of 
thermostats with excep
tionally high capacity 
ranges in ratio to ther
mostat size. The resistive 

wj load is 6000w at 240v
a-c, 3000w at 120y a-c.

The Type E series 
thermostats are preset, snap action, non-adjustable 
and are designed to be used for operating tempera
tures up to 350 F. E series thermostats are for 
s-p-s-t operation and can be supplied with normally 
open or closed contacts; are available with inclined 
blade, horizontal blade or screw terminals; surface 
or air stream mountings—enclosed or exposed bi
metal discs.

Thermo-O-Disc, Inc., Dept. ED, Mansfield, Ohio.
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Sealed Potentiometers
Wire-Wound and Composition-Element Types

These “Potpot” units 
are available in both 
wire-wound and com
position-element types, 
including the series 48 B*.
and 19 miniature con
trols, the 43, 37 and 51 
medium-sized controls, 
and the larger 58 and 10 
wire-wounds.

The molded, smooth, green-colored encapsulat
ing material means water- and vapor-tight molded 
enclosures, imbedding the entire unit with the ex
ception of the external shaft assembly and terminals. 
A special water-tight assembly for the shaft bush
ing completes the sealing.

Clarostat Mfg. Co., Inc., Dept. ED, Dover, N. H. 
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Switching-Type Transistor
For D-C Converter Applications

Designated as type
- -Wi|B f u 1 ”■ ' *' ’’ ,3,

||||B ^^B was devhiptd part« ii
K k H *nr ‘I c converter

M UP1^U • ^“im-<4 
J||| import,mt lists as a d < 

converter will be in the 
high voltage supplies of 

portable and mobile radio sets, in transistorized 
photo-flash units and in Geiger counters.

Amperex Electronic Corp., Dept. ED, 230 Duffy 
Ave., Hicksville, L. I., N. Y.
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AGASTAT allows you to stagger the starting of three motors 
without imposing their load on the line at the same time.
The AGASTAT is • electrically actuated, pneumatically timed.

• light, versatile, dependable.
• instantaneous recycling.
• adjustable in timing from 0.1 second to more than 

10 minutes.
• available in AC or DC models which offer delays

AGA
DIVISION



Engineers! 
Scientists!

Is your advancement keeping 
pace with your ability?

L J J J

If you are not pleased with your present 
position ... if you just don’t seem to be 
doing the type of work you like to do . . . 
then we suggest you contact us at once.
We represent clients who retain us to se
cure qualified technical personnel for their 
ever expanding research and engineering 
programs. TCC can help you find the posi
tion that will utiize your abilities to the 
utmost ... as well as your salary require
ments and location preference.
Our service is completely confidential with 
all contacts being made at your residence. 
There is no expense or obligation to you 
w hat so ever.
Write, phone, or wire today for information 
which will pUt you “on your way” to the 
position of your choice.

TECHNICAL CAREER CONSULTANTS
630 Tri-State Building 

432 Walnut Street 
Cincinnati 2, Ohio

ATTENTION: ROBERT ADAMS

FOR POSITIVE, 
LOW-COST 

SPROCKET
DRIVES...

TRY 

GENUINE 

Read
CHAIN

Now successfully employed in radio and TV tuners, 
recorders, air conditioners, timing devices, etc. De
signed for economical, positive gear trains or drives 
free of slippage and backlash.

VERSATILE BEAD CHAIN 
has many other advantageous applications such as: 

• part retainers * remote control devices
• fan or ventilator pulls • revolving displays 

and many others
WRITE TODAY FOR CATALOG AND SPECIFICATION SHEETS

the Head chain mfg. co.
58 Mountain Grove St., Bridgeport, Conn.
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Mercury Switch Pulser
Up To 1 OMa Delivered Output

Model N-101
...................mercury switch 

J pulser is ideally
" suited for cali

bration and sta-
I bility measure-

________ | ments involving 
scintillation
spectrometry 

circuits. The instrument features: continuously ad
justable rise time (0.03-0.5sec); output up to lOma 
(max 22v) either polarity and continuously variable 
with better than 0.1% linearity; battery pulse 
source; stability better than 0.1% per day after initial 
warm up.

Hamner Electronics Co., Inc., Dept. ED, P. O. 
Box 531, Princeton, N. J.
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Traveling Wave Tubes
For S-Band and X-Band

These two 
traveling wave 
tubes feature 
broadband op
eration over 
their respective1 
bands. Their 

greatest use is utilization of their pulsed power 
characteristics in microwave measurement applica
tions and in medium power driver • applications. 
Positive grid control is provided for amplitude 
modulation and automatic gain control.

The tubes are designated the HA-12 in S-Band 
and the HA-13 in X-Band.

Huggins Laboratories, Inc., Dept. ED, 711 Ham
ilton Ave., Menlo Park, Calif.
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Germanium Diodes
Have High Conductance

These new germanium 
diodes have typical for
ward voltage drops of Iv 
at currents up to 200ma. 
Used in transistor cir
cuits, they offer im
proved switching per
formance and greater 
efficiency as a result of

the low forward impedance afforded by the gold 
bonded construction.

Transitron Electronic Corp., Dept. ED, Melrose 
76, Mass.
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—(/DEAL)

THERMO-TIP
RESISTANCE SOLDERING TOOL

Double Metal

for miniature 
and sub-miniature 
parts soldering

Single Metal

Double Carbon

Soldering large telephone jack with Ther
mo-Tip Resistance Soldering Tool and low 
voltage Ideal power unit.

Smaller, lightweight — for easy handling 
over prolonged periods of time. Ther
mo-Tip Tools are expressly designed as 
a production line tool. Reduces fatigue 
factor for women workers.

Pin-point accuracy. Pencil-small element 
fits into tight spots for foolproof solder
ing of small or miniature parts.

Fast, sure — Thermo-Tip elements con
centrate high amperage current at sol
dering point for instant heat. Solder is 
melted by the parts to be joined—elim
inates “cold flow joints”, makes for 
positive union.

Versatile attachments—a variety of Ther
mo-Tip elements are available for every 
precision soldering purpose. Feed-thru 
electrodes on double metal, single metal 
and single carbon attachments provide 
longer life and easy length adjustment 
for specific job requirements.

Single Carbon

Ideal IDEAL INDUSTRIES, INC. 
5098 Park Av«., Sycamore, III. '

Gentlemen: *

Kindly send us complete catalog information of Ideal's Thermo- J
Tip Resistance Soldering Tools. ।

Name......................................................................................................................... !

ICompany.................................................................................................... |
■

Address.................................................................    |
I

City................ ..................................... Zone.... State................................... I
mwawwaaaaiawwaBwwwwwaiawaiawwaiwaaweaaiaiWwwwweJ
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1 BRING US YOUR HEADER PROBLEMS!

SIMPLE OR COMPLEX
New Literature

|—We make them all, rang
ing from 2- and 3-electrode crystal holder bases 
and standard octal headers, to 14- and 18-terminal 
headers for sealed Transformer and Relay applica
tions— with a wide selection of styles and sizes 
in our series of basic designs.

HAS THE ANSWER TO YOUR 
FASTENING PROBLEMS

I — We also manufacture Sealed 
Headers and Terminals to meet special require
ments, and will be glad to quote upon receiving 
your specifications.

SPECIAL DESIGNS

COMPLETE ASSEMBLIES

NEW CATALOG

|— We have facilities for 
handling the complete assembly of many units — 
including evacuating and pressure-filled enclosures.

|— Just off the press, a new Herma
seal catalog, with descriptions and specifications of 
some of our standard Sealed Headers and Termi
nals. Write for your copy today!

THE HERMASEAL CO., Inc
Elkhart 45, Indiana

When assembly of complex components poses difficult fastening problems, consider the 
speed, strength, simplicity and economy of riveting ... the "Tubular way.” It's a modern 
method that provides designers and manufacturers with qualified engineering help for 
their fastening and electrical contact problems; with standard or special rivets in metals 
from steel to silver, in numerous types, sizes and finishes; with single or automatic 
Multi-Head machines to set them.
Try the "Tubular way” of riveting. It can not only shorten assembly time and lower pro
duction costs, but improve product appearance and performance as well. Send prints or 
sample assembly to Tubular Rivet now. Eighty years of fastening experience.

---------------- ?
liar Riiet

ç Stud Companij

Wollaston (Quincy) 70, Mass.

BRANCH OFFICES
buffalo • los Angeles 
CHICAGO . NASHVILLE 
DALLAS • NFW YORK CHY 
DETROIT . PHILADELPHIA 
INDIANAPOLIS * Sf LOUIS 

SAN FRANCISCO

See your local classified directory for phone numbers
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ELECTRICAL ENGINEERS
A Career at Electric Boat... Is An ADVENTURE in Engineering

In the past several years, Electric Boat has been making one headline after 
another as the nation’s first adaptor of nuclear power for propulsion. The 
Electric Boat-designed and built atom submarines, Nautilus and Seawolf, are 
already accomplished fact.

Behind the headlines, the work of designing even more advanced atomic 
submarines goes on. Every day, Electric Boat engineers are coming to grips 
with problems in nucleonics that pave the way for applications in other fields. 

There is room — and opportunity — for more engineers able to cope with 
these problems. Current openings are for Electrical Engineers versed in servo
mechanisms, circuitry, motors and generators, radar and sonar, or electro
mechanical systems.

These jobs offer more than engineering adventure. There’s common-sense 
practicality involved, too. Electric Boat’s backlog of orders and years-ahead 
plans; its record stable engineering employment; its sponsorship of advanced 
study at leading universities and within the plant are some of the practical 
features. New England living on the shores of Long Island Sound is another. 

To find out more details about these opportunities, write us details of your back
ground and experience including initial salary requirements. Interviews will 
be arranged promptly for qualified applicants. Please address Peter Carpenter.

ELECTRIC BOAT
DIVISION OF GENERAL DYNAMICS CORPORATION 

GROTON, CONNECTICUT

Rectifier Guide 181
A 12-page guide has been published describing 

different sizes and styles of rectifiers for every d-c 
power need, annotated with detailed information 
to aid in the selection of rectification equipment 
for specific applications. The pamphlet also illus
trates a self-contained selenium unit which is typical 
of the recently introduced Sei-Rex “economy line” 
of quality rectifiers. Bart-Messing Corp., 125 Man
chester Pl., Newark, N.J.

Wire Material 182
A booklet has been issued describing techniques 

for installing connectors, lead wires and T C junc
tions upon their swaged MgO wire. The catalog 
illustrates various accessories which aid in design
ing and fabricating components of swaged MgO. 
Applications are also included. Aero Research In
strument Co., 315 No. Aberdeen St., Chicago 7, 
Ill.

Facilities Report 1 83
An 8-page catalog has been released giving a 

new facilities report entitled “Electronic Advance
ment,” describing available1 engineering and pro
duction facilities. Also, a 12-page insert has been 
included giving detailed characteristics of coaxial, 
waveguide and airborne lobing switches. Thomp
son Products Inc., Electronics Div., 2196 Clark- 
wood Rd., Cleveland 3, Ohio.

Shielding For Tape Recordings 1 84
A data sheet has been offered describing how 

to protect tape recordings from various low and 
high intensity magnetic fields by storing or carry
ing in Fernetic and Co-Netic protective cans. In 
addition, the release includes dimensions, prices 
and terminology. Perfection Mica Co., Magnetic 
Shield Div., 20 No. Wacker Dr., Chicago 6, Ill.
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Bathtub” Condenser Cans and Covers

A new catalogue illustrating a complete 
line of “bathtub” condenser cans for the ca
pacitor industry is available from the manu
facturer, Northern Metal Products Company 
of Franklin Park, Ill.

Northern features a line of triangular ear 
and regular bathtub type cans, available in 
lake copper or steel, and with hot solder 
coating and extruded holes, as desired.

A complete line of transformer housings 
and lids is also available.

Computing and Simulation Service 190
A 7-page brochure has been offered describing 

simulation, computing, data reduction and data 
processing. Included in this booklet are written 
explanations and descriptive diagrams showing 
the flow of data. From the problem analysis and 
preparation service, the data is routed to the de
sired facility—analog simulation—digital com
puting and record reading—analog-to-digital con- 
version—digital-to-analog conversion.
J. B. Rea Co., Inc., 1723 Cloverfield Blvd., Santa 
Monica, Calif.

The company’s modern facilities are avail
able for producing chassis and other large 
and small electronic parts to specifications 
in production quantities or in small run lots. 
Write for catalog material or quotations to 
Northern Metal Products Company, 9595 
West Grand Avenue, Franklin Park, Illinois.

Rack and Panel Connectors 191
Catalog R2 has been issued giving a complete 

listing of the rack and panel connectors manufac
tured by this company. Blue ribbon connectors, 
in standard, miniature and circular types, pin and 
socket connectors, and printed circuit connectors 
are included. Dimensions, current ratings and 
availability art' given for each type. American 
Phenolic Corp., 1030 S. 54th St., Chicago 50, Ill.
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Insulated

U. S. ENGINEERING CO., INC.
A Division of Litton Industries, Inc.

521 Commercial Street, Glendale 3, California

TERMINAL LUGS
USECO’s quality insulated lugs give you ...

• Wide selection of types
• Phenolic or moulded melamine
• High dielectric strength
G Choice of various platings
• Standoffs and feed-thrus
• Immediate deliveries

Available in convenient packages from your 
distributor. See us at Booth 710 at the 
l.R.E. Show, New York City.. .

Molded Fiber Glass 192
A 16-page catalog has been issued describing 

custom molding services. This illustrated booklet 
includes processes and lists mechanical, electrical 
and chemical properties of this product. Also in
cluded are fabricating operations which are per
formed on this material.
Molded Fiber Class Co., 4403 Benefit Av., Ashta
bula, Ohio.

Magnetic Tapes 193
A 12-page booklet has been issued describing 

the physical and magnetic properties of magnetic 
tapes and films, their physical properties as back
ing thickness, ultimate tensile strength, yield 
strength, elongation at break, residual elongation, 
tear and impact strength and coefficient of expan
sion. Minnesota Mining & Mfg. Co., 900 Fauquier 
St., St. Paul 6, Minn.

Plastics 194
A 100-page catalog has been made available 

giving definitions and detailed information on 
working with and buying plastics. The1 brochure 
includes hundreds of different items, their uses, 
applications, techniques and prices, and is a handy 
working guide for design and electronic engineers 
Fry Plastics Co., 7826 S. Vermont Ave., Los An
geles 44, Calif.

MODEL 
200 A

• HIGH ACCURACY
• MEASURES FROM 0 TO 360 DEGREES
• READINGS NOT AFFECTED BY NOISE AND 

HARMONICS
• PHASE SHIFTS OF THE ORDER OF .01° CAN 

BE MEASURED EMPLOYING SPECIAL CIRCUIT 
TECHNIQUES

• MEASURES IN-PHASE AND QUADRATURE 
COMPONENTS SEPARATELY

For further information contact your nearest 
representative or write for brochure

PHASE
METERPat. Pend.

r PRICE " 
S34950 

FOB.
NEW YORK

phaZor

INDUSTRIAL TEST EQUIPMENT CO.
55 E. 11th ST. • NEW YORK 3 • GR. 3-4684

CIRCLE 195 ON READER-SERVICE CARD FOR MORE INFORMATION

A-C Transistor Voltmeter
Has 2uv Sensitivity

Unusual sensitivity 
of 2uv and battery 
operation make the 
Model MV-45A a-c 
voltmeter a new tool 
for laboratory use. 
Minimum battery life 
is 200 hours, made 
possible by 9 tran
sistors incorporated in 
the unit.

Full scale ranges 
run from lOuv to Ikv 
in lOdb steps, making 
a total of 17 ranges.

Frequency range is lOcy to 150kc. Accuracy is 
2% of full scale on all except the lowest range. 
Noise level in the MV-45A is well below 500 
milli-microvolts over a lOOkc pass band. All 
ranges from 3mv to Ikv have individual calibra
tion controls.

MILLIVAC INSTRUMENT CORP. 
444 SECOND STREET 

SCHENECTADY 6, N. Y.
CIRCLE 196 ON READER-SERVICE CARD FOR MORE INFORMATION
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Welding Steel Castings 200

CUT COSTS!

and up

201
A data sheet has been offered describing the*

low
characteristics defining the dielectr

0.060"

Distributor» in Canada

Plastic Laminates 202
315 N. ABERDEEN ST.

An 8-page brochar been published giving

203

SIGN in the capacity of

WEST COAST EDITOR
He must be a self-starter and

of the
indus

tries. Send resume with

New York

CIRCLE 199 ON READER-SERVICE CARD FOR MORE INFORMATION

ELECTRONIC DESIGN

GRIEVE- 
HENDRY 
Portable 
Electric 
OVENSthick 

pain

magazine or writing experience 
has the opportunity to join the 
staff of ELECTRONIC DE-

have a good knowledge 
West Coast electronic

An electronic engineer with a 
knowledge of design who has

requirements to:
Editor, Electronic Design, IS
East 62nd Street, New York 21

Gram Gages
An illustrated brochure h.

CHICAGO 7, ILLINOIS

Sales Representatives throughout the United States and Canada

CIRCLE 198 ON READER-SERVICE CARD FOR MORE INFORMATION

• Complete thermocouple probes 
available using this material 
made to your requirements.

Write for Bulletin #4
Ping« into any 1 
Standard model« 
for literature. 
Quick quotation

ith temperature r

Prompt deli very. 
to your rpecificati.

offered on

mentable 'Teflon t 
; 0.005". Included

Microwave Components
An illustrated technical catalog has been

line of precision dynamometers, also known as 
gram gages or spring tension gages. Included in 
the brochure are numerous applications for these 
measuring instruments, some of which are: measur
ing contact pressures; checking predetermined 
measuring pressures; and as a spring tension indi
cator for the automotive field. George Scherr Co.. 
Inc., 200 Lafayette St., New York 12, N. Y.

1419 W. Carroll Ave., — Chicago 7, III
Export Dept. 306 W. Washington Blvd., Chicago 6, Illinois

nesses as 
phlet are

available describing a wide range of standard and 
custom-engineered microwave components and 
complex mechanical assemblies. These and similar 
components*are available either as standard, built 
to blue print specifications or designed for and 
integrated into a particular application. J-V-M 
Engineering Co., 8846 W. 47th St.. Brookfield, Ill.

Model CR-1
ft. capacity—30” wide x 25" deep 
high. Removable «helves ami drip

A 40-page manual has been published entitled, 
"Recommended Practice for the Welding of Steel 
Castings.” The preface states: “the recommended 
practices outlined in the report are as adaptable to 
the fabricator as they are to the steel foundryman,” 
and “the report should be assigned to the individ
ual in the plant who is responsible for welding 
quality.” Tempil Corp., 132 W. 22nd St., New York 
11/N?Y. '

• A'Variable in outside diameters 
of .04. to .32.

• X‘)ne Or more wires insulated 
with a pure mineral swaged 
into a metal tube.

• Can be sharply bent.
• Sheath can be welded without 

loss of insulation.

• \vailable in a variety of sheath 
metals with thermocouples and 
other wire materials. properties of Teflon and broad service tempera

ture range. The new cementable Teflon is available 
in continuous rolls in thicknesses from 0.005" to

OVENS on your production 
t,lN£f

a complete range of industrial and decorative 
plastic laminates. The illustrated catalog contains 
descriptions of base materials, binders, sizes, toler
ances and fabricating qualities, being marketed 
under the1 name Farlite. Farley & Loetscher \Ifti. 
Co., Plastics Div., Dubuque, Iowa.

I,n* cost. Portable. Can li 
5c per hour to operate. 
Fan driven forced air cii

mSUL^TED WIRE

GRIEVE-HENDRY CO., INC

IN STOCK!
1373* wire items

that wi withstand 
2000°F

AH 1379 item» are available for 
immediate shipment from our New Yorh 
warehouse or leading electronic

ALPHA 
WIRE

ELECTRONIC WIRE 
& CABLF 

insulating tubing & sleeving

industry's greatest variety 
and number 
highest quality 
immediate shipment
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Ribbon and Wire 208 Transistors 211
A new catalog has been issued describ

ing ribbon and wire made of precious 
netals. The 24-page booklet includes speci- 
ications and illustrations of the various 
products.
Sigmund Cohn Corp., 121 S. Columbus 
\ve., Mt. Vernon, N. Y.

A new 32-page transistor brochure has 
been released featuring a complete line of 
miniaturized parts available and listing 
practically every transistor on the market. 
Whole pages are devoted to transistor speci
fications. Request brochure No. T4-56. 
Lafayette Radio, 100 Sixth Ave., New York 
13, N. Y.

New Flexibility 
in Serve Potentiometers from

urvey Meter 209
\ bulletin has been released describing 

he “Cutie Pie” survey Meter Model CS-40. 
he pamphlet includes specifications, fea- 
ires and applications. A schematic dia- 
ram is also included showing the circuit 
rrangement.
RD Instrument Co., 6425 Etzel Ave., St. 

.ouis 14, Mo.

Circuit Selectors 210
A data booklet has been published offer- 

ng circuit selectors and stepping relays. 
I he illustrated catalog includes applica
tions, general features, and dimensional 
drawings of this product.
G. H. Leland, Inc., 123 Webster St., Day
ton 2, Ohio

Die Filer 212
A new bulletin, No. 256, has been re- 

leased illustrating and describing the Keller 
die filer, available in three models. This 
unit is extremely desirable for filing, sawing 
and lapping operations.
Sales Service Machine Tool Co., St. Paul, 
Minn.

Leak Detector 213
Type H-l leak detector is described in 

an 8-page bulletin, GEC-233F. Described 
are features, applications, specifications, 
and operation of this portable instrument 
for locating leaks in closed systems. 
General Electric Go., Schenectady, N. Y.

Precious Metal Contacts

Made of platinum, palladium, 
silver, gold and their alloys— 
Baker contacts offer the unvary
ing performance required for 
extremely sensitive electrical ap
paratus and instruments. High 
purity metals, controlled at 
every stage of production,

insure quality Baker contacts.

The most diversified selection of 
contact materials and types of 
contacts can be supplied by 
Baker in practically any speci
fied dimension to meet your 
requirements.

Write for complete data

INSTRUMENTS INC.

Innovation, improvement, and 
ingenuity are characteristics 
you find in all CIRCUIT 
INSTRUMENTS servo and 
other type potentiometers. They 
mean greater flexibility in use . . . 
greater flexibility in specifying. 
And when you consider that 
CIRCUIT INSTRUMENTS 
production facilities feature the 
same flexibility, you can see why 
CIRCUIT INSTRUMENTS 
delivers the goods faster.

MODEL B
POTENTIOMETER 
WITH
SERVO TYPE 
MOUNTING

INSTRUMENTS INC

Subsidiary of

KSÆL JPV EK KE * PRECIOUS j 
METALS A

113 ASTOR ST., NEWARK 5. N.J.
NEW YORK • SAN FRANCISCO 
LOS ANGELES • CHICAGO

INTERNATIONAL RESISTANCE CO

CIRCLE 214 ON READER-SERVICE CARD FOR MORE INFORMATION
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GANO UF TO 8 SECTIONS 

on a common shaft with CIRCUIT 
INSTRUMENTS servo type potentiom-
eters. Sections can be phased in the 
field simply by releasing one-piece 
clamp rings.

CHOOSE MANY RESISTANCES 
all the way from 500 up to 600,000 

ohms. As a special feature, these 
servo type potentiometers also can 
be welded or solder tapped.

MEET TORQUE REQUIREMENTS 
with a ball-bearing mounted shaft 
that assures smooth, low torque opera
tion. Sleeve bearings also available.

MEET OTHER REQUIREMENTS 
with linear or non-linear windings, 
designs for average dr high ambient 
temperatures up to 150° G, and six 
case diameters from 54" to 3^

CIRCUIT INSTRUMENTS INC.
P.O. Box 355, St. Petersburg, Florida

Send data sheets on Servo Type Hermetically

Sealed fSub-Miniature Helical High Tempera

ture I High Precision Potentiometers.

NAME 

COMPANY 

ADDRESS 

CITY STATE

CIRCLE 215 ON READER-SERVICE CARD FOR MORE INFORMATION



Are You an Engineer
Who wants to go Higher—Faster?

Aiming for the upper strata, but still earth-bound after a few 
years of ambition-blunted effort? Here’s your chance to move 
just as far and as fast as your ability and hard work will justify.

We’re offering careers—not jobs—in electronics, semicon
ductors and color TV with a company that’s youthfully 
mature, yet growing and expanding every day.

Submit resume or address request for personal interview to 
D. Bellat, Personnel Director, Tung-Sol Electric Inc., 200 
Bloomfield Avenue, Bloomfield, N. J.

‘»TUNGSOL
EAST ORANGE • BLOOMFI ELD, N. J.

Radiu and 
TV Tubes

Aluminized 
Picture Tubes

Special Purpose 
Tubes

Semiconductors Color
Picture Tubes

CiRCLE 218 ON READER-SERVICE CARD FOR MORE INFORMATION



Molybdenum Borides 219 221Instruments
A 6-page catalog has been released de

scribing molybdenum borides. The booklet 
includes applications, and physical and 
mechanical properties of the product. The 
properties of these materials are high melt
ing points, high hardness, excellent resist
ance to corrosion, and high electrical con
ductivity.
Climax Molybdenum Co., 500 Fifth Ave., 
New York .36, N.Y.

A new quick reference catalog has been 
published describing various instrumemts 
in the company's line. Included are low and 
high frequency instruments, accessory in
struments, recording equipment, cathode 
ray oscilographs, and accessory equipment. 
Included are illustrations, features, appli
cations, specifications, and prices.
Allen B. Du Mont Laboratories, Inc., Clif
ton, N. J.

S

Aluminizer 222 ti

Terminals 220
A brochure has been issued describing the 

company’s Wade-Weld terminals. Manu
factured in continuous strips wound in coils, 
these terminals can be designed to crimp 
onto the wire or crimp on both the wire and 
insulation. The brochure also describes the 
company’s Weld, Stake and Cut Off ma
chine which automatically feeds coiled con
tinuous strip terminals through a special 
mechanism to deliver a finished terminal 
connection on each stroke of the machine. 
Wade Electric Products Co., Sturgis, Mich.

A new 4-page, 2-color bulletin, No. 405, 
has been made available describing the 
Model CRS-48 aluminizer. The bulletin de
scribes the construction of the unit, which 
is totally enclosed in a console-type cabinet 
of steel fitted with convenient, drawer-type 
control panel. The text discusses the 
method of operation and includes complete 
specifications and diagrams. Photographs 
illustrate the arrangement of components 
from the front and both sides.
Kinney Mfg. Div., The New York Air Brake 
Co., 3529 Washington St., Boston, Mass.

m*

tm

am

\lii
W;i

Shasta
INSTRUMENTS

designed for the user!

MODEL 605 
WIDE RANGE RESISTANCE BRIDGE

Features:
♦ 10 ohm to 100 megohm range

* Simple pushbutton operation

★ High accuracy

★ Negligible drift

* Guard terminal for high-resistance 

measurements

Description:
Shasta model 605 provides a rapid, easy and 
highly-accurate means of measuring unknown re
sistances. Seven full-scale resistance value 
ranges are selectable by pushbuttons. Values are 
read directly on the iinear scale of a precision 
multi-turn Helipot after "nulling” the unknown 
resistance on the 4 zer, center galvan jmeter.

* 6

BRIEF
SPECIFICATIONS

OTHER SHASTA QUALITY 
INSTRUMENTS

Expanded Scale Frequency 
Meters and Voltmeters 
Audio Oscillators • AC 
Voltmeters • Power Supplies 
Wide Band Amplifiers 

Bridges • WWV Receivers 
Decade Inductors.

Write today

Ranges: 100, Ik, 10k and 100k ohms, 1, 10 
and 100 megohms

Lowest Meas: 5 ohms
Accuracy: ± (0.15% uf res. meas., 4- .05% 

full scale)
Drift: Negligible after 30 min. warmup
Dimensions, weight: 9%"H x 8"W x 9"D; 

8 lbs.
Price (f.o.b. factory): $170 00

for Technical Bulletin 605;
please address Dept. -

Shasta
BECKMAN INSTRUMENTS INC.

P.O Box 296, Station A. Richmond, California
Telephone LAndscau - 6-7730

$.17
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Testing Instruments 228 Solenoids 230
Eighty different devices are described in a 
)-page “testing instruments reference 
>ok” recently published. The publication, 
alog GEC-1016, contains complete prod

information including applications, 
rces of additional information and pic- 
s. There are instruments for research, 
luction, laboratories, and educational

Bulletin No. 200 has been offered describ
ing various type solenoids, continuous and 
irJermittent duty, in the company's line. 
Featured are solid frame solenoids a-c and 
d-c and laminated a-c solenoids. Included 
are graphs showing performance and di
mensional drawings giving size and mount
ing data.
Comar Electric Co., 3349 W. Addison St.

leral Electric Co., Schenectady 5, N.Y.

niconductor Crystals 229
echnical data bulletin SMEL #1. “Con- 

Systems For Semiconductor Crystal

TEFLON and KEl-F
Pi (.luction” has been offered to assist those 
in nected in any way with the develop- 
m< nt or production of germanium silicon 
ci tals. The first part of the bulletin out- 
In « s the crystal growing process and the 
function performed by the element of con
trol systems. The second part describes the 
specific components of the control systems, 
ami the final part combines the components 
into control systems.
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Axes., Philadelphia,

Amplifiers 231
Two data sheets have been made avail

able; one on a Type 34 recording amplifier, 
described in bulletin 4110, the other on the 
Type 82 playback amplifiers, described in 
bulletin 5102. The type 34 amplifier is one 
of a series designed for those systems uti
lizing direct recording technicpies with a 
high frequency bias. Type 82 amplifiers are 
designed for the same systems and. in addi
tion, for digital pulse reproduction.
The Davies Laboratories, Inc., 4705 
Queensbury Rd., Riverdale. Md. Quality controlled "from pow

der to part”—U.S.G. precision- 
molded or machined parts from 
Teflon*, Kel-FR Bakelite® 
Fluorothene and other plastics 
meet exacting specifications, 
cut assembly costs, assure uni
form density and dimensional 
stability, uniform electrical, 
chemical and physical charac
teristics of the highest quality.

THE MOSELEY DC VOLTMETER MODEL 20

Come to’’Fluorocarbon Plastics 
Headquarters” for all your re
quirements—for precision parts 
or for the world’s largest stock 
of sheets, tape, tubing, rods, 
bars, cylinders, beading, elec
trical spaghetti, extruded 
shapes, and the new Cement
able Teflon tape and sheets.

Write for Catalog No. 300.
A high accuracy, multi-range, servo 
actuated DC voltmeter with large linear 
scale. Eleven ranges from 3 millivolts 
to 300 volts, full scale. Available also 
with digitized output for direct connec
tion to printer or other digital apparatus.

a servo voltmeter, 
easy to read, 
fast — adapted 
to data translation

* duPont’s Trademark for its tetrafluorothylene resin.
f Kellogg’s Trademark for its trifluorochloroethylene resin.
0 Bakelite Trademark.

We’ll he glad to furnish 
additional information. Write:

F. L. MOSELEY CO.
409 N . FAIR OAKS AVE. 
PASADENA, CALIFORNIA

CIRCLE 232 ON READER-SERVICE CARD FOR MORE INFORMATION

UNITiD STATtS GASKET CO.
CAMDEN 1, NEW JERSEY

CìRCLE 233 ON READER-SERVICE CARD FOR MORE INFORMATION
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With 16 years leadership in the vital field of 
missile research and development, Northrop Aircraft 
offers unusual opportunities for advancement in 
the categories listed below. Here you can apply your 
skill and ability on the pilotless Snark SM-62 
A-bomb carrier; on Northrop's new long-range 
interceptor project; and on numerous other weapon 
system assignments. Where better could you be, 
and grow, than with a pioneer? There’s an inter
esting position for you in one of the following groups
Electrical Group, which is responsible for the 
design 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. Considerable research effort is devoted 
to air-borne antennas and the elimination of radio 
interference in C/N systems.
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 reports; and 
follow-up of system performance in the field 
as aircraft become operational.
Instrument Group, which is responsible for the 
design of instrument systems for manned aircraft 
and the installation of flight test instrumentation 
for guided missiles. Typical systems for which the 
group is responsible include: Flight Instruments; 
Engine Instruments; Instrument Panel Design; 
Automatic Pilots and Augmenters; Fuel Flow and 
Quantity Systems; and Integrated 
Electronic Instrument Systems.
All four basic groups originate their basic design 
and layouts, prepare production design releases and 
originate all types of tests to support flight, 
design and production requirements.
There are now a number of openings available for 
engineers in each of these groups at all experience 
levels. Too, there are opportunities for draftsmen 
with either electrical or mechanical experience.
If you qualify for any of these challenging 
opportunities, we invite you to contact 
Manager of Engineering Industrial Relations, 
Northrop Aircraft, Inc., Hawthorne, California, 
or call ORegon 8-9111, Extension 1893.

NORTHROP AIRCRAFT, INC
PIONEERS IN ALL WEATHER AND PILOTLESS FLIGHT



Patents
John Montstream

Stabilized Oscillator . . . Patent No. 2,727,- 
993. N. N. Epstein. (Assigned to Lenkurt 
Electric Co., Inc.)

In order to obtain an oscillator having a 
fixed frequency and with an output which 
remains at a substantial fixed amplitude, 
it has been necessary to rely upon various 
expedients which are more or less com
plicated. A stabilized oscillator which main
tains a fixed oscillating frequency and a 
fixed amplitude of output without complex 
circuitry is described in this patent.

The basic oscillator circuit includes tube 
1 with resonant circuit 11, 13 in series 
between the plate and the control grid. The 
circuit uses a T network with the resonant 
circuit in the series connection and peizo- 
electric crystal 23 in shunt between the 
electrical midpoint of inductor 11 and the 

cathode. The crystal is the primary fre
quency determining element rather than the 
series resonant circuit as in a Hartley 
oscillator

When the oscillator is in operation at 
the fixed frequency, the resonant circuit 
and the shunt arm of the T network are both 
resistive, so that the oscillations on the 
control grid and cathode of the oscillator 
tube are in phase. If, however, the fre
quency should change even slightly, the 
impedance of the crystal and the shunt 
arm changes greatly because of its high Q. 
This results in the potentials applied to the 
grid becoming degenerative. The circuit 
will oscillate at the resonant frequency of 
the crystal even if the series arm of the T 
network is not accurately tuned to the 
resonant frequency.

tu 
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o
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and payload

jK i je 11 airborne fanPatent NoTwo Speed Control Circuit

coarse
connected to

small, the coarse control

Cathode Ray Apparatus Patent No

itor

unt

oz. net weight

21,000 RPM
200 VOLT 115 VOLT
400 CPS 400 CPS

1956
36 WATT 36 WATT

VOLUME-CFM

WRITE FOR ROTRON CATALOG SHEET *50201-1

ROTRON

CIRCLE 239 ON READER-SERVICE CARD FOR MORE INFORMATION
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a diode circuit, and the 
ative. If, however, the

FULL 
SCALE

Harry C. 
States of 
Secretary

most
41 m

to produce both fine and 
The fine control synchro

ynchros 
control.

* any 
syn- 

voln-

e error signal is 
disconnected by

fine control is oper

ith the plate of the oscillator, 
nitable driving potential for 
be selected by adjustment of

the input by a high gear ratio while the 
coarse synchro utilizes a low gear ratio. If

2" DIAMETER • V/2" LONG 
PATENT PENDING

error signal becomes larger, the diodes 
close and the coarse control becomes opera-

visually presenting characters in response 
to an applied signal. The applied signal 
causes the electron beam to be deflected 
so as to pass through an appropriate mask 
which forms the beam in the shape of a 
predetermined character. Further deflec
tion means are available so that the result
ing character may be displayed anywhere1 
on the1 fluorescent screen.

2,735,971. Robert S. Raven and 
Moses. (Assigned to the United 
America as represented by the 
of the Navy.)

A servo system utilizing two

• Nickel - Steel and 
Silicon Steel Lamina
tions • Wound on 
Nylon Bobbins • My
lar Outer Wrap * 
Color Coded Leads.

Jie grid connection 
livider.

ambiguity that might exist if the1 fine 
chro were in error by a complete1 re 
tion.

page
TRANSISTOR GUIDE

The ONLY Transistor Book 
r.ailoble containing circuit 
kits • specifications ■ parts ■ 
diagrams. Everything you 
need in Transistors and 
campon on components can 
be found in this great, new 
FBEE book.

ROTRON mfg.co.,inc.
SCHOONMAKER LANE • WOODSTOCK • NEWYORK

In order to secure high amplitude sta- 
lity, the circuit must be such that any 
mges in the amplitude results in a change 
¡ich substantially increases any circuit 
ses. This result is secured by making 
luctor 11 the primary winding of a trans
mer and connecting resistance 19, hav- 

2; a negative resistance characteristic, in 
, ies with secondary winding 17. A ther

i stor 19 or thyrite material is a suitable 
ment to supply resistor 19. With the 

i iplitude correcting circuit, any changes 
i the anode voltage which normally would 

mge the amplitude of the oscillations is 
। rrected by element 19.
The circuit described secures frequency 

uid amplitude stability in the oscillator 
a ith a very simple circuit. Tne output is 
lerived from voltage divider 39 and 40

2,735,956. Joseph T. McNaney. (Assigned
Io General Dynamics Corp.)

Cathode ray tube display means for

.^ “ TRANSISTOR TRANSFORMERS

single. each

LAFAYETTE RADIO BOSTON, MASS 1 10 Federal St 
PLAINFIELD N J , 1 39 Weit 2nd St 
NEWARK, N. !.. 24 Central Ave 
BRONX. N V . 542 ( Fordham Rd

EVERY TRANSISTOR APPLICATION AT A PRACTICAL PRICE!

Argtnne 
Number Type

Impedance

Unbal. 
anted 

Current 
Pri. 
O.C.
MA

Pjwer 
Milli
Watts

1

DC Resistance
Pri
mary 
Ohms

Second* 
ary 

Ohms
Pri. 

Ohms
See. 

Ohms
Overall 

Size
AR.100 Input 200,000 1,000 .0 100 3600 90 l"x%"x%"
AR-126 Input 150,000 1,500 CT 2. ]00 37(>0 55 1 x%"x%"
AR-IOI Input 100,000 3,000 CT .5 100 3600 60 ^x^x^"
AR-102 Input 100,000 1,500 CT .5 100 3600 40 l"x%*x%"
AR-127 Input 50.000 3,000 CT 1. 100 2IJU0 50 l"x%"x%"
AR-128 Input 50,000 1,500 CT 2. 100 3000 50 l"x%"x%"
AR-129 Input 50,000 1,000 2. 100 2500 20 l"x%*x%"
AR-103 Driver 20,000 2,000 CT 1. 100 400 50 1"xViV
AR-104 Driver 20,000 1,000 .0 100 400 50 ?i"x%"x%"
AR.105 Driver 20,000 400 1. 100 600 30 1*X%WX%W
AR.130 Output 20,000 8 .5 100 400 0.6
AR.131 Output 20,000 3.2 .5 100 400 0.3 %"x%"x%"
AR.106 Driver 16,000 4,000 1. 100 620 350 V'X%"X%"
AR-107 Driver 15,000 2Ó0 1.5 250 1000 20
AR-108 Driver 10,000 3,000 CT .0 100 200 100 V'x%"x%"
AR-109 Driver 10,000 2,000 CT .0 100 500 50 V'X%"X%"
AR.110 Output 10,000 16 2. 150 600 2.5 %"x%"x%"
AR.132 Output 10,000 8 1. 100 600 .6 %"X%"x%"

AR. 133 Output 10,000 3.2 1. 100 600 .3 %"x%"x%"
AR-III Output 5,000 100 1. 100 600 10 %"x%"x%"
AR.134 Output 4.000 CT 8 4. 250 150 .8 l"x%"x%"
AR.135 Output 4.000 CT 3.2 4. 250 150 .3 l"x%"x%"

- AR.112 Output 3.500 200 1. 150 120 25 l"x^4"x%"s AR-II3« Driver 3,000 CT 1,000 9. 150 100 60
AR-114 Output 2,500 11 10. 150 50 .1 %"x%"x%"
AR.115 Input 2,000 CT 8,000 CT 0 150 150 660 l"x*"x%"
AR.116 Output 2,000 CT 200 4. 250 120 20 l"x%"x%"
AR-136* Output 1,000 CT 100 4. 250 120 10 l"xVxV
AR-I37« Output 1,000 CT 8 4. 250 120 9 l"x%"x&"
AR-138* Output 1,000 CT 3.2 4. 250 120 .3
AR.117 Output 500 CT 30 .0 lOO 20 1.5 %"x%"x%"
AR-118 Output 500 CT 16 .0 100 20 1.5
AR.II9 Output 500 CT 3.2 .0 100 20 3 %"x%"x%"
AR-120* Output 400 CT 11 1. 150 20 .9 %"x%"x%"
AR-121« Output 300 CT 3.2 0 150 20 .25 V'x%"x%"
AR-139« Output 250 CT 8 2. 250 15 ,T l"xV’xV
AR. 122« Outnut 250 CT 3.2 .0 150 11 .3 l"x%"x%"
AR.123 Input 200 2.000 CT 2. 150 11 50 I'^'x^"
AR-I24« Output 200 CT 16 .0 250 20 1.3 V'x%"x%"
AR-140« Output 200 CT 3 2 2. 100 10 .3 &"x%"x%"
AR-125 Input 3 4,000 .0 250 .14 50



115A

421-374

AMPHENQk

421-250
421-641

■M
4000
4000
4000
4000
5000
5000
5000
5000
2000
1700
1500
1500
2000

421-443
421-379
421-382
421-385
421-388
421-391

Teflon cables operate without dif
ficulty at temperatures from 
— 55°C to H-200°C. The high 
power-handling capabilities and 
the weight and space saving pos
sible with Teflon cables make them 
ideal for avionic equipment.

added Reliability
CAPTIVATED CONTACT*

. RF CONNECTORS
I Only amphenol provides connectors to go 

M with the Teflon cable it makes—not only a 
single-source advantage but also a guarantee 
of engineering responsibility. Latest addi-

& tion to this RF connector line are Capti- 
1 vated Contact connectors in Series N and 

। HN. These assemble with 87A, 115 and 115A 
J? Teflon cables, provide added reliability.

•patent pending

AMPHENOL ELECTRONICS CORPORATION
Chicago 50, Illinois

AMrntNOL CANADA LIMITED taranto 9, Ontario

More approved Teflon coaxial cable types are available from 
amphenol than from any other source!

Military Hom. Max.
Number AMPHENOL Imp. Over.nn WKlI MS

CABLE 
jÜ

ÃMPHÊNõi



Sound Recording Apparatus . . . Patent No. 
2,738,385. William Stephen Bachman. (As
signed to Columbia Broadcasting System, 
Inc., New York, N. YJ

Apparatus for the variable piteh record
ing of sound. This patent describes a sys
tem containing a rectifier circuit which 
develops a voltage proportional to the 
sound signal amplitude. This voltage con
trols a variable frequency oscillator which 
in turn drives a synchronous motor. The 
motor is used to control the position of the 
recording head; by changing the motor 
speed it is possible to vary the pitch of the 
recording. It is then possible to space the 
record grooves according to the amplitude 
of the signal and thereby conserve record
ing space.

Voltage-Controlled Ring Oscillators . . . 
Patent No. 2,735,939. Kenneth E. Forsberg. 
(Assigned to Raytheon Manufacturing Co., 
Newton, Mass.)

An oscillator circuit consisting of a chain 
of cathode coupled monostable multivibra
tors connected plate to plate in a ring. The 
termination of the pulse from one multi

vibrator triggers the succeeding multivi
brator and so forth around the ring with 
the result that sustained oscillations occur. 
By controlling the voltage on the grid of 
the normally off tube in each multivibrator, 
it is possible to independently control the 
duration of each pulse. The period of the 
complete cycle is the sum of the durations 
of the pulses produced by each multivi
brator and thus can be controlled by a 
number of separate inputs.

Pulse Echo Altimeter With Sensitivity 
Time Control . . . Patent No. 2,738,503. 
Horace C. Allen. (Assigned to Radio Corp, 
of America.)

A pulse echo altimeter comprising a 
means for transmitting a pulse of radio 
energy to a reflecting object, a means for 
receiving and amplifying the reflected 
pulse, and an automatic gain control circuit 
for controlling the receiver g un. The auto
matic gain control is actuated by a voltage 
proportional to the distance of the reflect
ing object. The receiver thus always has 
sufficient sensitivity to detect the reflected 
pulse but is able to discriminate against 
undesirable reflections and noise.

Accurate • Dependable

STRAIN GAUGE 
SAMPLING SWITCHES

Switches for use in systems collecting data on 
structural strains, shock and vibration in land, sea, 
■ ;nd airborne equipment, as well as industrial appli
cations. ASCOP advanced design strain gauge 
switches operate efficiently, at low noise levels, 
under adverse environmental conditions. Available 
in models with 1 to 4 poles, 30 contacts per pole, and 
sampling rates up to 10 CPS ASCOP's 200 available 
standard models are used for telemetering, drift 
compensation, thermocouple sampling, radar display, 
CRO displays, guidance and countless other applica
tions. For your specific problem, rely on the leader 
. . . specify ASCOP.

APPLIED SCIENCE CORP. OF PRINCETON
P. O. Box 44, Princeton, N. J. • Plainsboro 3-4141

CIRCLE 242 ON READER-SERVICE CARD FOR MORE INFORMATION
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Inputs are of sufficient sensitivity for 
direct operation from common transducers 

and provide threshold controls for 
discrimination against unwanted signals.

11861 TEALE ST., CULVER CITY, CALIF. • Phone: EXmont 8-6764 or TExas 0-8006
CIRCLE 243 ON READER-SERVICE CARD FOR MORE INFORMATION
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• PRESET COUNTERS
• FREQUENCY INDICATORS

TIME INTERVAL METERS
COMBINATION INSTRUMENTS

to have a substantial harmonic content in

The circuit shown reduces the harmonic

oscillator.

WESCON —Booths 1313 & 1314

is connected across resistor 15. Rectifier 14

grid.

is made more stable as well.

AT WALTHAM:

6. Under what conditions can random noise introduce

AT BUFFALO:

channe?

ECONOMY, RELIABILITY, COMPACTNESS

h 
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.1 
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Electron Discharge Device of the Traveling
Nave Type . . . Patent No. 2,735,958. Wil- 
am C. Brown. (Assigned to Raytheon 
fanufacturing Co., Newton, Mass.)

A high frequency electronic amplifier of 
le traveling wave type. A series of baffle
ites serve to slow the signal wave such
it it travels at approximately tht* same
!ocitv as an adjacent electron beam. The
fraction of the signal wave and the elec-
n beam produces amplification.

iplitude-Stabilized Crystal Oscillator . . .
ent No. 2,724,777. F. M. Broek. (As-
ued to Radio Corp, of America)

a 
io 
)r 
d 
it 
3-

t- 
is 
id 
st

\ Pierce type oscillator using a crystal
ipling between tht* plate and grid tends 

th ■ output and some amplitude instability.

content and improves the stability of the

These improved results are secured bv 
providing rectifier 14 and resistor 15, cou
pled to the? cathode of oscillator tube» 41.
through capacitor 12 and resistor 13. Cath
ode resistor 6 is not bypassed bv a capacitor
as in the usual practice. Filter capacitor 15 

COUNTING EQUIPMENT

Using cold cathode glow transfer tubes for counting
and indication, Electro-Pulse counting and

measuring equipment features the reliability
inherent in simplified circuitry.

FREQUENCY INDICATOR AND COUNTER 
MODEL 7340A I 

Available with Print-out 
Measures Frequency
Measures Speed or Repetition Rate 
Counts Events Per Unit Time

Representatives in Major Cities

is connected in the circuit with its polarity 
such that the d-c voltage across resistor 15 
is in opposition to the negative grid bias on 
the tube. The d-c voltage developed across 
resistor 15 is coupled to the control grid of 
the tube through choke 17, which presents 
high impedance to the a-c voltage on the

The a-c voltage on the grid does not then 
leak through the d-c portion of the circuit.
The circuit substantially reduces the har
monic content of the oscillator output, and 
the amplitude of the output of the oscillator

See our Complete Display at

ELECTRONIC

Here are some typical problems Sylvania 
engineers and physicists meet and solve at 
our Buffalo, N. Y. and Waltham, Mass, plants.

1. How do you design 10 similar microsecond timing
circuits whose delay times can be varied over a range
of 100 times by analog control voltage maintaining
a tracking accuracy of ±0.1% in an environment of
—65°C to +125°C at sea level to 100,000 feet?

2. If you know which bits of a code group are in error,
can you modify the hamming code to use this data to
provide maximum information capacity in a noisy

3. Can you design a crystal mixer to operate with latest
production type crystals and having a noise figure less
than 12db above KTB operating in the S - band?

4. Under what conditions can signal fluctuations improve
radar performance?

5. What are the limitations on allowable smoothing time
for target tracking radars?

systematic errors in radar measurements?

Continuing product diversification means 
long-range security and advancement... and both 
locations offer good housing and ample 
leisure-time activities, as well as unusual 
opportunities for advanced studies.

If you believe that you can assist us in the solving 
of these problems, please write:

WALTHAM
LABORATORIES

Erling Mostue 
100 First Ave. 
Waltham, Mass.

BUFFALO 
LABORATORY

E. F. Culverhouse 
175 Great Arrow Ave. 
Buffalo 7, New York

■V SYLVANIA V
SYLVANIA ELECTRIC PRODUCTS INC
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The only completely 
insulated ceramic disc 
capacitor. Breakdown 

to ground in excess 
of 3000 V. D. C.

Unaffected by extremes 
of vibration; by ozone, 

salt water, or any 
known acid or solvent 
at room temperature.

Leads dimensioned to 
meet automation 

standards.

Fast, positive insertions
in automatic assembly

Centralab 
Molded Disc 
Ceramic Capacitors

<pb> Thickness, diameter, and lead spacing 
always exact—for trouble-free feeding.

<Rb> Leads always on perfect center line — 
never offset.

Rt > Lead strength greater than the 
tensile strength of No. 20 wire — 
leads can’t pull out.

r <<Rl> Clearly labeled to avoid confusion and 
mistakes, in either machine- or hand
insertion. Stamped with capacity, 
voltage, rating and tolerance.

CentralaJb
D22SS

Write for engineering bulletin EP-J+8, 
for detailed technical information.

A DIVISION OFGLOBE-UNION INC
960G East Keefe Avenue • Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario

VARIABLE
RESISTORS

ENGINEERED 
CERAMICS SWITCHES

PACKAGED CERAMIC
ELECTRONIC CIRCUITS CAPACITORS

CIRCLE 245 ON READER-SERVICE CARD FOR MORE INFORMATION
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Analysis of Electric Circuits . . . William H. 
Middendorf. John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N.Y. 306 pages, 
price $6.00.

The author presents in this book a funda
mental treatment of a-c and d-c circuit 
analysis, excluding all nonessential mate
rial. He first sets forth six basic physical 
laws and definitions established by the early 
experimenters. The reader needs only to 
learn the full meaning of these six laws and 
how to apply them with complex algebra 
to advance to our present store of knowl
edge.

The book’s emphasis is on developing 
the reader’s ability to think for himself. 
Proofs, rather than mere presentation, are

accented. The book is convenient!}’ ar
ranged into three sections: the first section 
provides all that is necessary to meet the 
problems encountered in the usual under
graduate courses; the latter two sections 
extend the scope of the work for electrical 
engineers.

An unusual feature of this book is a valu
able chapter on communications circuits. 
Some other special features included are: 
the development of the instantaneous 
power equations; the analysis of low Q 
resonant circuits; the use of the exponen
tial form of Fourier’s series; the analvsis of 
star networks based on the node method; 
and the proof that the transfer and mutual 
impedances are linear and bilateral.
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FERRITE DUPLEXER
PROVEN THROUGH W/DE ACCEPTANCE /
BY LEADING SYSTEMS MANUFACTURERS 4

CIRCULATOR 
Model 35607

The Canoga Circulator Duplexer, 
because of built-in Isolation, requires 
less volume, weighs less and has 
less round trip Insertion loss than 
conventional duplexers. Since the 
single TR tube is fired by reflected 
power, tube life Is increased and 
high efficiency is maintained. 
The TR tube arc loss is eliminated 
and minimum radar range and local 
oscillator radiation are reduced.
• Frequency: 8300-10,000 me J 

• Isolation: 13 db min.
• Insertion Loss*. 0.7 db max. B
• Power Avg: 300 W K
• Peak: 250 KW W
• VSWR: 1.25 max. W

Detailed Specifications U 
available on request,

CANOGA CORPORATION
Radar Systems • Antennas • Receivers 

Test Equipment • Microwave Components
5853 SEPULVEDA BLVD., VAN NUYS, CALIFORNIA

CIRCLE 246 ON READER-SERVICE CARD FOR MORE INFORMATION
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I dustrial Research Laboratories of the U.S. 
( ompiled by James F. Mauk . . .National 

ademy of Sciences-National Research 
( mncil, 2101 Constitution Ave., Washing- 
1 n 25, D.C. 560 pages, price $10.00.

This tenth edition for 1956 includes in- 
ft rmation on 4,834 laboratories of 4,060 
c mpanies gathered during the first half of 
1 >55. The entry for each organization re- 
p irted shows the names and locations of its 
k boratories, its principal research execu
tives, the number of professional, technical, 
a id administrative employees in each lab- 
o atory, as well as the kinds of research in 
which they are engaged. In addition, as an 
i d in finding individual laboratories or 
subsidiaries of large companies, an effort 
has been made to report the entire structure 
ol an organization under its parent com
pany's name with extensive cross-reference 
to component units, subsidiaries, and lab
oratories.

A simple alphabetical code indicates the 
types of research services performed by 
each laboratory, showing whether it under
takes research for only its parent company 
or sponsor or whether it also does fee or 
contract research for others, whether it 
oilers consultation or advice, and whether 
it does testing and analysis.

An index of research activities includes 
well over 1,000 major subject headings. A 
10-page index of the geographical location 
of the laboratories is also included. The 
usefulness of the directory for reference 
purposes is increased by the addition of an 
edge index to the alphabetical listing of 
the laboratories.

Color Television—Simplified Theory and 
Service Techniques . . . Donald G. Fink. 
Philco Corp., Electronic Education Unit, 
Philadelphia, Pa. 288 illustrations, 100 in 
color, 50,000 words of text.

The preparation of this book has taken 
two years of intensive study and research. 
The subject, usually considered very com
plex, has been skillfully and completely 
described in easy-to-understand terms, with 
many illustrations for further simplifica
tion. The book is technically accurate in 
every detail—theory, design, transmission, 
reception, installation, and service.

This book presents the subject in such a 
manner that the text and the illustrations 
will not be rendered obsolete by future 
changes in manufacturing and receiver de
sign. A complete index is provided for 
rapid reference for any term or subject 
covered.

TRANSISTOR TEST 
EQUIPMENT 

BY
FOR RESEARCH ANALYSIS
AND PRODUCTION TESTING
With the addition of the Power Transistor Tester, Model KP and the Transistor 
Beta hn Tester to the Transistor Test Set Model GP, Baird Associates now 
offers the most complete line of test equipment for the transistor laboratory and 
the transistor production line.

The ST Transistor Test Equipment line consists of instruments specially 
designed for complete, accurate analysis of transistor performance characteristics. 
Incorporation of special circuitry and unique testing concepts provides built-in 
stability and reliability.

In addition to the Transistor Test Equipment, Baird Associates offers precision 
instruments for the analyses of semiconductor material characteristics. For ex
ample, the 3T Semiconductor Resistivity Test Set, Model JN, provides 
precise resistivity measurements in the range from 0.1 to 100 ohm-centimeters. 
The ST Minority Carrier Lifetime Test Set, Model JJ, provides accurate 
measurement of minority-carrier lifetimes as low as 1 microsecond.

Complete technical information on Baird Associates Transistor Test Equipment 
and semiconductor analysis instruments is available upon request.

TRANSISTOR POWER TESTER
AC operated. Measures all ”h” parameters. Pro
vision for external measurement of Ico- Variable 
test ranges: Collector and emitter currents—1 to 

300 ma.; collector voltage 
—0 to 100 volts. Supplied 
with any test frequency 
between 100 cps and 200 
kc. Provides testing under 
either grounded-test or 
-emitter conditions.

TRANSISTOR BETA h/j TESTER
A completely self-contained transistorized instrument. 
Built-in 1 Kc. Oscillator. Provides accurate measure
ment of Beta, bn and collector cut-off current (Ico). 
Provisions for oscilloscope monitoring of collector 
output. Portable, light-weight unit measures 5"x8"x5". 
Variable test conditions: collector voltage—1 Vz to 7^2 
volts in H/2 volt steps; emitter current — 0.5 to 10 ma.

STOCK KNOBS
IN ANY QUANTITY
NEVER A MOLD CHARGE

GEE-LAR—The House I 
of Knobs—can give you a a 

wide selection of knobs for 
every application. Hundreds 
of patterns and styles always 

in stock, and you’re never 
concerned with a tool charge.

WRITE TODAY for 
illustrated GEE-LAR 
Catalog. Free!

Select your knobs or pointers from 
GEE-LAR’S huge stock of quality 
products. Fast service ... lower cost— 
always at GEE-LAR!

TRANSISTOR 
TEST SET 

MODEL GP
Measures hybrid and equiva- 
lent-T coefficients for NPN and 
PNP junction and surface-bar
rier transistors in grounded-base 
and -emitter configurations. Also 
alpha and beta cut-off, Ico. and 
collector capacitance. Variable 
test Frequency —100 cps to 
1 me.
Dependable circuitry and long
life batteries reduce errors and 
provide precise test results. 
Panel arrangement and large, 
polarity-indicating meter permit 
rapid adjustment of test condi
tions.

BA Transistor Test Equipment will be demon
strated at the I.S.A. (September) and WESCON 
(August) Shows.

'Baird ^Associates —^Atomic Instrument Co.

GEE-LAR MANUFACTURING COMPANY
400 South Wyman Street • Rockford, Illinois
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33 UNIVERSITY ROAD 
CAMBRIDGE 38. MASSACHUSETTS
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PROBLEM:
find the pot'

Th w A DAYSTROM "POT”

The Model 300-00—smallest, most ruggedly-accurate wire
wound potentiometer on the market!

If you are having trouble finding the right "pot," a "pot" that 
will fit into the tiniest space, weigh less than an overstuffed 
feather, and still provide unexcelled accuracy and resolution 
characteristics, you will want to know about the Model 
300-00 sub-miniature, wire-wound potentiometer produced 
by DAYSTROM POTENTIOMETER, and now improved even 
over the high-performance original.

So SMALL and COMPACT it can easily be covered by a dime (3/16 
inch thick). One half as large as its nearest competitor.

So RUGGEDLY ACCURATE it can be used for the most exacting 
applications.

• High Power Rating
• Extremely Fine Resolution
• Operable Over Extreme Temperature Ranges 
• Designed to stack (21 per cubic inch)

The Model 300-00 is just one of the many production or custom- 
made potentiometers available from DAYSTROM POTENTIOMETER. 
The Model 300-00 and its big brother-the 303-00 (higher resistance 
values)—are available out of stock.

Opening* exist for highly qualified engineers.

POTENTIOMETER DIVISION

A Subsidiary «t Daystrom inc 11150 La Grange Ave. West Los Angeles 25, Calif.

CIRCLE 249 ON READER-SERVICE CARD FOR MORE INFORMATION
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Industrial Automatic Controls . . . Millard 
H. Lajoy. Prentice-Hall, Inc., 70 Fifth Ave., 
New York, N.Y. 278 pages, price $7.00.

This book brings together new practical 
concepts of automatic controls of all types 
and the method of using each type in such 
a way as to achieve maximum performance.

The four basic modes of automatic con
trol— 2-position, proportional, floating (in
tegral), and rate (derivative)—are treated 
separately in Chapters 2, 3, 4, and 5. Each 
control effect is given a thorough analysis. 
The controller output characteristic, when 
subjected to various input disturbances, is 
graphically shown. Many of the industrial 
automatic controllers which contain more 
than one control effect, such as propor
tional plus reset, proportional plus rate, or 
proportional plus reset plus rate, are dis
cussed in Chapter 6. Chapters 7, 8, and 9 
cover the internal circuitry of pneumatic, 
hydraulic and electronic controls. Each cir
cuit is built up from the most simple ele
ments required for 2-position control to the 
more complex arrangement of elements re
quired for the proportional-reset-rate con
troller combination.

A representative group of applications 
described in Chapter 10 have been selected 

to show the diversity of industries utilizing 
automatic controls. Also included in this 
chapter are the Instrument Society of 
America’s standard practice of identifica
tion, and symbols to be used in making in
strumentation drawings.

Soviet Professional Manpower, Its Educa
tion, Training, and Supply . .. Nicholas De
Witt. U.S. Govt. Printing Office, Washing
ton 25, D.C. 400 pages, price $1.25.

A knowledge of the capabilities of other 
nations in science and technology is an in
dispensable part of the background of our 
own national policies and programs in 
science. The last few years has brought in
creasing speculation as to the rate at which 
the Soviet Union is producing scientists and 
engineers and the quality of their special
ized manpower. Data on the number of sci
entists and engineers coming up through 
the Soviet educational system have been 
fragmentary and incomplete, however.

The aim of this study was to investigate 
the availability and growth of the special
ized manpower resources of the U.S.S.R. 
insofar as they might be judged from the 
Soviet educational effort during the past 25 
years. Work on this study, in its present

MARCONI ANNOUNCES:

WIDE RANGE

This new wide range FM Deviation Meter simplifies measure
ments, eliminates calculations and replaces uncertainty with 
Marconi accuracy. It is crystal standardized, direct reading 
and ruggedly built. It gives the quickest, easiest method of 
testing Telemetering and other wide band FM systems.

Brief Specification: 
Frequency Range: 20 to 500 Me 

Deviation Ranges: 0 to 100, 
200 and 400 kc

Accuracy: ±: 3 %. Crystal 
standardized

Mod. Frequencies covered: 
50 cps to 120 kc

Construction: Ruggedized, shock 

mounted. Waterproof case
Price: $1050 f.o.b. New York 

Delivery: Immediate

r X\ ANOTHER FINE INSTRUMENT IN THE MARCONI F.M. RANGE.

I J) Full »pacification from New Street

X MARCONI Instruments New Yark 4, N. Y.

F. M. DEVIATION METER
MODEL 928
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I form, began in the summer of 1954 under 
I the auspices of the National Academy of 
I Sciences-National Research Council, with 
I encouragement and financial support from 
I the National Science Foundation.

Most of the research, the reconciliation 
f material, and the preparation of the 
lanuscript were done at the Russian Re- 
?arch Center, Harvard Univ.

adío Electronics . . . Samuel Seeley. Mc
Graw-Hill Book Co., Inc., 330 W. 42nd St., 
\'ew York 36, N. Y. 487 pages, price $7.00.

(More than just an analysis of the elements 

>f radio systems is undertaken in this book. 
For this reason, general system block dia-

I grams are discussed before any analysis is 
begun. Many of the important aspects of

I communication-systems engineering are 
I also discussed, in order to bring into focus 
I some of the major factors that must be 
I considered in system synthesis. This ac- 
I counts for the inclusion of such topics as 
I noise, signal noise ratios, gain-bandwidth 
I products, and an introduction to informa- 
I tion theory.

Wherever possible, the analysis proceeds 
I m two stages. An effort is made first to 
I present an explanation of the operation of 

the circuits from a physical point of view. 
This is followed by mathematical analyses, 
which have three objectives: (1) to illus
trate the technique of analysis; (2) to de
duce a solution which yields a description 
of the operation of the circuit; and (3) to 
examine the effects of the various para
meters on the operation of the circuits.

In all analyses, considerable care has 
been taken to include the requisite refer
ence conditions for potential polarities, 
current directions, and transformer-wind
ing sense.

Proceedings of the Second Annual Com
puter Applications Symposium . . . Armour 
Research Foundation of Illinois Institute of 
Technology, Chicago 16, III. Price $3.00.

The Proceedings were prepared from a 
stenographic transcript of the Symposium 
and include the discussion following each 
paper. The Symposium, held in Oct. 1955, 
covered applications of computers and data 
processing machines to business and man
agement problems, as well as to engineer
ing and research problems. A principal 
objective of the sessions was to develop ex
pressions of diversity and likeness both in 
application and in opinion.

WIRE
for many different 

applications

Specialists in the Unusual

SINCE 
1901

Your inquiry it invited. Consult our »toff, without 
obligation, about your specific wire problems.

More and more people are turning to us for electroplated wire. 
We electroplate by continuous methods a wide variety of wire in 
a range of diameters from .035" to the smallest available. In our 
laboratory. Tungsten wire as small as .00015" has been electro
plated with Gold . . . New applications for electroplated wires on 
different base materials are being developed from time to time . . .

SIGMUND COHN MFG. CO., INC.
121 SOUTH COLUMBUS AVENUE, MOUNT VERNON N Y

Electroplated

CIRCLE 2S1 ON READER-SERVICE CARD FOR MORE INFORMATION
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Sigma Series 4
GENERAL PURPOSE 

MEDIUM SENSITIVITY
Balanced irmature de* 
sign. SPDT. High reliability.
Medium priced. 20-50 mw sen
sitivity. Switches up to 2 amps, 
resistive (28 VDC, 115 VAC) for 
100,000 operations.

VERY SENSITIVE
HIGH STABILITY

Withstands aircraft 
vibration on inputs as low 
as 5 mw; undamaged by

500 g shocks. Sensitivity range 
1-40 mw, 35 basic standard 

adjustments.POLARIZED 
NULL SEEKING, 

BIASED or LATCHING 

Contacts up to 4PDT, 5 amps, 
ncminal rating. Sensitivity 
8-44 mw (latching: 22-450 mw).

MEAT & POTATO RELAYS

If you don’t really need super-this, 
high-that or ultra-something else in 
a relay you are to be envied, not 
scorned. Then you should be assured 
that Sigma makes just plain relays too. 
They’re not really "plain", but well- 
designed for certain jobs that they 
perform commendably. They don’t 
have wrap-around windshields and 
back-up lights, but they get you there 
and they bring you back.

Here they are, and they’re for sale:

All four relays are available in a wide 

variety of mounting enclosures. Catalog 

on request.

There was a time when four just such 
relays (Types 4, 5, 6 and 4l) were 
the basic Sigma lines. Now, of course, 
there are sixteen of these basics and 
some of them are super-sensitive, 
high speed or ultra ultratissimo. It is 
perhaps significant that the old stand
bys are still best sellers.

SENSITIVE 
LOW COST AC

SPDT shaded pc Ie 
construction. Unusually 

quiet. Sensitivity 0.2-1.0 v-a. 
Contact ratings up to 5 amps. 

Voltage operated, current operated; 
16-400 cycle versions; also DC 

and high speed keying types.

SIGMA INSTRUMENTS, INC., 

9b Pearl Street, So. Braintree, Boston 85, Massachusetts 
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FROM all indications, the Russians 
transistorizing extensively. The two cir-

cuits shown are video amplifiers using type
transistors, the characteristics of

which are also shown. Illustrated also, is a
superheterodyne receiver for medium and
long-wave reception. The three circuits are

the December 1955
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Somewhat less usual is the all-transistor 
tape recorder shown here. The amplifier 
output is on the order of 0.25 watts, the

exceed 12%, the range is 200-2500cy, and
the capacity is 100 meters of tape (35 min-
utes at 95.25mm per second). The motor is
spring wound. Radio, February, 1956.
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Applications

Quartz Clock

THE resonant frequency of the crystals used in 
quartz-controlled clocks is usually on the order of 

lOOkc, while the frequency of the synchronous motor 
used to drive the hands seldom exceeds lOOOcy. This 
calls for multiple frequency division.

The transistorized clock control shown in the figure 
v as developed at the' Khar kov Institute for Measures 
and Measuring Instruments, and employs a quartz 
tuning fork operating directly at lOOOcy. The current 
drain is 15uamp at Iv, furnished by a dry cell (a 
W eston Standard cell is used as a buffer for voltage 
regulation).

The control is kept at a constant temperature simply 
by burying it 25 meters into the ground. The tempera
ture fluctuations do not exceed 0.0001 °C and the 
absence of vacuum tubes keeps the heat dissipation 
al 15 microwatts, not enough to raise the ambient 
t( sperature significantly.

The average frequency deviation is less than 7 x 
10 10, corresponding to less than 0.0001 seconds daily. 
Immediately after the oscillator was put into opera
tion, the frequency rose continuously at a rate of 
3 x 10 9 daily, but this rate has stabilized at 5 x 1010 
after 5 months’ operation.

Although the' article does not mention it, we assume 
that the quartz tuning fork controls a vacuum-tube 
generator for the synchronous motor. The author does 
suggest, however, that one-watt transistors be used to 
supply low-power synchronous motors for this appli
cation, thereby dispensing with vacuum tubes com
pletely.—from article by L. Bryzhev in Radio, Decem
ber, 1955.
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as an Autonetics

Engineer...
you can achieve science-fact 

far stranger than science-fiction
Today at Autonetics there are elaborate automatic 

control systems actually being developed, designed and 
produced in quantity that make the mechanics of the 

wildest space fantasies look ordinary.
For example, where in the pages of science-fiction is 

there a robot that compares with Autonetics’ new 
airborne digital computer? This 3-cubic-foot brain 

can solve mathematical problems in one second that 
would take a math whiz with pencil and paper 9 

hours, or require a clothes closet full of ordinary 
computer equipment. It can continuously integrate 

93 quantities simultaneously ... through 51 removable 
panels of etched, transistorized circuitry.

This is onlv one example of Autonetics’ far-reaching 
electro-mechanical technology. There are hundreds of 

other areas of equally advanced opportunity in missile 
guidance, flight control, fire control and special 

automatic controls. Among your tools are the latest 
data processing equipment, plus modern and complete 

environmental and flight test facilities. Autonetics' 
scientific leadership is setting the pace in this field 

with its unique 10-year backlog of know-how.

opportunities for:
Computer Specialists 
Electro-Mechanical Designers 
Environmental Test Engineers 
Electronic Component Evaluators 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Electronics Research Specialists 
Computer Programmers 
Computer Application Engineers 
Automatic Controls Engineers 
Electronic Engineering Writers 
Inertial Instrument Development Engineers 
Preliminary Analysis and Design Engineers 
Also Openings for Draftsmen and Technicians

Contact: Mr. R. C. Smith. Autonetics Engineering Personnel Office. 
Dept. 991-20ED, P.O. Box A.N., Belleflower, California

Autonetics
A DIVISION OF NORTH AMERICAN AVIATION, INC.

AUTOMATIC CONTROLS MAN HAS NEVER BUILT BEFORE

ELECTRONIC DESIGN • July 1, 1956
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What the Russians Are Writing

J. George Adashko
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any regions of inhomogeneities. Gravity 
topography shape these inhomogenei-

troposphere 
and contains

Reflection of Ultra-short Waves from Layer-Like 
Inhomogeneities in the Troposphere; V. N. Troitskii; 
(lOpp; 4 figs.). The dielectric “constant” € of air in the

ture of the atmospheric

Radiotekhnika, Vol 
1956.

and the earth
ties into layers causing considerable reflection of radio 
and radar signals, and contributing to the forward
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homogeneities, indicates the approximate variation of 
the dielectric constant within the layers, and derives 
expressions for the reflection coefficient under various 
simplifying assumptions.

:. The article explains the na 
phenomena causing these in

Response of Linear Systems to a Voltage of Lin
early-Varying Frequency; S. M. Khlytchiev; (12pp; 13 
figs). A method is given for investigating the transients 
produced in a linear system by a voltage having a 
linearly varying frequency. The derived general solu
tion is used to evaluate the dynamic frequency char
acteristics of an n-stage resonant amplifier with identi
cal tuned stages. A solution is also derived for a sys
tem having a “maximum’ transfer coefficient. Graphs 
showing the variation of the distortion of the form of 
the frequency’ characteristics of the sy stems analyzed 
with the rate of change of the applied-voltage fre
quency. Refers to article by G. Hok, “Response of 
Linear Resonant Sy stems to Excitation of a Frequency 
Varying Linearly with Time.” ]1 of Applied Physics, 

v. 19, No. 3, 1948.

whether maximum transmission or minimum distor
tion is desired. The article is primarily devoted to a 
design procedure in which Q and the maximum rela
tive frequency deviation are chosen so as to produce1 
a maximum signal at minimum distortion at the out
put of the detector.

disc 
mea 
IRQ?

On the Design of Frequency Detectors; E. S. Antse- 
lovich; (8pp; 10 figs). Design of frequency detectors 
with tuned and untuned circuits. It is shown that the 
optimum values of Q (product of coupling coefficient 
between the tuned circuits and the Q factor) and

Movement of Electrons in the Space Charge Re
gion of a Diode with Rapidly Varying Anode Voltage; 
N. I. Ivanov; (7pp; 1 fig; 1 table). Differential equations 
for the motion of electrons in the space charge region 
of a diode have been known for a long time. These 
equations can be solved only’ by approximate numeri
cal methods. This article proposes a numerical-inte
gration method which is much less labor consuming, 
and which furthermore can be used for all electron 
velocities. This permits investigations of conditions 
in which electrons emitted in one cycle continue their 
movement in the next cvcle.

Sw# I „
U^- '*ncos®t

Fig. 3

Non-Linear Distortion and Stability of Reflexed 
Circuits; lu. A. Chernov; (15pp; 5 figs.). Reflex circuits, 
(in which one tube is used to amplify two frequencies) 
in spite of their economy, have not been treated to any 
length in the literature, probably because of their high 
inherent distortion and low stability. The article 
analyses mathematically several reflex circuits from 
this point of view. The non-linear distortion coeffi
cients (Kf) are computed for several reflex circuits 
(Fig. 1, 2, 3, and 4) and are plotted against the relative 
change (8A) in the tube transconductance produced 
at the h-f operating point by the applied low-fre
quency voltage (Fig. 5). It is shown that by minimiz
ing the effect of the anode detection in the circuit (Fig. 
4) the distortion can be reduced considerably. The ar
ticle gives also the stability criterial for the reflexed 
circuit.
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Vol’f; (10 pp; 2 figs.). This

means

you could alter its values by mechanical shock

iei

Distributed by Erie Resistor CorporationGlass Inductances, Resistors

CIRCLE 254 ON READER-SERVICE CARD FOR MORE INFORMATION
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Meterological Foundations for a Method of Meas
uring Non-Linearities with Rectangular Pulse; V. M

Circle the reader service of this pub
lication. or write direct for more infor
mation about Corning Fixed Glass 
Capacitors, prices and samples.

md the 
hi both

3300 
ß2Oo

That’s how rugged these miniature 
fixed glass capacitors are. (“Miniature” 
means about one-third smaller than 
other kinds of equal capacitance.)

Their strength comes from the way 
we make them. Layers of conductor 
and dielectric are sealed together under 
heat and pressure into a monolithic 
structure. No mechanical shock short of 
shattering the seal alters the value. 
Speaking of values, the table illustrated 
above shows them.

Because everything is sealed in the 
same material as the dielectric, nothing 
outside can get inside.

You can use these capacitors to tem

peratures of 125° C. and higher with 
proper voltage derating. Even after 
repeated temperature cycling, the TC 
remains the same. And TC stays within 
close limits over a wide temperature 
range, varies little between capacitors. 
Capacitance drift is so close to zero 
that it’s generally less than the error 
of measurement.

We can make capacitors to your elec
trical and physical specifications over 
an unusually varied range. Single, self
supported units can be designed for 
high voltages or high capacitances. 
Series parallel combinations still fur
ther extend the range.

• a theoretical 
linearities bv

aspect to <p (Fig. 1). This is 
using the Hertz potential, 

i, matching the field values

discussion on the measurement of non

Other electronic products by Corning Components Department:
Fixed Glass Capacitors*, Transmitting Capacitors, Canned High-Capaci
tance Capacitors, Subminiature Tab-Lead Capacitors, Special Combination 
Capacitors, Direct-Traverse and Midget-Rotary Capacitors*, Metallized

tves
LOUS

on
)ns 
eir
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ironic Design): April 15, p 128) in which it was 
shown that a periodic sequence of rectangular pulses 
is the most suitable for the purposes. This article con
tinues with a discussion of a proposed design of an 
instrument based on this method.

Propagation of Electromagnetic Waves Between 
Two Circular Cylindrical Surfaces in the Presence of 
Longitudinal Periodically-Distributed Diaphragms; 
E. G. Solov’ev; (4pp; 1 fig). The circular cylindrical 
surfaces are in the r, qp plane and the periodicity of the

Principles of Construction of Output-Circuit Sys- 
iems for Medium-Wave Transmitters; E. P. Khmel’nit- 
skii; (4pp; 1 fig; 1 table). In most modern transmitters 
tlie antenna is fed over a feeder, and a system of tuned 
i rcuits is inserted between the power-stage tubes and 
the feeder. This system passes the required sideband 
frequencies and filters out the harmonics. This article 
proposes a tuned system in which the entire transmit
ter frequency range can be covered by varying only 
the inductances of the tuned circuits, without disturb
ing the operating conditions of the oscillator power 
stage. Such a circuit is shown in Fig. 1. The load seen 
by the anodes of the (push-pull) output tubes (con
nected at the left) can be kept constant over the entire 
frequency range of the transmitter.

Canned High Capacitance—provide 

the advantages of rugged glass de

sign to your specifications.

Subminiature Tab-Lead—up to 90% 
less volume compared to pigtail types. 

To your specifications.

Special Combinations—the perform
ance and benefits of glass in infinite 

shapes, sizes and leads. To custom 

order.

CORNING GLASS WORKS, 97-7 crystal Street CORNING, N. Y.
Components Department, Electrical Products Division

Ask for information on these 
other Corning Capacitors:
Medium Power Transmitting—CY- 

60 and CY70. Ideal for mobile RF 
transmitters.

diaphragms is in with 
straightforward analys
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Interconnecting Electronic Computers
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D ATA-PROCESSING shared by two inter
connected electronic digital computers has 

been successfully performed at the National 
Bureau of Standards. SEAC and DYSEAC, two 
high-speed computers designed and built at the 
Bureau, worked cooperatively at a common task 
to demonstrate program-controlled machine in
tercommunication in which coordinated pro
grams were read into both machines. The ex
periments showed that two digital computers 
need not have identical operating characteris
tics to work together, provided that one of them 
has the necessary control flexibility.

Most general-purpose electronic computers 
employ a generally compatible digital language. 
They can receive and transmit data in the form 
of electrical signals via standard communication 
channels over any desired distance and can alter 
the course of processing programs in accordance 
with new or revised information. It should there
fore be possible to interconnect two or more 
general purpose machines so that they can co
operate on a common task.

DYSEAC, a computer designed by the Na
tional Bureau of Standards for the Department 
of Defense, incorporates a number of operating 
features enabling it to respond automatically to 
information from remote external devices. These 
operating features include manual-monitor fa
cilities, program control flexibility, and special 
input-output controls. Together they provide 
DYSEAC with unusual properties of concurrent 
operation, self-regulation, and interruptability

Fig. A. Flow diagram of a typical problem shared by the interconnected computers.
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NBS, and DYSEAC, were available for experi
ments in interconnection. The program chosen

July 1. 1956



is a new method of sorting, merging and post- 
g of records. Stock transaction reports were 

। dilated and summarized by SEAC, then for- 
v rded to DYSEAC for posting. As detail items 
v re identified as belonging to each file section 
ii a scheduled order, they were transferred to 
1 iSEAC for posting. In addition, after each 
c nplete set of detail items for a particular file 
si tion had been processed, SEAC transmitted 
a special end-of-set flag to DYSEAC.

Information transfers were initiated and ter- 
n mated by transmission of control signals he
ft een the two machines. Whenever a SEAC 
o itput instruction called for selection of the 
particular output used for transmission to 
DYSEAC, a preparatory signal was sent from the 
SEAC external selector unit to DYSEAC. This 
signal activated appropriate monitor operations 
in DYSEAC. As soon as DYSEAC was ready to 
accept this data, it transmitted a signal to SEAC. 
Only upon receipt of this signal was SEAC 
able to proceed with its next instruction. In ef
fect, SEAC continued trying to complete this 
output instruction until DYSEAC signalled 
readiness to accept the transfer.

For the DYSEAC-SEAC interconnection, 
monitor switch settings were arranged so that 
upon receipt of the preparatory signal from 
SEAC, DYSEAC at its next breakpoint read in 
one information word to a predetermined mem
ory address and took its next instruction from 
the location indicated in the address storage 
register. This next instruction was a “file” order 
which recorded both counter settings, reset the 
proper counter to the initiation of the routine 
for the processing of the data from SEAC, and 
transferred control to that counter. Upon com
pletion of the processing of any one set of data 
from SEAC, DYSEAC would return to the se- 
quence of operations it had been performing 
immediately prior to each interruption.

Several runs of the shared program were suc
cessfully made, and the “posted” file sections 
were printed out on a DYSEAC magnetic wire 
cartridge. These results clearly demonstrated the 
ibility of DYSEAC to respond to the monitor 
signals originating in SEAC and to interrupt its 
irogram in order to receive and process the de
ad data from SEAC. The two machines were 

chus made to work cooperatively in the common 
ask that involved preliminary processing of 
lata by SEAC, transmission of these data and 
program information from SEAC to DYSEAC, 
md further processing by DYSEAC.

Abstracted from Interconnection Electronic 
omputers, National Bureau of Standards Tech- 

nical News Bulletin, March 1956, P. 33.

a combination for game!

... send for complete catalog and fabricating data.

Electronic components made of Synthane laminated 
plastic combine high dielectric strength with ex
cellent mechanical and machining properties. 
Synthane is strong, light in weight and posses
ses unusual dimensional stability over a wide 
range of operating temperatures. It can be easi
ly punched, machined and otherwise fabricated 
to close tolerances. Synthane also has good 
resistance to heat, moisture, oils and corrosive 
solutions of many types.

ELECTRONIC DESIGN • July 1, 1956

laminated plastics... a combination of properties for trouble-shy designers

When a man goes a-hunting for a material for a specific 
application, he wants one that satisfies his own combi
nation of property requirements . .. and is easy to machine. 
Synthane laminated plastic is just the material—plenty 
of good mechanical, electrical, electronic and chemical 
properties...combined with excellent machining and fab
ricating characteristics-

DIELECTRIC STRENGTH MOISTURE RESISTANCE

EASILY MACHINED DIMENSIONAL STABILITY

[SYNTH ANE]

SYNTHANE CORPORATION, 42 RIVER ROAD, OAKS, PA.
CIRCLE 264 ON READER-SERVICE CARD FOR MORE INFORMATION
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Shunts Ten

PIG-TAILOR4 SPIN-PIN I BC
MS

Cable
PIG-TAILORING eliminates

30 April 1956

PATENT PENDING

CIRCLE 255 ON READER-SERVICE CARD FOR MORE INFORMATION

rmitted for filler*mitted, while jute

Amendment 2, 16 April 1956
spec

Directional couplersWaveguide), 16 April 1956

CIRCLE 256 ON READER-SERVICE CARD FOR MORE INFORMATION
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to and including 6(X) volts 
Spec MIL-I-3930 is now c

use
con

Hermetically sealed construction makes 
the Frahm Miniature Frequency Meter 
practically indestructible and foolproof in 
conditions of heavy moisture or fine dust. 
Design engineers who try Frahm Sealed 
Type Frequency Meters specify them

MIL-C-3432A, C 
300 AND 600 Vol Intermediate 

cable* which

LIVOLT

1956 .

MU
seei

tNLAtCEO VIEW 
AT TIP

that
amt

6. Broken leads.
7. Short circuits from clippings.
8 65% chassis handling.
9. Excessive lead tautness.

10. Haphazard assembly methods.

Uniform component position. 
Uniform marking exposure 
Miniaturization spacing control 
“S” leads for terminals 
”U” leads for printed circuits

6- Individual cut and bend lengths
7. Better time/rate analysis
8 Closer cost control
9. Invaluable labor saving

10. Immediate cost recovery.

Standards and Specs
Sherman H. Hubelbank

Couplers
MIL-C-15370A, Couplers, Directional (Coaxial and

terial spec

. • . . a revolutionary new 
mechanical process for higher

iart numbers have been added to the 
marking and for ordering data.The •’FIG-TAILOR” plus "SPIN-PIN

able, Flexible and Extra Flexible

ALSO AVAILABLE 
IN STANDARD OR SPECIAL MODELS 
FOR PANELBOARD OR PORTABLE USE 
Frahm Resonant Reed Frequency 
Meters are available in a variety of 
standard shapes and sizes to indicate 
alternating current frequency from 15 
up to 1500 cycles per second. They are 
applicable to pulsating or interrupted 
D-C as well as A-C supply circuits. If 
you have special design requirements 
for range, methods of activating, scale 
graduations, etc., we invite your cor
respondence. We are confident we can 
meet your specifications.
WRITE FOR BULLETIN 32-ED.

Fastest PREPARATION and 
ASSEMBLY of Resistors, 
Capacitors, Diodes and all 
other axial lead components 
for TERMINAL BOARDS, 
PRINTED CIRCUITS and 
MINIATURIZED ASSEMBLIES.

Write for illustrated. descriptive text on “PIG-TAILORING" to Dept. ED-7P

| James G. Biddle e s»
| 1316 Arch St., Phila. 7, Pa. ED 
। Please mail following bulletins 
। □ 32P2 □ 32 □ 33 □ 34

FRAHM RELAYS AND OSCILLATORS
Frahm Resonant Reed Relays and 
Oscillators open a new era to 
designers of electro-mechanisms.
The transmission of a number of 
control signals over a single com
munication circuit of any type is 
simplified by the use of these 
components. WRITE FOR BULLE
TIN 33-ED {FRAHM RELAYS) 
AND BULLETIN 34-ED. 
{FRAHM OSCILLATORS).

1. Diagonal cutters.
2 Long nose pliers
3 Operator judgment.
4. 90% operator training time
5 ^token components.

Cables or cord assemblies 50 feet long are now con 
sidered to be standard.

MIL-C-3885, Cable Assemblies and Cord Assemblies 
Electrical (for Use in Electronic, Communica
tion, and Associated Electrical Equipment).

This department surveys new issues, revisions, and 
amendments, covering military and industry stand
ards and specifications. Our sources of information 
include the Armed Services Electro-Standards Agen
cy (ASESA), the cumulative indexes to Military 
Specifications, Vols, II, IV, American Standards 
Association (ASA) and other standards societies.

; a-c or corresponding d-e. 
ailed out as the basic ma
or jacketing compounds

repeatedly for land, sea and airborne 
equipment because they withstand dirt, 
fungus attack, humidity and other 
destructive atmospheric conditions. 
The "miniature” is available in 
2^" and 3^" sizes. WRITE FOR 
BULLETIN 32P2-ED.

Ejects and Assembles both leads simultaneously to individual lengths and 
shapes — 3 minute set-up — No accessories — Foot operated — I hour 
training time.

for unidirectional or bidirectional use with coaxial 
lines or waveguides are covered in this spec. These 
couplers are used in the transmission lines of radar 
and radio equipment to inject or sample, at attenuated 
levels, the r-f energy being transmitted. These cou
plers may also be used to transmit a r-f wave into a 
transmission line so that the wave flows only in one 
direction. They may also be used to sample a r-f wave 
flowing in a particular direction in a transmission line 
while accepting relatively insignificant portions of a 
r-f wave flowing in the opposite direction. Preproduc
tion testing is required.

may have more severe usage has been added. A heavy 
duty, multi-conductor, unshielded cable containing 
ground wires has been added. Low temperature cable 
operating at —55 C has also been added by this re
vision. The type designation examples have been 
clarified. Conductors are now to be in accord with 
MIL-W-3861, and insulating and jacketing compounds 
are now to be in accord with MIL-I-3930. Cotton tex
tiles for fillers, separators, and binders are now per-

NAME

JOB FUNCTION

COMPANY

ADDRESS

STATE

A MIGHTY MITE FOR FREQUENCY MEASUREMENT

1316 ARCH STREET

MINIATURE. SEALED TYPE FRAHM 
RESONANT REED FREQUENCY METER

BRUNO-NEW
DESIGNERS AND

YORK INDUSTRIES CORPORATION
MANUFACTURERS OF ELECTRONIC EQUIPMENT



i Dynamotors
MIL-D-24A, Dynamotors . . . The status of this spec 
seems to be confused. The Army Index of Specs dated 

I ■ 1 February 1956 lists this spec as being cancelled as 
I of January 27, 1956. ASESA, on the other hand, states 

n I that this spec was amended as of April 16, 1956. This 
H i amendment corrected the note for dynamotor type
If 1 BD-77 to indicate that this type is not for airborne
| use “over 10.000 feet.” The heading in Figure 24 was 

’• I corrected to read DY-97/GRC-9.

Temperature Controls
NEMA DC 1-1956, Automatic Temperature Con
trols . . . Room thermostats, solenoid gas valves and 
diaphragm gas valves, refrigeration controls, voltage 
rating and load characteristics for primary control 
equipment of 30 volts or less, wiring symbols, and 
surface-type electric heater controls are covered in the 
spec. Copies of this standard may be obtained from 
the National Electrical Manufacturers Association, 155 
E. 44th St, New York 17, N. Y. for $1.50 per copy.

Recently Cancelled MIL Specs
The following specs have recently been cancelled by 
the military:

Date
Cancelled

Tour

CIRCLE 257 ON READER-SERVICE CARD FOR MORE INFORMATION
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general transistor corp.

For prompt attention to your 
design and development 
requirements and specifications 
write on your company 
letterhead or phone: 
Applications Engineering Dept 
General Transistor Corp. 
130*11 90th Avenue 
Richmond Hill 18, N. Y.
Virginia 9-8900 
... another free customer 
service of General 
Transistor Corp.
Diffused P-N-P Junction 
Transistors
Audio transistors • Switching 
circuit transistors • 
Sub miniature hearing aid 
transistors • Low noise 
transistors • High voltage 
switching transistors • 
Symmetrical transistors • 
Photo transistors •

MIL-H-3679, Headset, Electrical
MIL-R-4277 (USAF), Resistors, Fixed 

Film, High Stability
(Replaced by MIL-R-10509)

MIL-E-8287 (USAF), Electron Tube, 
Type USAF HT-415

(Replaced by MIL-E-1/115B)
MIL-T-8280A (USAF), Tube, Eelectron, 

Type 5FP14A
(Rplaced by MIL-E-1/948)

MIL-T-25096 (USAF), Transistor,
Type USAF 2N43A

(Replaced by MIL-T-25380)
MIL-E-1 760A (NAVY), Electron Tube, 

Type QK-386
MIL-R-15401A, Resistors, Fixed, 

Composition, Uninsulated
MIL-E-1004A (SIG C) Electronic Standard 

and Nonstandard Parts, Materials 
and Processes in Signal Corps 
Equipment

10
13

2

19

16

3

23

Feb 
Sep

Dec

Jan

Oct

Jan

Oct

Dec

56
56

56

56

56

56

55

55

TELEX
- - - leader in 

miniaturized components!

DECADE RESISTOR.
... for dependable accu
racy in electronic comput
ers. Miniaturized.

MIDGET 
TRANSISTOR 

TRANSFORMERS
... for transistorized 
circuitry: audio ampli
fiers, hearing instruments, 
control circuits.

At Telex, design and development of precision miniaturized component parts 
is a continuing effort. Ever increasing demands for smaller, lighter components 
operating within close tolerances have created a proved line of miniature parts
—all ready for application to your immediate problem!

These demands too, have created a backlog of engineering experience—“know-
how” that will meet your “special design” problems efficiently and at surpris
ingly low development cost! Write today for information about Telex—its 
complete facilities and its service program.

SUB-MINIATURE JACK A 
PLUG COMBINATION

Closed circuit jack and 
plug combination, size 
of conventional models.

ENCAPSULATED 
ASSEMBLIES 

... protect electronic 
assemblies from vibra
tion and atmospheric 
conditions.

BOOM-TYPE HEADSET
. .. rugged, lightweight 
unit for pilots, reception
ists and other two-way 
headset users

MINI-MIKE...
...rugged miniature 
speaker-microphone with 
high sensitivity, good 
frequency response.

Specifications listed on these pages are for informa
tion only and government contractors should be 
guided by their contracts. Copies of military specs 
should be obtained from sources recommended by 
procuring officers. ASESA bulletins may be obtained 
from Fort Monmouth, N. J. ASA standards may be 
obtained from American Standards Agency, 70 E. 
45th St., New York 17, N. Y., unless otherwise noted.

TELEX. INC. Electro-Acoustic Division
I " DEPT. EA-1A

Telex Park, St. Paul 1, Minnesota
in Canada, Atlas Radio Corporation, 50 Wingold Ave., Toronto

manufacturers of the world’s finest precision miniature electronic equipment

TELEX. INCm Telex Park. St. Paul 1. Minn.
I’d like to know more about items numbered 
pictured above. Please send detailed information on uses, 
specifications, etc.
name & title_______________________________________ .
firm___  
address 
city___ state
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LIQUID 
COOLING

i
--

Eastern Coaling Units provide coolant liquid for maintaining within safe oporating 
tomporatvro limits Equid cooled electronic tubes or similar devices. The units are com
pletely self-contained and usually comprise such components as heat exchangers, fans 
or blowers, liquid pumps, reservoirs, flow switch, thermostat, etc.
Cooling units can bo modified as required for varying conditions encountered in land 
or sea as well as aircraft service. Almost all units are designed to moot such specifica
tion as MIL-E-5400 and MIL-E-5272.
The units shown below are intended only to illustrate the varying requirements which 
can bo satisfied. By utilizing fairly standard components and designs based on bread 
experience in this field, Eastern is able to provide at minimum cost equipment exactly 
suiting a specific requirement.
Eastern welcomes your consultation on liquid cooling problems ranging from 200 to 
20,000 watts dissipation.

July 1st, 1956

Advertiser Page

COOLING UNITS
By a sustained program of research, 
Eastern continuously extends the uses 
of the latest units in electronic tube 
cooling, pressurizing electronic equip
ment and pumping fuels and hydraulic 
fluids Research and testing laboratories, 
a model shop, and three manufacturing 
plants provide t^e specialized equipment 
and manpower to turn out fully qualified 
units to meet appropriate government 
specifications.

From our extensive line of existing units, 
adaptations of these units, or completely 
new designs, Eastern can provide equip
ment to handle your project well. Your 
inquiry is welcomed.

EASTERN INDUSTRIES. INC.
100 SKIFF STREET 
HAMDEN 14, CONNECTICUT

MODEL MD-175, TYPE 200 DISSIPA
TION: 2,000 watts. ALTITUDE RANGE: 
sea level to 50,000 feet. POWER RE- 
QUIRED: 28 volts D.C. WEIGHT: 25 
pounds. SIZE: 10" x 15-15/16" x 10%" 
high.

MODEL E/HT-205, TYPE 200A DIS- 
SIPATION: 1600 waHi. ALTITUDE 
RANGE: sea level to 5,000 feet. POWER 
REQUIRED: 28 volts D.C. WEIGHT: 25 
pounds. SIZE: 10" x 21" x 10" high.

MODEL MD-177# TYPE 202 DISSIPA
TION: 1700 watts. ALTITUDE RANGE: 
sea level to 50,000 feet. POWER RE
QUIRED: 110 volt, 400 cycle, 3 phase. 
WEIGHT: 27 pounds. SIZE: 10" x 19 
15/32" x 7H" high, per JAN-C-1720A, 
size B1-D1.

MODEL I/HT-21O, TYPE 200 DIS
SIPATION: 1500 watts. ALTITUDE 
RANGE: sea level to 10,000 feet. POWER 
REQUIRED: 208 volts, 400 cyclo, 3 phase. 
WEIGHT: 35 pounds. SIZE: 11%" x 19%" 
x 1214" high.

Advance Electronics Co., Inc................................... 
Aero-Research Instrument Co....................................  
Aero vox Corp...................................................................  
AGA, Div. of Elastic Stop Nut Corp...................  
Aircraft-Marine Products, Inc..................................
Air Marine Motors Inc................................................
Alden Products Co.....................................................
Alpha Wire Corp.........................................................
American Electronic Laboratories, Inc................
American Lava Corp. ...............................................
American Phenolic Corp............................................
Applied Science Corp, of Princeton ...................
Automatic Mfg. Co.....................................................
Baird Associates ........................................................
Bakelite Co., Div. of Union Carbide & Carbon 
Baker & Co., Contacts Div.....................................
Baker, J. T. Chemical Co.........................................
Bead Chain Mfg. Co..................................................
Bendix Aviation Corp., Eclipse Pioneer Diy ...
Bendix Aviation Corp., Friez Instruments ....
Berkeley, Div. of Beckman Instrument..............
Biddle, James G. Co......................... ...................... ..
Bliley Electric Co........................................................
Bourns Laboratories .................................................
Bristol Co........................................................................
Bruno-New York. Computer Co. of America . . .
Burndy Engineering Co............................................
CBS-Hytron .................................................................
Cambridge Thermionic Corp...................................
Canoga Corp.................................................................
Carborundum Co., The .............................. .. .. ..
Centralab, Div. of Globe Union ..........................
Circuit Instruments Inc..............................................
Clarostat Mfg. Co., Inc.............................................. 
Clifton Precision Products .....................................
Cohn, Sigmund Mfg. Co., Inc................................  
Conyair, Div. of General Dy namics ..................  
Corning Glass Works ..............................................  
Daven Co., The.......................................................... 
Daystrom Pacific Corp..............................................  
Durant Mfg. Co.......................................................
Eastern Industries, Inc..............................................
Electro-Pulse Inc........................................................
Electronic Measurements Co..................................
Fenwal, Inc...................................................................
Firestone Tire & Rubber Co..................................
Freed Transformer Co., Inc..................................
G V Controls Inc.....................................................
Gee Lar Mfg. Co.......................................................
General 
General 
General 
General 
General 
General

Dynamics Corp....................................
Electric Co., Apparatus Sales . . .
Electric Co., Electronics ..............
Electric Co., Ohio............................
Motors Corp., AC Spark Plug Div

Radio Co..............................................

62,

39,

59
GO
96
57
61
6:
8". i
37
86
79
15
11
89
56
93
44
88
58
98
8.

63,

**

MODEL E/HT-2OO, TYPE 201 DISSI
PATION: 1,000 warn. ALTITUDE RANGE: 
sea level to 50,000 foot. POWER RE- 
QUIRED: 28 volts D.C. WEIGHT: 14X4 
pounds. SIZE: 10" x 10" x 6" high.

MODEL NO. 5-A DISSIPATION: 1,000 
watts. ALTITUDE RANGE: sea level to 
5,000 feet. POWER REQUIRED:, 100 to 
110 volts D.C. WEIGHT: 10 pounds. SIZE: 
7%" x 13%" x 9-1/16" high.

General Transistor Corp...............
Genisco, Inc.....................................
Grant Pulley & Hardware Corp 
Grieve Hendry Co., Inc...............
Hermaseal Co., Inc.............
Hi Temp Wires, Inc.....................
Howard Industries Inc................
Howell Instrument Co..................
Hubbell, Harvey Inc....................
Hughes Aircraft Co.....................

8"
70
71
33
8

66
66
97
27

9
78
76
68

... 66 
Insert X 
.31, 55
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Tub 
Tun
U. S 
Unit 
Wal
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Hughes Research & Development .... 
Hycon Eastern, Inc...................................  

Ideal Industries, Inc...................................
Industrial Hardware Mfg. Co., Inc. ... 
Industrial Test Equipment Co................

Jet Propulsion Laboratory .....................  

Keithley Instrument Co .......................... 
Kepco Laboratories ...................................
Koch, H. & Sons........................................

Leach Corp....................................................
Lockheed Aircraft Corp..........................

Magnetics, Inc...............................................
Malco Tool & Mfg. Co..............................
Marconi Instrument Co..............................
Micro Switch, Div. of Minneapolis

Honeywell ...................................... 18,
Millivac Instrument Corp.......................... 
Minneapolis Honeywell Regulator Co.,

19

Transistor Div. .
Moseley, F. L. Co. . .
Motorola, Inc................
Mollard Ltd..................

. . Insert

Insert

Mutual Electronic Industries Corp. ...

81 
XIII

20
62

Encapsulated 
in epoxy resin

National Carbon Co....................  
National Cash Register Co. . . 
North American Aviation, Inc. 
Northern Metal Products.........  
Northrop Aircraft, Inc................ 

Oak Mfg. Co..................................  

Pacific Semiconductors, Inc. . 
Panoramic Radio Products, Inc. 
Perkin Engineering Corp..........  
Philco Corp............. .. ..................... 
Philco Corp. .................................  
Polarad Electronic Corp...........

Insert

12,

IX
62
91
77
82

13
35
68

Cutawav of “Dual Seal” coil 
shows penetration of crevices bv 
encapsulating compound based 
on Bakelite Epoxy Resin. En
capsulation is by Deluxe Coils, 
Inc., Wabash. Ind., for Furnas 
Electric Co., Batavia, Ill.

Insert

Potter

Radio 
Radio 
Radio

Instrument Co. .

Corp, of America 
Industries Inc. . 
Receptor Co. ...

Radio Wire Television Inc.........................
Raytheon Mfg. Co., Semiconductor Div.
Raytheon Mfg. Co., Missile Systems Div.
Rotron Mfg. Co............................................

Safeway Heat Elements, Inc. 
Servo Corp, of America . . . 
Set Screw & Mfg. Co.............

67,

r 
76
71
33
8

66 
60 
97 
27

9 
78 
76 
6S

Shasta, Div. of Beckman Instrument Co.
Sigma Instruments Inc..............................
Southco, Div. of South Chester Corp. .
Stanpat Co......................................................
Standard Pressed Steel Co.........................
Superior Electric Co...................................
Sylvania Electric Products, Inc..............
Sylvania Elec. Prods. Inc. Equip. Div.
Synthane Corp ..........................................
Technical Career Consultants 
Telex, Inc .................................  
Texas Instruments, Inc............ 
Torrington Co., The ..............

21, 52,

Transitron Electronic Corp. . . . Insert 
Triad Transformer Corp............................ 
Triplett Electrical Instrument Co........... 
Tubular Rivet & Stud Co.........................
Tung-Sol Electric Co.................................
U. S. Engineering Co..................................
United States Gasket Co...........................
Walsco Electronics Corp..........................

51
41

3

100
65
10
83

4
42
83

43
, 73

54
80
89
30
63
70
14
85
25
95
75 
97

, 59 
57

XV 
26
16
76 
80
77
81
69

A single 220-440 volt dual voltage coil en

capsulated in Bakelite Brand Epoxy Resin 
takes the place of six coils usually needed 
in 3, 712, and 10 hp. starters. It virtually 
eliminates coil changing, reduces stocking 
of coils and starters.

The Bakelite Epoxy Resin encapsulation 
is extremely tough. It resists moisture, fun
gus, and aging; cuts moisture-caused burn
out almost to zero. The tough resin prevents 
damage by vibration or impact. It with
stands temperatures from —90 to 4-250 deg. 
E, and results in a motor that runs eight per 
cent cooler. Dielectric strength of the resin 
is high.

Encapsulation with Bakelite Epoxy 
Resin is effected by mixing the liquid resin 
with its liquid hardener and pouring the 
mixture into place. It penetrates every 
crevice, then hardens into a tough, dimen
sionally stable mass that holds each ele
ment of the assembly firmly in position.

One coil 
replaces six!

New coil design has stretched 
mechanical life of starter more 
than 50%. Extracting two 
bracket screws “A” and loos
ening of cross arm screws “B”, 
as shown in exploded draw
ing, make coil removal easy.

BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation OHS 30 East 42nd Street, New York 17, N. Y. 

The term Bakelite and the Trefoil Symbol are registered trade-marks of UCC 
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NEXT TO PERFECTION!
Circle 26» 
on Reader 

Service Card

HUmboldt 5 3900 
744 ‘iruad Street 
Newark 2, N. J

Whitehall 4-2900
Suite 1181 
Merchandise Mart PL 
Ch cogo 54, III.

For sales information, call the RCA 
office nearest you. For technical data, 
write RCA, Commercial Engineering, 
Section G-18 QI, Harrison, N. J.

iHua# 
VKun Him!

RAymond 3-8361

6355 Eost Washington Blvd 

Los Angeles 22, Calif.

With field returns reported by equipment manufacturers now running 
well under one-tenth of one per cent, RCA transistors are the No. 1 choice 
among circuit designers who are looking for the highest in quality.
Savings in transistor testing, replacing, and handling are substantial. And 
the exceptional uniformity and extreme stability of RCA transistors— 
stay that u ay throughout life!

eSSSSissSsA
■••■ssmSSI

Manufactured under advanced production techniques—and held to 
tolerances among the strictest in the industry (through RCA s unique 

in-process quality control system)—all RCA commercial-type transistors 
meet rigid environmental requirements.
RCA TRANSISTORS—A STANDARD OF COMPARISON


	ELECTRONIC

	Model gild Digital Magnetic Tape Handlerj

	Regardless of cost, many features are exclusive with Potter [

	MILLIONS OF TRANSISTORS with

	BILLIONS OF HOURS OF SERVICE


	TRANSISTORS

	You Can’t Escape



	Engineering Review

	American Electronic laboratories,' Incorporated

	Ultrasonic Tire Tester

	lit INDUSTRIAL SLIDES

	to meet every operating situation!

	Ceramic Coating Spray Gun

	Hands Free Telephone

	Flight Information Board

	Electronic Transmission System



	Firestone

	GUIDED MISSILE DIVISION

	Washington Report




	YHF transistors NOW!

	What's Inside Transac

	A Transistorized Automatic Computer

	Semiconductors



	TRIAD

	3-D Flux Meter

	FAMILY HISTORY OF


	GLOBAR

	WOVEN HEAT ELEMENTS are specially made to fit your individual needs

	Daven’s new winding technique

	cuts giants down to size

	Transistorized

	Pulse Programming

	Equipment

	RADAR ANTENNA DEVICES

	Advanced Design and Packaging Techniques Cut Down on Size and Weight



	Designing

	Transistorized Test Equipment

	T. E. Lommasson and K. D. Hardin



	New Products

	R-F Q-Meter

	Miniature Pulse Transformers

	Miniature Power Resistor

	Transistorized Power Supplies

	Delay Lines

	General Purpose, Low Frequency

	Data Chart

	SURFACE BARRIER TRANSISTORS

	Meet MIL-T-12679A Military requirements


	HUBBELL

	CYPAK'


	Transistor . Components Chart

	Westinghouse


	Equipment for Testing Transistors

	TRANSISTOR TEST EQUIPMENT Laboratory Instruments

	electronic corporation • melrose 76, massachusetts



	rii

	Hexagonal Nut

	medium power transistors

	LANSDALE TUBE COMPANY, A Division of Philco Corporation, Lansdale, Penna.

	room to

	&in Texas

	Portable Pyrometer

	VTVM

	Dual TR Shutter Tube

	on


	JEWEL

	CASE

	INDUSTRIAL HARDWARE

	Acceleration-Sensitive Switch

	Dual Servo Balancer


	NYLOCLIPS



	MlNiA U IE

	INDUCTION MOTOR

	Digital Ohmmeter

	D-C to D-C Power Supplies

	Fast Pulse Transmission Equipment

	: □ w«« -<>	sml"


	■ 				

	TORRI NGTOW/WMETAL PARTS

	Pulse Transformers



	RING

	Digital Timer

	1500 volt!


	Texas Instruments

	also

	new

	high conductance silicon diodes

	Charge Storage Tube



	Billions of operations here with Bristol Syncroverter® high-speed relays

	Bonding Process


	Automatic Voltage Regulation

	GENERAL RADIO Company

	New Solder Terminal Kit Complete with Tools

	Germanium or Silicon Diodes

	Wire-Wound Controls

	Electric Oven

	CBS

	Carbon Microphone

	Gram Gage




	it's that simple!

	RADAR TRANSFORMERS AND INDUCTORS

	PRETESTED G-E RADAR TRANSFORMERS HELP YOU


	GENERAL^ ELECTRIC

	Rotary Multipole Switch

	low voltage class 2 DISC CAPACITORS RI«CAP K-5OO series

	RADIO INDUSTRIES, INC.

	THE ELECTRONICS DIVISION OF

	GENERAL MOTORS

	Free Gyro


	about a Servosystem Analyzer I

	Miniature Choppers

	Pulse Generator

	Delay Lines

	12 Individually Packaged Rod-Type Elements, 25 to 1,000,000 ohms range

	FOR POSITIVE, LOW-COST SPROCKET

	Mercury Switch Pulser

	Traveling Wave Tubes

	for miniature and sub-miniature parts soldering

	Ribbon and Wire

	208

	Transistors

	211






	New Flexibility in Serve Potentiometers from

	urvey Meter

	209

	Circuit Selectors

	210

	Die Filer

	212

	Leak Detector

	213

	Precious Metal Contacts

	Subsidiary of

	INTERNATIONAL RESISTANCE CO


	Are You an Engineer

	Who wants to go Higher—Faster?

	‘»TUNGSOL

	222

	Terminals


	Shasta


	Shasta

	Testing Instruments

	228

	Solenoids

	230

	niconductor Crystals

	229

	TEFLON and KEl-F

	Amplifiers

	231

	THE MOSELEY


	DC VOLTMETER

	F. L. MOSELEY CO.

	NORTHROP AIRCRAFT, INC


	STRAIN GAUGE SAMPLING SWITCHES

	APPLIED SCIENCE CORP. OF PRINCETON


	Fast, positive insertions

	Centralab Molded Disc Ceramic Capacitors

	FERRITE DUPLEXER

	CANOGA CORPORATION

	PROBLEM:


	MARCONI ANNOUNCES:




	WIDE RANGE

	F. M. DEVIATION METER

	MEAT & POTATO RELAYS

	Recently Cancelled MIL Specs

	Advertising Index



	LIQUID COOLING
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